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SECTION 1

INTRODUCTION

Background

This RegulatoryAnalysispresentsthe basicinformationrelevantto the

developmentof noise emissionstandardsfor newly manufacturedbuses. The

topicsof major concernare: the noise emissionsof buses and the techno]ogy

for controllingthe noise; noise measurementmethodology;the environmental

noise impactcaused by operationof buses in thecommunity;the reductionin

noise impact expected from the establishmentof noise limits for newly

manufacturedbuses;and the economicstatusof the industryand the potential

costs and economiceffectsof a noise regulation.

As a result of studiesconductedunder theauthoritiesand dutiesgiven

to the Administratorof the EnvironmentalProtectionAgency under the Noise

ControlAct of 1972 (the Act), buses were identifiedas a major sourceof

noise on May 28, 1975 (40 FR 23105). In orderto ascertainthe basicdata

requiredto promulgatea noiseregulationconformingto the requirementslaid

down in the Act, a programof detailedstudieswas undertakenby the Agency.

These studiesdealt with the areas of concernoutlinedabove,and entaileda

searchof the pertinentindustryand governmentstatisticsand the avai]able

technical ]iterature,measurementsof the noiseemissionsof a substantial

number of buses, both new and in service, and associated analyses. In

order to developthe factualdata and gatherthe opinionsof concernedpersons

and organizations,germaneto the regulatoryprovisionsand process,contacts

were made with all segmentsof the affectedindustry,governmentalunits at

variouslevels(Federal,stateand local)andthegeneralpublic.

Based on the results of this informationgatheringprocess and under

the requirementsof Section B of the Act, the Agency publisheda proposed
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noise emission regulationfor newly manufacturedbuses on September12, 1977

(42 FR 45775). A ninety day publiccommentperiodwas openedfrom September

12, 1977 untilDecember11, 1977and hearing_were held in Washington,D.C.nn

October 25, 1977 and in San Francisco, California on November 1, 1977.

Numerous cormnentswere receivedfrom many differentsegmentsof the public

throughwrittensubmittalsand at public hearings,and throughcommunications

with Industryassociations,as well as by furthertestingand analysis. Tlle

Agencythoroughlyreviewedthisinformationand,basedon the resultsof this

review,made six major revisionsto the regulationand a numberof clarifying

changes. The publiccommentsand the Agency'sresponsesare summarizedin the

"Docket Analysis for the Final Noise Emission Regulation for Buses", EPA

Document Number 550/9-80-213,a companionpublicationto this Regulatory

Analysis. The revisionsto theregulationaredetailedin the preambleto the

final regulation,which is publishedcontemporaneouslywith this Regulatory

Analysis.

Public Participation
i

Throughoutthe developmentof this regulationan effort has been made

to allow all groups,organizations,and individualswho have an interestin,

or who may be directlyaffectedby, bus noiseemissionstandards,the oppor-

: tunity to participatein the rulemakingprocess. This publicparticipation

efforthas includedmeetingswith bus operatorgroups;bus industryassocia-

tlons; bus body and chassismanufacturers;bus distributorsand concerned

state, county, and city officials. A llst of the organizationsand indivi-

duals contactedin the developmentof this regulationis includedas Appendix

A to the DocketAnalysis.

As anotherstep in the Agency'scontinuingpublicparticipationprogram,

an extensiveeffort is underwayto inform the public of the benefits and

impactsof the noise emissionstandardsfor buses. This effortwill include

direct mailings of informationpackets to the major groups affectedby the
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regulation and briefings to selected groups. Appendix B to the Docket

Analysis lists the groups that are to be contacted in this informative public

participation effort.

S_atutor_Basisfor Action

Through the Noise Control Act of 1972 (86 Stat. 1234), Congress

established a national policy "to promote an environment for all Americans

free from noise that jeopardizes their health and welfare." In pursuit of

this policy, Congress stated in Section 2 of the Act that "while primary

responsibilityfor controlof noise rests with state and local governments,

Federal action is essentialto deal with major noise sources in commerce,

control of which requires national uniformity o? treatment."

As part of this essentialFederal action,SectionS(b)(l)of the Act

requiresthat the Administratorof the U.S. EnvironmentalProtectionAgency,

after consultationwith the appropriateFederalagencies,publisha reportor

seriesof reports"identifyingproducts(or classesof products)which Inhis

judgment are major sourcesof noise." Section6 (a)(1)of the Act requires

the Administratorto publishproposedregulationsfor each productIdentified

as a major sourceof noiseand for which,in his judgment,noisestandardsare

feasible. Fourcategoriesof productsare listedas potentialcandidatesfor

regulation;one of these is transportationequipment.

It was under the authorityof Section 5(b)(i)that the Administrator

publishedthe report on May 28, 1975 (40 FR 23105) that identifiedbuses

as a major sourceof noise, and under the requirementsof Section 6(a)(I)

that the Administrator published the Notice of Proposed Rulemaklng

(42 FR 45775) to control the noise emissionsof newlymanufacturedbuses.

It is also underthis authorityand requirementthatthe finalregulationis

published.
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.Preemption

Section6(e)(1)of the Noise ControlAct states that after the effective

date of a Federal regulation "no State or political subdivision thereof

may adopt or enforce..,any law or regulationwhich sets a ]imiton noise

emissions from such new product and which is not identical to such regulation

of the Administrator." Section 6(e)(2), however, states that "nothing in this

sectionprecludesor deniesthe right of any State or politicalsubdivision

thereof to establishand enforcecontrolson environmentalnoise (or one or

more sources thereof)through the licensing,regulation,or restrictionof

use, operation or movement of any product or combination of products." The

centralpoint to be developedhere is the distinctionbetweennoise emission

standardson products,which may be preemptedby Federal regulations,and

standards on the use, operation or movement of products, which are reserved to

the States and localities by Section 6(e)(2).

Section6(e}(2)forbidsStates and localmunicipalitiesfrom controlling

noise from productsthrough laws or regulationsthat prohibitthe sale {or

i offeringfor sale)of new productsfor which differentFederalnoise emission
i

standardsalreadyhave been promulgated. States and localitiesmay augment
i:

the enforcementduties of the EPA by enactinga regulationidenticalto the

Federal regulation, since such action on the State or local level would

assist in accomplishingthe purpose of the Act. Further, State and local

municipalitiesmay regulate noise emissionsfor all new productsthat were

manufacturedbeforethe effectivedate of the Federalregulation(s).

Section 6(e)(2) explicitlyreserves to the States and their political

subdivisionsa much broader authority: the right to "establishand enforce

controlson environmentalnoise (or one or more sources thereof)throughthe

licensing,regulationor restrictionof the use,operation,or movementof any
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product or combination of products." Environmental noise is defined in

Section3(11)of the Act as the "intensity,duration,andcharacterof sounds

from all sources". Limitsmay be proposedon the totalcharacterand inten-

sity of sounds that may be emitted From al! noise sources, "productsand

comblnationsof products."

In summary,the noise controls which are reservedto State and local

authorityby Section6(e)(2)Include,but are not limitedto, the following:

(I) Controlson the mannerof operationof products

(2) Controlson the timeduringwhichproductsmay be operated

(3) Controlson the placesat whichproductsmay be operated

(4) Controlson the numberof productswhichmay be operated
together

(5) Controlson noiseemissionsFromthe propertyon which
productsare used

(6) Controlson the licensingoF products

(7) Controlson environmentalnoise levels.

State and local governmentsmay regulatecommunitynoise levels more

effectivelyand equitablythanthe Federalgovernmentdue to their perspec-

tive on, andknowledgeof, Stateand localsituations.The Federalgovernment

assumes the duties involvedin regulatingproducts distributednationwide

because it is requiredand equippedto do so. Congressdividedthe noise

emissionregulationauthoritiesin this mannerto alloweach levelof govern-

ment to fulfillthat function for which it is best suited. Through the

coordinationof thesedividedauthorities,a comprehensiveregulatoryprogram

can be effectivelydesignedandenforced.
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Labeling

The enforcementstrategiesoutlined in Section 9 of this documentare

accompanied by the requirement for labeling products distributed in com-

merce. The label provides notice to a buyer that a product is sold in

conformity with applicableregulations. The label also makes the buyer

and u_er aware that the bus possessesnoise attenuationdevices and that

tamperingwith such itemsis prohibited.However,this labelingshouldnot be

confusedwith thjat requiredunderSection8 of the Act.

Acoustical Assurance Period

The attalnmentof the estimatedhealth and welfarebenefitsfrom noise

regulationis dependentupon the regulatedproductscontinuingto complywith

the Federalnot-to-exceednoise emissionstandardfor a set periodof timeor

use.

The Agency has givenconsiderableattentionto the questionof product

noise degradation(increasein noise levelwith time). It is the Agency's

beliefthat if a productis not built such that it is even minimallycapable

of meeting the standardwhile in use over a specifiedinitialperiod,when

properly used and maintained,the standard itself will be ineffectiveand

the anticipatedhealthandwelfarebenefitswillnot be achieved.

Consequently,the Agency has developedthe concept of an "Acoustical

AssurancePeriod"(AAP). The AAP is definedas that specifiedinitialperiod

of time or use duringwhich a product must continue to be in compliance

with the Federal standard, provided it is properly used and maintained

accordingto the manufacturer'srecommendations.

The Acoustical Assurance Period is independent of the product's

operational(useful)llfe, which is the periodof time between sale of the

product to the firstpurchaserand lastowner'sdisposalof the product. The

AcousticalAssurancePeriodis product-speciflcand thus may be differentfor

differentproducts or classesof products. The AAP is based,in part, upon:
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(i) the Agency's anticipatedhealth and welfarebenefitsover time resulting

from noise control of the specific product,(2) the product'sknown or esti-

mated periods of use prior to its first major overhaul, (3) the average

first owner turnover (resale)period (whereappropriate),and (4) known or

best engineering estimates of product-speciflcnoise level degradation

(increasein noise level)over time.

The AAP requires the product manufacturerto assure that the product

is designed and built In a manner that will enable it to comply with the

Federal noise emission regulationwhich exists at the tlme the product is

introduced into commerce, and that it will continue to conform with the

applicableregulationfor a periodof timeor use not lessthan that specified

by the AAP.

Summar_of Regulator_ Analysis

The subjects addressed in this document are intended to provide

background informationon various aspects associatedwith the development

of the regulation. The materlal presented in the Regulatory and Docket

Analysisand the listedreferencesconstitutethe basisfor decisionsrevelant

to the regulationof bus noiseemissions.

Section 2 - "Identification of Buses as a Major Source of Noise."

This section addresses the reasons for the classification of buses as a

major sourceof noise.

Section 3 - "The Bus Industry." This sectionpresentsgeneral informa-

tion about the U.S. bus industry. It covers industrygrowth statistics;

descriptionsof intercity,transit and school bus systems; bus classifi-

cations; product llfe cycle estimatesand other usefuldescriptivematerial.

Section 4 - "Bus Noise Data Base." This section details the results

of exterior and interior bus noise level measurementsconductedby EPA on

transit, intercity,and schoolbuses. Bus noise data from existing studies

and from industrysubmissionsare also presented.
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Section 5 - "Noise Abatement Technology." In order to establish

regulationsrestrictingbus noise emissions,it was necessaryto determine

what constitutesthe "best availabletechnology"for bus noise reduction.

Section 5 reviews the various components of exterior bus noise: noise

radiated from the engine surface, fan intake, exhaust system and chassis.

In additionto the exterior noise generatingcomponents,the Interiornoise

of buses is also discussed along with the associatedtechnologyneeded to

reducebus interiornoise levels.

Considerationis given to the total bus noise problem. The technology

is examinedto determinewhat modificationsor redesignwork might be per-

formed on buses in order to quiet them to levelsbelow thosewhich presently

exist.

Section6 - "PotentialImpactof ProposedBus Noise RegulationSchedules

on the Environment." This section describes what health and welfare benefits

would accrue from the institution of various regulatory options for exterior

and interior bus noise. The percentage of the population affected by noise

and the extentof the effect is measured by the Level Weighted Population

(LWP) method. The reductionof potentialequivalentimpactsof sleep dis-
:i

turbances,sleep awakenings,and speech interferencesfrom the loweringof

; exteriorbus noise are detailed. In addition,the reductionof Level Weighted

Populationof hearing loss risk and speech interferenceeffectsfrom a Iow-

eringof interiorbus noise are presented.

Section 7 - "EconomicImpactof Bus Noise Control." In this section,

the economic impact of increased bus costs due to the basic engineering

changes (outlinedin SectionS) that are believedto be requiredto achieve

variouslevelsof interiorad exteriorbus noise is presented. The potential

economicimpactson the threemain types (intercity,transit,and school)of

bus manufacturersand bus operatorsare evaluated.

I-8



Section B - "Measurement Methodology," This section reviews and

examinesthe varioustest proceduresthat have been used to determinenoise

levels for buses. The EPA desigrlaLedprocedures for the measurement of

exteriorand interiorbus noiseemissionsare presented.

Section9 - "Enforcement." Enforcementof new productnoise emission

standards applicable to buses is discussed in terms of manufacturer se|f-certl-

fication through productionverificationtestingof vehicleconfigurations,

assembly line testing using selective enforcementauditingprocedures or

continuoustestingof productionvehicles,and in-usecomplianceprovisions,

Section 10 - "ExistingNoise RegulationsApplicableto Buses." This

section presentsexistingbus noise regulations,both foreignand domestic,

and the historyof suchregulations.

Appendix A - "Foreign Technology Buses." This appendix presents a

descriptionof urban transitbuses produced by Europeanbus manufacturers.

AppendixB - "ThermostaticallyControlledFans." This appendixdiscusses

the various types of thermostatlcal]ycontrolled fans and the rationale

for requiringthe fans to be engagedduringcompliancetesting.

AppendixC -"Fractiona] Impact Procedure." This appendixsummarizes

the procedureused in assessingthe healthand welfareimpactand benefitsto

be derivedfromregulatlngnoiseemissions.

Appendix D - "NationalRoadway Traffic Noise ExposureModel," This

appendixpresentsin detailtheworkingsof the healthand welfaremodel known

as the NationalRoadwayTrafficNoiseExposureModel.

AppendixE - "Data on InteriorNoise Levels." This appendixpresents

data on interiorbus noise leve]s.

AppendixF - "AdditionalSupportingInformationfor Healthand Welfare

Analysis." Thisappendixprovidesvarioustablesin supportof the healthand
r

welfareanalysispresentedin Section6.
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Appendix G - "Bus Noise AbatementCosts." Presentedin this appendix

are the estimatedcosts increasesanddecreasesrequiredto manufacturequiet

buses for the varioustechnologylevelsdiscussedinSection5.

AppendixH - "Estimatesof DemandE]astlcitlesfor Urban Bus Transitand

IntercityBus Transportation."This appendixreviewssome pertinenteconomic

literature and reports estimates made of the fare elasticity oF demand for both

transit and intercity riders.

Appendix I - "UniformAnnualizedCosts of Bus Noise Abatement." This

appendix presents the annualizedcosts of the variousbus noise abatement

regulatoryschedules.

AppendixJ - "ModelNoiseOrdinance."This appendixprovidesinformation

for State and local governmentsto aidthem inpreparinglocalnoiseordinances

for bus noise abatement.
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SECTION 2

RATIONALEFOR REGULATIONOF BUSES

On May 28, 1975 buses were identifiedas a major sourceof noiseand as

such was a candidatefor regulation. This sectionpresents the rationale

that was used to identifybuses as a major sourceof noise.

In determiningwhethera product (or class of products)is a majornoise

sourcefor regulationunder Section6 of the Act, the Administratorconsiders

primarilythe followingfactors:

I. The intensity, character and/or duration of the noise emitted

by the product (or class of products) and the number of people impacted

by the noise;

2. Whether the product, alone or in combinationwith other products,

causes noise exposurein definedareas under variousconditions,whichexceed

the levelsrequisiteto protectthe publichealthand welfarewith an adequate

marginof safety;

3. Whether the spectralcontentor temporalcharacteristics,or both,

of the noise make it irritatingor intrusive,even though the noise level

may not otherwisebe excessive;

4, Whetherthe noise emittedby the productcauses intermittentsingle

event exposureleadingto annoyanceor activityinterference.

The Agency has given first priorityto those products that contribute

most to overallcommunitynoise exposure. Communitynoise exposureis defined

as that noise exposure,experiencedby the communityas a whole,whichis the

result of the operationof a productor group of products: not only that

exposureexperiencedby the user(s)of the product(s).

The day-night sound level, Ldn, has been specifically developed

as a measure of communitynoise. Since it is a cumulativeenergymeasure,

it can be used to identify areas where noise sources operate continuously
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or where sources operate intermittently but are present enough of the time

to emit a substantial amount of sound energy in a 24-hour period.

EPA has identified an outdoor Ldn of 55 dB1 as the day-night sound

level requisite to protect the public from long-term adverse health and

welfare effects in residential areas, and a 24-hour equivalent sound level,

Leq (24), of 70 dB as the threshold of hearing impairment.

An abbreviatedsummaryof the identifiedlevelsrequisiteto protectthe

public health and welfare is given in Table 2-I.

TABLE2-1

NOISELEVELSPROTECTIVEOF HEALTHANDWELFARE

HumanResponse Leq Ldn

Hearing Loss {8 hours) 75 --
Rearing Loss (24 hours) 70 --
Outdoor Interference and Annoyance -- 55
IndoorInterferenceand Annoyance -- 45

Source: ReferenceI

The fractionalimpact of a noise environmenton an individualas used

by EPA is proportional to the amount (in decibels) that the noise level

exceeds the appropriatelevel identifiedin the "LevelsDocument"(Ref. I) as

shown in Table 2-i. The fractionalimpactis zerowhen the noiselevel is at

or below the identifiedlevel. The fractionalimpact rises to 1.0 at 20

decibels above the identifiedlevel and can exceed unity in situationsin

which the noise level exceeds 20 decibelsabove the identifiedlevel. The

range from zero to 20 decibelsabovethe criterionlevelrepresentsthe range

betweenthose noise levelsthat are totallyacceptableand these noise levels

that are totallyunacceptableto communitiesin terms of annoyanceresponses.

I "' All noise levels presented in this entire Regulatory Analysis are
expressedin termsof A-welghteddecibels.
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i The total Level _LWPI2 is then determinedbyWeighted Population summing

the individualfractionalimpactsfor all peopleaffectedby the environment.

Thus, two people exposed to 10 decibels above the identified level

(fractional impact = 0.5) would be equivalent to one person exposed to

20 declbelsabovethe identifiedlevel(fractionalimpact= 1.0).

Studieshave beenmade of the numberof peopleexposedto variouslevels

of communitynoise. Table 2-2 summarizesthe 1974 estimatednumberof people

in residentialareas subjectedto noise from urban traffic,freewaytraffic,

end aircraftoperationsat or aboveoutdoorLdn valuesrangingfrom 60 to 80

dB.

TABLE2-2

ESTIMATEDCUMULATIVENUMBEROF PEOPLEINMILLIONSIN
THE UNITEDSTATESRESIDINGIN URBANAREASWHICHARE EXPOSED

TO VARIOUSLEVELSOF OUTDOORDAY-NIGHTSOUNDLEVEL

Outdoor Urban Freeway AlrcraF_

LdnExceeds Traffic Traffic Operations Total
60 59.0 3.1 15.0 ..... T_-Z[

65 24.3 2.5 7,5 34.3

70 6.9 1.9 3.4 12.2

75 1.3 O.g 1.5 3.7

80 0.1 0.3 0.2 0,6

Source: Reference 1.

The table shows that many mllllons of United States residents are

subjectedto day-mlghtsoundlevelsin excessof 60 dB; the bulk of the noise

exposurebeing due to trafficnoise. In order to reducethis noise exposure

2 LWP term Is used interchangeablywith EquivalentNoise Impact (ENI) and
Equivalent Populatlon(Peq).

2-3



significantly,itwill be necessaryto apply noisecontrolmeasuresto many of

the majorsourcesof noise in the environment.

Other Considerations

The preparation of noise emission regulations necessitates other

considerations. Included among these other factors are available noise

. reduction technology, voluntary industry noise standards,the Interrela-
,.

tionship of regulations, lead time necessary for the development of a

regulation,economic impact, and the relative availabilityof data. All

these factors have been considered in the development of the regulatory

noise levelsfor buses.
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SECTION 3

THE BUS INDUSTRY

GENERAL INDUSTRY BACKGROUND

Early buses, many of which uti)ized steam power, were designed and

constructed in Europe and America at various times during the 1BOO's.

Although some of these primitive buses were effective in passenger transpor-

tation,none of them were used for morethan shortperiodsof time. Reasons

for their lack of success included poor roads, competition from railroads and

stagecoaches, and the unreliable operating characteristics of the units

themselves.

Bus transportation, as it is now perceived, began to take form in

the early IgOO's following the development of the internal combustion engine.

Bus service was started in New York City and on the Pacific Coast in ig05.

In manycasesthe vehiclesused were ordinarypassengertouringcars.

Development and improvement of bus design and construction were begun

early and have continued to the present time. Touring car chassis were

elongatedto provide somewhat larger passengercarrying capacity and even-

tually passenger carrying bodies were mounted on truck chassis to provide

the basis for the modernbus. Duringthe middlelg30's,transit and inter-

city bus manufacturers began combining the chassis and body, utilizing

principles of airplaneconstruction. At the same time, it becamecommonto

mount the engineat the rear of the bus or under the floor insteadof the

traditionalunderhoodmountingat the front. These developmentsresulted in

greater strength and longerwear of buses, as well as greatercomfort and

safety for passengers, better driving vision, greater passenger capacity, and

improved riding qualities.
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School bus manufacturerscontinue to produce most of their models by

mountingpassengercarryingbodieson to truck chassiswith forwardmounted

underhood engines. Transit and intercitybuses are generallyintegrally

constructedwithunder-floorrearmountedengines.

There is no reason to expectany change in these trends in the near

future. The only major productionchangeswhich have been made in recent

years were in thetransit industry,where the 1959standard"NewLook"buses

have been replacedby new AdvancedDesignBus and articulatedbuses.

The AdvancedDesignBus (ADB),built by bothGMC and Flxible,was devel-

opedwith the hopeof reducingmaintenancecost. F1xibleeliminatedthe need

for a frame by usingnew integralconstructiontechniques.Due to the greater

accessibilityof mechanicalcomponents,routine servicewas conductedmore

quickly. The othermanufacturer,General Motors, is employinga stainless

steel moduleapproachto constructthe bus shell. Snap or fiberglasspanels

are designedto reducemaintenanceproblemscausedwhen bodydamageoccursto

the rivetedskinof existingtransitbuses. Both designsrequirefewerparts

and most of thechangeshave beendesignedto improvehandling,ridercomfort
i

and appearance.The GMC and Flxiblemodelsare spinoffsof their prototypes

builtfor the Transbusprogram. The Urban MassTransportationAdministration,

throughthe Transbusprogram,isurgingfurthermodification,the most impor-

tant of which would includeloweringthe bus floor;however,the futureof

,_ this programis stillindefinite.

: The articulatedbus is widelyused aroundthe world but it has been,,i

!_ until recently,virtuallyunknownin North America. The busesare 50 percent

C_
longer than standardbuses, but they have accord]anpleats in the middle

that make them moremanueverablethan the regularmodels. These buses are

being used on routeswith heavy ridership. Their purposeis to increasethe

efficiencyand productivityof the transitsystem.
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The Motor Vehicle ManufacturersAssociationestimatesthe current size

of the bus industry as follows:

1978bus registrations 500,362

1978 bus sales 35,342

Fhe general structure of the bus industry is schematicallyoutlined

in Figure 3-1. The figure illustrates:

I. Bus manufacturingoperationsobtain raw materials and components

used in the manufacturingprocessfrom rawmaterialssuppliersand component

manufacturers.

2. Channelsof distributiondifferfor integral(transit and inter-

city) buses and schoolbuses. Integralbus manufacturersdeal directlywith

end-users,while the distributionchanne]for most schoolbuses is through

body and/orchassisdistributors.

3. Finishedproductsare sold to schoolboards,intercitybus companies,

transit authorities,sightseeingcompanies,or airportsfor passengertrans-

portation.

It should be stressedthat Figure3-I is an overviewof the structure

of the industryand not al] buyeroperatorsof buses are represented. Most

significant of those excluded are government departments and agencies.

Also, someintegrallyconstructedbuses are usedas schoolbuses.

THE BUS MARKET

The bus market Is comprised of bus users and operators who provide

multiple passengertransportationto the public. The market Includes the

following:
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FIGURE 3-]

STRUCTURE OF THE BUS INDUSTR_
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CommercialIntercityClassi, 2 and 3 Carriers

Local or regional transit systems

School Boards or Administrations

Churches,PrivateSchoolsand RelatedOrganizations

Federal,stateand localgovernmentagencies
and departments

- All others

- Airports

- Hotels

Demandresponseagenciesor organizations

Social services.

A brief overviewof the most significantend-usersis presentedbelow.

In 1978, three market segments- intercltybus carriers,transitauthorities

and school boards - accountedfor approximately83% of the buses in use.

(a) CommercialIntercit_Classit 2t 3 Carriers.I

The interclty bus operation in the United States is performed by approx-

imately1,050 operatingcompaniesutilizingsome 20,100motor ceaches (Table

3-l). They provideregularlyscheduledserviceover 270,000miles ef highway

and employan estimated48,900people. Intercitybus operationsserviceever

15,000 cities and towns and are the only public Intercitytransportation

serviceavailableto some 14,000of them. In 1976, an estimated340 million

trips were taken by passengers. In 1977, the intercltybuses operatedover

1.1 billionmiles.

1. Class designations are formed using annual revenue dollars:
Class 1 Carriers have revenues of $3,000,000 er more.
Class 2 Carriers have revenues between $500,000 and $3,000,0D0.
Class 3 Carriers have revenues less than $500,000.
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TABLE 3-I

INTERCITY BUS INDUSTRY OPERATING PROFILE

1970 1971 1972 IB7___3 1974 1975 1976 1977 1978 (p) 197g(est)

Number of OperatingCompanies 1,000 1,000 1,000 1,000 950 950 1,000 1,050 1,100
(Classi, E, 3 Carriers)

Numberof Buses 22,000 21,900 21,400 20,800 21,000 20,500 20,100 20,100 20,205 21,100

Numberof Employees 49,500 50,200 49,100 48,400 49,400 46,700 46,000 48,900 43,600

M|les Operated (MiIllons) 1,209 1,202 1,182 1,1lR 1,195 1,120 1,118 1,120 1,082

Revenue Passengers (Millions) 401 399 393 BBI 905 351 340 332

OperatingRevenues($ Millions) 901.4 953.2 974.4 1,022.7 1,191.9 1,171.6 1,231.9 1,500+

OperatingExpenses(S Millions) 812.2 851.8 882.1 937.9 1,070.0 1,103.2 1,179.9

Net OperatingRevenues.Before
IncomeTaxes (S P;llllone) 89.2 101.4 92.3 g4.B 81.9 60.4 52.0

SOURCES: NationalAssociationOf MeterBus O_ners,One-HalfCenturyof Serviceto Anerica,1976
•_erlcanBus Association,Bus Facts,1976.
MotorVehicleM_nufacturersAssociation, - 1979 "Factsand Figures"
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Operatingrevenue of intercitybus lineswas $1,231.9millionin 1976,

up 36.7% from the 1970 level. During this same period, the number of miles

operated and the number of revenue passengers declined 7.4% and 15.2% respec-

tively. In Ig76, net operating revenues before income taxes declined 41.g%

from the 1970 figure.

(b) Transit Systems

In 1978,96S transitsystemsutilized52,866buses and employedapprexi-

mately 162,500 individuals. In 1976, they transported 4,168 million passen-

gers. (See Table 3-2). Operating revenue attributed to motor bus operations

reached $1,671million in Ig/B.

Inspection of the total industry figures indicates that in spite of

continued increases in revenue, transit systems have shown operating losses

through the last eight years. These revenueshave increased33.5% while

losses are 7.7 times larger than they were in 1970. These losses were

$2,214.Bmillionin 1977 and $28B.2millionin ig70.

(c) School Boards or Administrations

Pupll transportationis providedby publlcschooloperationsfor both

public and privateschool children. These operationsof the transportation

systems are either assumed by local boards or contractedto independent

operators. School bus operationsare fundedprimarilywith publicmonies,

althoughcertainprivate schoolsreceiveno funding. Dependingon the local

tax base and the area coveredby the schooldistricts,thesefundsare allo-

cated on a per capitapupilbasis or on totalmilesdrivenby the schoolbus

fleet.

In the 1977/78 school year, 21,660,B3gpublic and non-publlcschool

childrenwere transportedon a regularbasisat an operatingcost of $2_852.5

million. Table 3-3 shows the averagecost of a pupiltransportedat public

expense duringthe 1977/78 schoolyear to be $131.69. This averagefigure

reflects a continuingupwardtrend in the costof pupiltransportationsince

the tggg/60schoolyear when the averagecostper pupilwas $3g.78.
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TABLE 3-2

TRANSIT BUS INDUSTRY OPERATINGPROFILE

1970 1971 1972 1973 1974 1975 1976 1977 1976

Number of SystemsUtillzing Buses 1,075 1,059 1,040 N.A 941 941 950 1,004 965

Number of Buses 49,700 49,150 49,075 48,286 40,700 50,811 52,382 51,968 52,866

Number of Employees(1) 138,040 139,120 138,420 140,700 153,100 159,80D 162,950 162,510 "162,500

Passenger VehlcIeMiles
Operated (Millions) 1,409.3 1,375.5 1,308.0 1,370.4 1,431.0 1,528.0 1,581 1,623.3

Revenue Passengers(M111Ions) 4,058.3 3,734.8 3,560.8 3,652.8 3,977.6 4,080.9 4,168 4,247

Operating Revenues ($ Millions) 1,236.3 1,280.2 1,230.1 1,262.9 1,377.3 1,437.7 1,486 1,584.4 1,671

V A11 Transit Systems (1)

Operating Revenue($ Millions) 1,707.4 1,740.7 1,728.5 1,797.6 1,939.7 2,002.4 2,161.1 2,280.0 -

Operating Expenses ($ Millions) 1,891.7 2,040.5 2,128.2 2,419.8 3,102.4 3,534.9 4,020.9 4,304.8 "3,342

Net Operating Revenues (Loss)
($ Millions) (184.3) (299.8) (399.7) (622.2) (1,162.7)(1,532.5)(1,859.8) (2,024.B)

All Taxes ($ Millions) 103.9 111.5 113.4 116.3 137.0 171.0 181.5 190.0

Net Operating Revenue (Loss)
After Taxes ($Miillons) (288.2) (411.4) (513.1) (738.5) (1,299.7) (1,703.5) (2,041.3) (2,214.8)

* ApproximateFigures

I. All Translt-lncludes6 Rail and 13 MultlmodeSystems

SOURCES: American PubllcTransit Association,I977/1978Transit Fact Book, Phone ConversationsWith American Public
TransitAssociation.



TABLE3-3

NUMBERANDPERCENTOF PUBLICSCHOOLPUPILSTRANSPORTED
AT PUBLICEXPENSE,ANDCURRENTEXPENDITURESFORTRANSPORTATION:

UNITEDSTATES_1959-60TO 1977-78

Pupilstransported Expenditureof
at publicexpense publicfunds

Percentof Total,excluding AverageCost
Total total capitaloutlay per pupil

SchoolYear Enrollment Number Enrollment (in thousands) transported

1959-80 32,477,440 12,225,142 37.6 $ 486,338 $39.78
' 1951-62 34,882,340 13,222,867 38.1 576,361 43.59

1963-64 37,405,058 14,475,778 38.7 673,845 46.55
1985-68 39,154,497 15,536,567 39.7 787,348 50.68
1987-68 40,827,965 17,130,873 42.0 981,006 57.27
1969-70 41,934,376 18,198,577 43.4 1,218,557 66.96
1971-72 42,254,272 19,474,355 46.1 1,507,830 77.43
1973-74 41,438,054 21,347,039 51.5 1,858,141 87.04
1975-75 41,373,473 22,757,316 55.2 2,285,840 100.44
1978-77 40,620,000 23,156,000 57.0 2,666,447 115.15
1977-78 40,034,908 21,660,839 54.1 2,852,593 131.89

Note: AII Enrollmentand PupilFiguresare AverageDailyAttendance.

Source: U.9. Departmentof Health,EducationandWelfare,NationalCenterfor Education
Statistics,Statisticsof StateSchoolS_stems.



PRODUCT CLASSIFICATIONAND CHARACTERISTICS

The mast common bus classification Is by end use which generally deter-

mines the manufacturing process and the finished product. Four general

classificatlonsexist:

Intercity

- Intracity or Transit

School

SpecialPurpose.

(a} Intercity Buses

Interclty buses are integrally constructed vehicles combining body

and chassis into a single unit. Size of these vehicles is determinedby

practicallimitationsand staterestrictions(Table3-4).

As shown In Table 3-5 there are five principalproducersof intercity

buses who, combined, offer some sixteenmodels. The most popular models

have passenger capacitiesof 41 or 49 passengerswith a complete vehlcle

weight of between 20.000 Ibs. and 29_000 Ibs. However, large intercity

carriers will generallyorder buses with restreom facilltieswhich reduce

passengercapacityby slx seats. Dependingon the size of the vehicle,two or

three axlesare utilized. Intercltybusesusuallyhave one door for passenger

boarding and exit. Product features generally include reclining seats,

individualreading lamps,air conditioning,and adequatestoragespace under

the floorof the passengercompartment.

The typical intercitybus is utllizedby a company engaged primarily

in providing passenger transportationover regular Intercityroutes with

regular time schedules. Approximatelygo percentof the total bus miles in

the country are generatedin regular route service. Charter and special
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TABLE 3-4

SPACELIMITSON BUS SIZE

lielght (Ft) 13-1/2 13-1/2 13-i/2 13-1/2 13-1/2 13-1/2i13-1/2 13-1/2 12-1/2 13-1/2 13-1/2 13-1/2 14 13-1/2 13-1/2 13-1/2 13-1/2

Width (In) 96 96 96 96 96 96 102 96 96 96 96 96 96 96 96 96 96

Length (F_) 40 40 40 40 40 40 55 42 40 40 55 40 40 42 40 40 !42-1/2

ilelght (Ft) 13=i/2 13-1/2 13-1/2113-1/2 13-1/2 13-i12 13-1/2 13-i/2 13-I/2 13-1/2 13-112 14 13-1/2 13-1/2 13-I/_ 13-1/2 13-1/2

Width (In) 96 96 102 96 96 96 96 96 96 96 96 96 96 96 96 96 96

Length (F_) 40 40 56-I/2 55 40 4D 40 40 40 40 40 40 40 MS 40 35 40

i

Height (Ft) 13-1/2 13-1/2 13-1/2 13-1/_ 13-1/2 13-1/2 13-1/2 13-1/2 13-1/2 13-1/2 14 13-1/2 13-1/2113-1/2 L3-1/2 13-1/2 14

Width (In) 102 96 102 96 96 102 96 96 96 96 96 96 96 96 96 96 102

Lensth (Ft) 40 40 45 35 60 40 40 40 40 45 45 55 40 40 40 40 50

Source: Commercial Car Journal, April, 1975.



TABLE 3-5

INTERCITY BUS SPECIFICATIONS

Completa
Standard No, Vehicle

Passenger Wheelbase of Length _lidth Weight Engine
Makeand Model Ratln9 T_,pe__(In.) Axles ,(Ft,) (In,) Ury(Ib_ Make& Hodel
Crown
RD55B-II 4g IC 251 3 40 96 21000 Dot D 8V-71N

A426-11 37-41 IC 232 2 36 96 21000 Dot D 6-71II

A426T-II 37-41 IC 232 2 36 96 21000 Dot D 6-71N

2A425-I1 49-53 IC 258 3 40 g5 Dot D 6-71N

2A426T-I! 49-53 IC 25B 3 40 g6 Dot 0 6-71N

AD55T-I1 37-45 IC 232 2 36 g6 CUM NIIIIT-2go

2AB55T-II 49 ]C 258 3 40 96 CUH NHIIT-2gO

6MC
HBH649 49 iC 318-I/2 3* 40 96 23027 Det O 8V-/IN

MotorCoach
Industries

MC-50
(Challenger) 41 IC 261 2 35 g6 20500 DotD 8V-71II

MC-9
(CrusaderIf) 49 IC 285 34* 40 95 26760 DetD 8V-71C

Prevost

ChampionTS 47 47,49,51 IC 280 3** 40 95 N.A, Oat D 8V-IIN

ChampionTS 102 47,49,51 IC 280 3** 40 102 Dot D 8V-71N

PrestigeTS 47 47,49,52 IC,SS 2So 3** 40 96 N,A, OatD 8V-71N

PrestigeTS 10 47,49,51 IC,S5 280 3** 40 102 DetO 8V-TIN

LeMirageT5 47 47,4g,51 IC,_S 280 3** 40 102 27600 DotI) 8V-71N

SilverEagle

0-5 49 IC 285-I/2 3** 40 96 25500 DotD 8V-71N

,m Optionalthirdaxleis airoperatedretractablesinglewheel.
• Thirdaxleis o singlenon-drivebogie,

Cum-Cummtngs
Det b - Detroit Diesel
SilverEagleismanufacturedanddistributedby EagleInternational,Inc.
PrevostmodelsPrestigeIS 47 andPrestigeTS 102 are alsomarketedas sigbtseeingbuses,

Source: Manufacturerproductliterature;CommerclalCarOournal,October,1979.
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servicetravel also play an importantpart in the Industry'soperation. In

addition,slght-seeingbus operations and airports utllize a significant

numberof intercitybuses. /
f

(b) Intracit_or TransitBuses

Intranltyor transitbuses are similarto intercitybuses in thatboth

are integrallyconstructedvehicles. Intracltybus vehicle size and weight

are determinedby practlcal11mitatlonand state restrictions. In 1978, as

shnwnin Table 3-6, three major domesticmanufacturersproduced some seven-

teenmodels of transitbuses. AM General,while discontinuingproductionof

standard transit buses, is now manufacturing the new artlculated bus.

In addition,HighwayProducts Inc.has withdrawnfrom transitbus production

entirely.

The most populartransitbuses seat35 to 83 passengersand approximate

a complete vehicle weight of between20,000 lbs. and 25,000 lbs. Transit

buses generallyhave two axles and utilize two doorsfor passengerboarding

and exit. Product features includeseats designed for both durabilityand

comfort,and equal spacecapacityfor standingand seatedpassengers.

GMCand Flxtble have, however, discontinued production of the standard

"New Look" buses to market the new Advanced Design Bus (ADB), GMC's model,

the RTS-2, ts a 47-seat, 40-foot long vehicle with a weight 4,000 pounds

heavierthanthe old standardmodel. FIxlble'smodel,the 870,has an overall

lengthof 40 feet And seats 48 passengers. F1xible officials claim the

designof the 870 will increasefuel economyand reducethe numberof spare

parts, The previous Flxlbletransitcoach consistedof about 31,000parts

whlle the 870 has 9,000 parts, Both models were developedto improvehan-

dling,ridercomfortand appearancewhlle reducingmaintenancecosts.
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TABLE 3-6

TRANSIT BUS SPECIFICATIONS

Complete
Standard He. Vehlcle

Passenger Wheelbase of Length Width Weight [nglne
MakeandModel Rating T_X._._.__(_In.)Axles (FL._ .(In._Dr_ (Lbs.) Make& Hodel
_xlble

870 35096-6 40 T 239 2 35 96 22777 Det D 6V.71li

870 35096-8 48 T 239 2 35 96 23177 Dot D 9V-71_

870 35102-6 40 T 239 2 35 102 22927 Dot D 6V-71N

870 35102-6 40 T 239 2 35 ]02 23327 Det D BV-71N

870 40096-6 48 T 299 2 40 96 23685 Det 0 6V-?IN

87040096-8 48 T 299 2 40 96 24085 DetD 8V-71N

870 40102-6 48 T 299 2 40 102 ?3875 DeL.D 6V-fIN

870 40102-8 48 T 299 2 40 102 24275 Det.D BV-71N

GMC

TIH 603 39 T 238-3/4 2 35 95 23509 Dot D. 6V-71N

T7W603 39 T 238-3/4 2 35 95 23130 Det D 6V-71N

T7W203 39 T 238-3/4 2 35 102 23251 Dot 8 6V-Z1N

T?H203 39 T 238-3/4 2 35 ]02 23680 Dot D 8V-llN

TBW603 47 T 298-3/4 2 49 96 24395 Out D 6V-7]N

T8W203 47 T 298-3/4 2 40 ]02 24583 DeLD 6V-llN

TSH603 47 T 298-3/4 2 40 96 24781 Dot D 8V.?IN

TBH203 47 T 298-3/4 2 40 102 25027 Dot D 8V-71N

Transportation

Manufacturers Corp.

T-30 Cttycrutser. 32 T 180 2 30 96 18900 8et D 6V-53N

Abbreviations

Chy- Chrysler

.Det D. Detroit Diesel

Twin Coachis manufacturedby HighwayProducts

Source: Manufacturer product literature; CommercialCar Journal, October_ 1979.
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The new articulatedbuses are a significantdeparture from standard

bus design. This new design consists of a minimum of three axles and of two

body sections;a forward section and a rear sectionwhich are permanently

connectedby an articulatedjoint. This joint allowsthe vehicleto bend in

the horizontal and vertical direction and allows longitudinal rotation of the

rear sectionrelative to the forward section. Flexible,reinforcedrubber

bellowsmaintainan environmentalseal in the area of the Joint. The passen-

ger compartment is uniformly lighted, heated and air conditioned. These buses

seat between 52 and 73 passengerswith gross vehicle weight ranging from

34,000 to 36,000 pounds. The articulated buses sold in the U.S. are an

international manufacturing venture. The main domestic distributor is AM

General. AM General receives bus body shells that are 55% complete from MAN

(Maschinfabrik Augsburg Nuremberg), a West German firm, and outfits them with

final interiors, electrical systems and air conditioning. Crown Coach Corp.,

another domestic firm, is the U.S. distributor of the Hungarian built Ikarus

286. Crown Coach also receives partially built buses which it transforms into

finished vehicles.

The typical intracity bus is utilized by a transit company engaged

primarily in providing passenger transportation over regular local routes

with regular time schedules. Charter and special service travel play a

relativelyminorrole in the total intracityoperation.

(c) SchoolBuses

The vastmajority of schoolbuses,over 98% in 1978, are manufacturedin

a two-stageprocess. The chassis,which is primarilythe same as a medium-

duty truck chassis, is produced by a manufacturerand then shipped as an

incompletevehicleto anothermanufacturerwho assemblesthe body on it. The
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chassis manufacturingprocess utilizesthe assemblyline concept,while the

body manufacturingand ass_bly process utilizesthe stationor bay system

concept.

Variousconfigurationsof two-stageschoolbusesare available. The most

popular type, approximately90% of school bus productionin lg78, is the

conventionalschool bus, which has the engine locatedforwardof the driver

and passengers.The othertwo types of two-stageschoolbusesare the forward

controltypewhich resemblesa transitcoach in appearanceandparceldelivery

type which utilizes a smallerchassis than does the conventional. Gas or

diesel engines are available for the above types of school bus with the

exception of the parcel dellvery type scbool buses which are powered by

gasolineengines.

The remainingsmall number of school buses are integrallyconstructed

vehicles. The floor, sides,ends and roof are Joined into a one-plececon-

structionto form the bus she11. These units are poweredby diesel engines

located either at the rear or the mld-pointof the bus. Only two firms.

Crown Coach and Billig Brothers, presently offer integrally constructed

school buses.

The size and weight of all school buses are limited by state and local

restrictions. In the case of the two-stage vehicles, the chassis GVWR

(Gross Vehicle Weight Rating) is also a determining factor. Table 3-7

shows representativechassis specificationsby manufacturerfor the conven-

tlonal school bus. The most popular school bus models currently being

produced utillzechassiswith seatingcapacitiesof between30 and 72 pas-

sengersand a GVWRof between17,000and 2g_ooDIbs.

Six firms build schoolbus bodies which are assembledon the chassis.

Bodies are built accordingto customer specifications;consequentlymanufac-

turing flexibillty is essential. Table 3-B presents the various types

of bodiesmanufacturedby the six companies.
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TABLE 3-7

SCHOOL BUS CHASSIS SPECIFICATIONS

Cowl to End
GVW Capacity of Fr=ne OverallLength Wheelbase

Make and Series Axles Engines (lb.) (No. of Pupils) (In.) (In.) (In.)

Chevrolet
86P042 4X2 G 20500-24000 42-66 267-3/4 322-1/4-403-1/4 188-254

Ford
B-600 4X2 G 17400-24500 36-60 210-3/4-322-1/4 274-1/2-386 156-242-1/2
8-700 , 4X2 0 23160-27250 60-72 332-1/4-369-1/4 386-433 242-1/2-280-1/2
B-7000 4X2 D 26500-27250 66-72 349-1/4-369-1/4 413-433 260-1/2-280-1/2

_J

GMC
"_ B6P042 4X2 G 19700-25300 42-66 267-3/4-348-3/4 322-1/4-403-1/4 189-254

Internotlonal
1723 4X2 G 16000-29000 48-66 217-387 2?1-1/2-441-1/2 152-276
1823 4X2 G 20200-29000 60-66 217-387 271-1/2-441-1/2 152-276
1853 4X2 O 17000-29000 60-66 217-387 271-1/2-441-1/2 152-276

Henrtckson
RE-305 4X2 G 24,000-33,800 48-72 345-417.75 165-229
RE-305 4X2 D 33,800 48-72 420-474.75 242-286

*To be reintroducedMarch orApril I980.

SOURCE: Manufacturerproductliterature;CommercialCar Journal_ October, 1979.



TABLE3-B

SCHOOt.BUSBODIESBY MANUFACTURERAND TYPE

Forward Parce]

/Manufacturer Conventlonal Control DeIiver_

Blue Bird X X X

CarpenterBody X X X

SuperiorCoach X X

Thomas X X1 X

Ward X X2 X

Wayne X X

1Chassts is built by Thomas

2Only produced for export

SOURCE= EPA interviewswlthabovemanufacturersand with the TruckBody
and EquipmentAssociation
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School bus bodies are designed for occupant safety and for durability,

Typically,there is one door for passengerboardingand exit,with an emer-

gency dour at the rear,

(d) Special Purpose Buses

Manufacturerswill often custom-builda vehiclefor an end-user'sspeci-

fic needs, such as airports,hotels, demand response agencies,amusement

parks, or prisons, These buses can be eithertwo-stageor integrallycon-

structed. Prom the manufacturer'sperspective,such vehiclesare generally

treatedin the same manner as their standardunits in termsof productionand

sale statistics, In addition,firms not in the bus industry_such as recrea-

tional vehiclemanufacturers,may occasionallyconvertone of their products

to fulfill an end-userDsspecificneeds, Consequently,for the remainderof

this overview of the industry,with the exceptionof the sectiondevotedto

end-use, these special purpose vehicles will not be treated separately,

SIZE AND GROWTHOF THE INDUSTRY

The demand for bus units is a deriveddemandbased upon user/operator

requirements, Thls section will develop the current size of the market

for buses and identify the growth trends within each principal segment.

(a) GeographicConcentration

In 1977 there were 491,674buses registeredin the UnitedStates (Table

3-9), Over fifty percent of these registrationswere concentratedin eleven

states.

(b) Buses in Serviceb_ End Use and ProductClassification

End-usersgenerallyutilize the type of bus that Is manufacturedand

designed for a specific application, In other words, Intercitycarriers

utilize intercitybuses; transit systemsutilize transitbuses; and school

districts, private schools and churches utilize school buses, However,
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TABLE3-9

U.S.MOTOR BUS REGISTRATIONSBY STATES- 1977 (Cont'd)

Privateand Commercial Total

Commercial Schooland PubliclyOwned School Total
State Buses (1) Other (2) Federal School(31 Buses Buses

Texas 2,613 13,325 146 17,051 30,376 33,136
Utah 370 75 42 661 736 1,148
Vermont Be 383 -- 67G 1,061 1,141
Virginia 1,960 34 61 8,990 9,024 11,045
Washington 511 2,687 108 7,366 10,053 10,672
West Virginia 868 7 10 1,616 1,623 2,501
Wisconsin 1,475 4,787 12 3,414 8,201 9,688
Wyoming 1,092 144 2 1,075 1,219 2,318
Dist. of Columbia 2,191 35 142 251 286 2r619

Total 971864 144_556 2_417 246D837 391D393 49_p674

I_l Includes municipal ownedtransit buses.In some instanceschurch,industrialand otherprivatebuses are included
here; and inother instancesprivatelyownedschoolbusescould not be
segregatedfromcommercialbuses,and are includedwiththe latter.

(3) This columnconsistsprimarilyof publiclyownedschoolbusesbut includes
a few privatelyownedschoolinstitutionaland industrialbusesregistered
free or at a reducedrate.

SOURCE: U.S.FederalHighwayAdministration.
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exceptions do exist and an end user may utilize a type of bus which is

not necessarilydesignedfor the specificapp]ication.Accordingto manufac-

turers, trade associations,and end users,such situationsare rare. Thus,

for purposesof analysis,Table 3-10, which is the basis for the following

discussion, treats end-use of the three types of bus according to the

traditionalapplications.

I. Total Buses. Bus registrationshave increase42% during the

period 1968to 1978. The relativesize of eachsegmentin 1978was as follows:

1978

Intercity 4%

Transit 10.6%

School 79.2_

FederalGovernment .5%

Others 5.7%

2. Intercit_ Buses. Intercitybuses are utilizedprimarilyby

IntercityClass 1, 2 or 3 Carriers,sightseeingbus companies,and firms

providingtransportationto and from airport locations. The American Bus

Associationestimatesthat in 1979, 21,100 intercitybuses were operated

by intercitycarriers. RobertA. Kaye, Directorof the Bureau of Motor

Carrier Safety,Federa] HighwayAdministration,has estimatedthat approx-

imately23,000buses were operatedby sightseeingand airportbus linesin

1979.

The numberof intercitybuses utilizedby Class i, 2, 3 Carriers has

remainedratherstablesince Ig6B. However,a downwardtrendhas developed

since 1970 when the populationreached 22,000. In 197B, the population

was estimatedto be 20,500,while estimatesfor 1978 are 20,100.A factor

influencing this downward trend has been a 15,2% decline in revenue

passengers(referto Table 3-1).

3. Transit.Buses Transitbuses accountedfor 10.6%of the total

bus populationin 197B, The numberof operatingtransitbuseshas increased
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TABLE 3-10

BUSES IN SERVICE BY END USE AND PRODUCT CLASSIFICATION

INTERCITY& TRANSITBUSES SCHOOLBUSES(2)

Intercity TransportationTransportation
Class1,2,3 Transit Public Private Federal Total

Year Carriers Systems Others{l) Expense Expense Total Government(3) Buses
_'_ 21,100lest) -
1978 20,100 52,866 28,592 396,387 2,417 500,362
1977 20,100 51,968 25,796 391,393 2,417 491,674
1976 20,100 52,332 24,359 37g,178 2,320 476,339
1975 20,500 50,811 22,522 - - 365,982 2,329 462,144
1974 20,600 43,700 20.772 267,704 66,930 354,634 2,800 446,906
1973 20,800 48,286 20,390 262,579 71,313 333,892 2,159 425,527
1978 21,400 19,075 18.247 260,772 55,649 316,421 1,8_I 406,954
1971 Rl,go0 49,150 17,566 245,608 61.677 307,285 1.682 397,583
1970 22,000 49,700 17,123 244,337 44,413 28B,750 1,448 39/,021
1969 21,600 49,600 17,792 236,103 35,871 873,973 1,317 364,262
1968 21,000 50,000 i/,182 219,147 43,000 262,204 1.413 351,799

I
Notes: (a) The numbersgivenaboveare EPA estimatesbasedonestimatesby severalreliablesourcesof

the busesInuse. Certaininaccuraciesmustbe acknowledgedand are listedbelow:

(1) End usersof intercityand transitbusesutilizea verysmallnumberof schoolbusesIn
theiroperations.Suchvehiclescannotbe easilyidentifiedand consequentlyare Included
inthe Intercicy& Transitcolumns,

(b) The numbersgivenaboveare estimatesbasedon stateregistrationdata. Busesownedby the
DepartmentofDefenseare not included. In1969,OOD buseswere estimatedto be 11.289.

I. Intereltybusesused insightseeingand airportoperationsaccountedfor an estimated
23,000units in19/9.

2 IncludesClassI: schoolbuseswhichareestimatedto accountfor approximately10% of the
total.

3. Includesall typesof buses, Onlyvehiclesof thecivilianbranchesof the Federal
Governmentare given.

Source: U.S.DepartmentefTransportation/FederalHighwayAdministration,Hl_hwayStatistics,1966-1976.
TableHV-IO;Departmentof Health,Education,and Welfare,Officeof'Educatlon,6tatistlcsof
StateSchoolSystems,1967-68to 1977-78;NationalAssociationStateDirectorso't-Pupil
Transportatl_n5_rvlces,GrowthofSchoolTransportationinthe U.S.. 1976;RationalAssociation
of MotorBus Owners,One-HalfCenturyof ServicetoAmerica.igl6;---A'merlcanPubilcTransit
Association,TransitFact _ook,1978;MotorVehicleMan_ifacturersAssociation,MotorTruckFacts
19/0;FederalHighwayAdmlnlTs_'ratien/BureaucfHotorCarrierSafety,5aleTransport,_ '
Bus IndustryInthe U.S.,1975;MotorVehicleI4anufaeturersAssociation,FactsandK@res, 1979.



6.4% from 49,700 in 1970 to 52,866in 1978. There has been a corresponding

2.7% growth in number of revenue passengers from a 1970 level of 4,058

million to 4,168 million in 1976. Operating revenues have increased from

$1,236.3 million in 1970 for $i,584.4 million in 1977, a 28.2% increase.

However,net operatinglossesaftertaxes climbedsteeplyfrom $288.2million

in 1970 to $2,214.8 million in 1977, an increase in losses of 66B%.

4. School Buses. School buses accounted for a substantial

majority,79.2% of total buses in 1978. Most schoolbuses are utilizedin

transportationof students,the handicapped,etc., at publicexpense. The

vehicles used in this function are owned either by a school district (or

other publicentity)or by a privatecompanywhich operatesundercontractual

arrangementwith a schooldistrict. The remainingschoolbusesare privately

owned and operatedin a varietyof situationswithoutpublicfunding. Co_n

examples of users include churches, private schools, and related groups or

organizations.

The numberof schoolbuses in use has increaseddramatical]ysinceig68

when 262,204 vehicles were registered. In 197B, total registrationsof

school buses had reached 396,387units, a growth of some 51% since 1968.

• These school bus figures include Class II school buses which are

generallyconvertedlight trucks,vans or station wagons. These vehicles

generallyhave a GVWR of less than 10,000 Ibs. In 1977-78therewere 36,199

Class II schoolbuses in use.

5. FederalGovernment. Buses used by civilianbranchesof the

Federal Government representonly 0.5% of the total bus population. All

three types of buses are utilizedby this end-usesegment. A significant

; growthrate of almost71%,(2,417units in 1978 as comparedto 1,413unitsin!

1968),has characterizedthis marketsegment.

q 6. Others. As discussedearlier in the intercitybus section,the
L

majorityof vehiclesin this end-usecategoryare buses used insight-seelng

3-24

_r._,_'_._ ..... • .................... i• .•.__........ _



and airportapplications.The remainingbuses in this categoryhavemany and

varied applications. Por example, amusement parks, hotels, rental car

companies,etc., use buses to providetransportationin conjunctionwith some

other activity. This generalend use categoryhas grown almost66% to 28,592

vehicles in 1978 from 17,182 in 1968. From industryinterviewswith several

manufacturers,it appearsthat some part of the total 20,772buses in this

segment are smallerthan 16,000 lbs.GVWR and seat less than 16 passengers.

(c) New Product Shipments

In 1978 manufacturersof buses shipped 35,342units. Table 3-11 pre-

sents a history of bus shipments from 1965 to 1977.

1. Intercitx Buses. In 1977, the number of buses shipped to Class

I intercitycarrierswas 709, as comparedwith 619 in 1976. The AmericanBus

Association estimates that the average annual market for American made

intercitybuses is about1,300. Between1,100 and 1,2D0 of theseare sold in

the United States.

2. TransitBuses. Shipmentsof transitbuses experiencedconstant

growth from 1970 to 1975, when they reached 5,261 units. They declined during

the 1976 to 1978 period,partiallybecauseof the shift to AdvancedDesign

buses. In 1977, total shipments of new transit buses were 2,437 units.

3. SchoolBuses. Total shipmentsof schoolbuses wi]i maintaina relatively

stable growthrate until 1999. Most new buses are presentlybeingboughtto

replace old ones as enrollmentdeclines;however,this trend towards lower

enrollmentwill be counteractedby trendstowardexpandingservices.

PRODUCTLIFE CYCLE

Beyond the end-use industry conditions outlined above, product life cycle

dictates the rep]acement activity within bus fleets. It is very difficult
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TABLE3-II

SHIPMENTSBY YEAR AND BUS CLASSIFICATIONRASEDON REGISTRATIONS

Year Intercity Transit School

1977 7091 2,437 * 30,000

1976 6191 4,745 * 30,000

1975 7732 5,261 * 30,000

1974 1,350 4,81B 29,561

1973 1,276 3,200 30,039

1972 1,353 2,904 30,635

1971 977 2,514 28,358

1970 1,064 1,442 27,468

1969 NA 2,230 28,064

1968 NA 2,22B 29,015

1967 NA 2,500 28,214

1966 NA 3,100 26,419

1965 NA 3,000 24,276

•Approximatefigures.

i Onlyshipmentsto ClassI carriers;Class I revisedto excludecarriers

withrevenueslessthan$3,000,000.

2 Only shipmentsto Class I carriers.

Source: NationalAssociationof MotorBus Owners;AmericanPublicTransit

Association,TransitFact Book,1978, Interviewswith General

Motorsand InternationalHarvester.
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to determine an average product lifefor the three major types of buses.

Product life is contingent on factors such as maintenance routines and

procedures,geographiclocation,miles traveled,and the economicconditions

of the end-users. Given this situation,the followingare estimatedranges

for product lifewith the originalowner:

Intercity- 12to 15 years

Transit - 10to 15 years

School - B to 12 years

Certain factors can affectthese ranges. For example, when a bus is

first put into operation it incurs its heaviest utilization. A typical

intercity bus will travel 250,000 miles during the first two years of

utilization. Transit buses, dependingon the geographiclocationand the

attendantroute size, will travel between30,000and 60,000miles per year.

School buses travel an averageof 38 miles per day, but individualmileage

totalsvary substantiallyaroundthismeanfigure.

NATURE OF THE INDUSTRY

This section will describe the nature of the bus industry in terms

of channels of distribution,sales practices,pricing, and resale. It is

organizedaccordingto the threemajor productsegmentsof Intercity,Transit,

and SchoolBuses.

(a) Interclt_Buses

The nature of the intercity bus segment is generally determined by

the following:

1. Channelsof Distribution. The flow of new intercitybuses

is incorporatedin Figure 3-1. Note that the manufacturerdeals dlrectly

with the end-userand that a dealeror distributionnetworkdoes not exist.
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All intercity bus prices are F.O.B (freight-on-board)factory, and

delivery of the vehicle is the responsibility of the end-user. Two alterna-

tives are primarilyutilized: end-userpersonnelare sentto the factoryto

drive the units to their destination,or an Independentbus deliverycompany

will drive the comp]etedunit from the factoryto an end-userdesignated

location.

2. Sales Practices. Manufacturers of intercitybuses deal directly

with intercityoperators, generally,bus requirementsand specifications

are determinedby the end-user,with custom units made in accordancewith

a variety of special requirements. Each order is separatelypriced in

competitivebids.

However, certain exceptions to the above exist. For example, the

GreyhoundCorporation,the largestClass I IntercftyCarrier,purchasesits

vehicles from a subsidiary,Motor Coach Industries. ContinentalTrailways,

another large end-user, has maintained a purchase agreementwith Eagle

International.

3. Pricln_. The American Bus Associationestimatesthe average

price of busesdeliveredto Class I carriersas follows:

1975 $81,000

: 1976 $g3,000

1977 $99,000

4. Resale/Used Buses. The impact of the resale of used buses

on the nature of the intercitybus market is relatively insignificant.

_i Original end-usersof intercltybuses generallyutilizethe vehiclethrough-

out the useful life of the unit. After the useful lifeof the vehicle is

expended,the originalend.userwill either sellthe unit for salvage;strip

the unit for useful parts and sell the remainderfor salvage;or sell the

unit to anotherend-user. Purchasersof used vehiclesgenerallyare smaller

intercltycarrierswhich usuallydo not purchasenew vehicles.
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(b) Transit Buses

The nature of the transit bus segment is generally determined by the

following:

1. Channelsof Distribution. The flow of new transitbuses into

distributionas shown in Figure3-I is the same as the flow for new intercity

buses.

2. Sales Practices. In summary, manufacturers deal directly

with end-usersand the coachesare custommade accordingto customerspecifi-

cations, The significantdifferenceis in the formalityof the bid procedure

in the transit market segment. UMTA, which provides up to 80 percentof

the fundingfor local transit agenciesto buy new buses,requiresthat all

federallyfundedbus ordersbe placedon a competitivebid basis. Each coach

is separatelypriced in competitive bids by industry. This formal bid

procedureis dictatedby governmentguidelineswhich are prerequisiteto the

awardingof grantsand subsidies.

3. Pricing. Prices have climbedsharply with the introduction

of AdvancedDesign Buses. In 1977 the averageprice for 40 foot transit

buses was $77,142. The current averageprice of AdvancedDesign Buses is

about$110,000, The 60 foot articulatedbusescost roughly$191,000.

4. Resale/UsedBuses. Transit buses are generallyutilizedby

the originalowner throughout their useful life, The originalend-user

will disposeof a unit by eithersellingit for salvage;by strippingthe

useful parts and selling the remainderfor salvage; or by selling it to

anothertransitauthorityor end-user.

Transit authoritiesmay occasionallypurchase used buses to fill an
k

unexpecteddemand, to cover delays in new bus delivery,to obtain parts,

or to avoidcostsof new bus purchases,
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(c) SchoolBuses

The nature of the school bus segment is generally determined by the

following:

I. Channels of Distribution. As depicted in Figure 3-i, dis-

tribution of conventional school buses differs greatly from that of intercity

and transit buses. School bus distribution is a complex two-step distribu-

tion process. The difference principally is that either a chassis dealer

or a body dealer can sell the complete bus to the end-user. Most orders

will. typically be handled by the school bus body manufacturer.

The distribution process begins when a bus body builder orders a chassis

that meets the specifications in his contract. The chassis is then shipped

to the bus body manufacturer's plant where the body is installed to end-

user specifications. Typically, when a chassis is used the regional chassis

manufacturer representative is notified and credit is given to the local

chassis dealer.

In the case where a chassis dealer takes an order for complete buses,

the process is similar. The principaldifferenceis that the local body

distributer is given commission on the sale of the body, In both cases

warranty service is provided on a local dealer basis for the part of the

product that each represents.

2. Sales Practices. Due to the type of distribution, the

principal sales of school buses are through dealers. National selling

responsibility for each part of the product is maintained by body and chassis

manufacturers.

There is a slight difference between the selling efforts of chassis

and body manufacturers. Chassis manufacturers market their product to

both body builders and school boards while body manufacturers promote their

companies' products and services directly to the school administrations,
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The majority of school bus sales are made in public bids to predeter-

mined specifications. As previously noted, these specifications, beyond

meeting minimum safety standards, vary greatly from locality to locality.

The company, whether a chassis or body manufacturer, with the winning bid

will then manage the production of the complete vehicle.

3. Pricing. Due to the variety of school bus mode] types, a single

price range would not accurately portray the proper perspective. Therefore,

Table 3-12 presents school bus prices by vehicle type.

4. Resale/UsedBuses. School buses find a rather large resale

market. Typically, school authorities will sel] used buses to brokers.

These buses in turn will be sold to such groupsas churches,boys' clubs,

P.T.A.'s,Y.M.C.A.'s,and a widevarietyof othergroups.

BUS MANUFACTURERS PROFILE

The remainderof this discussionwill profile individualbus manufac-

turers in terms of a generaldescription,financialresources,employment,

production facilities,and market share. It is organizedinto four sec-

tions,as determinedby the basicbus classificationsand marketsegments,as

follows:

IntercityBus Manufacturers

TransitBus Manufacturers

SchoolBus ChassisManufacturers

School Bus Body Manufacturers.

The basic information used in this section is developed from composite

tablesof manufacturersshown in Table 3-13 and 3-14. Marketshare data are

representedin Table3-15 through3-18.

(a) Intercit_Bus Manufacturers

The firms,subsidiaries,or divisionsshown below accountfor the vast

moJorltyof intercitybus production:
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TABLE3-12

May, 1979 Prices for

COMPLETEDSCHOOLBUS, BY TYPEOF BUS

Type of Bus Range of Prices Average Price

Gasoline Powered:

Conventional 13,000- 22,000 19,000
Forward Control 35,000 - 42,000 38,000
Parcel Delivery 12,000- 16,500 14,500

Otese| Po_ered:

Conventional 17,000 - 28,000 23,500
Forward Control 35,000 - 43,000 40,000
Integral Mid-engine 45,000 - 100,000 60,000
Integral Rear-engine BO,OOO- 70,000 55_000

T

J

i
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TABLE3-13

BUSMANUFACTURERSFACILITY PROF1LE,1977

Production facilities

Corporate
Headquarters

Maeufactu.rer LEcation Location ProductsManufactured

GeneralMotors

Corporation Detroit, Pontiac, Schoolbus chassis
Michigan Michigan mediumduty trucks

Pontlac,
Michigan Transitbuses

Ford Motor

Company Dearborn, Louisville, Schoolbus chassis
Michigan Kentucky

Windsor_ Schoolbus chassis
Ontario,
Canada

International

HarvesterCo. Chicago, Springfield, SchoolBus chassis
Illinois Ohio _dium duty trucks

Greyhound
Corporation Phoenix,

Arizona

Subsidiaries=

a. Transpor- Roswe11, Pemblma, Transitbuses
tatlonManu- New Mexico North
f_cturin9Corp. Dakota

b. Motor-Coach
Industries Pembima, Intercltybuses

North
Dakota

Winnipeg, Intercitybuses
Manitoba,
Canada

Fort Gary_ Intercltybuses
Manitoba,
Canada
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TABLE 3-13(Continued}

BUS MANUFACTURERS FACILITY PROFILE, 1977

Production facilities

Corporate
Headquarters

Manufacturer Location Location ProductsManufactured

Grumman Allied
Industries,
Inc. Bethpage,

New York

Subsidiary:
GrummanFLXIBLE Delaware, TransitBuses
(originallyRohr Ohio
Flxible)

Loudanville, Bus components
Ohio

Miilersburg, Bus components
Ohio

IndianHead
Incorporated
(WayneCorp.) New York, Richmond, Schoolbus bodies

New York Indiana Ambulances
Hearses
Professionalcars

Sheller-Globe
Corporation
(SuperiorDiv.) Toledo, Lima, 14,500 Schoolbus bodies

Ohio Ohio

ThomasBuilt
ii buses HighPoint, HighPoint, Schoolbus bodies

North North Specialtyvehicles
Carolina Carolina

Blue Bird

Body Co., Inc. Fort Valley, Fort Valley, School bus bodies
Georgia Georgia Specialtyvehicles

Mount Schoolbus bodies
Pleasant, Specialty vehicles
Iowa
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TABLE3-13 (Continued)

BUS MANUFACTURERSFACILITYPROFILE,1977

Productionfacilities

Corporate
Headquarters

Manufacturer Location Location ProductsManufactured

Crown Coach

Corporation Los Angeles, Los Angeles, Integralschoolbuses
California California Intercitybuses

Specialtyvehicles

Carpenter
Body Works,

Inc. Mitchell, Mitchell, Schoolbus bodies
Indiana Indiana Specialtyvehicles

Ward School
Bus Manufac-
turing,Inc.
(Subsidiary
of Ward
Industries,

Inc.) Conway, Conway, Schoolbus bodies
Arkansas Arkansas

The Herrick

Corporation Hayward,
California

Subsidiary:

6i1119Corp. Hayward, Hayward, Integralbuses
California California

Overseas Inns Luxembourg
City,
Luxembourg

Subsidiary:
Eagle
International Brownsville, Intercltybuses

Texas

PrevostCar Ste. CIalre, Ste. Claire, Intercitybuses
Dorchester, Dorchester, Specialtyvehicles
Quebec, Quebec,
Canada Canada

3-35



TABLE3-14

BUS MANUFACTURERSFINANCIALCHARACTERISTICS,1978

FinancialCharacteristics

__ -($ Milllons)
Net

!anufacturer Sales Income AssetE PrincipalBus Products

3eneralMotorsCorporation $54,961.3 $3,337.5 $26,658.3 Transitbuses;
Detroit,Michigan Schoolbus chassis

(GMCTruck& Coach Division)

Ford MotorCOmpany 37,841.5 1,672.8 19.241.3 Schoolbus chassis
Dearborn,Michigan

InternationalHarvester 5,975.1 203.7 3.7B8.1 Schoolbus chassis
Chicago,Illinois

Greyhound Corporation 3,841,5 B2,5 1,586,5
Phoenix, Arizona

Subsidiaries:
a. TransportationManufac- Transitbuses

turersCorporation
b. Motor Coach Industires I18.5 ii.6 .057 Intercltybuses

IndianHead Incorporated 603.8 27.4 390.0 Schoolbus bodies
New York,New York

(WayneCorporation)

GrummanAllled Industries, 1,552.7 32.4 569.5
Inc.
Bethpage,New York

Subsidiary:
GrummanFlxlble i02.0 Transitbuses and

components
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TABLE 3-14 (Continued)

BUS MANUFACTURER_ FINANCIALCHARACTERISTICSw 1978

FinanclalCharacteristics

($ Millions) ._-
Net

nufacturer Sales Income Assets princlpalBus Products

Sheller-BlobeCorporation $ BOO.3 $ 1B.5 $ 297.g Schoolbus bodies
Toledo, Ohio

(SuperiorDivision) (7B.5)

Thomas Built Busses School bus bodies
High Point,North Carolina Specialtyvehicles

Blue Bird Body Company,Inc. Schoolbus bodies
Fort Valley,Georgia Specialtyvehicles

Carpenter Body Works, Inc. 2B,O Schoolbus bodies
Mitchell, Indlana Specialtyvehlcles

Ward School Bus Manufacturing, Schoolbus bodies
Inc.

Incorporated,Conway,
Arkansas (Subsidiaryof Ward
Industries, Inc,)

Crown Coach Corporation 2g,O Integralbuses
Los Angeles, California

The HerrickCorporation 10-14
Hayward, California

Subsldi_'y:
Gillig Corporation Integralbuses
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TABLE 3.14 (Continued)

BU$..HANUFACTURERSFINANCIALCHARACTERISTICSr 197B

FinancialCharacteristics

($ Millions) .....
Net

Menufacturer _Sales. . Income Assets P.rlncipaiBus Products

Oversees Inns

LuxembourgCity, Luxembourg

Subsidiary:
Eagle International Intercitybuses

Prevost Oar Intercltybuses
Ste, Claire,Dorchester, Speclaltyvehicles
Quebec, Canada
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TABLE3-15

ESTIMATEDMARKETSHARE

Manufacturer 19701 I9741 19782

Motor Coach Industries 47.8%3 45.9%3 35.0%

TransportationManu-
facturingCorporation 25.9%

GeneralMotors 22.7% 32.1% 19.6%*

Eagle International 27.3% 17.5_ 12.0%

Others4 2.2% 4.4% 6.5%

* As of June 1979,GMC ceasedproductionof Intercltybuses.

i UnitedStatesOnly.

2 North America.

3 MCl and TMC combined.

4 Includesunitsmanufacturedby Prevostand CrownCoach.

Source= Basedupon interviewswith the AmericanBus Association,
Motor Coach Industries,GeneralMotorsCorporation;calculationsby
A. T. Kearney and EPA.
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TABLE 3.16

TRANSIT BUS MARKET SHARES

ESTIMATEDMARKETSHARES- TRANSITBUSES:TOTAL TRANSITBUS FLEEb
June 30, 1977.

Manufacturer MarketShare

GeneralMotors 62.4_
Flxible 24.7_
A M General 9.2%
All Others* 3.7%

*Includesimportedbuses.

Source= EPA estimatesbasedon data from
AmericanPublicTransitAssociation,
Fleet Inventor_.

ESTIMATEDMARKETSHARES- TRANSITBUSES
NEWEQUIPMENTDELIVERED,1974-1976

Manufacturer MarketShare

GeneralMotors 30.7%
Flxlble 25.9%
A M General 32.7%

All Others* 10.7_

*Includesimportedbuses.

Source: EPA estimatesbasedon data from
AmericanPublicTransitAssociation,
Fleet, Inveqtor_,

ESTIMATEDMARKETSHARES- TRANSITBUSES
NEW EQUIPMENTDELIVERED,1978

Manufacturer MarketShare

General Motors 60%
_; Flxlble 30%
_i_ All Others* 10%

i
*Includes imported buses.

Source: EPAestimates basedon interviews
wlth manufacturers.
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TABLE3-17

U.S. DOMESTICFACTORYSALESANDMARKETSHARES
SCHOOLBUS CHASSIS

1969 1971 1973 1975 1977
Market Market Market Market Market

Manufacturer Units Shares Units Shares Units Shares Units Shares Units Shares

Chevrolet 9,105 29,6% 5,294 17.1% 3,793 11.2% 5,139 15,1% 3,335 11.0%

Dodge 1,511 4,9 1,575 6.4 577 2.0 440 1.5

Ford 5,670 21.7 5,503 17.8 9,815 29,0 7_903 23.2 7,364 24.4

GMC 4,764 15.5 5,114 16.6 2,455 7.3 2,703 7.9 2,482 8.2

IHC 8,117 26.4 12,399 41.1 15,510 45.9 16,654 49.0 15,262 50.5

All Others(I) 503 2.0 897 2.9 11580 4.7 lt595 4,7 1_338 4.4

Total 30,770 100.0%* 30,883 100.0%* 33,820 100.0%* 33,996 100.0%* 30,221 100.0%

* Totals do not add up to 100_ due to rounding.

iNat|ona]Chassis Company;Perry,Georgiaand HendrlcksonManufacturing
Company; Lyons, I111noisaccountfor a signlflcantnumber of units.

Source: School Bus Fleet; Interviewswith GeneralMotors, InternatlonaIHarvesterand
Chrysler.
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TABLE3-18

ESTIMATED.FACTORYSHIPMENTSAND.MARKETSHARE: .SCHOOLBUS BODIES,

1974

Manufacturer Shipments MarketShare (units)

Blue Bird 6,592 22.3_

ShellerGlobe 6,592 22.3
(Superior)

IndianHead 5,055 17.I
(Wayne)

Thomas 4,257 14.4

Carpenter 3,784 12.8

Ward 2,838 9,6

A11 OthersI 443 1.5

iCrownCoach and Gllligaccountfor the majoritywith integrally
constructedbuses. Also includesunitsmanufacturedby firms not
in the bus industrysuch as recreationalvehiclemanufacturers.

Source: EPA comparedestimatedmarketshare informationprovidedby
bodymanufacturerswithDunn & Bradstreetsalesestimates,
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Crown Coach Corporation

Eagle InternationalIncorporated

Motor Coach Industries, Limited

Prevost Car.

i. Crown Coach Corporation. Established in 1904, this family

controlled business has operated on a profitable basis and has increased

net worth annually through retained earnings. In 1974, Crown had sales

of approximately$14 milllon, total assets of $18,165.223,and a tangible

net worth of $3,758,232. Sales reached$25 million in 1978. In addition

to intercitybuses, the firm also manufacturesintegrallyconstructedschool

buses and fire trucks. Crown is alsoa distributorof coaches and bodies

for other manufacturers and operates a coach maintenance division. The

firm's integrally constructed vehlcles compete primarily in two market

segments, intercity and school, and accounted for less than i% of total

sales in each market in 1978.

2. Ea91e International_Incorporated.This company,a subsidiary

of OverseasInns, S.A., Luxembourg,was founded in 1973 to manufacturebuses

primarily for Continental Trailways,the second largest U.S. intercity

carrier. Prior to 1973, anothersubsidiaryof OverseasInns manufacturedsuch

buses in Belgium. However, with the devaluationof the U.S. dollar, the

Belgian units could no longerbe competitivelypriced and Eagle was formed.

ContinentalTrailways now buys Eagle buses which are built in Brownsville,

Texas, In 1978, Eagle accountedfor approximately12% of total intercity

bus sales.

3. Greyhound Corporation, This holding company has numerous

subsidiarieswhose business activitiescan be categorizedinto slx general

groups: transportation, leasing, consumer products and pharmaceutlcals_

food, services,and food services, Greyhoundholds two bus manufacturing

3-43



companies. TransportationManufacturingCorporation(TCM) and Motor Coach

Industries(MCI). TMC builds transit and intercltybuses at a facility in

Rosewell,New Mexico. These intercitybuses are usedby GreyhoundLines. MCI

produces the same intercitybuses for use by other operators. These buses

are produced at facilities in Pembima, North Dakota,and in Fort Gary and

Winnipeg, Manitoba. In 1978, Greyhound Corporationgenerated sa]es of

$4,358,548,000;deriveda net incomeof $58.353,000;and retainedtotal assets

amountingto $1,265,767,000.Greyhoundemployed50,850persons.

4. PrevostCar. This Canadlan-basedmanufact6rerwas formed in

1957. Intercitybuses account for approximately60% of total production.

motor homes accountfor 25% and the remaining15% of productionis accounted

for by specialtyvehicles.

1974 sales were estimated to be $4.5 million with total assets of

between$2.5millionand $3.5 million.

PrevostCar was estimatedto have a 3% shareof the sales of the total

UnitedStatesintercitybus market in 1978.

(b) Transit Bus Manufacturers

The following firms, subsidiariesor divisionsaccount for the vast

majorityof transitbus production=

- The FlxibleCompany

GMC Truck & Coach

TransitManufacturingCorporation

i. The FIxib.leCompany. This subsidiarywas acquiredby Grumman

Allied Industries,Inc. in 1978. In the same year, Flxiblebuilt the last

of its "New Look" buses and began buildingtheir advanceddesign bus, the

870, at a new final assemblyplant in Delaware,Ohio. The new bus is being

producedaccordingto a modular approach. The drivetrain,front suspension,

driver'sconsole and several other componentsare produced in the company's

Loudonville,Ohio, and Millersburg, Ohio, plants and are then shipped to
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the Delaware facility, Flxibleclaims to have Increasedtheir market share

from 30% to 45% since productionof the 870 started. Specificemployment

and financialinformationis not available.

Grumman builds many types of transportationvehiclesfor both civilian

and military purposes. Its products include aircraft,ships, spacecraft,

canoesand buses, In 1978,Grummanhad a net Incomeof $32,397,000on sales

of $I,552,695,000and assetsof $56g,450,000.Grummanemployedapproxlmately

27,000persons.

2, GMC Truck & Coach, In 1943, General Motors Corporation

(GMC) acquired the assets of Yellow Truck & Coach ManufacturingCompany.

Business formerly conducted by that organization is today being carried

on by the GMC Truck & Coach Division, In lg7G, General Motors had net

salesof $54,961.3million;net Incemeof $3,337,5mi111on;total assetsof

$26,658.3million; and employed approximately797,000 persons. Specific

financialInformationfor GMC Truck& Coach Divisionis not available.

GeneralMotorsfunctionsprimarilyas an operatingcorporation,carrying

on _tivities through Its operatingdivisions. The firm also owns stock in

manyother companies. Generally,GM Is engagedin manufacture,assembly,and

distributionIn the UnitedStates of variousmotor drivenproducts,most of

which relate to transportationequipment. Subsidiariesand associatedcom-

panies conduct similar operationsin Canada and other foreign countries,

Automotive products consist of passenger cars, trucks, buses, motor

homes,and their relatedcomponents,as well as parts and accessories. The

greatestportion of such components,parts and accessoriesIs used in the

manufactureof GM automotiveproducts. In addition,substantlalamountsof

these products are sold to outside manufacturers, and are also marketed

throu@hdistributors,dealers,and Jobbers.
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In the United States there are 29 major operatingdivisions,while in

Canada, GM manufacturingoperationsare carried on by a subsidiary, Prod-

ucts are distributed to other world markets through the Overseas Operations

Divisionwhich has assemblyand manufacturingoperationsin 21 countries.

GMC Truck& Coach operatestwo bus manufacturingfaciiltiesin Pontiac,

Michigan; one of which is devoted entirely to the production of transit buses,

while the other manufacturesschoolbus chassisand medium duty trucks, An

existin9 facility, also in Pontiac, has been refurbished to accommodate

productionof GMC's new transitbus, the RTS-2.

General Motor's "New Look" bus, designed in 1959, set the industry

standard for fifteen years. This bus is now produced only in Canada.

The new RTS Advanced Design Bus Is now the only bus produced by General

Motors inthe UnitedStates.

In 1978, GMC's respective estimated market shares were as follows:

Transit 62.4%

SchoolBusChassis 8.2%(1977)

3. Transit Manufacturers Corporation. This subsidiary of the

Greyhound Corporation began production of the TC-30 Citycruiser in 1978

at e plant in Pemblma, North Dakota. For a profile, see the information

on Motor Coach Industries, Limited in the Intercity Bus Manufacturers portion

of this section.

4. Highway Products Incorporated. This subsidiary of Midwest

Management Corporation halted production of transit buses in 1975,

5. AM GeneralCorporation. This subsidiaryof American Motor

Corporationhas fulfilledits lastcontractfor standard"NewLook"buses. AM

General will, however, continue to manufacturer the new articulated bus, of

which 325 were sold in 1976,
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{C) SchoolBus ChassisManufacturers

The following firms or divisions account for the vast majority of

schoolbus chassisproduction:

FordMotor Company

- GMC Truck & Coach

InternationalHarvesterCompany.

I. Ford Motor Company, Ford school bus chassis are produced

at plants located in Louisville. Kentucky and Windsor, Ontario, Canada.

Ford's ig77shareof the schoolbus chassismarketmounted to 24.4_.Specific

financial,emplo_ent, manufacturingand marketingdata for Ford'sschoolbus

chassisproductionoperationare not avai]able,

The corporationis primarilyan operatingcompany with severalsubsid-

iaries.The manufacture,assemblyand sale of cars, trucks and relatedparts

and accessoriesaccountedfor approximately91% of sales in 1974. In the

United States. Ford ranks second in the industryin unit factory sales of

cars and trucks, Outside the U.S., cars and trucks are manufactured by

several subsidiariesthroughoutthe free world. The remaining9% of sales

in 1974was accountedfor by operationsdealingwith tractors and farm imple-

ments, co(nmunicationsand electronicsystems,automotiveproductioncomponent

materials, the dealer organization,land developments,and public transit

"peoplemover" systems. Total sa]es in 1978 amountedto $37,841.5million

which generatednet incomeof $1,672,8million. Assets total approximately

$19.2 billion. In 1978,Fordemployed479,000workers.

2. GMC Truck& Coach. This General Motors operating division

markets its school bus chassisunder the Chevroletor GMC productllne, For

a profile, refer to the Transit Bus Manufacturersportion of this section,
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3. International Harvester. International Harvester.manufactures

school bus chassis and medium duty trucks in their Springfield, Ohio plant.

In 197/, the company accountedfor 50.5% of the total school bus chassis

market. Additional specific financial information is not available.

The corporation is primarily an operating company with numerous wholly-

owned subsidiaries.InternationalHarvester'sprinclpalproductsare trucks,

agricultural/Industrlalequipmentand constructionequipment. The company

is also a major producerof gasolineand dieselengines,primarilyfor use

with its products. InternationalHarvesterowns 17 manufacturingplants in

the United States, while its subsidiaries own 18 manufacturing plants

.throughoutthe free world. InternationalHarvesterhas 93,160employees.

Sales in 1978 amountedto $5,975,061,000with a net incomeof $203,737,000.

Total assetsamountedto $3,788,134,000.

4. Others. There are alsoseveral smallerchassismanufacturers,

such as HendricksonManufacturingCompany, NationalChassis Company, and

Oshkosh, who produce limitednumber of chassis for use in forwardcontrol

:_ and pushertype schoolbuses.

(d) SchoolBus BodyManufacturers
)

! The followingfirms, subsidiariesor divisionsaccount for the vast

i majorityof schoolbus bodyproduction:

Blue BirdBody Company

CarpenterBodyWorks

Superior

ThomasBuilt Buses

Ward SchoolBus

- Wayne Corporation

1. Blue Bird Body Company, Incorporated. A privately owned

company, Blue Birdwas originallystarted in ig27. The companywholly-owns
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five subsldiaries,all of which are associatedwith the school bus market.

Three of the subsidiariesare located in the United States. with one in

Canada and the other inGuatemala. The main plant Is locatedin Fort Valley.

Georgia.

AlthoughBlue Birdis primarilya conventionalschool bus body manufac-

turer, it also producesforwardcontrol schoolbus bodies and motor homes.

In addition, one U.S. subsidiarymanufacturesschool bus accessoriesand

parts. In 1974, Blue gird had sales of approximately $30 million which

resulted in an estimated22.3% (unit)share of the school bus body market.

Additionalfinancialinformationis not available.

2. CarpenterBody Works.Inc. This privatelyowned company was

founded in 1918. The most significantportionof Carpenter'soperationis

the manufactureand assemblyof conventionalschoolbus bodies;however,the

company also builds forwardcontrol and parcel delivery school bus bodies

mounted on specialchassis accordingto customer specifications. The com-

pany operatesa productionfacility,and is the largestemployerin Mitchell.

Indiana. 1978 saleswere reportedat $20 million. Carpenterheld a 12.8%

(unit)shareof the totalschoolbus bodymarketin 1974.

3. Superior. An operatingdivision of Sheller-GlobeCorporation,

Superior was acquired in 1969. In addition to conventional school bus

bodles, Superiormanufacturesforwardcontrol and parceldeliveryschool bus

bodies, ambulances,funeral hearses and military vans, most of which are

mounted on chassis furnishedby automotive manufacturers. One plant is

located in Lima, Ohiowhile another is located in Kosciusko,Mississippi.

The firm's estimated1974 share of the school bus body market, in units

produced, was 22,3%.

Sheller-Globeis a diversifiedcompany which produces automotiveparts

and accessories,generalindustrialproducts,office supplies,and precision
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instrumentation.In 1978, Sheller-Globereceived$533.12millionin revenu,

and employed 14,000 workers.

4, ThomasBuilt Buses, This operatingcompany has two subsidi-

aries, one in Canada and the other in Ecuador. Conventional school bus

bodies representthe most significantportionof the operation, The firm is

also engaged in the manufactureand assemblyof forward control schoolbus

bodies and other specializedvehicles, The firm operates a facilitylocated

in High Point, North Carolina. Thomas also operates a plant in Woodstock,

Ontario,Canada. For the fiscalyear endingMarch 31, 1975,Thomasreported

sales of approximately$30 milllon and assetsof $14.6 million, Duringthe

prior fiscalyear, net incomewas reportedas $1,6 million, The firm's1974

estimatedshareof the market, in unitsproduced,was 14.4%,

5. Ward SchoolBus ManufacturinBtIne. This familyowned business

is a subsidiaryof Ward Industries,Incorporatedwhich serves as a holding

company for three other subsldiarles, Manufactureand assembly of school

bus bodies is the primary operationof Ward School Bus Manufacturing. The

subsidiaryoperates a 234,000 squarefoot plant located in Conway,Arkansas,

Ward'sestimatedshareof the 1974 schoolbus bodymarket, in units produced,

was 9.6_,

6. Wayne Corporation, A subsidiaryof Indian Head, Inc., this

corporation manufactures ambulances, hearses, postal delivery vehicles

and other specialtyvehicles. However,the most significantpart of the

operation is the manufactureand assemblyof schoolbus bodies, The Wayne

Corporationoperatesa plant in Richmond,Indiana. The 1974 estimatedshare

of the market, in units produced,was 17.1%. Additlonal specificinforma-

tion pertainingto thissubsidiaryis not available.

The parent corporation,IndianHead, Inc., reported 1978 sales of $604

million. Indian Head is a diversifiedcompany engaged in the manufacture
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and processingof glass containers,metal and automotiveproducts,specialty

textiles,utilitiesand communicationsproducts,and micropub]ishing.

EXPORTS AND IMPORTS

With regard to all types of buses,the U.S. has experienceda favorable

balance of trade situation. In 1977, the U.S. exported a total of 4.893

new and used buses with a va]ue of almost$77.2 million. Duringthe same

year, the U.S. importeda totalof 2,184units valuedat about$32.7million.

(a) Exports

Table 3-19 shows U,S. bus exportsin terms of units and valuefor both

new and used buses, New busesfiguresare listedaccordingto enginetype. In

1977, the U,S. exported 4,893 units at $77,281,300. In 1968, 4,g29 units

valued at $27,513,075were exported.

(b) Imports

Table 3-20 presents U,S. bus importsin terms of units and value by

countryof origin. U.S, importsof 2,184units in 1977representsa signifi-

cant increase over the previousten years. With the exceptionof certain

Canadian manufacturersidentifiedin prior sections, such as Motor Coach

Industriesand PrevostCar, on]ytwo foreignbus manufacturershave been the

source of significantimportsto the United States. MercedesBenz accounts

for virtuallyall buses importedfrom West Germanyand a subsldiaryof Over-

seas Inns (parent company of Eagle International)accounts for all buses

importedfrom Belgium. As discussedin the Bus ManufacturerProfilesection,

ContinentalTrailways,the secondlargest intercitycarrier,had maintained

bus purchase agreementswith Overseas Inns (whichhas a subsidiarywith a

plant in Belgium). With the devaluationof the U.S. dollar,the manufacture

of such units outsidethe UnitedStatesbecameeconomicallyunsoundand Eagle

International was formed In Ig73. Production of the Belgiar,units was

graduallyphasedout in 1975 with Eagle Internationalassumingproductionof

all ContinentalTrailwaysbusesin the UnitedStates.
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TABLE 3-19

U.S, BUS EXPORTS

New Buses UsedBuses

, Gas Engines DieselEngines _

Yea.__._rUnits Value Units Value Units Valu_.____e

1977 2,417 $30,083,419 1,523 $43,009,743 953 $4,188,148

1976 2,526 51,498,626 557 26,601,451 598 2,891,924

1975 4,621 86,101,082 432 21,909,768 620 4,349,393

1974 2,607 15,391,587 455 13,649,000 381 1,545,689

1973 2,068 11,188,240 287 5,830,917 324 1,175,850

1972 2,579 13,179,882 206 4,132,188 266 799,222

1971 3,384 14,435,144 414 4,664,188 355 1,271,542

1970 3,141 11,978,367 359 6,527,308 297 945,006

1989 2,686 11,001,298 190 3,888,541 307 704,549

1968 3,952 19,736,151 371 6,139,753 605 1,537,171

Source: U,S, Bureauof the Census,U,.S,Exports_FT 410|ScheduleB_ Commodlt_
by Country, 1968-1977,
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TABLE 3-20

U.S. BUS IMPORTS

.__Total Imports Canada United Kingdom - Belgium .... West Germany Others

Year Units Value Units Value Units Value Units _ Value Units Value .Unlts Value

1977 2,184 $32,736,572 2,045 $30,702,553 42 $125,315 90 $1,574,983 4 $10,446

1976 1,118 42,775,336 927 37,435,730 46 950,152 35 $2,177,911 105 2,133,570 2 57,973

1975 881 20,113,458 545 7,484,196 40 116,274 149 8,921,151 141 3,546,508 6 45,229

1974 1,319 28.504.289 561 6.969.929 24 46.840 262 13.384.153 469 8.033.367 3 70.000

1973 1,230 25,375,908 794 6,316,020 53 66,460 307 17,735,225 72 1,183,275 4 /4,926

1972 1.433 23,855,177 779 7.137.549 52 113.633 306 15.154.884 125 1.200.763 1711 248.348W
I

1971 959 21.456.271 370 3.342.758 27 26.027 328 15.911.197 234 2.176.289

1970 752 17.228.225 374 3.581.444 27 64,075 278 13.089,103 72 491,043 1 2.560

1969 475 12.894.227 156 1.393.697 22 50.335 251 10.794.048 38 640.252 1 15.885

1968 433 12,562,821 109 925.521 20 49.764 266 10.745.567 37 839.299 1 2.670

iIncIudes 169 units valued at $181,934 from Japan.

Source: U,S. Bureauof the Census,Imports_FT 135_ ScheduleAm Commodityby Country,



RAW _TERIAL - COMPONENT- AFTERMARKETSUPPLIERS

As illustratedin Figure 3-I,bus manufacturersobtainraw materialsand

componentsfrom suppliersand manufacturers. The bus aftermarketis served

by those same firms which are classified as component suppliers. These

suppliersand manufacturersalsosupplythe ]argeautoand truckmanufacturing

industries.

An examinationof sales figuresdevelopedby the Motor VehicleManufac-

turersAssociationpresents the relative importanceof the bus industryto

supplierswhen comparedto the much larger auto and truck industries. In

1978, auto, truck and bus sales were estimatedto be 7,654,889units, of

which buses accountedFor an estimated35,342 unitsor 0.46% of the total.

Table3-21 ]ists some suppliersv/nichhave been identifiedduring interviews

with bus manufacturers.

BASELINE INDUSTRY FORECAST

In order to measure the economic impact of the proposed bus noise

emissionlevelsselectedfor study,a baseline forecastof industryactivity

was established. Against this forecast,estimatedpost-regulatlonactivity

wl]lbe comparedso as to measurethe change.

(a) Transit Buses

Based upon the APTA MarketForecast and interviewswith UHTAofficials,

the future market forecast for transit buses has been estimated to be a

slowlygrowingmarket. Table 3-22 showsthisexpectedmarket.
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TABLE 3-21

SELECTEDSUPPLIERSTO THE BUS MANUFACTURINGINDUSTRY

1975Sales Manufactured
,qanufacturer ($ Millions) Component

Bendix $2,481 EngineAccessories

Borg-Wagner 1,768 Radiator

Caterpillar 4,082 Engine

Cummins 833 Engine

Dana 1,070 Transmission

Donaldson 120 Air Cleaner,Muffler

Eaton 1,760 Axle

Garlock (Stemco) 151 Muffler

Midland-Ross 415 EngineAccessories,Frame

Modlne 128 Radiator

Quester(A Parts) 384 Muffler

RockwellInternational 4,409 Axle,Brake

WagnerElectric 236 EngineAccessories,Brake

Wallace-Murray(Schwltzer) 330 RadiatorFan

Westinghouse 5,799 EngineAccessories

YoungManufacturing 36 Radiator

SOurce: Interviewswith bus manufacturers;Dunn & Bradstreet.

3-55



TABLE 3-22

BASELINE FORECAST: TRANSIT BUSES

Year. Production(units)

1979 4600

1980 4700

1981 4800

1988 4850

1983 4900

1984 5000

1985 5050

1986 5150

1987 5200

19B8 5300

1989 5400

1990 5450

1991 5500

1992 5600

1993 5675

1994 5700

1995 5800

based on telephoneconversationwithMr. WilburHare,
Assistance,UMTA and forecastrangesdevelopedby the Ameri-

TransitAssociationas describedinUnitedStatesTransit
Forecast.
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(b) Intercit_Buses, The intercitybus industryhas experienceda

recent increase in production. A survey of manufacturersindicatedthat a

steady increase in productioncan be expected throughoutthe rest of the

century, The estimatedmarket is shownin Tab]e 3-23,

(c) School Buses, Industry and DOT officials indicate that slow

growthcan be expectedin the schoolbus industry, This marketis dependent

upon many types of federal and localregulationsand programs, A continued

shift towarddieseland parceldeliverymodels can be expected, The estima-

ted demandfor all typesof schoolbuses is shown inTable 3-24.
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TABLE3-23

BASELINE FORECAST: INTERCITY BUSES

Year Production(units)

1980 1770

1981 1850

1982 1975

1983 2000

1984 2080

Ig85 2085

1986 2100

1987 2180

1988 2200

1989 2240

Source: EPA estimatesbasedon CommercialCar Journal,"IndustryTrends
and Statistics",June 1978;AutomobileManufacturersAssociation,
MotorTruckFacts,i971;Departmentof Transportation,Interagency
Study of Post-1980Goals for CommercialMotorVehicles- Executive
Summary,July1976;Telephoneconversationswith: Mr. Harold
Morgan,AmericanBus Associationand Mr. BillChaddick,Hausman
Bus distributor.
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TABLE3-24

BAS£LINEFORECAST:SCHOOLBUSES

Year Production(units1

1979 30,000

1980 30,300

1981 30,500

I982 30,700

1983 31,000

1984 31,300

1985 31,500

1986 31,700

1987 32,000

1988 32,300

1989 32,500

1990 32,700

1991 33,000

1992 33,300

1993 33,500

1994 33.700

1995 34,000

1996 34,300

1997 34,500

1998 34,700

1999 35,000

based ontelephoneconversationswith: Mr. David
TransportationDirector,Departmentof Transporta-

Dior,Internatlona]Harvestor;Mr. James Buxton,
EquipmentAssociation,Inc.;andMr. ScottSick]er,

Company.
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SECTION 4

BASELINE BUS NOISE EMISSIONS

Noise emissions from urban transit buses, intercitybuses and school

i/if:!,! _ buses were measuredby EPA In a seriesof tests. This sectiondescribesthe

results of these tests p]us additionalnoise emission data obtainedfrom

! _ existingstudiesand from industry. Noise levelsweremeasuredasA-weighted
!

sound levelsat 50 feet usingSAE J366b or the EPA test methodologyin most

cases.

l, Urban Transit Buses

Exterior and interior noise level measurementsfor urban transitbuses

are presentedin this section. The data includenoise levelmeasurements

conducted by EPA as well as data supplied by industry.

Exterior Noise Levels

Noise level measurements taken for EPA of 24 in-use "New-Look" type

urban transit buses along with mean levels and standard deviations are

presentedin Table4-I for variousmeasurementprocedures.

The variationin noise levels between in-usebuses of identicalcon-

struction is thought to be due to the followlng reasons:

The maximum noise occurs at transmission shift, which does not

always occur at the same engine rpm or test location for each test

for older buses.

The rear engine compartment doors for the older buses tend to be

ill-fitting and failed to lock on many of the buses tested causing

some variationbetweentest rums.

The difference in noise levels between the curbside and streetside of

the buses occurred because the fan and radiator are located on the street-

side of the bus causing higher levels on that side,
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TABLE 4-1

Summary Qf Exterior and Interior Noise Levels
for In-Service "New Look" Transit Buses
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_QI)FL NO" FI_ANSMI_SION ISAEJ]h6b_ _IILL.AWAY S'rATIONARy IMI IN1g_flluHNUI_
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GM.6504 Aulomllt_ $3 _1 Q7 79.$ .... 81
{83) (io?) (H65) (79.5) (8._5)

GM_302 l,_[umltk 82 78,5 H2 7q.5 ..... 872
(81.7) (78._) (8_} (795) (_66)

C,_,(_3_3 Auldn,a,ic 84 80 85 27 ..... _9,5
[8J.7) (79._) (HS) (77) (Sda)

GM_IO A_lurnal_c H_ 80 £25 76_S .... Hfi,7$
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GM_.4_ AutomIIiC 82 79.1 g2 7_25 .... I_35
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(BO) (8oln (62) (77,?) (_&) (79) (19J)

.M.7540 AutomaUc 5175 77.75 BO_ 79 &) 75 50.1|
(61.2) (77._} (803) 17g?) (_)) (75) (796)
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MEAN _l,$ HOQ 11_9 ?BI 6?.2 76.4 _4J

(_1.)) (79.1_) (82¢1) (7_) (_7.t) (768) (03.4)
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Histogramsof in-servicetransitbus exteriornoise levelsundermaximum

acceleration,pul]-away,and stationaryconditionsunder maximumacceleration

test conditions are shown in Figure 4-I.

Exterior noise levelsof two GMC "New-Look"transit buses tested in

Seattle, Washingtonunder differentoperatingconditionsare given in Tables

4-2 and 4-3. (Ref,I.) The buses are designatedas #440D and #704. Attention

should be given to a comparisonof the noise levelson the streetsideand

curbside.

The FlxibleCompanyhas performedan extensiveseriesof exteriornoise

measurementson their "New-Look"type transitbuses as summarizedin Table

4-4.

The data presentedfor new and in-usetransitbuses indicatesthat the

median design _evel of new transit buses should be 2 to 2.5 dB below a

"not-to-exceed"standard.

6eneralMotorsCorporationhas recent]yinitiateda "QuietBus Program."

(Ref. 2) For a GMC "New-Look"bus beforeit was "quieted,"ModelNo. T8H5307A

6MC reports a mean noise level of BO.5 dB using a modified$AE J366b test

procedurewith the fan off, and 83.7dB withthe fan on. This model is a 40

ft, 53 passengerurbantransitbus poweredby an BV-TI dieselengine. GMC

also reportsthat for 15 Identicaltransitcoachesof this mode] (TSH5307A)

using a modifiedSAE J366b maximumacce]erationprocedure(likethe EPA Test

Procedure)a mean noiselevelof 81.2dB with the fan off (standarddeviation

of 0,43) was measuredwhile a mean levelof B3.g dB was measuredwith the fan

on (standarddeviation0,75).(Ref.3)

In four trials,while using a specia]dual muff]erconfiguration,@MC

was able to lowerthe noise level of the "quietedcoach"to Just over 75 dB

under accelerationon the left sideof the test coachand lessthan 71 dg on
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FIGURE 4-1(I)

Histograms of In-Service "New-Look" Transit Bus Exterior Noise Levels

SAE J366b (Acceleration) Pull-Away, and Stationary Runup Test Levels.
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FIGURE 4-i(2)

Stationary Runup
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TABLE 4-2

ExteriorNoiseLevelsat 50 ft, Bus #440D (GMC "NewLook")

Sound Level, dB
Interior

Test Description Accessories Curbside Streetside

Acceleration,a366bTest OFF 77,5 84.0

Acceleration,J366bTest ON 77 8].5

Decelerationfrom30 mph (nobrakes) OFF 67 66

Decelerationfrom30 mph (no brakes) ON 70 7]

Coast-by30 mph OFF 70 71

Coast-by30 mph (hydraulicfan off) ON 71 71

Coast-by30 mph (hydraulicfan off) OFF 68 70

Coast-by55 mph OFF 77 80

Cruise30 mph ON 72 76

Source: ReferenceI
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TABLE4-3

Exterior Noise Levels, Bus #705

(GMC"NewLook")

SoundLevel, dB
Test Description Cu,rbside Streetslde

Curb Idle - 5 ft 77

0-5 mph, Wide Open
Throttle,RearCorner - 5 ft 88

0-5 mph, Wide Open
Throttle,Rear Door - 5 ft 90

10 mph DriveBy - 50 ft 66 73

30 mphDriveBy - 50 ft 72 78

55 mph DriveBy - 50 ft 7B 87

25 mph Acceleration - 50 ft 75 81

50 mph Acceleration - 50 ft 78 86

30 mph Deceleration - 50 ft 71 77

55 mph Deceleration - 50 ft 77 84

55 mphCoast By - 50 ft 77 84

Source: Reference1
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TABLE 4-4

Flxible"New-Look"Type TransitBuses Exterior SoundLevels
at SO feet Wide Open ThrottleAcceleration

Sound Leve1_d5
Coach Number of
Length Engine Buses Models Curbside Streetslde
(feet) Tested

Mean Standard Mean Standard
Deviation Deviation

40 6V-71 7 53096-6-1 80,46 0.55 82,25 0.69
53102-6-1

40 8V-7] 9 53096-8-1 80.92 0,87 82,05 0.73
53102-8-1

35 6V-l] 3 45096-6-] 82.]6 1.26 83.17 0.76

35 8V-71 1 45102-B-1 80.50 B2,OO

Source: Flxtb]e Company
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TABLE 4-5

GME QuietBus Program ("NewLook" Type)

ExteriorSoundLevels@ 50 ft (WideOpen ThrottleAcceleration)

Run LeftSide (dB) Right Side (dB).

1 75.3 71.5
2 74.9 70.0
3 75.8 71.4
4 75.1 70.6

Source: Reference2

the right, GMC indicatesthis developmentalcoach would meet a regulated

level of 78 dg. Exact resultsare shown in Table 4-5. The test used is a

modified SAE J366b test with the startingpoint adjusted so thatthe trans-

mission shift, and thereforemaximum noise, is achieved in the test zone.

A11 coolingfans were runningduringthe test.

GeneralMotorsand Flxiblehave virtuallyceasedproductionof "NewLook"

transit buses in the U.S. A Canadian company,Flyer, still sells"New Look"

buses,but the supplyof them is limited. Flyer buses are very similarto the

AM General "NewLook" buses and can be expectedto emit similarnoiselevels.

Both GeneralMotors and Flxible have introduceda new lineof Advanced

Design Buses (ADB's). The Urban Mass TransportationAdministration(UMTA)

specificationsfor ADB's require these buses to meet an 83 dB not-to-exceed

exterior standards. These vehicles have been less extensivelytested,

however, since their drive train is essentiallythe same as the "New Look"

drive trains,their noise levelscan be expected to be similarto those of

"New Look" buses.

Using the EPA test procedure,General Motors has found the exterior

noise levels for their RTS II ADB's to range from 82 dB to 85 dG. The

average level is 83 dB, but 405 of the buses exceed that level, Grumman

Flxible tests of two of their 870 ADB's demonstratedexteriornoise levels

of 81,25 dB and 84.5 dB, underthe EPA test procedure.
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AM General does not produce ADB's but instead assembles articulated

buses which are imported from the M.A.N. company in West Germany. These

busesemploy in-|ine6 cylinderturbechargedengineswhich are mountedunder

the floor in front of the mid-axle. The drive train is quite different

from that of the "New Look" and ADB, however, the noise levels are similar.

AM General says that the buses have averagenoise levelsof about 83 dB,

which is sufficient to meet UMTA requirements. (Ref. 23)

Other than the "New Looks" ADB_s and M.A.N. articulatedbuses, there

are few other types of transit buses in service in the U.S. There are some

doubledeck buses made by British Ley]andand Neoplan in use, however,the

market for these is not strong. Similarily, articulated buses made by Ikarus,

Volvo,and HamburgerHochbahn have been demonstratedin the U.S., however,

theyhavenet captureda significantshareof the market. These buses tend to

emit noiselevelssimilarto thoseof standardNorthAmericanbuses exceptfor

the HamburgerHechbahnbus,which is somewhatquieter.

Interior Noise Levels

The FlxibleCompanyreportedthat the mean interiornoise level measured

24 inchesfrom the rear window of their "New-Look"type transit bus under

maximum accelerationconditionswas 83,5 dB with a standarddeviation of

0.75, They also reportedthat interiornoise levelsof somecoaches can be

87 dB at the shift point.(Ref.4)

Figure 4-2 shows a histogramof interiornoise levels of in-service

transit buses measured at the rear of the bus during stationary run-up

tests.

Interiornoise level measurementsof two GMC transitbuses, presented

in Tables4-6 and 4-7, indicatethat carpetingwill slightlylower the noise

level in the interior. Insidethe non-carpetedbuses,Table4-7,no difference
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FIGURE4-2

Histogramof In-ServiceTransitBus InteriorNoiseLevels
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TABLE4-6

InteriorNoiseLevels(EmptyBus),Bus #440D

(GMC "New Look")

Sound LevelT dB

Test Description WithoutCarpet WithCarpet

Standing Seated Standing Seated

10 mph - Front 68 67 68 67
Middle 70 7l 70 70
Rear 74 74 75

30 mph - Front 73 72 72 71
Middle 75 76 73 72
Rear 80 81 78 78

55 mph - Driver'sEar 77 77
Front 79 79 77 75
Middle 7g 79 77 77
Rear 84 83 84 83

0-55 Acceleration - Front - 79 77 76
Middle Bl 81 79 79
Rear 82 84 84 84

55-0 Deceleration- Front 78 76 75 74
:' Middle 78 77 77 77

Rear 80 81 81 83

.... StandingIdle- AccessoriesOff,Middle 63 61

StandingIdle- AccessoriesOn, Middle 69 68

'_!i lO mph - Accessories Off, Middle 67 63

:: 30 mph- Accessories Off, Middle 72 69:/

" 55 mph - Accessories Off, Middle 78 76,1
=, ,

Source: Reference1
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_'_iZi TABLE 4-7

1" " InteriorNoise Levels(EmptyBus),Bus 0705

! (GMC"NewLook")

!
SoundLevml_dB

1 ''

I Test Description

! Standln9 Seated

10 mph- Front 74 73
Middle 75 75

: Rear 79 78

30 mph - Front 75 74
Middle 77 77
Rear 85 84

55 mph - Front 77 78
Middle 79 80
Rear 85 85

0-55Acceleration- Front 78 78
Middle 82 81
Rear 89 86

55-0 Deceleration- Front 77 76
i Middle 77 79
! Rear 86 85

Source: ReferenceI
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in noise level appearsevidentfrom a changeinthe height of the microphone

for noise levelstaken at any one measurementlocation. This indicatesthat a

sitting or standingpassengerin the same generalarea of the bus receives

the samenoiseexposure.

GMC also reported a reductionof interiornoise levelsfor its "Quiet

Bus." The technicalapproachfor quietingthe bus is summarizedas follows:

NoiseSource quietingMethod

Engine Enclose and acousticallyinsulateengine

Coolingsystem Installremotecoolingsystem

Exhaust Installlargevolumedouble-wallinsulated
muff]er

Air conditioning Encloseand insulateair conditionercom-
pressorcompartment

Measurementswere made at ear level in various coach seat positions

duringwide openthrottleaccelerationand maximumsound levelswere recorded.

Observeddataare shown in Table 4-8.

TABLE 4-B

GMC quietBus Program("NewLeok"-T_pe)InteriorSound

Levels (WideOpenThrottleAcceleration}

Interior Standard Quieted
Microphone Coach Coach
Locatlon (d8) (dB)

Rear 81 76
Center 79 72
Driver 73 70

Source= Reference2
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ComponentNoiseLevels

For dlesel powered urban transitbuses of currentconfigurations,the

importantnoise sourcesare the engineexhaust,enginecaseradiation,cooling

ifan,air intakesystem,chassis,and tires. Data on relativecontributionsof

these sources (minustire noise)were obtainedfor a GMC "New Look" transit

bus during tests conductedby EPA. (Ref. 1) Additionaldata were obtained

from tests conductedon "New Look" type buses for the U.S. Departmentof

Transportation(DOT)by two majortransitbus manufacturers.(Refs.5,6) The

data are summarizedin Table4-9. All buses were 40 feet longand had Detroit

Diesel8V-71 enginesexceptfor the Flxiblebus whichwas a 35-footbus with a

6V-71 engine. The GMC and Flxible buses demonstrated the potential of

feasible retrofit techniquesto lower bus noise. The manufacturers'con-

tracts with DOT required them to make these retrofit parts available to

transit bus users. (It shouldbe noted that the GMC data in Table4-9 were

not obtained during their "QuietBus Program"but rather under the retro-

fit study for DOT.) (Ref.5) An independentestimateof transitbus component

noise levelsconductedby Wyle Laboratories(Ref.7) is also includedin Table

4-9.

The main contributorto interiornoise for transitbuses is the engine.

Engine noise is transmittedthroughthe panels by vibrationand by flanking

paths. The lattertwo soundtransmissionpathsare verydifficultto control

and are thought to be the ]imiting factor to interior noise reduction.

Air conditioningventilationnoise is also a contributingsourceto interior

noise levels.
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TABLE 4-g

"NewLook"-TypeTransitBus,ComponentExterior

Noise Levels, dB at 50 Feet

GMC Flxible

EPA Standard Quieted Standard Quieted Wyle
Tests Bus Bus Bus Bus Estimate

Engine Mechanical 75 73 71 79 75 79-80

Exhaust 80 76 74 79 65 80

Cooling Fan 81 84 73 77 73 78-85

Intake 70 60-75

All Other Source., 70 75 76 65 65 6g-73

Overa]]Sound Level 84.5 85.5 80 83.5 78 84-87.5

Source: Referencesl, 5, 6, 7

4-16



,

i i/* ii

_i 2. Intercit_ BusesExterior and tntertor notse level data were gathered on tnterclty

buses for the three major U.S. tnterctty bus manufacturers (Eagle Inter-

national, General Motors Corporation and Motor Coach Industries).

Exterior Notse Levels

Exterior noise level data, measured by EPA, of 12 newly manufactured

tnterclty buses under various test procedures may be found in Table 4-10

(Ref. 21). The buses tested emitted average extertor notse levels at 50 feet

ranging between 82 and 87 dB under wide open throttle acce]eratton conditions

(SAE J366b) wttha mean level of 85.5 dB. In addition, 5AEJ366b deceleration

tests were run on two interctty coaches with engine brakes fully engaged.

The buses emttted average maximumnoise levels of 89.4 dB under the SAEJ366b

deceleration procedure as comparedto average maximumnotse levels of 87 dB

under the 5AE J36Bb acceleration procedure. The standard devlatlons exhib-

ited in the date indicate that 2-2.5 dB difference between an engineering

design level and a "not-to-exceed" regulatory level appears adequate for

intercity buses.

8ata measured by using the SAE J366b procedure for a GMCmanual trans-

mission production tnterctty coach Model PBM4905A(Ref. 8) are showntn Table

4-11.
?i

i: TABLE4-11
i

GMCInterctty Bus Extertor Notse Levels at 50 ft

Wide-OpenThrottle Acceleration Test

Coo]tn_ Fan On Coo'l'tn_Fa'nOff
Streetslde Curbstde SCreetslde Curbside

84.2 dB 81.4 dB 80.6 dB 79.] dB

Source: Reference 8
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TABLE4-i0

Summaryof ExteriorNoise Levelsat 50 ft. For IntercityBuses

Id_X#AT SOFELl"
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In addition, during a demonstration at the GMC noise test track in

Pontiac, Michigan, on December 16, 1975, wide open throttle acceleration (SAE

J366b) noise levels at BO feet of 83.4 and 84.1 dB were measured on the

streetside of a GMC intercity coach while 82.8 and 83,2 dB were measured an

the curbside.(Ref. 1) The test was performed with the transmission in second

shift.

Motor Coach Industries (MCI) reports a curbside noise level of B2.5

dg and a streetside noise level of 85 dB using the SAE J366b procedure, At 70

mph cruise conditions, the same bus was said to produce 80.5 dB on the

curbside and 82.5 dB on the streetside, (Refs. 9,20)

Wyle Research (Ref. 7) estimated wide open throttle acceleration noise

levels for Intercity coaches at 84 to 86 dB, which is about the same as their

estimateof 85.5 dB for urbantransitbuseswithBV-7i engines.

Under high speed cruise conditions,tire noise levelsat 50 feet may

reach 75 dB at 55 mph for rib-type tires used for intercity coaches.

(Ref, 6) This estimate is based on measurements conducted by DOT and the

NationalBureauof Standardsat WallopsIsland,Virginia,on a loadedInter-

nationalHarvesterTruck (ModelNo. 1890)of 25,640poundsGVWR.

Interior Noise Levels

Table 4-12 presentsinteriornoise level data for 12 intercitycoaches

recordedduringvarioustestingprocedures.It is interestingto note that in

certaincases up to a ]O dB differencein noise level is presentfrom the

frontof the vehicleto the rearof the vehicle,

Besides the data reported in Table 4-12 Eagle Internationalreports

levelsof 72 to 73 dB at the rear seat at 50 mph, (Refs.10,21)after noise

treatmenthad been addedaroundthe enginecompartment.

MCl reports levelsof 70 to 71 dB at an unspecifiedseat locationin

theirMC-5 35-footcoach.(Refs.9,20) MCI alsoconductedineasurementsunder
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stationaryand cruise conditionsaL various locatlonsIn the coachwltn ano

; without approximately90 square feet of sound insulation(Baryfoil#I0.25)

between the engine compartmentand passengercompartment. This insulation
i

was found to have no consistenteffecton interiorsound levels,which are

summarizedinTable 4-13,

TABLE4-13

InteriorSoundLevels in

Rear of MCI MC8 Coach,dB

Normal High Maximum 60 mph
Idle Idle rpm Cruise

StandardCoach 64 65 69 73

InsulatedCoach 63 65 72 72

Source: Reference9,20

Bray (Ref. ll) reports average sound levelsfor intercitycoaches of

74 to 78 dB at the front seat and 70 to 84 dB at the rearseat.

Levelsunder normal street accelerationconditionsat the rear seat of

a new GMC intercitybus rangedfrom 80 to 84 dB, comparedto 77 dB at cruise

(30 mph) and 72 dB at idle. (Ref.i)

For intercitybuses, interiornoiselevelsat pass-bysof 55 mph are more

representativeof actual driving conditionsthan the interior noise levels

measuredundermaximum acceleration. However,maximumnoise levelsare most

likelyto occurundermaximum accelerationconditions,

CurrentComponentNoise Levels

Data on componentlevelsof intercitybuses are presentlynot available

but are believedto be closelyalignedwithUrbanTransitBus componentnoise

levels. This is believedto be true sincemany of the same nolse generating

sources (engine,transmission,coolingsystem) are similaron identicalto
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Urban Transit Buses. Almost all transit and intercity buses use Detroit

Diesel 6V71 or 8V71 engines with Allison transmissions. The reader is refer-

red to the Urban TransitBus discussionon componentnoiselevelsfor inter-

city bus component levels.

3. Gasoline-Powered Conventional School Buses

Exterior Noise Levels

Measurementstakenfor EPA of in-serviceand newly-manufactured,gasoline

powered, conventionalschool buses indicate a wide range of noise levels

between 73 dB and B4 dB under wide open throttle acceleration, The SAE

J366b accelerationprocedureand the EPA measurementmethodologywere used

(see Section8). The data indicatethat the noise leveldependson engine

size and Gross VehicleWeightRating (GVWR). Table 4-14 presentsa summaryof

noise tests thatwereconductedon in-serviceschoolbuses inDecember1975 at

Fort Belvoir,Virginia,and in March 1979 at RFK StadiuminWashington,D.C.

(Refs.1,12)

Newlymanufacturedschoolbus noisedata presentedin Table4-15 includes

data from:

New 197Bconventionalgasolineenginebuses
New Ig7BSheller-Globeconventionalgasolineenginebuses
New 1978Blue Birdgasolineand dieselenginebuses.

Table 4-16 shows a comparisonof the exteriornoise levelsof conven-

tionalgasolineengineschoolbuses. Table 4-17 presentsthe reportedschool

bus exterior noise levelsmeasuredusing the EPA test methodology.Chrysler

Corporationalso providedsome noise data based on a Dodgegasolinetruck

chassis that has identical components to their conventlonal school bus

chassis. These data aresummarizedin Table 4-18.
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TABLE4-14(1)

Exterior Noise Levels at 50 ft., In-Service Gasoltne Engine Conventional School Buses
Tests Conductedat Ft. Belvotr, Va., December 1975

SCliOOL BUS T'='PE ACCELERATION IdBA) PULLs%WAY STATIONARY ('OAST BY INTI:RIOR Id r_AI
IJ366b_ IdUAI (diSh1 Idl]A_ _J366b)

ENG[N_ CURUSIDI_ STREI_TSIDI_ ¢UKI_S[DI_ _T_!I_I_IDI_ EURBSIDI! 5TRLI_TSJDI CURUSIUE STRI!ETglD[ IKONT RI_ARGVWR DATE OF TRANSMISSION SIZE

MANUFACTURE (in) ) x s x s x six s x s x s x s x 5 _ s x 5
29,000 1972 Slanda/d 345 8O,l O,95 79.3 1,13 N,A I9N,A,; N,A, N,A, 94,9 I I.E5 84,8 [,35 N.A, N*A. N*A. N,A. El$ 1,6[ N.A. N._,

23.000 [973 9tln_.ald 961 _ll.O 0.00 ll0.5 2.70 76.5 I.D* 7B.$ [.D. a$.7 0.94 8S.0J 1.91 65,0 I.D. 69,0 LD* _4.79 (I.75 77.79 ! LD.

23.000 1973 Aulomal_ 351 8_.0 D.84 _3_6 I._5 77._ O.8./ 78r6 042 _50 2.25 85.4 2.95 N.A. N.A. N.^. N.A. B3.9 1.22 77.4 LIB

32,000 [9"/5 AUlornaHe . 361 B3.$ I.S0 83.1 U.54 "/7.8 _.03 77.1 0.$_ 861_ lAB 86.3 0.83 N*A. N.A N.A.N.A. 11.2S 1.48 N.A. N.A.

33.000 [975 Aulonllglc 350 93.0 I.D* 83.0 ID. 79.0 I.D. ./1.5 [*D. 85.5 I.D. 87.0 I.D. N.A. N.A N.A. N.A. _3.0 LD. N.A. N.A.

21,300 1975 Sla_ld_xl_ 350 77,25 13,35 77,25 0,25 N,A, N.A, N*A. N.A, g0.O I*O 82.D12,0 N.A, N.A N_, N.A* |3,9 0,3S 99,75 O,]$

_j 3[.300 1974 5t=nd_zd 361 77*0 I.D. ./7.S I.O. N.A.N.A.N.A.N.A. #3.0 I.D. 81._ I.D. N*A. N.A N.A. N.A. {2.0 I.D. N.A. N.4.[9.700 [975 Slandmld 350 7B.O I.D. 77.0 I.D* N.A.N.A. N.A. N.A. 76.$ I.D. 75.5 [.D. N.A. N.A N.A. N.A. [3.5 I.D. N.A. N.A.

17.900 1974 Slsndard 345 80.3 1.89 EI.2 3.06 71J.0 I.D. 79.5 I.D. =B3.2 3.39 54.7 3.90 N.A. N.A N.A. N.A. 15.75 0.79 N.A. N.A.
I

[7.900 1975 $t,ncl_d 390 76.0 I.D. 7"/.5 I.D. N.A* N.A.N.A.N.A. @2.0 LD. 93.S I.D* N.A. N.A N.A.N.A. 114.0 I D. N.A N.A.

17.4_ 1975 St=nd_rd 330 79.0 I*0 79.5 0.$ N.A. N.A.N.A*: N.A. 83.5 11.5 8].$ 3.$ 69.$ I.D. 74.0 [.D* |3.Q 0.0 8].39 (I.35

17.4D0 [975 Aulor_LIC 320 75.0 I.D. 74.0 I.D. N.A. N.A.N.A N.A. 76.5 I.D. 76,0 I.D. N.A* N.A N.A N.A. _1.29 I.D. 78.75 I.D.

AIJlusTypcs 79.3 2.69 79.5 3.94 77.B 0.90 78.3 I).99 _2.7 3.5 B3.9 3.?1 6./.39 I.D. 71._ i.D. _3._ 1.$3 79- _ 1.74

N,A* [ndl¢_lrl dill wasnot avl_J_bl_ I*o_th|l I=sl.

|,D, Indic=t_'1ihcte _| insu tT_nl da¢= Io com_u;¢ mean o; _tand_d dcvL_tion,

X indicates mean

S indicates standard deviation



TABLE 4-14(2)

Noise Levels at 50 ft,
In-Service Gasoline Engine Conventional School Buses

(1978Wayne/FordB-700/GVWR23,160Ibs.
S-Speed Manual Transmission)

Wide Open Throttle Acceleration Test

Vehicle Measured MaximumExteriorLevels**
Maximum FrontReference RearReferenceTest No. Body Governed

No Speed* Right Left Right Left

Fan On 41 3,700 75.5 76.0 75.0 75.0
Fan On 44 3,600 7B.0 79.0 77.5 79.0
Fan On 52 3,800 77.0 78.5 77.0 79.0
Fan On 46 3,700 74.0 76.5 77.0 76.0
Fan On 49 3,800 78.0 78.5 77.0 77.5

Fan On 54 3,750 77.'0 77.5 no no
reading reading

Fan On 51 3,750 75.75 75.75 75.25 76.25
Fan On 56 3,700 76.6 76.4 75.75 76.4
Fan On 40 3,750 76.5 76.5 76.0 76.8
Fan On 50 3,750 77.0 77.3 76.5 77.3

All measurements Mean 76.54 77.2 76.33 77.03
Fan On StandardDeviation 1.20 1.15 0.88 1.34

Fan Off 41 3,700 75,0 74.5 75.0 74.5
Fan Off 44 3,600 76.0 77.0 76.0 76.5
Fan Off 46 3,700 74,0 73.5 74.0 75.5
Fen Off 49 3,800 77.6 77.5 76.4 77.0

no no

Fan Off 54 3,750 75.75 76.6 reading reading
Fan Off 51 3,750 76.3 74.6 74.2 75.4
Fan Off 58 3,700 74.3 76.3 73.3 74.3

All measurements Mean 75.42 75.71 74.82 75.53
Fan Off StandardDeviation 1.20 1.50 1.21 1.07

? * Measuredwith transmissionin neutral

i **Testsconductedon ArlingtonCounty,Virginia,SchoolBuses in March 1979.
Accelerationtests in secondgear withfan engagedaccordingto modified
EPAtest procedure.

Source: Reference 12
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TABLE4-15(i)

NoiseLevels at 50 ft. for New (1976)GasolineEngine
ConventionalSchoolBuses--Wide-openThrottleAccelerationTest

ACCELERATIONTEST(I) (SAEJB66b)
GROSS VEHICLE NO.OF BUSES
WEIGHTRATING EXTERIORNOISELEVELS* TESTED/TOTAL
(POUNDS) STREETSIDE CURBSIDE NO.OF TESTS

MEAN STD. DEV. MEAN STD.DEV.

23,600 81.4 O.7B 80.2 1.19 3/18
(81.0) (0.78)' (80.0) (1.13)

22,000 82.8 2.55 80.0 1.66 7/46
(83.4) (2.57) (79.6) (1.56)

20,500 81.7 0.69 79.7 2.53 2/16
(80.9) (1.42) (78.5) (1.42)

19,700 81.6 0.64 81.1 0.89 2/12
(80.0) (1.46) (79.8) (1.57)

19,800 81.6 1.06 81.4 1.30 2/14
(81.0) (1.04) (81.0) (1.62}

15,700 82.6 0.64 88.8 0.58 1/6
(82.5) (0.38) (82.5) (0.30)

All Buses 82.1 1.80 80.4 1.67 --
(81.9) (1.99) (79.8) (1.70)

,,, ,,

tOnly one readingwas taken.

(I) Top row of numbersare noise levelvaluescomputedinaccordancewith
SAE Standard_366b, i.e.,takingthe averageof the twohighestreadings
which werewithin2 dB of each other,for eachbus inthe GVWRclass.
Numbersin parentheseswere computedby averagingallreadingsfor all
buses in each GVWR class. "AllBuses"values (lastline)weresimilarly
computed.

Source: Reference13
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TABLE 4-15(2)

Noise Levels at 50 ft for New (1978)
Sheller-GlobeGasolineEngine ConventionalSchool Buses--

Wide Open ThrottleAccelerationTest

Maximum ExteriorNoise Level

Engine Transmission Engine
Vehicle Displacement (Speeds/Type) Fan Front Reference Rear Reference

(in.3) Right Left Right Left

B7046 365 4/Automatic On 80,4 82.6 79,6 81.0

B7045 366 4/Automatic On 8D.O 81.g 79.8 81.2

84183 365 5/Manual On 81.3 83.0 80.8 82.5

84180 355 5/Manual On 81.5 83.0 80.6 83.8

Mean 80.8 82.63 80,R 82.13

Standard 0.72 0.52 O,5g 1.30
Deviation

87046 356 4/Automatic Off 75.8 76.7 7/.2 80.2

57045 366 4/Automatic Off 76.2 77.9 76.9 80.0

B4183 356 5Manual Off 75.5 80.1 78.6 80,6

84180 355 5/Manual Off 78.g 82.1 78.6 82.1

Mean 76.6 79.2 77.33 80.73

Standard 1.58 2.39 0.88 0.95
Deviation

Source: Reference 14
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TABLE4-15(3)

Noise Levels at 50 ft New Standard Engine 1978 Model
Blue Bird School Buses --

Wide Open ThrottleAccelerationTest

Maximum Exterior Noise Level
Tall Pipe Wheelbase

Vehicle Engine Location (inches) Front Reference Rear Reference
Right Left Right Left

42376 INT1603A Right 854 86 87 84.5 86

42230 Ford Right 222 77 78.5 76 78
8800330

F42497 Chevrolet Left 218 80.5 83 79 85

42287 Ford Right 242 79.5 79.5 78 79
B700361

43836 GMC Left 884 78.8 81 77 82

F40138 INTI703H Right 187 82.5 81.5 80.0 81

F40258 Chevrolet Left 254 79.5 81.8 78 82.5

43850 Chevrolet Left 218 80 83 79.5 86
350

42257 GMC6000 Left 854 81 82 78.5 80.5

Mean 80.5 81.89 78,94 82.22

Standard
Gasollne Engined Buses N,g Deviation 2.57 2.42 8.42 2.94

Source: Blue Bird
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TABLE 4-16

Comparisonof NoiseLevelsat 50 ft of
ConventionalGasolineEngineSchoolBuses
WideOpen ThrottleAccelerationTest

MaximumExteriorNoiseLevels*
Numberof RightSide LeftSide

DataSource Buses Reference Standard Staudard
Measured Mean Deviation Mean Deviation

EPA Measurements 17 80.4 1.67 82.1 1.80
of New 1975Buses

Sheller-Globe 4 Front BO.B 0.72 82.6 0.52
New 1978Buses Rear 80.2 0.59 81.1 1.30

Blue Bird 8 Front 80.5 2.57 81.9 2.42
New 197GBuses Rear 78.9 2.42 82.2 2.94

In-Service Front 76.5 1.20 77.2 1.15
Wayne/Ford(1978) iO Rear 76.3 0.88 77.0 1.34
Buses

*The reportedleve)sare the meansand standarddevlationsof the four recorded
measurementsfor each of the vehiclereferences(front,rear,and right side,
left side)reportedseparately.

!
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TABLE 4-17

ReportedVehicleNoiseLevels
(Per EPA Test Methodology)

ConventionalGasolineEngineSchoolBuses

Reported
Type of Bus VehicleNoiseLevel

(dB)*

Mean StandardDeviation

Sheller-Globe(New 1978) 82.8 0.79
With Fan

Sheller-Globe(New 1978) 80.7 o.g5
WithoutFan

BlueBird (New197B) G2.7 2.65

Wayne/Ford
(In-service1978) 77.4 1.10
With Fan

Wayne/Ford
(In-servlce1978) 76.2 0.94
WithoutFan

* The reportedlevelsare the means and standarddevlations
of the maximaof the fourrecordedmeasurementsfor each
of the vehiclereferences(front,rear and rightside,
left side).
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TABLE4-18

Noise Data Suppliedby
Chrysler Corporation

Equivalent Engine ExteriorSoundLevel
Model Bus Displacement (SAEJ366b)

Chassis (in3) dB

D60O S60O 318 76,8to 81.6

D6OO& S60O & 361 79.2 to 81.3
D7OO $700

DTO0 S70O 413 79.1to 82.6

Source: Referencei
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While thereis no clear trend asto which sideof the older,conventional

buses is noisier (Table4-14), exteriormeasurementsfrom the new school

buses tested indicate that the streetside (left side) of the buses is gen-

erally noisier than the curbside (right side). It is believed that the

difference in standard deviations between the streetside and the curbside

measurements of the older buses indicates that the variation in noise levels

is probably a functionof the test conditionsand the age of the bus rather

than bus design itself. These data and past vehicle tests indicate that

production buses, if tested under carefully controlled test conditions, will

all produce noise levels within four to five decibels of each other. There-

fore, an allowance of 2 to 2.5 dB appears appropriate between the mean design

noise level and a regulated "not to exceed" levels.

Figure 4-3 shows histograms of measured exterior noise levels on each

side of the gasoline powered in-service school buses along with interior

noise levelsat the driverand the maximumlevelsfrom all the buses. Figure

4-4 presents the same data for the new 1976 buses. Reported sound levels

(perEPA methodology)areshown separately.

Octave band spectra for gasoline-powered conventional school bus noise

are shown in Figure 4-5.

Interior Noise Levels

Interior noise level data measured during wide open throttle accelera-

tlon are shown for in-serviceand newly manufacturedschool buses in Table

4-19. Specific data include:

Interiornoise levelsof in-servlceschoolbuses testedDecember1975

at Ft. Belvoir, Virginia measured during wide open throttle accelera-

tion
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FIGURE4-3

Histograms of In-Service Gasoline Engine
Conventional School Bus Noise Levels
(NideOpen ThrottleAccelerationTest)
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FIGURE 4-4

Histograms of Noise Levels fo, .w (1976) Gasollne Engine
Conventional School Buses Acceleration Tests (SAE J356b)
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TABLE4-19 (1)

InteriorNoiseLevelsFor In-ServiceGasolineEngine
ConventionalSchoolBuses-- WideOpen ThrottleAccelerationTests

(Ft.Belvoir,Virginia,December19759

SCH0OLBUS TYPE INTERIOR(dB)*
(J366b)

DATE OF ENGINE FRONT REAR

GVWR MANUFACTURE TRANSMISSION SIZE X S X S
(in39

23,000 1972 Standard 345 85.9 1.61 N.A. N.A.

23,000 1973 Standard 361 84.75 0.75 77.75 I.D.

23,000 1973 Automatic 361 83.9 1.22 77.4 1.18

23,000 1975 Automatic 361 81.25 1.48 N.A. N.A.

23,000 1975 Automatic 330 62.0 I.D. N.A. N.A.

21,200 1975 Standard 330 83.9 0.35 80.75 0.35

21,200 1974 Standard 361 83.0 I.D. N.A. N.A.

19,700 1975 Standard 330 83.5 I.D. N.A. N.A.

17,900 1974 Standard 345 85.75 0.75 N.A. N.A.

17,900 1975 Standard 330 84.0 I.D. N.A. N.A.

17,400 1975 Standard 330 83.0 0.0 81,25 0.35

17,400 1975 Automatic 330 BI.25 I.D. 78.75 I.D.

Al1 Bus Types 83.5 1.53 79.2 1.74

*All accessories on
indicatesmean
indicatesstandarddeviation
.A. indicatesdatawas not availablefor that test.

I.O. indicatestherewas insufficientdata to computemean or standarddeviation.
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TABLE4-19 (2)

Interior Notse Levels for New (19767 Gasoline Engine
Conventional School Buses-- Engine at Idle Conditions

Stationary Tests (Complete Data for All BusesandAll Test Runs)
(EPATests at Sandusky,Ohio, dune19767

TE_ G RO_ VEIIIELE MANUFACIURER TRANS)41_ION ENGINE STATIONARY TF.ST - INTERIOR NOISE LEVEL_;
VEEICLE WEIGtlT RATING C_IASSIS/I_ODY TYPE SIZE ' ENGINE ONLY ACCF-_SORIES ONLY ENGINE & ACC_._ORIES
NUMBER (POUND_) (IN. 3) FRONT MIDDLE REAR FRONT MIDDLE REAR EEONT I MLDDLE REAR

I 23,660 IllClBupei_ot M_mull )92 56,9 $4,1 5B.3 78.4 72.2 7L(I 81,2 74,? 73,4

3 73,660 llICISuperiol AulomJli¢ 39) 57-1 B5.8 5).2 77.4 71,4 71_ 75,9 75.3 7B.3

4 BB,660 _l_C_5upcric_ Aulornal¢¢ 392 54.7 51_S S),B 76.8 70,I 69,8 78.2 7B,4 71,4

8 2B.000 FIxd/Supt dm Manual JJO 550 54.0 5B,B 77,2 ?Z,7 74.5 78.6 74.3 7B.1

9 2._O0 Fold/Supclior Mxnual 3._0 77-1 72,4 7B+? 79,) 7BE 7B.6

II ZB,_lO0 Fot_SuF'_(1o¢ ManUal .161 BT.S $6.0 56B 76+4 71.0 71,3 77,.3 72.5 72.7

12 BB_GO GMC_upcrloi M_lu_d 550 77,3 7D,7 70.1 77.7 73_ 71,4

¢ _3 22,000 GMCjSupcnol M_ual 350 58.7 $6_ B4,0 76,8 7B,4 74.2 80.9 76_ 75_

Gh 14 22,0(]0 GMClSup_llur Manu_l 350 54.1 B3.3 BI.B 77,2 7B,2 74.4 ?a-1 73.3 74.3

IB BZ,000 GMCTSUpCdO( M_lUal BBO (£1,S Sb.6 55.0 77.4 71.1 7(I.0 BO.g 74.6 73.9

L6 B0.B_ Chev/Supellol Me,null 350 -- 7$.A 71.6 70_6 )6,2 7Z..2 70.6

I? 20,BIJO Cleev/Supellol ManULI 350 58.7 $2,B BI,O 7.1,7 '70.9 7Z,7 75,4 75,2 75,4

2 19,700 115C_Supedor Mimu41 345 76-1 72.3 71.8 79.8 7B,4 74.6

B 19+700 lUC/SUpellOC Mim_l 345 -- 74,2 68.9 66.4 75,8 72,5 69,2

7 19,200 Ford/$uper[ol M,_ull 361 57,5 $3.$ BZ.B 78.5 74,1 75,? Ill.0 76.7 78-1

I0 19,)00 Fo(dJSuptilor Ml,_ual J89 77JI 72,2 75,S 75.0 7B-1 76.0

5 IB,700 E_/gup_rim ,4uI0'_|lJ¢ _145 57,2 54,0 BB,0 76,7 7B.O 70._ 79.._ 7B.I 7,_.3

AIJBuKs _=$7.1 "_=$4J _=$3.8 _76,_ E'71,11 _*'72,0 _m78.5 "Jl_74.O _74,0

I" I,B8 1_ 1.6_ I" 1,69 _= 1,4B |= _.34 I '_ 2.44 _ 1.99 m** lAB _ = B,44



TABLE 4-19 (3)

Summary of InteriorNoise Levels for New (1976)GasolineEngine
ConventionalSchoolBuses--WideOpen ThrottleAccelerationTest

(EPA Tests atSandusky. Ohlo. June 1976)

GROSS VEIIICLE INTERIORNOISE LEVELS** NO. OF BUSES
WEIGHT RATING FRONT MIODLE REAR TESTED/TOTAL

(POUNDS) MEAN STD. DEV. MEAN STD. DEV. MEAN STD. DEV. NO. OF TESTS

23.660 8g.2 0.50 83.0 0.10 82.1 0,14 3/18
(87.2) (I.58) (81.3) (I.68) (80.1) (I.97)

22.O00 87.0 0.28 86.0 O.IO 81.2 0.36 7146
(85.9) (0.68) (81.4) (0.92) (79.9) (1.13)

20.500 84.9 0.00 B6.7 0.28 80.6 0.22 2/16
(84.8) (0.26) (7g.8) (1.11) (78.9) (2.01)

19.700 87.2 0,36 83,8 0.78 BO.B 0.28 2/12
(86.9) (0.3/) (83,3) (0.78) (80.9) (0.20)

19.200 89.0 0.14 84.7 0.42 83,4 0.50 2(14
(B8.O) (1.23) (84.2) {0,76) (62,2) (0.34)

15_700 88.4* 0.22* 85.7* 0.14" 84.0* 0.22* i/6
(88.4)* (0.22)* (88.7)* (0.14)* (84.0)* (0.22)*

All Buses 86,fi 1.39 82.2 1.94 8O.B 1.85 --o

(86.6) (1.34) (82.0) (I.49) (80.6) (1.86)

*Dnly one reading was taken,
**All accessorieson.

(I) Top row of numbers are noise level values computed in accordancewith SAE
Standard J366b. i.e.. takingthe averageof the two highestreadingswhich were
within 2 dB of each other,for each bus in the GVWR class. Numbers in paren-

": theses were computed by averaging all readings for all buses in each GVWR
! class. "All Buses" values (last line)were similarlycomputed.

!i Source: Reference 13
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TABLE4-19 (4)

InteriorNoise Levelsof Shel]er-G]ohe(New1978 Model)
ConventionalGasoline-EngineSchoolBL_ses

Wide OpenThrottleAcceleratlonTest

Engine InteriorNoiseLevel
Vehicle Displacement Transmisslon Fan (WithoutAir ConditIQner)

(in,2) (Speed/Type) dBA

87046 366 4/Automatlc On 83.5
Off 78.3

87045 366 4/Automatic On 84.2
Off 78.8

B4183 366 S/Manual On 85.0
Off 78.8

84180 366 5/Manual On 83.9
: Off 78.4

Mean On 84.15

Standard
Deviation On 0.64

Mean Off 78.58

Standard
Deviation Off 0.26

"_ Source: Sheller-Globe

C
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TABLE 4-19 (5)

.. : .] InteriorNoise Levels of Blue Bird (New 1978 Model)
ConventionalGasollne-Englneand Diesel-EngineSchoolBuses

Wide Open ThrottleAcceleratlonTest

InteriorLevel
Tall Pipe Wheelbase at Operator

Vehicle Engine Location (inches) Notes
Heater Heater
Fan On Fan Off

42376 INTI603A Right 254 90 89 Hollow wall body construction
42230 8600330 Right 222 84 81 Hollow wall body construction
F42497 Chevrolet Left 218 85 83 Hollow wall body construction
42287 B700361 Right 242 85 81 Hollow wall body construction
43836 BMC Left 254 82 81 Insulatedwall body construction
F40138 INTIlO3H Right 187 83 83 Hollow wall body construction
F40258 Chevrolet Left 254 84 82 Insulatedwall body construction
43850 Chevrolet Left 215 86.5 84.5 Hollow wall body construction

350

42257 GMC6000 Left 254 83.5 81 Insulatedwallbody construction

Mean 83.17 81.33 Gasollne-enginedbuseswith
insulatedwall body constructlon
(N=3)

Standard 1.04 0.58
Deviation

Mean 85.58 83.58 Gasoline-englnedbuses with
hollowwall body construction
(N.6)

Standard 2.46 2.97
Deviation

Source: Blue Bird
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TABLE4-1g (6)

InteriorNoiseLevelsof In-Servlce(197BModel)
ConventionalGasollneEngineSchoolBuses--

ArlingtonCounty,VirginiaSchoolBuses
Test at RFK Stadiumin Washington,D.C., March1979

WideOpenThrottleAccelerationTest

Maximum MaximumInterior
Vehicle Governed NoiseLevel Notes

Bood_No. Speed at Operator

41 3,700 80.5 Fan on - SecondGear
82 Fan off - SecondGear

44 3,600 84.25 Fan on - SecondGear
84.25 Fan off - Second Gear

52 3,800 83.5 Fan on - SecondGear

46 3,700 85 Fan on - SecondGear
84 Fan off - SecondGear

49 3,800 84.5 Fan on - SecondGear
85 Fan off - Second Gear

54 3,750 84.3 Fan on - Second Gear
Cardboard Removed

84.5 Fan off - SecondGear
Cardboardin Radiator

51 3,750 82.2 Fan on - SecondGear
83.5 Fan off - Second Gear

56 3,700 83.5 Fan on - Second Gear
81.B Fan off - SecondGear

40 3,750 B3 Fan on - Second Gear

50 3_750 82.75 .Fan on- SecondGear

Mean with Fan On 83.35
(N=IO)

StandardDeviation 1.32

with Fan On (N'IO)
Mean wlth Fan off --B3".5B -_

C (N-7)
StandardDeviation 1.24

¢
mith Fan Off (N-7)

Source: ErA
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Stationary and acceleration interior noise levels of new (lg76)

gasoline engine conventional school buses tested by EPA at Sandusky,

Ohio

Interior noise levels of new (1978) Sheller-Globe conventional

gasoline engine school buses provided by Sheller-Globe.

Interior noise levels of new (ig7B) Blue Bird conventional gasoline

and diesel engine school buses provided by Blue Bird

Interior noise levels of in-service(1978) conventionalgasoline

engineschoolbusesmeasuredMarch igTg at RFK Stadiumin Washington,

D.C,

Fullresults on interiornoise levelsare shown in Table 4-1g for both

In-use and new conventionalgasollne-poweredschool buses, respectively.

Tests on both in-serviceand new (1976)conventionalschool buses indicate

that the noise levelsare significantlyhigherat the frontof the bus than at

the rearof the bus (referto Table4-Ig (I),(2), (3)). Duringtests fornew

buses Involvingan idlingengineonly, interiorfan accessoriesonly (heating

and coolingfans), and then an idlingengine and interiorfan accessories

together,the average noise level difference between the front and rear

interiorof the buses tested was about4 dB (see Table4-Ig (2)). Interior

noise IQvels at the driver'sseat for the In-useschoolbuses testedunder

maximum acceleration conditions with all fan accessories on ranged from

81 to 85 dB while levelsat the rear interiorof the buses rangedfrom78 to

81 dB. Tests on new (1976) buses with all accessorieson under maximum

accelerationconditionsproduceda rangeof interiornoise levelsfrom 85 to

8g dB forthe front interiorand 81 to 84 dB in the rear interior.

Interiornoise levels on new 1978 Sheller-Globeschool buses ranged

from 83.5to 85 dB with the heater fan on and from ?8.3 to 78.8 with the
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heaterfan off. Blue Bird new 1978gasolineengineschoolbus interiornoise

levelsat the operatorpositionrangedfrom82 to go dB with the heaterfan on

and BI to 89 dB with the heaterfan off. Maximuminteriornoise levelsat the

operator'sposition of 1978 in-servicegasolineengine school buses ranged

from 80.5 to 85 dB with the heaterfan on and 81.8 to 85 dB with the heater

fan off.

ComponentNoise Levels

Table 4-2D shows the estlmatedrange of contributednoise levels of

conventional gasoline-powered school bus major noise components. These

estimatesare based on componentnoise levelsof medlum-dutytrucks using

similar engines (Refs. 15,16)and estimatesmade during a previous study.

(Ref.7) None of the schoolbusbody or chassismanufacturerscontactedwere

ableto supply actualmeasureddata for componentnoise levelsof gasoline-

engineschoolbuses or of equivalenttrucks,

4. Diesel-PoweredConventionalSchoolBuses

Pbyslcal dimensions and weight ratingfor diesel-poweredconventional

school buses are similar to those for gasoline-poweredconventlonalschool

buses,

A variety of medium-dutydieselengines ere used in this type of bus

including the CAT 3208, the Ford V636, and the IHC D-150o D-170, D-lgO,

and the DT-466.

Exterior Noise Levels

Blue Bird provided data for two diesel engine conventional-powered

school buses. These data are shown in Table 4-21.

Very little additional data are available in the form of direct measure-

ment of noise from conventional diesel school buses.
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TABLE 4-20

Range of Component Noise Levels for Current
Gasoline Powered Conventional School Bus

ContributedNoiseLevel,
NoiseSource dB at 50 feet

(SAEJ366bProcedure)

Engine,includingair intakeand 6gto 73
transmission

Exhaust 75 to 78

Fan 71to 82.4

Chassisat 30 mph (including 65to 73
accessories)

TotalBus Noise 71to 84

Source: References7, 15 and 18
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TABLE4-21

BlueBird SchoolBus Data - Diesel

PoweredConventionalSchoolBuses - New 1978 Models- WideOpen ThrottleAcceleration

MaximumExterior

TailPipe Noise Levels InteriorLevels

Vehicle Engine Location Wheelbase FrontReference RearReference HeaterFan HeaterFan

Right Left Right Left On Off

L

F42500 INT1853 Right 236 82 83 82 83 85 84

42499 Right 81 81 80.5 81 85 83

Mean 81.5 82 81.3 82.0 85 83.5

Source: Blue Bird



InternationalHarvester(IH) indicatedthat exteriornoise levelsmea-

sured from all of their schoolbuseswere below 86 dB. Schoolbuses sold in

Californiaand Oregonmust meet those states'exteriornoise levelstandards

of 82 dB aridBO dB respectively,accordingto the SAE J366b test procedure.

Diesel powered conventionalschool buses utilizemedium diesel truck

chassis,therefore,noise levelsFrom such truckscan be consideredrepresen-

tativeof thosebuses.

Table 22 presentsdata on 1978 model medium-dutytrucksobtainedfrom

Production Verification reports submitted to EPA and surveillance data

developedby EPA NoiseEnforcementDivision.

ComponentNoiseLevels

For dieselvehicles,importantnoise sourcesare the engine,the exhaust,

and the coolingfan. The typicalrange of noise levelsfrom each of these

sourcesis between75 dB and 85 dB. (Ref.17) Anothermajornoise sourcein

diesel engines is the intakenoise. Typicalunsilencedintakenoise levels

for dieseltruck enginesat high idlevary between70 dB and 85 d5, measured

at 50 feetfrom the engineinlet.(Ref.18).

5. ForwardEnglne'ForwardControlSchool Buses

In a forward control school bus the driver Is located at the front

most leftsideof the bus. The engine(eithergasolineor diesel)is located

to the right of the driver or under the floorbetweenthe two axleso The

front of the bus Is a fiat frontend. This configurationIs not typicalof

gasolineor diesel-poweredconventionalschoolbuses.

Currentnoise levels from forwardengine buses made by Blue Bird for

states other than Californiaare shown in Table 4-23. The forwardengine

forward-controlschoolbuses sold in Californiaare said to meet the state

standardof an 83 dB exteriorlevelunder acceleratlon.
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TABLE 4-22

HedlumDuty Diesel Truck Extertor Notse Levels

Make Model No. Test RPH dB
50 feet

Ford FTOOO 2840 78.4

Ford FTO0 2800 81.0

Ford LN7000 2800 79.9

Int. Hat. 1850 2600 81.7

Int. Hat, C01950 2600 81.8

Int. Har. C01850B 2600 82.2

Int. HaP. 1650 3000 81.2

Int. Mar. 1750 3000 80.2

6MC CD61403 2800 81.8

Source: EPA, Noise EnforcementDtvlston
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TABLE4-23

Noise Levels frol_ Diesel PoweredForward-Control

Forward Engine Buses by Blue Bird

(Sold tn States Other Than California)

Sound Levels dB

Type of Exterior Interior

EngineUsed (J366bTest_ (BMCS*Test)

CAT 3208, 320A B6 90

CumminsV504, 504A 8g 90

DetroitDieselBV53,6VS3A 92 95

*Bureauof MotorCarrierSafety

Source: Reference 5.
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The noise level at the driver for front engine buses may be higher

than for conventionalschool buses because of the close proximityof the

engine to the driver.

6. ParcelDeliveryChassisBuses andMotor HomeChassisBuses

Carpenter Body Works' Cadet "CV" and Sheller-Globe's (Superior) "Pace-

maker"modelsare built from parceldeliveryvehiclechassis and motor home

chassis. GMC recently introduced a motor home vehicle that is also offered

as a bus,calledTransmode.

Since these buses use the sameenginesas full sizeconventionalschool

buses,the exteriorand componentnoise levels are expectedto be similar.

The interiornoise levels at the driver'sseat may be higherthan for con-

ventional school buses because of the closer proximity of the engine to

the driver. GMC measuredthe noise levelof one TransmodeBus in accordance

withthe SAE J3BBbprocedureas BI.7dB. (Ref.8}

7. Mld-En_ineSchoolBuses (Integral)

The only mld-engine integral school buses available today are made

by GilligBrothersand Crown CoachCorporation. Althoughthe enginelocation

and engine types for mld-engine buses differ from front and rear-englne

school buses, their exterior noise characteristicsare not significantly

different.However,in contrastto the noiselevelsinsiderearenginebuses,

the interiornoise in a mid-englnebus wouldbe higher in the frontof the bus

than in the rear becausethe engine is relativelycloserto the front end.

Exterior noise levels from the Gillig buses, which were measured in

1975, (Ref. 19) and Crown buses which were measured in 1973, (Ref. i) are

shownin Table 4-24. These levelsrange froma low of BO.9dB on the curbslde

to a high of 86.3dB on the streetside.

4-4B



TABLE 4-24

Exterior Noise Levels at 50 Feet FromDiesel Powered
Mid-Engine Schoo] Buses

W_deOpenThrott]e Acce]eratton Test

Bus Exterior Sound Level_ dB

Manufacturer Engine Curbstde Streetstde

G411ig Detroit Diesel 83.6 86.3
6-71

Gllltg CumminsDiesel 80.9 82.1
NHHTC-240
Turbocharged

Crown Detroit Diesel 82.6 84.9
6-71

Crown CurmJnsDiesel 83.9 86.9
NHHTC-270
Turbochorged

Source: References 1 and 19
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For exterior noise considerations, mid-engine buses are similar to

transit buses and rear-engine tntegral school buses. Interior noise, however,

is expected to be higher for mid-engine buses because of the shape and posi-

tion of the engine compartment. Crown Coach Corporation has indicated that

the interior noise level at the driver's seat in their buses is about 87

dB when measured at 35 mph under full throttle conditions.

CpmponentNoise Levels

Data on component levels for mid-engine school buses are not available.

In order to meet the Californiaexterior noise standardof 83 dB, Gl]lig

providessheet metalcoverswith noise dampinginsulationaroundthe complete

engine. (Ref. 19) The muff]er is also wrappedwith insulation. Fan speeds

are sald to be as low as theircoolingrequirementswill allow. Crown Coach

Corporation also provldessound absorbinginsulationaroundtheir engine.

Engine compartmentdoors are lined with 1.5 inchthick acousticalmaterial.

Exhaust noise from their turbochargedCumminsengine is said to be suffi-

ciently low. Therefore,no specialexhaustnoise treatmentis providedfor

that engine. However,for the Detroit Diesel5-71 enginea heavier gauge

muffler shell is usedwhich,when tested,providedthe sameattenuationas a

i wrapped muffler. Crown also uses an acousticalfloor in Its buses. The
!

floor, used since 1964, is made up of one-half inch "Celetex"sandwiched

betweentwo i/4 inchand 5/B inchthick plywoodpanels. (Celetexis a fire-

resistentmaterialmadeby GeorgiaPacific.)

ii: 8. RearEn_tne School Buses (Integral)

An Integral rear engine school bus is constructed as a unit body.

That Is, the body and chassisare one unitwith the engineeithermountedon

a subframe or directly on the body. This construction is like an urban
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transit and intercitybus. GilligBrothers is the onlymanufacturerof rear

engine integral school buses.

Although the integral rear engine school bus and the urban transit

bu_ use differenttypes of dieselengines,they have similarnoise character-

istics. While urban transit buses use Detroit Diesel's naturally aspirated

6V-71 and 8V-71 engines, the rear engine school buses produced by Gilllg

use either the naturally aspirated CAT 320S or the turbocharged Cummins

230 engine. Exterior noise levels for Gillig school buses are shown in

Table 4-25.

TABLE 4-25

Exterior Noise Levels at 50 Feet from
Bi]llg Integral Rear Engine School Buses
(WideOpen ThrottleAcceleratlonTest)

Sound Levels, dB
Typeof Engine Curbside Streetside

Cunlnins 230
 ed)
-With grill on engine
compartmentdoors 83.7 82.7

CAT 3208
_ly aspirated)
-With grill on
enginedoors 84.0 83.5

-With solidenginedoors 81.3 82.5

Source: Reference19

The streetsidenoise levelsfrom the top two buses in Table 4-25 are

slightly lower than those on the curbside because of an additional inner

compartmentwall on the streetsideof the engine compartment. When Gilllg
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replaced the grill on the engine doors with solid panels on the Caterpillar

engine powered bus, the noise levels were reduced about 2 dB. Giving the

same treatment to the Cummins engine-powered bus would probably provide

similar reduction. Because of a lack of more detailed test data, the reason

for attainingrelatlvelygreater noise reductionon the curbside from the

Caterpillarenglne-poweredbus with solidenginedoors is not clear.

Interiornoise levels For rear engine schoolbuses are not available

but areexpectedto be slmllarto transitbus noise levels.

9. Rear EngineSchoolBumps (Bod_-on-Chassls)

Rear engine school buses wtth body on chassis are constructed in two

units, The chassis is built with the engine mounted on the rear of the

chassis. The body is then bolted onto the chassis.

One bus in this category is offered not only wttb the rear-mounted

engine, body.on-chassls(CarpenterCorsair Model), but also with a front-

mounted engine (Carpenter Forward Control Model). No noise information

ispresentlyavailablefor thls typeof bus.

Exterior, interior, and component noise levels are expected to he

similar to diesel powered forward control school buses and rear engine

(integral) school buses.
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SECTION5

NOISE ABATEMENTTECHNOLOBY

This chapterdescribesthe technologyrequiredto quiet buses of current

configurationsto fourstudy ]evels. These levelsare:

Study Leve] I - 83 dB exterior, B6 dB interior

• Study Level II - BO dB exterior,83 dB interior

• Study Level Ill - 71 dB exterior,80 dB interior

. StudyLevel IV - 75 dB exterior,78 dB interior.

Overall noise level reductionsare achieved by quieting bus components

in various combinations depending On their intensity as noise sources.

This chapterwl]l firstdiscusstechnoIoglesavailablefor quietingindividual

componentsand then wil] describethe noise treatmentcombinationsrequired

for each bus configurationto meet each of the four study leve]s. Finally,

the technologyconsiderationspresentedby the Acoustlca]Assurance Period

(AAP) wl]l be discussed,

1. ComponentNoiseAbatementTechnologies

The importantnolse-produclngcomponentsystems on current technology

buses are:

Exhaust

CoollngSystem

EngineBlock andTransmission

Intake

• Chassis.

The following sections describe the techniques available to reduce

the noiselevelsfor eachof these systems.
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(a) ExhaustSystem

Exhaustnoisearisesfrom pressurefluctuationin exhaustgasesraJiated

primarily as airborne noise from the exhaust pipe. It a]so arises from

vibrationof the muff]ershe]] and exhaustpipingand from leakageof gas from

the muffler,exhaustmanifold,exhaustpipe, and tailpipe.

Techno]ogicalchangesthatwl]l reducenoise include:

Turbocharging

Improved or larger mufflers

Improvedexhaustpipingdesign

Optimizingmufflerlocationand exhaustsystemconfiguration.

Additionalexpansion of exhaust gases through a turbochargerreduce

gas pressuresthroughthe muffler and tailplpe. Becauseof the inherently

low exhaustnoiselevelsof turbochargedengines,currentlyavai]ablemufflers

or modificationsthereof to allow for the greater air flow rates can be

employed. However,muff]ersof lowerback pressureare required. On gaso-

lineengines,advantagesmay not be as great.

: Availablemethods to improve the sound attenuationof mufflers are:

Increasingmufflervolume
C
:; Double-wrappingwith acousticalabsorptionmaterial

_ Usingmanifoldmufflers

i: Addinga premuffler;i.e.,resonatoror wye muffler.

For a simpleexpanslonchambermuff]er, the transmissionloss increases

by a maximumof 7 dB for a doublingof expansionratio.(Ref. 1) Increased

expansionratioscan be obtainedwithout increasingthe minor diameterof

the muff]erby usingellipticalcross sections.
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Double wrappedmufflers are currentlyavailableFor dieseltruck appli-

cations from severalmanufacturers(Donaldson,Riker,and Stemco), Donaldson

LC _ markets the "Silent Partner" muffler wrap which consists of an asbestos

blanket held in place by a stainless steel wrap-together cover. These designs

should be easilyadaptablefrom theircurrent use on vertical stackmufflers

to horizontalmufflerssuch as those usedon schoolbuses.

For urban transit buses double-wrapped mufflers are available for both

6V-71 and 8V-71 engines. The design noise level of this muffler with a

wye connection is 75 dB for 5-inchsystems on the 8V-71 engine, giving a

back pressure of only 3.4 inches mercury (Hg). GMC achieved exhaust noise

levels of under 75 dB without exceeding the back pressure limitation on their

T8H5305 coach by replacingthe standardNelsonmufflerwith a NelsonT13680

muffler.

The Freight]inerquiet truck employed a manifold muffler along with

dual current productionDonaldsonmuff]ersand stack silencers. The engine

was a turbochargedCumminsNTC-350,which is an in-linesix cyllnderengine.

The experimentalexhaustmanifoldmufflerhad a volume4-1/2 times the volume

of the standard manifold. For the V-form engines used in transit buses,

two manifoldmuff]erswouldbe required.

A premuffler or resonator may be used to obtain maximum attenuation

over the broad range of frequenciescharacteristicof engine operationover

a wide speed range. When used in series with a main muffler, a smaller-

sizedmufflerwlli be required than if the entire silencingis to be achieved
?

.: from a singlemuffler,

Heavier gauge exhaust and tailpipeswith gastightexhaust Joints will

minimize shell radiation. Exhaustpipesmay need to be wrappedwith thermal
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acousticalmateria]. One bus exhaust systemmanufacturer,AP Parts Co., is

workingon the developmentof doub]e-wal]edexhaustpipes and reportspromis-

ing results.

The overal]design of the exhaustsystem can effectivelyreduce noise

levels. For gasollne-poweredschool buses with the tailplpeoutlet in the

rear of the bus,extendingthe tailpipe at least 5 inchesbeyondthe body

wall will reducenoise. However,the long exhaust and tailpipecan still

generate noise from the muff]er shell and pipe walls. Horizontal muffler

and tailplpesystemsare inherentlynoisierthan comparab]everticalsystems

because of out]etdirectivityand groundreflections. The ]arge bus f]oor

undersurfacealsoreflectsthe sound which escapes from the sides resulting

in highersoundlevelson both sidesof the bus.

Exhaustpipe lengths betweenmufflerelementsis criticalto obtaining

optimum exhaustsystem level reductions.(Ref. 2, 3, 4) Changes in pipe

coating, installation,etc., also have significanteffectson dlese] engine

noise. (Ref. 5) Because of packagingproblems,transitbus exhaust pipes

often take winding routes between the two manifolds and the horizontal

muffler. Newer model buses have a verticaltall pipe routed through the

left side of the bus. Older buses have a short horizontaltall pipe exiting

at the rear underthe engine. The locationof a muffler betweenthe bus

floor and pavement worsens the effect of muffler shell radiated noise.

Special attentionto the support system for the exhaust pipes and muffler

can preventtransmissionof vibrationsto the chassis.

The use of a dual systemallowsgreaterexpansionvoTumefor the exhaust

gases and hencegreaterreductionof the pulsationswhich are responsiblefor

exhaustnoise. The largerflow areas allowedby dual pipeswill alsoreduce
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the existing velocity of gases which is responsiblefor the characteristic

hiss of well-silencedexhaust systemsof some of the current luxuryautomo-

biles.

For urban transit and Intercitybuses,rereutlngthe tailpipesto exit

at the roof linewl]] result in eye-levelnoisereduction.

(b) Coolin9 System

The fan is the'predominantcoolingsystemnoisesource. Aboutone-third

of the total energy of the fuel used in an Internalcombustionengine is

releasedas heat to the coolingsystem. About one-thlrdis releasedas heat

to the exhaust or radiated directlyto the atmosphereand the remainingone-

third generatesuseful power. This ratiovarieswith engine configuration,

compressionratio, cycle (2-strokevs 4-stroke),valve timing,engine load

and speed, and on gasolineengines,sparktiming. The heat releasedto the

cooling system is releasedto the atmospherethroughthe radiator. The fan

draws air throughthe radiatorto improveheat transfer.

Sound levels of fan noise at 50 feet vary from near 70 dB to 85 dB

dependingon fan blade tip speed. Noisefrom other coolingsystemcomponents

such as the water pump, belts and pulleysand air flowthrough the radiator

contributevery littleto the overallnoiselevel.

The installationof the engine,radiator,shroud,cab and other compo-

nents affectsthe coollng abilityof the engine fan. It also affectsthe

noise generatedby the fan becauseof theeffectwhich each componenthas on

the air flow or the Flow resistance against which the fan must operate.

Studies conductedby two major heavy truckmanufacturersunder the DOT Quiet

Truck Programhave indicatedthat modificationsto improveenginecompartment
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layout are very effectivein reducingfan noise levelsbecauselowerfan tip

speeds can be achieved without a reduction in cooling ability. (Ref. 6, 7).

Fan noise reduction requires maximizing the cooling rate at a given fan

speed, thereby minimizing fan speed required for adequate engine cooling.

Thermostatically controlled fans are gaining wide acceptance as energy-

efficient quiet fans (see Appendix B). Approaches to reducing fan noise

are:

Improved fan shrouds

Fan redesign

Increased cooling system pressures

Radiator redesign.

A combination of these techniques has resulted In a fan noise level

reduction from BI.5 dB to 66 dB on the streetslde and from 80 dB to 68 dB on

the curbside of an IHC model CF-4070A diesel cab-over truck without reducing

the cooling capacity. (Ref. 6) A different combination of techniques reduced

the fan noise level for a Freightlinercab-overtruck with a CumminsNTC-350

engine (Ref. 7) from 80 dB to 64 dB.

The following noise level reductions have been demonstrated in the

laboratory for a 20-inch 5-bladed truck fan:

Reduction
dB

Sealedshroudsand optimizedfan coverage 4.5
Optimumfan-to-radlatordistance .5
Enginemountedair deflector 4,0
Contouredshroudwith I/4-1nchtip clearance 7.5
Optimizedradiatorheattransfer 2.0

These reductionsare not alwayscumulative,

Without a shroud,used air recirculatesaroundthe blade tips so that

the flow throughthe radiatoris greatlyreduced. In addition,the flow over

5-6



the fan bladesbecomesmore turbulentso that the fan noise level increases.

Air flow acrossthe radiator is maximizedby carefulsealingof the shroudto

_i,'::i_'!/ii::iii':i the radiator and by designingthe shroudso that there is littleclearance
T

between the fan tips and the shroud. In tests conductedby International

HarvesterCompany,the air flow rate was increasedby thismethod from 10.66

]b/secto 11.5 ]b/see(Figure5-1). Optimumfan coveragefor the sealedshroud

was obtainedat gO to 100 percentcoverage,whilethe originalunsealedshroud

gave maximum air flow rates at 65 percentcoverage. The increasedair flow

rate allowed a reduction of Fan speed to reduce overall noise level by as

much as 5 dB. Optimizationwill help only to the extentof the actualde-

parturein the presentsystem.

Fan speed can be reducedfurther,but to a lesserextent,by replacing

a rectangularshroudwith a contouredor venturishroud. This typeof shroud

is showndiagrammaticallyin Figure5-2. Testsby the InternationalHarvester

Companyhave shown that the use of this shroudresultedin allowingfan speed

to be reduced by 6 percentwhile 3 to 6 dB noise reductionwas obtained in

comparisonto the noise level of the carefu]lysealedshroud. The shroud

wll] need to be mounted in such a way as to maintainminimalclearanceeven

when the engine moves relative to the radiator. This can be achievedby

mounting part of the shroud to the engineand part to the radiatorwith the

two sectionsconnectedby a f]exiblerubberboot. Recentroad testscompleted

on a truck equippedwith such a shroudhave demonstratedthe practicalityof

._ this design. (Ref. 8) The fan to radiator distance may also have to be

changedto ensureoptimumair flow distributionacrossthe radiator.

Noise generatedby an engine coolingfan can be decreasedby changing

the fan drive ratio to reduce the maximum speed. This change will also

reducethe speed of the water pump and the fan speed at idle. Both of these
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changes could cause some coolingperformanceproblems. Water pump capacity

may be recovered by increasing the diameter of the water pump impeller.

Reducing fan capacity may require a larger radiatorto maintain thQ same

coolingperformance,

In those cases where sealing the shroudand optimizingfan coverage

does not result in sufficientnoise reduction,flowratesmay be increasedby

choosinga fan that wi]l allow reductionin shaftspeed. This againdepends

on the presentfan on the vehicle, In most cases,increasingthe numberof

blades and/or blade twist will result In achievingrequired air flow at

reducedspeeds. Use of a thermostaticallycontrolledfan drive may be helpful
i

in designinga fan system with reduced fan speed (with fan engagement)at

maximumenginespeed.

Fan design noise levels of 64 dB or lesshave been demonstrated by

InternationalHarvesterand Freightlinerquiet trucks. Thls is 13 to 18 dB

under currentbus fan noise levels. InternationalHarvesterCompanywas able

to achievea 66 dB fan noise level by employinga tight-fittlngfan shroud
i

along with an engineenclosurewhich reducesfan noise level by 2 dB and by

replacingthe original4 row, 11 fin-per-inch,plate fin radiatorby a 4 row,

14 fin-per-inch,serpentinefin radiator. FreightllnerCorporationachieveda

64 dB estimatedfan noise levelby replacingthe standard28-1nchsix-bladed

fan with a speciallymade 31-inchseven-bladedfan featuringstaggeredblade

spacingmanufacturedby SchwltzerCorporation.The fan speedwas loweredfrom

2100 rpm to 1280 rpm and the standard1200 in2 six-rowradiatorwas replaced

by a 2000 in2 four-rowradiator.

The radiatorand fan on currentdesignurbantransitbusesare locatedon

the rear streetsideof the bus left of the engine, There is littleor no ram

air throughthe radiatorfromthe forwardmotionof the bus.
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Motor Coach Industries(MCI) intercitybuses have twin radiatorswith

_ thermostatically controlled centrifugal fans at the top of the engine

_i compartmentdirectlyabovetbe engine. The fansare connectedto the radiators

...... _. by ducts. This results in a quiet coolingsystemwith sound levelsequal on
J_

_ both sides of the bus. MCI has reportedthat during actualoperatingtests on

the highway,cooling fan airflowis 50% less than air flow measuredduring

static tests.

Conventional gasoline engine school buses receive maximum cooling benefit

fromram air. A thermostaticallycontrolledfan drive willminimizefan power

when coolingloads are ]essdue to this ram air effect,and wil] resultin a

lower noise level.

The use of sealed engine belly pans on urban transit and intercity

buses will cause some restriction of cooling air. To compensate, either the

pressurerise acrossthe fan may be increasedso that vo]umetricair flowwill

be the same or the radiator and fan area may be increased to permit adequate

cooling at the reducedair flow rate. Increasingthe size of the radiator

and fan may require a largerengine compartment. Modifyingfan designto

increase the pressure rise across the fan without increasing fan speed may be

preferable.

MCI buses use centrifugal fans located in ducts above the engine. There

are two radiatorswith shutters,one on each side of the bus, and two fans

drawing air in through the radiator and discharging it over the engine.

The fans are driven from a gear-box locatedbetween them and drivenby a

belt from the engine crankshaft. The duct between the fan housing and the

radiator is sealedoff from the enginecompartmentto maximizeflow through

the radiator. The engine air cleaner intake is located in the left side
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radiator opening. The relative locationsof system componentsare shown

in Figure 5-3.

Eagle buses also utilize a longitudinalengine arrangement.A standaro

8-bladed 28-inch diameter axial flow fan locatedon the left side of the

bus is used for enginecooling. The fan isdrivenoff a gO" gearboxlocated

in the rear center of the engine compartment. A 6-bladedfan, locatedon

the right side of the engine compartment,providesair flow throughthe air

conditioningsystemcondenser. There is no thermostaticclutch arrangement

for the fans. The layoutis shown in Figure5-4.

Centrifugalfans which MCI buses utilize are inherentlyquieterthan

axial fans for the same mass flow delivered. Also, the ducts are amenable

: to acoustic treatmentto minimize the noise escaping throughthe radiator

opening, The air flow velocityis higher and, hence,flow noise may become

audibleif othersourcesare quieted.

There are indicationsthat a11 intercitybus manufacturerswill soon

begin to install thermostaticallycontrolled fans because of rising fuel

costs. MCI is likelyto abandonthe centrifugalfans and replacethem with

axial fans in order to accommodatethe new fan drives. These driveswill

probablybe wet clutchmodulatlngdrives.

Intercitybus radiators are larger than transitbus radiatorsbecause

of continuousengine operationat high power factors and heavier bus loads

due to baggage. However, the percentagechanges in radiatorand fan sizes

to achieveequlvalentnoise reductionsfor intercityand transitbuses shoulc

be similar.
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FIGURE 5-3

Layout for MCI Engine Compartment
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FIGURE 5-4

Layout of Eagle (Bus & Car) Engine Compartment
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Conventional school buses use the same sheet metal as medium-duty

trucks, but are seldomfittedwith the largestenginethat is availablefor

trucksof the same load capacity. This would indicatethat largerradiators

are available than currently fitted to most school buses.

Air emissioncontrolrequirementsfor gasolineengines alsoneed to be

taken into account. Current engine designs require highly retarded ignition

tlmingwhich increasesexhausttemperaturesand heat rejectionto the couIing

system. The reduced compressionratios and changes in camshaftto delay

exhaustvalveopeningand increasevalve overlapalso increaseheatrejection.

On the other hand, the use of highercoolanttemperaturesgivessomerelief.

The chief differencesbetweenthe diesel truck applicationand conven-

tionalgasolinebus applicationare summarizedin Table 5-1.

It should be noted that the cooling systems of forwardcontrolbuses

may requirespecialattention. The technologyin the DDT QuietTruckProgram

is not directlyapplicablefor suchbuses.

For current applicationto gasolinepoweredschool buses,the suggested

method of achievingthe 64 dB fan noise level is to increaseradiatorfrontal

area by 20 percent and fan diameterby approximately10 percent. An engine-

mountedclose-fittingshroudshouldbe used alongwith an advancedserpentine-

fin radiatorwith approximately30 percentgreaterheat transferareathan a

comparableplate-flntype radiator. The increasedcore thicknessof the

serpentine fin radiator will result in a slightly greater pressure drop

across the radiator resultingin somewhat greaterfan speed. However,the

overall effectof all the improvementswill allow fan rpm to be loweredto

almost50 percentof the originalfan speed.
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TABLE5-1

Comparisonof CoolingFan Parameters
for Gasolineand DieselEngines

, ------- Conve-n-t-_-_na--_T---r

DieselEngine GasolineEngine
Truck SchoolBus

I

7

Maximumenginerpm 2100 3600-4000

Heatrejectionat Idle 2 BTU/ho/min 7 BTU/hp/min

Heat rejectionat
maximumthrottle 24 BTU/hp/min 27.5BTU/hp/min

Load factor Sustainedopera- Under20% of time
tion at maximum at maximumengine
enginespeed speed

Coolantpressure Atmospheric 14-16psiq

Shutters Employed Generallynot
employed

Air conditioners Available Rarelyemployed
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With this low fan speed,the fan shaft, pulley, and belt systemmay

need to be redesigned. The waterpump could be mountedon a separateshaft

independentof thefan shaftso as to make its redesignunnecessary.

(c) EngineBlock and Transmission

Engine noise is the noise generatedby the combustionprocessand the

mechanicalcomponentsof the engineand radiatedby the engineblock. This

noise is a resultof vibrationof the engine structure,covers, and acces-

soriesand includesblowerand transmissionnoise.

Several methods are available for iowering the contribution of engine

noiseto overallbus noise levels. All of thesetechniqueshavebeen success-

fully tested in the laboratoryand some have beenappliedon dieselengines.

(Ref.g, 10) Thesetechniques,and theirexpectednoise levelreductions,are

summarizedbelow:
Noise Level Reduction

Covers and panelsattachedto the engine 3 to 5 dB
Close fittingenginecovers 5 to 8 dB
Partialengineenclosures 5 to 10 dB
Completeengineenclosures Up to 15 dB
Major structuralenginemodifications 4 to 7 dB

Diesel engine combustionforces (Ref. 6) are sufficientmagnitudeto

distort or vibratethe engine block, crankcase and attachments. Primary

combustionforces are at enginefundamentalfiringfrequencies. These fre-

quenciesare relativelylow, but the structurerespondsto all harmonicsof

the basic firingfrequency. The steep pressureriseinherentin dieselcycle

combustionresultsin the introductionof hlgh-frequencycomponentsintothe

engine structurewhich are readilyradiated by the sides of the block and

rocker arm covers. Changes in the characterof or reductionof combustion

forces have been under investigationfor a numberof years. Precombustion

i
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chambers or indirect injection can be used to effectively lower combustion

rate related noise levels. (Ref. 11) Indirect injection is commonly used in

diesel engines powering light-duty vans and passenger cars. Retardation of

injection timing has also proved to be effective in lowering noise levels.

It also has advantages in terms of power, fuel economy, and emissions, (Ref.

12) but it increasesexhaustsmoke.

Turbocharglngof diesel enginesresultsin some enginenoise reduction

because of its smoothingeffect on the rate of combustionpressure rise in

the cylinder. This is not expected to be of significant benefit to gasoline

engines. Turbocharglngalso increasesthe horsepoweroutputfor a givensize

engineand has advantagesfrom the emissionsviewpoint.

A common method of reducing engine radiated noise is by noise carrier

panels attached to engine surfaces. These covers or panels are made of

a hlgh-densltybarriermateriallinedwitha soundabsorbentmaterial,usually

sheet metal lined with glass fiber or mineral wool. These shields must

be designed specifically for each engine model since proper covering and

edge sealing are quite important. Panels generally are attached to and cover

each side of the engine block and oll sump. They must be contoured to the

engine shape and be attached through isolation mountings. Experience has

shown they are more effectiveon in-llneenginesthan Vee enginesbecauseof

the greater, flat, radiation area on in-llne engines.

Engine covers have definite advantagesand disadvantages. Panels can

be applied without redesign or modification of the engine itself. They can

be applied to present new engines or as retrofit packages to engines in

service. This is much easierthan makingchangesto the basic engine struc-

ture. Reductions of 3 to 8 dB in engine noise radiation are possible by means
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of close-fittingcovers. However,from a practicalstandpoint,a set of
j-A

panelsgiving 8 dB reductionwould cover virtuallyall engine and engine-
_" mountedaccessorysurfacesby many separatecomplexshapedpanels. In gene-
:i.i

:._ ral,a 4 dB reductionin overallenginesound levelsis closeto the practical
J,

limitfor englne-mountedbarrierpanels.

Enginepanelsmay increaseslightlythe time involvedin engineservice

operations. The physical dimensionsof the engine are increased,making

installationin a vehiclemore difficult. Heatradiationfromenginesurfaces

is reduced,but this effect is minimal. (Ref. 12) Qualitycontrolmust be

maintainedto assureseal of all paneledgesand Joints.

Thin-walledcomponentssuch as oil pan, rockerarm covers,and manifolds

can be isolated from the cylinderhead castingby means of soft gaskets,

rubberwashers at mountingbolts,or in severecases,by splittingthe cover

immediatelyabove its mounting surface and joining together by a bonded

rubbersection. This is conceptuallyshown in Figure5-5.

Special cooling systems treatmentswill be necessaryfor rear-englne

buseswith encapsulatedenginesor flow-throughenclosureswith openingson

both sides of the enginecompartment. Encapsulatedengineswill requiretwo

radiators placed in front of the engine enclosure with hydraullcally or

electrically driven thermostaticallycontrolled fans or blowers. This

techniqueis used in the Swedish Scania CRIIIM bus. Its limitationsare

discussedin the engine sectionof this chapter. Changesto improvevolume-

tric air flow rates without increasingfan speeds,such as largerradiators,

may berequired.

The principalsof flow-throughenclosureshave been studiedfor quiet

trucks. If the engine compartmentsize Is increased to accommodate th(
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flow and blowersare substitutedfor fans,65 dB coolingsystemnoise levels

appearachievable. By flowingcoolingair throughthe enclosure,any heat

radiatedfrom the engineand transmissionwil! be carriedaway. (Ref.6) With

properplacementof acoustlcalmaterial,much of the sound will be absorbed

beforeit escapesfrom the inletor outlet. Multlspeedthermostaticcontrols

will be requiredto maintainoptimizedoperation. Substitutingon axialflow

fan by multiplecentrifugalblowersmay be beneficialin minimizingsoundand

distributingthe flow evenly over a rectangularradiator. MCI buses have

been using a dual radiator and centrifugalfan system for engine cooling

for the past twentyyears.

For transit buses, the long, rectangularradiatormay be locatedon

the left side of the engine compartmentwith the larger side parallel to

the ground. Two parallelblowerswould draw the air in, directingit over

the enginecasing. Enginecompartmentventilationwill be achievedby another

blower directingthe air out on the curbsldethroughlouvers locatedhigh

enough to direct air flow above bystanderhead level. The designof the

louverswill be importantto preventleakageof enginenoise to the outside.

Such a systemis shown conceptuallyin Figure5-6. This type of enclosure

has not been demonstratedfor transitbus application. Current evaluation

of feasibilityis based on experiencewith IH quiet truckand on the assump-

tion that engine compartmenttemperaturescan be malntalnedby providing

unrestrlctedcoolingair flowrates.

Sound level reductlondue to modifiedengine structure,reducedpiston

slap, damping, and isolationcan be used in conjunctionwith barriers to

produceoverallreductionsgreaterthan4 dB, althougheachadditionaldecibel

reductionIs more difficultto achievethan the precedingone. When the
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panels are combined with a partial enclosure, the resultant reduction is

often less than the sum of the separate reductions due to each method.

Engine quieting kits are available for diesel engines. These kits

include covers for the sides of the engine block and oil pan, vibration

isolationreferenceof the valve coversor air intakemanifolds,and cross-

overs or dampingtreatmentsfor sheetmetalcovers.

Alternatively the engine compartment may be designed to serve as a

small acoustical enclosure (either a partial or complete enclosure). Engine

side shieldsfor conventionalschoolbusesare i11ustratedin Figure5-7. The

shield may be made from 20 gauge steel sheets lined on the inside wlth a

2-inch layer of acoustical glass fiber. To keep the glass fiber from losing

its effectiveness from saturation with oii, gasoline, or water, a 2-mil

nonflammable plastic barrier should be provided. Finally, a perforated thin

(22 gauge)metal cover should be addedon the insideto minimizemechanical

wear and tear. This is sketched in Figure 5-8. Glass fiber materials are

relatively inexpensive. The study of currently available cowl and engine

sizes for school buses indicates that sufficient space is available for such

shields and no alteration in cowl design will be necessary.

Thin metal panels such as hood and sidewalls will require sound barrier

material such as 1 lb/sq foot lead-linedvinyl. A1ternatlvely,mylar-faced

acousticalfoam with lead septum and an insulationlayerbetweenthe septum

and the panelcam be used for the entirearea. This treatmentIs illustrated

in Figure 5-9.

Shieldingunder the engine can be effectiveif the entire area under

the engine is treated. Engine noise reachesthe receiver by two routes:

straight line from the engine area and reflectionfrom the road beneaththe

vehicle. Belly pans are effectivein blockingthe reflectivepath and are

currently availablefor all transitbuses. A 2 dB reductionin the engine-
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;ontributednoise levelcan be expectedby sealedbelly pans. This is espec-

iallyeffectivein reducingbystanderand pedestrianear levelnoisesincethe

reflectivesoundpath from the engineoff the roadsurfacetowardthe sideof

the bus is virtuallyeliminated.Belly pans areusedwidelyin Europe,but are

not specifiedor used extensivelyin the UnitedStatesdue to the addedengine

servicingproblems,restrictionof cooling air exit, and problemsassociated

with sealing. When they have been applied by U.S. manufacturers, they have

generallybeen discardedby operators.

Figure5-10 depicts a belly pan configurationfor conventionalgasoline

or diesel school buses and Figure 5-11 shows _ configurationfor transit

and intercitybuses. The belly pan shown in Figure 5-11 Is designedwith

small removable panels to provide access for servicing from underneath,

i.e., oli changes. Some provisionis neededto ensurethat the panels are

! replaced. This could be accomplishedby warninglabels or by hingingthe

panelsso that they cannotbe completelyremoved.

Hazards due to fuel or oil collectionin the belly can be minimized

by carefuldesign so that the liquidflows to a small drain hole under all

operatingconditions.

When a belly pan such as that shown in Figure5-11 is used,it is impor-

tant to provide an adequateoutlet area for enginecompartmentventilatlon

and cooling air. Such an outletcan be providedforwardof the enginecom-

partment between the floor and engine supportrails. The outlet opening

shouldbe designedto minimizethe radiatedsoundenergy. This may be done

by liningthe insideof thisduct with two inchesof glassfiberor open-cell

foam and providinglouversat the exit to minimizeline-of-sightbetweenthe

interiorand the pavement. The drive-shaftopeningwill needcarefuldesign
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to minimizesoundescape. It is not admissibleto a11owany otheropeningin

the bellypans, becausethatwould renderthe bellypans ineffective.Refrig-

erant andother fluidlinesshouldbe routedthroughholessealedwith asphalt

or rubber grommets. The design of the outlet ahead of the belly pan is

critical. This type of treatmentwill requireredesignof the coolingsystem.

To reduce interior school bus noise levels at the driver's location

might require a barrierbetween the engine compartmentend the driver. A

suggestedtreatmentis a layer of barrler-typeacousticinsulationweighing

I Ib/ft2 employed at the cowl face and under the floor extendingabout 5

feet as shown in Figure5-12. All holes in the firewallfor pedal linkages,

steeringco]umn,etc., shouldbe carefullysealedwith heavy rubber boots.

Some European transitbuses have full engine enclosures. Two types

of enclosuresare possible. Neithertype of enclosurehas beendemonstrated

on a bus meetingthe performancespecificationsof U.S. urban transitbuses.

One type of engine enclosure covers the cooling fan as well as the

engine. Openingsfor cooling air inlet and exit greatlyreduce the effec-

tivenessof the enclosure. On the other hand, the enclosureprovidessome

shieldingto fan noise. The coolingsystemgenerallyhas to be adjustedto

preventoverheating.

A flow-through type of enclosure may be incorporated. The square

radiatorcan be replacedby e rectangularradiatorof twicethe frontalarea.

Two centrifugalblowersin the suctionmode would draw in air. Centrifugal

blowers allow better isolationof engine noise. The radiatorand blowers

would be enclosedin a duct. The sealbetweenbus body sidewalland radiator

is particularlyimportant.
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The air from the engine compartmentwould be allowedto exit through

an acoustical treated opening on the curbside, at a height above normal

pedestrian head level. The flow-through concept is sketched in Figure 5-13.

Such an enclosure would result in source levels of 65 dB if the future diesel

engines are at least 4 dB quieter than current engines without any treatment.

The second type of enclosure would place the cooling fan outside the

enclosure, permitting greater reduction in engine noise. The radiator

and fan would generally require relocation because of the restriction pre-

sented by the engine enclosure. This type of enclosure is used on production

buses in Europe, such as the Scania CR111M. In the Scanla buses, the engine

compartmentis completelysealedon all sides and is providedwith a fan for

ventilating the engine compartment. The air intake for ventilation is located

on the roof of the bus. The singleradiatoron the leftside is replacedby

two radiators,one on each sideof the bus locatedaheadof the closedengine

compartment.Coolingair is drawn in by individualelectricallyoperatedfans

at each radiator, The cooling system of the CI11M is designed for an air-to-

boll temperature of BS-gO'F. This would not be acceptable for most climates

in the UnitedStates. Europeanbus technologyis discussedin greaterdetail

in AppendixA.

Engine enclosures may reduce accessibility to the engine compartment,

add weight, in some cases reduce passenger and freight capacity due to In-

creasedenginecompartmentsize,and pose a potentialfirehazard.

Engine mountings are important on all buses since engine vibrations can

be transmitted to the body framework and to the body panels through the

mounts. Engine mount design technologyis sufficientlyadvancedto provide

good isolation at high frequencies between the engine and body frame or

5-32



FIGURE 5-13

Flow Through Engine Compartment for
Achieving 65 dB Engine Noise Level

Stack

Muffler ,:,
.., \ Air Exit f.-

• _ _ Grille

:I

I

\
Centrifugal Resonator Larger Engine Compartment

Blower With Acoustic Insulation



chassis while allowing the large torque forces to be transmitted to the

transmission. Vibrationisolationis importantbecausecurrentbus interior

noise levelsare dominatedby floor and body sidepanelradiatednoisewhich

appearsto be the resultof enginevibration.

Transmissionnoise for diesel buses can be loweredby the application

of dampingmaterial to reduceresonantamplificationat troublesomefrequen-

cies,by stiffeningor by weakeninghousingareasto shiftresonancefrequency

components,by decouplinghousing areas by slottingor addingmass dmpers,

andby alteringpanel geometrics.(Ref.13) Engineshieldscan be extendedto

includethe transmissionhousing in the case of buses. Transmissionnoise

becomesan importantnoisecontributoron gasolineenginevehiclesonlyafter

the noise from the engine and the intake have been lowered below 70 dB.

(d) Intake

Current intake noise levels for diesel engines,which are considered

noisierthan gasoline engines,range from 56 to 75 dB. (Ref, i) The intake

noise level is relativelylow in gasoline engines becausethe air intake

filter is mounted directlyon the engine carburetorand becauseof the in-

herentlyquieterair intakeprocess.

In the case of diesel engines, intake noise includesthe noise from

the air inlet,the air cleanershell and ducting, and leakageof the air

intakesystemcomponents. Intakenoise is producedby the openingend the

closingof the inletvalve. When the valveopens,a sharppressurepulse sets

the air in the inletpassageintooscillationat the naturalfrequencyof the

air column. This oscillationis rapidlydampedby the changingvolumecaused

by the piston'sdownwardmotion, When the inlet valve closes It produces

similarpressureoscillations,which are relativelyundamped. In the diesel

engine,air inletnoise is generallyobservedin the low to middlefrequencies
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(up to 1000 Hz). On gasolineengines,this inletnoise may be Impor_., _

higheroctavebands dueto the flownoiseproducedin the carburetor.

Typical unsilencedintakenoise levelsfor truck dieselenginesat high

idle vary between70 dB and 85 dB, measuredat 50 feet fromthe engineinlet.

Productionair filtersused on most trucksprovide an insertionloss (noise

level reduction) of from g to 22 dB. In the case of eleven trucks with

DetroitDiesel enginesand productionmodel intakefilters,(Ref. 14) intake

noise exceeded the noise levelsfrom the remainingcomponentsin only one

case. Six truckshad sufficientlyquiet air intakethat furtherreductionof

intakenoisewould notbe of any benefitto overallvehiclenoise levels. The

remainingtrucks shewedoverallnoisereductionso7 U.5 to 3 dB for a 6 dB

reduction of intakenoise. If the noise from remaining components were

lowered,intakenoisewould assumegreaterimportance.

Intakefiltersact as silencersbecauseof the sound absorptionproperties

of the filterelementand becauseof the area changes. Additionalsilencing

may be provided by designingflew passagesto restrict line-of-sighttrans-

mission.

Heavy duty oil bath cleanersused in transitbuses are good noise sup-

pressors. Cleanersthat have largefiat sectionsof sheetmetal can radiate

significantamountsof noisefrom mechanicalvibrations. Use of rubbersec-

tions such as elbows,tubes or connectorsin the alr intakepipingshouldbe

avoided as much as possible. Most rubber sectionsare not good acoustic

barriers and radiateexcessiveamountsof noise because of their pulsating

walls,

On the InternationalHarvesterQuietTruck,the intakenoisewas reduced

from 7Z dB to 69 dB by replacingthe intakerain cap with one with a better

design, (Ref.15).
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For maximum quieting,an additionalintake silencer can be installed

betweenthe air cleanerand the engineinlet. These devicesare not partic-

ularlyexpensive,are easy to install,and will do a good Job of absorbing

higher frequencynoises. The silencershouldbe installedas close to the

engine inlet as possible. The additionalspace requirementmay be a problem

in transitand forwardcontrolschoolbuses.

(e) ChassisandAccessoryNoise

Chassis noise refersto that noise generatedby a bus coastingwith

the engine idlingand the transmissionin neutral. It is dominatedby tire

noise but includesany wlnd or turbulentnoise caused by the passageof the

bus. It is considered to be the lowest level of noise attainable far a

vehicle. The noise fromsuch remainingminor sourcesas air conditioningand

air brakecompressorsare includedas accessorynoise.

Motor IndustriesResearchAssociation(MIRA)(Ref.16) has collecteddata

on coasting noise levelsfor a broad range of vehicles. Coasting noise

depends on tire tread,road speed,road surface,axle Ioadings,and size or

weight of vehicle. A usefulgeneralrelationshipfor the coastingnoiseof a

vehicleat 30 mph (44 fps)on a smooth,dry surfaceis givenby the equation:

dBA = 65 + 7 log10 W
where:

W = gross vehicleweightin tons

dBA = sound level7-I/Zmetersfromvehiclecenterline.

A typicalschoolbus of 23,000lb.GVWR accordingto thisformulawillproduce

66 dB at 50 feet while coastingat 30 mph. A vehicle of 10,000Ibs.GVWR

will produce64 dB underthe sme conditions.
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EPA conducted tests on the coasting levels of several school buses
i

of 1/,400lb. to 23,000lb. GVWR ratingchassis.(Ref. 17) A 23,000lb.GVWR

bus measured65 dB on the curbsideand 69 dB on the streetsidewhile coasting

at 30 mph. A 17,400lb. GVWR bus equippedwith snow tiresmeasured73 dB on

the curbsideand 74 dB on the streetsidewhile coastingat 30mph. Bothtests

were conductedwith the engine idling,the transmissionin neutral,and all

accessorieson.

Current schoolbus chassis noise levelsappear to be in the 65 to 74

dB range at 30 mph with the engine shut off. Coast-by noise levels fol

conventionalschool buses (withoutaccessorynoise)withoutsnow tires ar_

approximately64 to 68 dB. Chassisnoise levelscan approachthese coast-by

levels by loweringthe contributionsfrom accessoriesand body vibrations.

Chassis noise levelsof current transitbuses range from65 to 76 dB

for 35 ft. and 40 ft. coaches.(Ref.18) It is felt thatchassisnoiselevels

of 70 dg are achievableon today's40-foottransitcoach.

In the case of integraldesign transit buses, the outer skin panels

are Ioad-carrylngmembers. Hence any road or enginevibrationstransmitted

through the suspensionor enginemountswiI| be transmittedto the skin as

stressand resultin vibrationsof the panels. These panelsareacoustically

efficientradiatorsof soundat audiblefrequencies. The mountingof acces-

sories wil] need specialcare to avoid excitationof the bodypanels into

resonance. The windowsof the bus shouldalso receiveattention.Apartfrom

rattles,loosewindowpanes also resultin large vibratingsurfacesand hence

chassis noise.

For school buses, to meet the 75 dB noise level wll require a chassis

exterior design level of 65 dB or less. On buses over 23,000 GVWR,careful
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body design to minimize noise radiation from body panels will be required.

Some criticalbody panels may need damping treatmentor stiffeningto make

them inefficient radiators of sound energy at the troublesome frequencies

peculiarto the body-chassiscombination.

The Isolation between the body and chassis will need improvement.

Schoolbusesemploytruckchassiswith stiffersuspensionsthan thoseemployed

for automobiles. The number of isolationpads between the chassis and tbe

body shouldbe kept at a minimumsince each pad providesa path for some of

the chassisvibrationsto the body. Doublingthe thicknessand halvingthe

stiffnessof the rubber pads,for example,will lower the criticalfrequency

by a factorof 1.4 and improvethe isolationovera greaterrange of frequen-

cies.

! (f) InteriorNoiseLevels
i

Current bus interior noise levels are dominated by floor and body side

i panel radiated noise which apears to be the result of engine vibration.

Therefore,careful isolationof the engine from the chassis is necessary.

Redesignof engine mountson transit and intercitybuses may be necessary.

Airborne engine noise may be blocked from the passenger compartment

by barrier panels. On conventionalschool buses the acoustic insulation

materialshouldextend under the floor for about 5 feet. All holes in the

flrewall for pedal linkages, steering column, etc., should be carefully

sealed wlth heavy rubber boots.

,: Floor transmittednoise can be reduced by floor insulation. One such

treatmentconsistsof an isolatinglayer of softrubberbetween two boards.

On intercitybuses the luggagecompartmentunder the passengercompart-

ment offersa partialbarrierto tire noise transmittedto the interior. If
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resonant vibrationsare present in body panels, damping treatmentwill be

beneficial. Otherwise,sound radiationto the interiorcan be minimizedby

covering the interiorsurfaceswith a limp,heavy acousticmaterialsuch as

lead/vinyl sheeting. Another approach would be be to isolate the rear

sectionbodypanelsfrom the main integralbody framework.

On conventionaland forward-controlschool buses, special attention

to the supportsystem for the exhaustpipes and mufflerunder the bus floor

may be necessaryto prevent the transmissionof vibrationto the chassis.

Interior noise levels on all bus types may be reduced by carpeting,

fabriccoveringof roof andbody panels,and safetypaddingof seats.

2. OverallVehicleNoiseAbatement

Overall noise level reductionsare achievedby quietingbus components

in variouscombinationsdependingon their intensityas noise sources. The

technology for quieting bus noise components, described in Section 5.1,

is specifiedin thissectionforeach typeof bus:

Urbantransitbuses

Intercitybuses

Schoolbuses

for each of the four technologystudy levels. Componentdesignnoise levels

required to achieve the overallbus noise design levels are presentedfor

each type of bus for the fourstudy levels.

UrbanTransitand Intercit_Buses

Urbantransitbuses and Intercltybusesare similarin terms of component

noise levelsrequiredfor achievingthe overallvehicledesignlevelsto meet

the four study levels. The requirednoise abatementtechniquesare also
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similar, with Intercitycoaches requiring the same abatement treatments

as urban transittransitbuses plus a few additionaltreatments. Table 5-2

specifiesthe componentnoise levelsrequiredby designto achievethe four

study levelsfor both dieselpoweredintegraltransitbusesand dieselpowered

integralintercitybuses.

Table 5-3 describesthe noise abatementtreatmentsfor each component

noise level required to achieve each of the four study levels for urban

transit buses. Intercitybuses require the same treatmentsfor each noise

source as well as additionaltreatmentsspecifiedin the far right columnof

the table.

Table 5-4 specifiesthe requirednoisecontroltreatmentsof the Advanced

Design Buses (ADBs) using noise control treatments specified for urban

transit buses. In order to quietADB's to meet the four studylevels,addi-

tionalnoisecontroltreatmentsbesidesthosefor transitbuses,are required.

These additionaltreatmentsare presentedin Table5-5.

It shouldbe noted that for the ADB's to meet the 77/80 level the ra-

diator and the engine cooling fan may need to be removed from the engine

compartment. The coolingsystemmay be locatedabove the enginecompartment

along with the air conditioningcondenseras shown in Figure 5-14. This

layoutwill not impingeon presentseatingcapacityof the ADB's. Centrifugal

fans are inherently quieter than axial fans. They also change the air flow

direction90 degrees withoutthe pressure loss that wouldresultwith axial

fans. The coolingair Is exhausteddirectly into the engineenclosure,so

thata separateventilatingfanwlll not be required.(Ref.20)

The basic noise controltechniquessuggestedfor conventionaldesign

transit buses also apply to the M.A.N. - AM General articulated buses.
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TABLE 5-2

ComponentNoise LevelMatrixfor Diesel
PoweredIntegralTransitBuses

SoundLevelt SAE J366b SoundTest_ dB

I II Ill IV

Bus ExteriorStudyLevel 83 80 77 7B
(Not-to-exceedlevel)

Bus ExteriorDesignLevel 80.5 77.5 74.5 72.5

Engineand Transmission 75 71 71 65

Exhaust System 75 70 65 65

Cooltng Fan 76 73 68 65

Intake 65 65 65 65

Chassis 70 70 68 68

ComponentNoise Level Matrix for
DieselPoweredIntegralIntercltyBuses

SoundLevelt SAE J366bSoundTest_ dB

I II Ill IV

Bus Exterior Study Level 83 80 77 7B
(Not- -to exceed level)

Bus Exterior Design Level 80.5 77.5 75.0 72.5

Engine andTransmission 75 71 71 5B

Exhaust System 75 70 65 5B

Cooling Fen 76 73 68 55

Intake 55 65 65 65

Chassis 70 70 68 68
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TABLE 5-3

Noise Control Treatments for Urban

Transit Buses and Intereity Buses

Study NoiseControlTreatment AddltlonalNoiseControlTreatments
Type of Bus Level NoiseSource UrbanTransitBuse_ IntercltyBuses

UrbanTransit I (83-06) Exhaust Resilientmount ifverticaltallpipeused. Sub- Reroutetan plpeto exitat theroof
Buses System stltutesingle-wallmufflerwith advanceddouble- llne.

wrappedbodymufflers.

Cooling Sealall leaksbetweenenginecompartmentsidewall On MCI buses,acmusticallytreatair
System and radiatorand betweentheradiatorand flowducts.

shroud.

Engine, Dampedrockerarlacovers.
Diesel Acoustlcalmaterlalon existingpartsof hood,

enginecompartmentsidewalland forwardbulkhead.
-_ Designof radiatorgrilltopreventllne-of-sight

soundtransmissionwhilemaintainingadequate
cooling.Seal ellenginecompartmentholes.
Lineenginecompartmentwithsoundabsorbent
meteria1.Blocka11enginebornenoisefrom
passengercompartment.

Intake Bestavailableaircleanerwith carefulsealingof
all leaks.

Chassis Specialcarein mountingaccessoriesto avoid
end excitationof bodypanelsintoresonance.Air
Accessories conditionercompressorareamay needsomeacoustical

treatment.

II (80-83)Exhaust Turbochargedengineor adde resonator,Addinga Reroutetailpipeto exit at theroof
System resonatorrequiresthe wholeexhaustsystemto be line.

redesignedwith a premufflerin serieswith the
mainmuffler. Sealoii leaksinthe exhaustsystem
using9as-tlghtexhaustJoints. Ifmuffleris
outside engine enclosure, use double-walled type.



TABLE 5-3 (Cont.)

Noise Control Treatments for Urban

Transit Buses and Intercity Buses

Study NoiseControlTreatment AdditionalNoiseControlTreatments
Type of Bus Level Noise Source UrbanTransitBuses IntercltyBuses

Cooling Replace rectangular shrouds with contoured shrouds, On MC! buses, acoustically treat air
System Optimizefan coverage.Optimizeair flow flowducts.

distributionacrossradiatorby changingfanto
radiatordistance.If coolingalr isrestricted
increasethe pressureriseacrossthe fan
withoutdecreasingthe volumetricair flowrate.
Alternatively,the radiatorand fan may be
increasedto permitadequatecoolingatthe reduced
air flowvelocity.

P Engine Completeengine belly pans with two openingsand Eagle busesmay needan additional
line-of-sight shielding betweenengine and radiator shield between the engine and air
opening, Une atr outlet duct with 2 inches of conditioner condenseropening on the
glass fiber or open-cell foam, Provide louvers curbside.
at theexit tominimizeline-of-slghtbetweenthe
interiorandthe pavement. Carefullydesigndrive
shaftopeningto minimizesoundescape.
Routerefrigerantsandlubricantsthroughholes
sealedwlth asphaltor rubbergrommets.
Turbochargedenginesmay requireauxlllaryengine
co_artmentventilationsystems,

Intake, Sar_ treatmentas forLevelI.
Chassis
Accessories

H! • Exhaust The exhaustsystem for Level II with someadded Neroute tit1 pipe to exit it the roof
(77-80) System volumecan be used, A turbocharged engine with line.

large resonators es close to the manifolds as
possible followed by the exhaust pipe and muffler
wrappedwith asbestos or mtmeral wool to provide
=¢oustic/ther_l insulation.



TABLE 5-3 (Cont.)

Noise Control Treatments for Urban

Transit Buses and Intercity Buses

Study NoiseControlTreatment AdditionalNoise ControlTreatments
Type of Bus Level NoiseSource UrbanTransitBuses IntercltyBuses

Engine betweentwo boards. Another approach
(Cent) to interior noise reduction would be

to isolate the rear section body
panelsfromthemalnintegralbody
framework,Additionof soundabsorb-
ing lintngs in the tnterlor may
minimize reverberation.
Enclosure for the MCI busesm_v need
an outlet near the axle. The
enclosurewillcoverthe entire
tranmlssloncasing.Additional
suction fans maybe neededat
enclosure exit to minimize air flow
throughradiators.

Intake, Sameas forLevelIII.
Chassis
and
Accessories

., , , , ....



TABLE 5-4

Additional Noise Control Features for Advanced Design Buses

COHPONENT STUDY NOISE CONTROL EXISTINGO!I
SYSTZI4 LEVEL (dB) FEATURES M.A,ff,BUSES

Bllghl_ & TrullS- BO Full engine underoan No
_Isslon

77 Completeengine
enclosure No

75 Completeengine
enclosure No

Exhaust DO Turbocharglng Yes

77 TurbochargIBg Yes

Dualexhaustand No
doublewrappedmuffler

75 Turbocharglng Yes

Dual exhaustand No
doublewrappedmuffler

Cooling BO Varlablespeed fan Yes

Downwardoutlet Yes

77 Remoteradiatorswith
centrifugalfarl N.A.

Acoustical louvers No

Aerodynamicenclasure
outlet No

75 Re_te radiatorswith
centrifugal fan R.A.

Acoustical louvers No

Water cooled manifolds No
:i

Increased cooling
! capacity No

Cooling system sound
i_ insulation No

i:i Aerodynamic enclosure
outlet Re

!_ Intake, Chassis
• and Accessories BO, 77

& 75 Intake silencer Yes
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TABLE5-5

Required Noise Control Features BasedOn
CurrentTechnologyBuses

ExistingFeatures

Component Study Required ADB
System Level Noise ControlFeature Fix GM

Engine& Trams- BO FullEngineUnderpan No No
mission

77 CompleteEngineEnclosure No No
75 CompleteEngineEnclosure No No

Exhaust 80 Turbocharging Yes* Yes*
77 Turbocharging Yes* Yes*

DualExhaustand DoubleWrappedMuffler No No
75 Turbocharging Yes* Yes*

o_ DualExhaustand DoubleWrappedMuffler No No

Cooling 80 DownwardOutlet Yes Yes
77 RemoteRadiatorsWithCentrifugalFan No No

AcousticalLouvers No No
AerodynamicEnclosureOutlet No No

75 RemoteRadiatorswithCentrifugalFan No No
AcousticalLouvers No No
Water CooledManifolds No No
IncreasedCoolingCapacity No No
CoolingSystemSoundInsulation No No
AerodynamicEnclosureOutlet No No

Intake,Chassis 80,7/ Separationof Radiator Yes No
and Accessories & 75 & A/C Coils

*California'OB'I_-Initially

Source: 19
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Some of these techniques,such as turbochargingand intake silencing,are

alreadybeing employedon the articulatedbuses, There existslargeamounts

of unused space aroundthe engineand the air-conditioningunit, The use of

sound absorbingmaterial in this space,combinedwith the replacementof the

flexibleexhaust pipe, shouldresult in a significantnoise reduction. The

design of the M.A.N. buses _s such tht the noise reductionrequiredmay be

accomplishedwith relativesmalleffort. Table5-6 lists the suggestednoise

control treatmentsand indicateswhetherthey are currentlyemployedon the

M.A.N.buses.(Ref.21)

School Buses

Thereare five basic configurationsof schoolbuses:

Conventionalgasolinepowered

Conventionaldieselpowered

Front-engineforwardcontrol

Mid-englne

Rear-engine,

Noise control treatmentsof the various noise sources vary from one

" schoolbus type to another. Componentdesignnoise levelsalso varyfromone

school bus type to another. Therefore,data on overall school bus noise

abatement is distinguishedby type of school bus, although in many cases

treatmentsare identical. Table 5-7 specifiesthe componentnoise levels

required by design to achievethe four study levelsfor the varioustypes

of schoolbuses.

The specificnoise abatementtreatmentsof noise sourcesfor the various

types of schoolbuses to achievethe four study levelsare arrayed in Table

5-8. Inmany instancesnoise abatementtechniquesare commonto more thanone

type of school bus.
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TABLE 5-6

Comparison of Suggested Noise Control Features
with these Currently Employed on M,A.N, Buses

EXTERIOR INCREMENTAL
COHPONENT LEVEL NOISE IMPACTOF
SYSTEM (dR) CONTROLFEATURE IMPLEHENTATION

Engineand
Transmission 80 FullEngineUnderpan Possible minorrelocationof com-

ponentsfor easeofmaintenance

77 CompleteEngine Relativelyminorchanges
Enclosure

75 CompleteEngine Possiblefurtherminorchanges
Enclosure

Exhaust 80 Turbochorging Currentlyused for California
buses;Relativelyminorchanges

77 Turbocharglng Rechangefrom previouslevel

DualExhaustand PossIblelayoutredesign
DoubleWrappedMuffler

75 Turbonharging Nochangefrompreviouslevel

B_I Exhaustand Nochangefrompreviouslevel
OoubleWrappedMuffler

Cooling _ 80 RetainLargeRadiator
With SlowenTurningFan

Smaller Radiatorwith Relativelyminorchange
ThermostaticControlled
Fan

DownwardOutlet Possibleminorrelocationof
components

77 RemoteRadiatorwith Layoutredesign
IncreasedCooling
Capacity

AerodynemlcEnclosure Relativelyminorchange
Outlet

75 RemoteRadiatorwlth No changefromprevious level
Increased Cooling
Capacity

AcousticalLouvers gelatlvelyminorchange

Water CooledManifolds Possiblelayoutredesign

CoolingSystemEnclosure Relativelyminorchange

AerodynamicEnclosure No change from previous
Outlet level

IntEke,Chassis 80, 77 Separatio_o$ Radiator Layoutredesignat BO dR
e_d Accessories andA/C Condenser level

Reference 20
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TABLE5-7

Design Levels of ComponentNoise Sources

ComponentNoise Level Natrtx for Gasoline.Powered Conventional School Buses
and Front Englne ForwardControlSchool Buses

SoundLevel,SAG O366bTest,dB

I IX III IV

Bus Study Level 83 80 77 75
(Net-to-exceed level)

Bus design level 80.O 77.5 74.5 72,0

Engtne end tntake 77 74 71 68

Exhaust 73 69 65 55

Cooling fan 73 70 64 64

Chassis and accessories 70 70 70 65

ComponentNotse Level Hatrtx for Diesel-Powered Conventional School Buses

SoundLevel, SAEJ366b Test+ d8

I II Ill IV

Bus Study Level 83 80 77 75
(Not-to-exceed level)

Exteetor Oestgn level 80,5 77.5 74.5 72.5

Engtne 77 74 71 68

Exhaust 73 69 68 65

Fan 73 70 64 64

Intake 72 6g 65 55

" Chassis end Accessories 70 70 65 65
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TABLE5-7 (Cont.)

ComponentNoiseLevelMatrixfor Hid-EngineSchoolBuses

SoundLevel_SAE J3BBbTestf dB

I II Ill IV

Bus Study Level 83 80 77 75
(Not-to-exceed level}

ExteriorDesignLevel 80.5 77,5 75.0 72.5

Engine 75 71 71 57

Exhaust 75 70 65 65

Cooling Fen 76 73 70 65

Intake 65 65 65 65

Chassis 70 70 65 65

ComponentNoiseLevelMatrixfor Rear-Englne.SchoolB'uses_Integraland Bod.yon Chassis)
J

SoundLevel, SAEJ3B6b Test, ,dB

I II Ill IV

Bus Study Level 83 80 77 75
(Hot-to-exceed level)

Bus Exterior Design Level 80.5 77.5 75,0 72.5

_: Engine and Transmission 75 71 71 65

' Exhaust System 75 70 65 65

Cool fn9 Fan 76 73 68 65

Intake 65 65 65 65

_, Chassis 70 70 68 BB

ii
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TABLE 5-8

Notse Cnntrol Treatments fnr School Buses

Type of S¢hool BUS

else Study No_se Contro_ Feature Conventional Conventional Front-£ng_e _ld-Eng]ne ReLr-[_gine
ource Lewl Gasoline-Powered Die,el-Powered Forward Control

Parcel Delivery
Chassis and Hotor

Hom_Chassl_

xhaust I Best Available Muffler X X
AdvancedOouble-WrappedMuffler X X X
Premuffler May be _eeded X X
Se_l All Leaks _etween Radiator, X X
Bus SId_walls end Shroud

I[ _re AdvancedMuffler {Almost X X
0o_]_9 of _ffler Vol._e)
Pl.ywaodFloor X X
Turbocharged Engine or _dlfled X
_tesel Truck Muffler
Larq_ Resonator In Series With Main X
I_ffler
Sea] All Leaks In Exhaust System X X
TurUochar_edEngine or Add a Large X
_esona_or in Series gtth Naln
t_ffl_r

_[! Adwnced Ou_l Horizontal Exhaust X X
System _ith Double-galled Muffler
and Pr_muffl_rs
Heavier Gau_eExhaust an_ Tall Pipe X X

• G_S Tight Exhaust Jotnts x X
Wrap Exhaust Pipes gtth Thermal X
Acoustical Matert_l
Add Large Resonator X
Turbocharga_ Engtn_
_anifold Mufflers or Improved X
Resonators and _ Muffler With
Stack Silencers



TABLE 5-8 (Cont.)

T_pe Of School Bus

o|se Study NoiseControlFeature Conventional Conventlonal Front-Englne Mid-£nglne Rear-Engine
ource Level Gasoline-Powered Diesel-Powered ForwardControl

ParcelDellvery
Chassisand Motor

HomeChassis

IV No FurtherControlsRequired X X X X
Cont.) MenifoldMufflersor Advanced X

Double-WalledDual Mufflers
Double-Wal|Exhuast Piping X
Ripe Joint Seals X

ioollng I Seal Shroud X X
DptlmlzeFen Coverageby the Shroud X X
ReadjustCeolingSystem For Adequate X
CoolingWith Sealed Engine
Enclosure

No Treatment Required X X

II ContouredShroudWith Z/4-InchTip X X X
Clearanceor IncreasedRadiator
end Fan Size

Me Further Controls Required X
Contoured Shroud X
Replac_Fan to HandleGreaterTotal X

Head

Ill IncreaseRadiatorFrontalArea by X X X
20 Percent and Fan Diameter by
lO Percent

Engine MountedClose Fitting Shroud X X X
AdvancedSerpentlne*FanRadiator X X X
RedesignFan Shaft,Pulleyend Belt X X X

System
IncreaseRadiatorby 10 Percent X X
Engine MountedContoured ShroudWith X X
1/4-Inch Tip Clearance

_,_'._._._.a_._e_'_:,_,_. " _""'_"_"_'-'"_'_'_'"_ ................ _"_"'_'_'_ _*";:_:'_';_bC;_;_': "';"C,_;;':_'_'_:;;_L'_u_._.,,,_,_ __C:



TABLE S-8 {Cont.)

T_pe of School BUS

Ise Study Noise Control Feature Conventional Conventional Front-Engine Hid-Engine Rear-Engine
Level Gasoline-Powered Diesel-Powered ForWardCentre]

Parcel Deliver3
Chassts and Hotor

HomeChassts

>1|rig IV Readjust Cooling Syste_ X X X
Increase HaxtmumFan Speed X X X

_nt.) Redesign Engine Stde Shields X X X
Hey Require 2 Radiators on Etther X

Stde of Engtne
;the ! No treatment Required X X

Engine Quieting Kit X
Acoustically Treat EngineHood X
Day, Engine Covers X X
DampOIl Pan X X
Acoustically Treat EngineCompartment X X

II Acoustically Treat Engine Hood X X
Acoustically Treat CowlFace X X X
Acoustically Treat Under-Floor X X X
Seal Holes In Ftrewel! gith Heavy X X X

Rubber Boot
Engtne Noise Shteld X
Belly Pen X
Sealed Bel|y Pan X
Acoustically $e_1Extt Ouct x
Line-of-Sight Shteld Between Engine X

and Fen
lI! Englne Stde Shields X X

Cooling Fen Redesign X X
For Turbocherged Engine, Larger X

£nglne Cab



TABLE 5-8 (Cont.)

Type of SchoolBUS

Noise Study Noise Control Feature Conventional Conventional Front-Engine Mid-Engine Rear-Engine
Level Gasollne-Powered Diesel-Powered ForwardControl

ParcelDelivery
Chassisand Motor

HomeChassis

lit If Not Turbocharged,BellyPan X
{Cent,) May RequireFlow-ThroughEngine X

EnclosureWith SpecialEngine
Mounts

IsolateEngineor IsolategedyFrom X
Chassis

TurbochargedEngine X X

IV EngineSide Shields X X
BellyPan BetweenRadiatorandBell X X
Housing

CoollnQCapacityNay Need to be X X
) Increased

IsolateEngineor IsolategodyFrom X X X
Chassis

TurbochargedEngine X
Sealed Type Tunnel Flow-Through X

Enclosure
Major Redesignof EngineCOWl X
Major Redesignof Cooling X X
Total EngineEncapsulation X
Total Engine Encapsulation oP Flow-
Through EngineEnclosure X

Urban Transit Bus Changes X
Floating Slab Floor



3. AcousticalAssurancePeriod(AAP)

The noise abatement methods described in this chapter are based on

existing noise control techniquesfor lowering noise emitted by currently

designed buses. Many of these methods have been demonstratedon prototype

trucks and transitbuses, while some of the technologydiscussedhas been

incorporatedinto productionmodel vehicles. The durabilityof thesenoise

controltechnologiesis of particularinterestto the EPA.

To ensurethat manufacturersdevelop and apply durablesound reduction

measuresto their products,EPA is establishingan AcousticalAssurancePeriod

(AAP) of 2 years or 200,000miles, whichevercomes first. This means that

the bus noise levelmust conformwith the standardduringthis periodprovided

that it is properlymaintained.

If individualnoise controlcomponentsare not durable,total vehicle

noise emissioncharacteristicsmay be expectedto degrade. Improvedmufflers

manufacturedwith comparablematerialsshould deteriorateat about the same

rate as thosepresentlyproduced.

Diesel-engine-mountedshieldshave been thoroughly tested by Cummins,

DetroitDieselAllison,and Caterpiller.Degradationcan normallybe expected

only if the panelsare workedlooseby vibrationor if the acousticalmateri-

als becomesaturatedwith oii.

On conventionalschool buses,engine side shields integratedinto the

engine cowl can reduce the accessibilityof the engineto servicing. Care

should be taken during servicingto avoid damage to the panels by repair

tools,oil contaminationof the panels,and excessivevibration.
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Belly pans can collect oii, are easilydamaged by road surfaces,and

reduceengine accessibilityfrom underthe vehicle. Removingbellypans may

decreasethe efficiencyof certainvetliclesystems. For example,the belly

pans will changethe air flow ratethroughthe engine compartmentand reduce

the efficiencyof a coolingsystem designedfor an enginewith belly pans.

Therefore,belly pansshouldbe designedfor improvedengineaccessibilityand

either binged or have sufficient warning labels that they should not be

permanentlyremoved.

Degradationof noise levels from vehicles with totaily encapsulated

enginesis unllkelyIf the shieldingis properlyassembled.

Current transit industry practicesmay also impact bus noise levels.

Those practicesmay include(Ref.19):

Engineaccessdoors are oftennot latched.

Covers used for engine enclosuresmay get damaged or not replaced

duringbus servicing.

Steam cleaningand use of high pressurehot water for enginecleaning

may cause acoustlcalInsulationto breakdown.

Bus operatorsoften develop their own maintenanceschedules,which

although often based on manufacturer maintenance schedules, may

differfromone operatorto another.

The qualityof maintenanceand repairdifferssignificantlyamong bus

operators.

Bus noise levels may be significantly influenced by the type of

operationand duty cycle. For example,streetsthat are in disrepair

will tear up buses duringnormaloperationsdue to excessivevibration.

5-57



Warranty costs for transit buses are considereda capitalcost and

subsidized80 percentby the Federalgovernment.Maintenancecosts for

transitbuses areonly subsidized50 percentby the Federalgovernment.

New equipment is usually used more extensively in the fleet than

olderequipment.

With propercomponentdesignand maintenanceprocedureswhich incorporate

checks on criticalnoise abatementdevices,degradationshouldbe minimal.
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SECTION 6

EVALUATION OF EFFECTS OF BUS

NOISE ON PUBLIC HEALTH AND WELFARE

Introduction

The purposeof this sectionof the regulatoryanalysisis to assess,in

quantitative terms, the health and welfare impact of the noise emitted by

buses, and the benefits or reductionsin this impact to be expectedfrom a

regulation limiting the noise emissions from newly manufactured buses.

Presentedin thisanalysisarepredictionsof the potentialhealthand welfare

benefitsof selectednoisecontroloptionsthatcover a wide rangeof possible

regulatoryprogramsfor buses.

Because of inherent differencesin indivlduaIresponsesto noise,the

wide range of situationsand environmentswhichrelate to bus noise genera-

tion, and the complexityof the associatednoise fields, it is not possible

to precisely examine all situations of community exposure to bus noise.

In this predictiveanalysis,certain stated assumptionshave been made in

order to approximatetypical,or average,situations. The order of magnitude

of the populationthat may be affectedfor each regulatoryoption is deter-

mined through statistical analysis. Some uncertainties with respect to

individualcasesor situationsmay remain.

Effectsof Noiseon People

The phrase "health and welfare,"as used in this analysis and in the

context of the Noise Control Act, is a broad term. It includespersonal

[I 6-I
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comfortand well-belngand the absenceof mental anguish,disturbancesand

annoyance,as well as the nonoccurrenceof clinicalsymptomssuch as hearing

loss or demonstrablephysiologicalinjury (Reference24). In other words,

the term appliesto the entirer_nge of adverseeffectsthat noise can have

on people.

Improvementsin publichealth and welfare are regarded as benefitsof

noise control. Public health and w(.If.)rebenefits may be estimated both

in terms of reductions in noise exposures and, more meaningfully, in terms

of reductionsin adverseeffects. This analysisfirst estimatesexterior

and interior bus noise exposure (numbers of people exposed at different

noiselevels),and thentranslatesthlsexposureintopotentialimpactson the

community, bus passengers and drivers.

People are exposed to noise from buses in a variety of situations.

Some examples are:

! i. Insidea home,officeor workplace

i Z. Outdoorsat home,or in commercialand industrialareas

3. As a pedestrianor in transitin other vehicles

i 4. As a participantin recreatlonalactivities

5. As a bus driveror passenger

As measuredfrom people'sresponsesin questionnaires,there is no doubt

that annoyanceto bus noise does exist. In fact, in a surveyof people's

annoyanceto mtor vehicles,it was found that of those vehiclesperceivedas

a noiseproblem,buseswere noted to be the loudestandmost intenselyannoy-

ing of any of the major vehicle noises (Reference 6).
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Noise affectspeop]e in many ways, althoughnot all noise effectswill

occur at all ]evels. Noise associated with the operation of buses can

produce the effectsmentionedbelow,the extentto which dependson duration

of exposuresandspecificexposuresituations.

The best-knownnoiseeffectis probab]ynoise-inducedhearingloss. This

is generallynot a problemfor a personwith occasionalexposureto traffic

noise, but it canbe a prob]emfor some bus driversor passengers.A charac-

teristic of noise-inducedhearing loss is that it first occurs in a high-

frequency area of the auditory range, which has some importance for the

understandingof speech. As a noise-inducedhearing loss furtherdevelops,

the sounds which ]end meaningto speech becomeless and less discriminable.

Eventually,whileutterancesare stil]heard, theybecomemerelya seriesof

low rumbles,and the intelligibilityis lost. Noise-inducedhearingloss is

a permanentlossfor which hearingaidsand medicalprocedurescannotcompen-

sate.

Noise can cause stress. The body has a basic, primitive response

mechanismwhich outomaticallyreacts to noise as if to a warningor danger

signal. A complexseriesof bodilyreactions(sometimesca]ledthe "f]Ight-

or-flght"response)takes p]ace;thesereactionsare beyondconsciouscontrol.

When noise intrudes,these reactionscan includeelevationof b]oodpressure,

changes in heartrate, secretionsof certainhormones Into the bloodstream,

changes in digestiveprocesses, and increased perspiration on the skin.

This stress responseoccurs with individualnoise events, but it Is

not known yet whether the reactions seen in the short term become, or
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contributeto, long-termstressdiseasesuch as chronichigh blood pressure.

Some of this stress response is believed to be reflected in what people

expressas "annoyance","irritation",or "aggravation"and which the Agencyhas

termed "generaladverseresponse". Accordingly,this analysisestimatesthe

generalizedadverseresponsesof peopleto environmentalnoise. To the extent

that physiologicalstressand verbalizedannoyanceare related,the "general

adverseresponse"quantity is consideredto be one metric for indicatingthe

magnitudeof human stressresponse.

The general adverse response relationship to noise levels is also

seen as representing, in part, another area of noise effects: activity

interference. There is considerable scientific data that demonstrates that

noise interferes with many important daily activities such as sleep and

communication(Reference11). These effects(sleepdisturbanceand communica-

tion interference)can be estimated. Thus,computationsof potentialbenefits,

based on the potentialof interferencewith human activities,are includedas

part of the analysisin this section. In expressingthe causesof annoyance

to noise,peopleoften report that noise interfereswith sleeping,relaxing,

concentration,TV and radio listening,and face-to-faceand telephonecommuni-

cations. Thus, the generaladverseresponsequantityis consideredan appro-

priatemetricto indicatethe severityto which noise interfereswith everyday

humanactivities.

Measuresof Benefitsto PublicHealthand Welfare

People are exposedto noise generatedFrom buses both at and awayfrom

their residences. In general, it is anticipatedthat a reductionof noise

emittedfrom buseswillresult in the followingtypes of benefits:

I. Reduction in average traffic noise levels and associated cumula-
tive long-termimpactupon the exposedpopulation.
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2, Fewer human activitiesdisruptedby individual,intenseor intruding
noiseevents.

3. Genera] improvementin the qualityof life,with quietas an amenity
resource.

4. Reduced annoyance in terms of less interferencewith speech com-
municationinsidebuses,and reducedpotentialfor hearingdamagerisk
to bus drivers and passengers in combination with non-bus noise
exposures.

The generalapproachtaken inthis healthand welfareregulatoryanalysis

is to estimate the adverse effects of bus noise on the U.S. population,

and then quantitativelyevaluate the potentialbenefits resultingfrom the

reductionof noise from buses (bothinsideand outside)in termsof percentage

reductionsin adverseimpact.

Estimatesof trafficnoise levelsunder variousregulatoryschedulesare

presentedin terms of the noise levelsassociatedwith typicalbus passbys.

These estimatesare derived by consideringtraffic mixes within different

populatedland areas, Possible reductionsin average trafficnoise levels

from current conditions(i.e.,withoutnoise emissionregulationsfor buses)

are presented for several regulatory options for new buses, taking into

account probable noise emission reductionsof other trafficnoise sources

(References50 and 51). Projectionsof the populationadverselyimpacted,as

well as the relativereductionsin impact(benefits)from currentconditions,

ere determinedfrom the estimatedreductionsin averagetrafficnoise levels.

However,estimatingnationwideimpactin termsof averageurban traffic

noise levelsis not, in and of Itself,totally indicativeof the severityor

extensivenessof the bus noise problem. The analysisdoes not fullydescribe

individualdisturbancesor the extremeannoyancecausedby singlebus passbys

in various environmentalsituations. This is because annoyanceor other
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responses to noise frequently depend on the activities and locations of the

people whenexposedto bus noise. Thus, averagetrafficnoise levelsdo not

accountforthe moredisruptiveand annoylngpeak noise intrusionsproducedby

individualbus passbys(frequentlyreferredto as "singleevents"). Therefore,

additionalpotentialbenefits shouldresultfrom the considerationof reduced

noise levelsassociatedwith these singleevents. These benefits are dis-

cussed in terms of the potentialinterferencewith people'sactivitiesre-

sulting from exposure both to current bus noise emission ]evels, and to

reducedsingleevent levelsassociatedwiththe regulatoryoptionsconsidered.

Sleep interferenceand speechinterferenceare consideredin this analysisas

indicatorsof potential activity interferenceand the associatedadverse

impactof bus noise. Furthermore,benefitsof reducinginteriornoiselevels

of buses are examined.

The followinganalysispresentsnumericvalueswhich representboth the

numbers of people exposed to bus noise and the degree to which they are

potentiallyimpacted. Also presentedare relative percentagereductionsIn

impact from1980 conditions. This analysisprlnclpallyrelies on relative

percentreductionsIn noise impact ratherthan on absolutevaluesof present

or futureimpactsince the latteris not readilyquantifiable.The relative

reductions in impacts are considered accurate indicators of what might be

expectedfromthe impositionof noise emissionstandards. For example,while

it may not be possible to characterize completely the extensiveness end

severityof the noise impactof currentbus operations,relativereductions !

can be accuratelycalculatedand are used for comparingvarious regulatory

alternatives.
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Regulator_ Schedules

The health and welfare analysis carried out for buses examined the

potential benefits of reduchlg bus noise based upon a broad range of the

exterior and interior regulatory options. Those regulatory options shown in

Table 6-1 represents those regulatory opttons, as applted to both exterior

and interior bus notse emissions, that were considered in arriving at the

final regulatory levels and effective dates. Since a number of the options

are to varying degrees dependent on each other, they are grouped accordingly.

With only one exception, each bus type is regulated to the same level.

In Option 5, transit and intercity buses are regulated in accordance w_th

Option 3, while school buses adhere to Option 2. Option Q (an idealized case)

represents quieting buses to a level 10 dg below the most stringent regulatory

option. Thts option is included for comparison purposes only to indicate an

upper limit of potential benefits,

DESCRIPTIONOF TRAFFICNOISEIMPACT

Tbls analysispresentsprojectionsof averagetrafficpassbynoise levels

for scenariosthat Inc]udeboth urban streettraffic and highway traffic.

Note that the benefitsaccruedfrom the regulatoryschedulesconsideredfor

new buses willbe ]ess for highwaytrafficthan for urban streettrafficfor

Che followingreasons:

o The numberof peopleexposedto highwaytrafficnoiseIs less thanthe
numberof peopleexposedto urban streettrafficnoise.

o The reductionsin trafficnoise levelsresultingfrom the regulations
on new buses wII| be less in freeway traffic than in urban street
traffic.

As presentedin Figure6-i, the numberof peopleexposedto outdoornoise

levelsthat are greaterthan Ldn * of 55 dB dominatedby urbanstreet

• L- is the day-night sound level expressed in decibels. Thts is
dlsc_sed in moredetailin the followingsubsection"NOISEMETRICS."
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TABLE 6-I

POSSIBLE REGULATORY OPTIONS FOR _IE_BUS_S

(A-welghted sound levels and effective dates)

............................. c!hels)..',__C oibels)__..........;
'BASELINE' ' NOREGULATION
I e l o

' I IgBI 83 86
i o _ m m

' 2 ' 1981 ' 83 86 '
m m 0 0

1985 ' 80 83 '

.....................................................................

' 2A i985 80 ' 83 '
I i I i l

3 1981 83 86

1988 80 83

1987 77 BO

..........................................................................

3A ' 1985 ' 80 83
I I J d

' 1987 17 ' 80
l ¢ t ; i

' 38 ' 1987 77 ' 80 '
I l i l l
.......................... . ................................................

4 1981 83 86

1985 80 83

1987 II 80

1988 75 78

...........................................................

5 1981 83 ' 86
0

1988 GO ' 83
I

1987 77 (transit 80 (transitand
and inter- interclty

city buses) buses only)

' Q* ' 1981 ' 68 ' 68 '
' (quiet)....
d o i I 0

: * Option Q Is i0 dB below the most stringentregulatoryoption. It |s an
Idealisticoption Intendedfor comparisonpurposesonly.
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by urbanstreettrafficnoise is significantlyhigherthan the numberexposed

to highwayand freewaytrafficnoise -- 78 millionas opposedto 17 million.

Thus, reducing urban street traffic noise will benefit significantlymore

peopleLhdnwill similarreductionsin highwaytrafficnoise.

NOISE METRICS

As discussedin the Introductionof this section, three methods are

used to evaluatethe health and welfarebenefitsof reducedbus noise emis-

sions. These methods estimate the general adverseresponse due to noise

associatedwith the operationof buses; the potentialof everydayactivity

interference(sleep disturbancesand speech communication interferences)

attributableto individualbus passbys; and an interiorbus noise analysis

concernedwith the potentialof hearing damage risk and interferencewith

speechcommunications.

Three noise metricsare principallyused in thesemethods. The primary

measures of noise exposure for general adverse response and annoyanceare

the EquivalentA-weightedSound Level (Leq) and the Day-NightSound Level

(Ldn). Potentialsleep disturbancesare computedusing the Sound Exposure

Level (Ls) of the individualevent as the primarymeasureof noise impact.

Speech interferenceis calculatedusing the Leq over the duration of the

individualnoise event, while risk to hearing damage is examinedusing an

Leq measured over 24 hours. A brief description of these three noise

metricsfollows.

EquivalentSoundLevel,Leq

This analysisuses a noisemeasurethat condensesthe physicalacoustic

propertiesthat are characteristicof a given noiseenvironmentintoa simple
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Indicatorof the quality and quantityof noise. This generalmeas_Jrefor

environmentalnoise Is the equlvalentA-weightedsound level (Leq)expressed

In decibels(Referencei). It correlatesqLdtewell with the overalllong-

termeffectsof environmentalnoiseon publichealthand welfare.

The basic definition of Leg is:

I ct2 p2(t)..dt (I)
Leq = 10 log10 t2 --_'i .j po2

tl

where (t2-tl) Is the intervalof time over whichthe levelsare evaluated,

p(t) is the tlme-varying magnitude of the sound pressLJre,and Po is a

referencepressurestandardizedat 20 micropascals.When expressedin terms

of A-weighted sound level, LA, the equivalent A-weighted sound level,

Leq, is defined as:

Leq= lOglo Io_LA(t)/i0].dt (z)
tl

When associatedwith a specificshort-tlmeinterval,(t2-tl), or T,

the Leq (T) representsthe energy-averagedse,Jndlevel over that interval

of time. Comlonlyused time intervalsare 24-hour,8-hour,l-hour,day and

night,s.vInbollzedas Leq (24)' Leq (B)' Leq (I)'l'dand Ln, respectively.

Da_-NightSoundLevel,Ldn

In describingthe impact of noise on people, a measure called the

day-nlghtsound leve] (Ldn) is used. This Is a 24-hourmeasure with a
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weightingapplied to nighttimenoise levelsto account for the increased

sensitivityof people to noise intrudingat night. The Ldn is definedas

the equivalent noise level during a 24-hour period, with a 10 dg weighting

applied to the equivalent noise level during the nighttime hours of 10 p.m. to

7 a.m. The basic definition of Ldn in terns of the A-weighted sound level

Is:

1 oo LA(t)/10 [LA(t)+IO]/IO
Ldn= I0lOglo_ i0 dt+ i0 dt (3)

0700 0

When valuesfor averageor equivalentsoundlevelsduringthe daytimeor

nighttimehours (Ld and Ln, respectively)are given, Ldn may be expressed

as:

• Ldn = 10 loqlo 15 X ÷ g X 10 (4)

where Ld is the "daytime"equivalentlevel obtained between7 a.m. and i0

p.m., and Ln is the "nighttime"equivalentlevel obtained between 10 p.m.

and 7 a.m,

SoundExpos,u,re Level, Ls

Most of the criteriawhich relatenoise exposureto adversehuman impact

dealswith people'sexposureto noiseover timeratherthan to discretenoise

events. Specificationof the noise environmentin terms of day-nlghtsound

level is adequate for pervasive, long-term type noises, such as general!

.; traffic noiseor aircraftnoise. However,such measures may not be fully

i descriptiveof the impactof the noisefrom single,isolatedoccurrences,such

as a bus passingby. In this case, a singlenoise event may contributean

insignificantamountto the total environmentalnoise,yet be of significant
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adverse impact. Some effects of noise on people have been quantified in

terms of sound level (such as Leq) over a particular duration. Others have

been quantifiedby a simplemetricwhichmeasurestotal soundenergyover the

duration of the event, the Sound Exposure Level (Ls). The sound exposure

level is the integralof the mean squareweightedsoundpressurereceivedat a

specified distance during a slngle occurrence of a nolse-producing event. The

sound exposure level is defined as:

hoIolog T (51
10 Pc

where p(t) is the A-weightedsound pressureat time t, Pc is the reference

pressure (20 micropascals),and T is the durationof the noise event. For

a typical bus passby, the approximation to the sound exposure level is:

Ls : Lmax + I0 log (T/3.5) (6)
10

where T'is the tlme in secondsover wh|chthe sound is present,and Lmax is

the maximum A-weighted sound level of the event (see Appendix D for a more

detaileddescriptionof the timehistoryapproximation.)

FRACTIONAL IMPACT METHOD: See Appendix C

HEALTHAND WELFARECRITERIA- GENERALADVERSERESPONSE

To projectthe potentlalbenefitsof reducingthe noisefrom buses,it is

necessary to describe statisticallythe noise-exposed population (on a

nationalbasis)both before and afterimplementationof the regulatlon.Thls

statisticaldescriptioncharacterizesthe noise exposuredistributionof the

populationby estimatingthe numberof peopleexposedto differentmagnitudes
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of noise as definedby metricssuch as daymnightsound level. This is concep-

tually il]ustratedin FigureC-I of AppendixC, which comparesthe estimated

distribution of the noise exposed population before and after imp]ementatlon

of a hypotheticalregulation. This type of approach providesa basis for

evaluating the change in noise impact due to a given regulatory action.

It is also necessaryto distinguish,in a quantitativemanner, between

the differing magnitudes of impact upon different individuals exposed to

different values of Ldn. That is, the magnitude of human response to noise

generallyincreasesprogressivelyfrom an identified"no response"threshold

to some extrememaximum projectedimpact -- the greater the exposure, the

more extreme the response. Hence, once the identifiedlevel is exceeded,

the degree of human response associatedwith the noise will increasewith

increased noise exposure.

To assessthe impactof trafficnoiseusingthe fractionalimpactproce-

dure, one needs a relation between the changes in traffic noise and the

responsesof the people exposedto the noise. There existssome variability

in human responsemeasuresdue to a numberof socialand demographicfactors.

In the aggregate, however, for residential locations, the average response of

groups of people is related quite well to cumulative noise exposure as

expressed in a measure such as Ldn. For exampTe, the different forms of

responseto noise such as hearingdamage,speechor other activityinterfer-

ence, and annoyancewere related to Leq or Ldn in the EPA Levels Document

(ReferenceI). For the purposesof this partof the study,criteriabasedon

Ldn presented in the EPA Levels Document are used. Furthermore, it is

assumed for this analysis that if the outdoor level of Ldn is less than or

equal to 55 dB, which is identified in the EPA Levels Document as requisite
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to protect the public health and welfare, no adverse impact in terms of

general annoyance and community response exists.

The communityreactiondata presentedin Appendix D of the EPA Levels

Document (Reference1) show that the expected reaction to an identifiable

sourceof intrudingnoisechangesfrom "none"to "vigorous"when the day-nlght

sound level increasesfrom 5 dB below the level existingwithoutthe presence

of the intrudingnoise to about 20 dB above the level beforeintrusion. For

this reason, a level of 20 dB above Ldn = 55 dB is consideredto result in

a vigorous reactionby the people exposed. At this level (Ldn = 75 dB),

the percentageof the populationwhich is "highly annoyed"by noise would

be approximately40 percentof the totalexposedpopu]ation. The data in the

EPA Levels Document suggest that for environmentalnoise levels which are

intermediate between 0 and 2D dB above Ldn = 55 dB, the impact varies

linearly. That is, a 5 dB increase(Ldn = 60 dB) constitutesa 25 percent

impact,and 10 dB increase(Ldn = 65 dB) constitutesa 50 percent impact,

with a 20 dB increaserepresentingmaximumimpact.

For convenienceof calculation,a function for weightingthe magnitude

of noiseimpactwith respectto generaladversereaction(annoyance)has been

used (Figure 6-2). This function, normalized to unity at Ldn = 15 dB (a

point of maximum expected impactfor most communities),may be expressedas

representingpercentagesof impact in accordancewith the followingequation

(see Appendix C):

I 0.05 (Ldn- C) for Ldn_C

W(Ldm) = (7)
0 forLdn< C

where W(Ldn) is the weightingfunction for general adverse response,Ldn

is the measuredor calculatedcommmunitynoise level, and C is the identified
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threshot_ below which the publicis not consideredat rlsk (Ldn = 55 dB).

Note that the weighting functionfor general adverse response can exceed

uhlty at levels greater than Ldn = 75 dB.

A recent compilation(Referencesg and 25) of 18 socialsurveysfromg

countriesshows, in fact, that the responsecurve relating "percenthighly

annoyed"to the noise measuredaroundrespondents'homes is best represented

by a curvillnearfunction. However,it has also been shown that the single

linearfunctioncan be used with goodaccuracyin cases whereday-nightsound

levelsrangebetweenLdn valuesof 55 dB to 80 dB (Figure6-2).

By using the derived relationshipbetweencommunitynoise exposureand

general adverseresponse (Equation7), the Level WeightedPopulation(LWP)*

associatedwlth a given levelof trafficnoise (Lidn)may be obtained(Refer-

ence g). The procedureinvolvesmultiplyingthe numberof peopleexposedto

that level of traffic noise by the relatlveweightingassociatedwith this

level as follows:

LWP! = W(Lidn) x Pi (8)

where LWPi Is the magnitude of the impact on the population exposed to

Lidn and is numerlcallyequal to the number of people who
traffic noise

would a11 have a fractionalimpactequal to unity (100 percent impacted}.

W(Lidn} is the weightingassociatedwith an equivalent
traffic noise level

of Lidn (from equation 7), and Pi Is the population exposed to that

level of trafficnoise. To i11ustratethis concept,if thereare I000people

* The proceduresfor derivingLWP weredevelopedby the Committeeon Hearing,
Bloocoustlcsand Biomechanicsof the NationalAcademyof Sciences. Other
terms suchas EquivalentPopulation(Peq)and EquivalentNoise Impact(ENI)
have beenused interchangeablywithLWP.
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llvlng in an area where the noise level exceedsthe criterionlevel by 5 dB

(and thus are considered to be 25 percent impacted,W(kdn) = 0,25), the

environmentalnoise impactfor this group is the same as the impacton 250

peoplewho are 100 percent impacted(I000x 25% = 250 x 100%). A conceptual

exampleis portrayedin Figure6-3.

When the total impact associatedwith trafficnoise is assessed, the

observedlevelsof noise generallydecreaseas the distancebetweenthe source

and recelverincreases. The magnitudeof the totalimpactmay be computedby

determiningthe partial impactat each level and summingover each of the

levels. The total impact is given in terms of Level Weighted Population by

the following formula:

LWP = _LWP i = _[W(L_n ) x Pi] (g)i

whore w(kidn) Is the fractionalweightingassociatedwith Lidn, and Pi Is

the populationexposedat eachLidn.

The changein impactassociatedwith regulationson the noise emissions

from traffic vehicles may be assessed by comparing the magnitude of the

impactswlth and withoutregulatlonsin termsof the RelativeChangein Impact

(RCI),which is calculatedfromthe followlngexpression:

[LWP Lbefore)- LWP (after)]
RCI = 100 x LWP (before)

(10)

This basic fractional impact procedure is also used to compute noise

impact employing a variety of additionalcriteria (e.g., activity inter-

! ference, hearing damage risk, etc.) other than general adverse response

i (Reference26),
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FIGURE 8-3 EXAMPLE OF FRACTIONAL IMPACT METHODOLOGY

THE COMPUTATION OF LWP ALLOWS ONE TO COMBINE THE NUMBER OF PEOPLEJEOPARDIZED BY
NGIGE ABOVE AN Ldn OF 55 dBWITH THE DEGREE OF IMPACT AT DIFFERENT NOISE LEVELS. THE
CIRCLE IS A SOURCE WHICH EMITS NOISE TO A POPULATED AREA. THE VARIOUS PARTIAL AMOUNTS
OF SHADING REPRESENT VARIOUS DEGREES OF PARTIAL IMPACT BY THE NOISE. THE PARTIAL
IMPACTS ARE SUMMED TO GIVE THE LWP. IN THIS EXAMPLE, SIX PEOPLEWHOARE ADVERSELY
AFFECTED BY THE NOISE (PARTIALLY SHADED) RESULTS IN A LEVEL WEIGHTED POPULATION (LWP|
OF TWO (TOTALLY SHADED).
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As discussedpreviously,the conceptof fractionalimpact,expressedin

units of LWP, ismost usefulfor describingrelative chanqesin impactfroma

specified baseline for the purpose of comparing benefits of alternative

regulatory schedules. In order to assess the absolute impactor benefits

correspondingto any regulatoryschedule,one must have informationon the

distributionof populationas a functionof noise environment. The deriva-

tion of this type of informationis discussed in the followingsubsections

entitled "EXTERIOR NOISE PREDICTION MODEL" and "INTERIOR NOISE PREDICTION

MODEL."

HEALTHAND WELFARECRITERIA- SINGLEEVENTRESPONSE

When the benefitsof ]esseningthe noise from buses are being examined,

it is importantto look beyondthe contributionthat buses make to overall

average day-night traffic noise (Ldn). The impact contributions which

are calculatedin terms of averagecommunityresponse are somewhatgeneral-

ized and do not necessari]yrepresentspecific impact situations. On some

occasions, noise associatedwith buses wil] combine with other noises,as

described by the General Adverse Response analysis. At other times or in

other situations,one can expectthat other noise sourceswill not be slgniFi-

cant, and thus each bus passby wi]] cause a distinct Impact. The actual

impact from buses is certainlydue to a combinationof variouslevelsof bus

noise end other environmental noise. Thus, the preceding criterion for

general adverseresponsewill not take Into accountthe fact that almostthe

entire amountof daily acousticalenergy contributedby buses in an arcamay

be generatedby only a few minutesof noise duringmany accelerationsneara

bus stop In the course of a day. Yet these intrusive,short,intenseevents

may be some of the most annoyingnoise-relatedsituationsFaced over the
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entireday by a largenumberof pedestrians,residents,or peoplewaitingnear

a bus stop. Admittedly, such annoyance is a difficult reaction to measure.

It may pass rapidlyand the actualcause r'emalnunnoticed. Or it may add to

other agentscausingstress and lead to physiologicalproblems(References5

and 11).

A loud, short-duration vehicle passby may also interrupt people's

activities,such as conversation,sleeping,TV viewing, reading etc. In a

study of the annoyance caused by different levels of simulated aircraft noise

for people seated indoors watching television,annoyancewas found to be

dependent,at leastin part, by speechinterference(Reference12). Not only

is the TV program,or other personspeaking,moredifficultto hear duringthe

time inwhich a noisyevent is takingplace,but it has been observedthat the

distractionwhich may occur from the conversationin which the person is

engaged may contribute in itself to annoyance (References 12 and 32). The

speakermay attemptto cope with the noise intrusionbehaviorally,eitherby

increasing his or her vocal effort, or in more severe cases, by discontinuing

conversationaltogether. Such behavioralreactionsmay be indicativeof

general annoyance and disturbance with the intrusive noise event.

Although interruptions of people's activities will lead to annoyance,

such disturbancesmay also representa degradationof health and welfare,

For example,the reactionto a noiseintrusionduringsleep is, in many cases_

a changein sleep stage (from a "deeper"to a "lighter"stage) or, if the

intrusivenoise is intense or of prolongedduration, an actual awakening

may result. In either case, repeateddisturbanceof people'ssleep can be

expectedto adverselyaffect health and well-being(References27 and 28).
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Several investigationshave shown that expressedannoyancewith noise

correlates well with interferenceof activitiesdue to noise (References

I, 7, 20, 21, 29, 30, 31), One surveyfound that reportsof interferences

with sleep and speech communicationcorrelatemore highly with feelingsof

generalizedannoyance than with any other factor, including actual sound

levelsmeasuredoutdoors(Reference27).

For these reasons,the analysisof vehiclepassby impactswere examined

in some detail to assess the significance of potential individual event

exposuresupon human activities(References33 and 34), in particular,the

activitiesof speechcommunicationand sleep. The analysiswas undertakento

determineboth the directeffectbus noisemay have on these activities,and

to estimate the total potentialannoyanceattributableto bus noise. These

singleevent noise intrusionsare particularlyimportantin overallassessment

of the adverseeffectsof bus noise on publichealthand welfare.

Sleep Disturbance

The sleep periods of humans are typicallyclassifiedinto five stages.

In Stages I and II, sleepis light and the sleeperis easilyawakened. Stages

Ill and IV are statesof deep sleep wherea personis not as easily awakened

by e given noise, but the sleep may shiftto a lighterstage. An additlonal

stage, termed rapid eye movement (REM),corresponds to the dream state,

When exposedto an intrusivenoise,a sleepermay (1) showresponseby abrief

change in brainwavepattern, without shiftingsleep stages; (2) shift to a

lightersleep stage;or (3) awaken. The greatestknown impactoccursdue to

awakening,but there are also indicationsthat disruptionof the sleepcycle
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can cause impact (irritability,etc.) even thoughthe sleepermay not awaken

(Reference 11).

A recentstudy (References13 and 14) has summarizedand analyzedsleep

disturbancedata as gatheredunder experimentallaboratoryconditions. This

study demonstrateda relationshipbetweenfrequencyof response(disturbance

or awakening)and noise level,and furtherdemonstratedthat the durationof

the noise stimuluswas a criticalparameterin predictingresponse. The study

also showed that the frequencyof sleep disruptionis predictedby noise

exposurebetterthan is arousalor behavioralawakening.An importantfact is

that sleepdisturbanceis definedas any physiologicalchangewhichoccurs as

a result of a stimulus. The person undergoing such disturbancemay be

completelyunawareof being afflicted;however,the disturbancemay adversely

affecttotal sleep quality. This effecton overallsleep qualltymay lead

to, in certain situations,undesirablebehavioralor physiologicalconse-

quences (Reference11).

Data relatingto the anticipateddisruptionof sleep caused by noise

Is.shown in Figure 6-4 (top). These data illustratethe frequencyof sleep

disturbance(as measured by changes in sleep state, includingbehavioral

awakening)as a function of the sound exposure level (Ls) of the intruding

noise. The frequencyof behavioralawakeningas a functionof soundexposure

level Is alsoshown in Figure6-4 (bottom). These relatlonships,adaptedfrOm

Figuresi and 2 of Reference13, consistof data derivedfrom a reviewof most

of the recent experimentaldata on sleep and noise relationshlps. These

relationshlpsshow the approximatedegreeof expectedimpact(percentdisrup-

tion or awakening)at given levelsof noise. For example,in Figure6-4, an

Indoor sound exposure level of 60 dB would be expectedto result In a 31
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percentprobabilityof a sleep disruption(changein depth of sleep). The

probabilityof being awakenedisless than thatof being disturbed. For this

exa_npleof a sound exposure levelof 60 dB, the probabilityof being awakened

is 17 percent(seeFigure6-4).

Note also that the noise data containedin the referencescited were

measured in terms of "effectiveperceived noise level" with a reference

duration of 0.5 seconds, LEpN (0.5 sec.). This level was converted to Ls

by the followingapproximaterelationship*:

Ls = LEPN (0.5sec.) " 16 dB (11)

The impactweightingfunctionscale for both disturbanceand awakening

is definedsuch that a probabilityof ]00 percentdisturbanceor awakening

has a Fractional Impact or weighting of l.O, and a probability of zero

percent has a weighting of zero. The LevelWeighted Populationfor sleep

disturbanceand awakeningwas derivedfor each of the regulatoryschedules

and study years under investigationby usinqEquations8 and g, substituting

W(Ls) for W(Ldn). The impactweightingfunction for these two situations

is calculated by using the following regression equations (from Figure

6-4):

W(Ls) = 0.0135 (Ls - 37) for sleep disturbance,and (12)

W(Ls) = 0.0110 (Ls - 45) for sleep awakening. (13)

* Thisequationaccountsfor the averagedifferenceof 13 dB betweenPerceived
NoiseLevel and A-weightedsound level, and the 3 dB that resultsfrom the
changein referencetime from0.5 seconds,used in Reference13, to I second,
usedin soundexposure level.
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Speech Interference

As is the case with sleep disruption, speech interference occurs as

a result of individual noise events. The potentialfor speech interfer-

ence (i.e., the interruption of conversation) due to bus noise occurs when

externally-propagating noise exceeds certain levels. However, unlike sleep

disruption, the impact of noise on speech interference is not cumulative.

That is, the durationof the noise event causingspeech interferencedoes

not affect the kind of interference, although it does, of course, affect

the duration of the interference. This is in contrast to sleep disturbance,

where the cumulative effect of noise can change the impact from one of sleep

disturbance to actual sleep awakening. Therefore, the appropriate noise

metric for measuring speech interference potential is an Leg occurring for

the duration of the event, rather than a sound exposure level which specifi-

callyconsiders the effect of the duration on the event.

Also, unlike sleep disruption, interference of speech may occur when

people are either indoors or outdoors. The degree of speech interference

from noise is dependent on the particular circumstances involved. Noise

leveland duration,separationdistanceof the conversers,and vocal effort

are all factors that Influence speech intelligibility (Reference 1). The

criteria showing degrees of outdoor and indoor speech interference from

noise are shown in Figures 6-5 and 6-6, respectively (Reference I).

It shouldbe recognizedthat the analysisdoes not assumethat everyone

is talking a11 the time. The procedure instead assesses a potential for

speech interference and associated annoyance. Also, the relationships

displayed in Figures 6-5 and 6-6 pertain to sentences known to listeners.

All listeners are further assumed to have normal hearing. Under everyday
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environmentalconditions,it would be expectedthat communicationintelligi-

bility would be somewhat less than that portrayedin Figures 6-5 and 6-6.

For those peoplesufferingsomehearingloss,backgroundnoise levelsneedto

be up to lO dB lower to attain the same degree of intelligibility (Reference

35).

People can have their conversations disrupted by externally propagated

bus noise in at least threemajor settingsduring the day: as pedestrians

on the street, as residents Insidetheir homes, or as residents who are

Involved in activities just outside their homes. Three different approaches

are required to assess the impact of these three different situations. Each

approachwill be ex_ninedseparately.In the discussionsthat follow,"inside

the home" and "outside the home" should be taken to mean, respectively,

"inside any building" and "outside any building, but not along the street."

Indoor S_,oe.ech tnt_e__fecence

Indoor speech interference is assumed to occur when bus noise propagates

through walls of residences or buildings and peaks above a typical indoor

backgroundlevel of 45 d8. The criteriaof impact for indoorspeech inter-

ference is given in Figure 6-5. The curve is based on the reduction of

se|}tence intelligibility (sentences known to listeners) relative to the

intelligibllitywhich wou'.,_.._urat 45 d8. For people conversingindoors

during the ti_e of a vehiclepassby,Figure6-5 shows the probabilityof a

disruption in communication. The appropriatemetric In Figure 6-5 is the

equivalent sound level over the duration of the event. The Level Weighted

Populationfor indoorspeech interferenceis obtained by using equations8

and g, substituting W(Leq(T)) for W(Ldn), and letting Pi represent the

numberof peopleexposedat each Indoorsound levelfor eachpassby.
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OutdoorSpeechInte_fer..cgeEE_

The populationexposed to potentialoutdoorspeechcommunicationinter-

ference are those people who are outside of their homes but not along a

street, This analysisdoes not take into account pedestrians or people

engaged in other forms of transportation during the day. Rather, it is

intended to include those tlme-periods in which people are relaxing or

engagedin other activitiesoutdoors,

Outdoorspeechinterferencedue to the operationof buses occurswhen the

maximumnoise levelof the pass-byexceeds an outdoorbackgroundlevel of 50

dg. Since the outdoorurban ambientnoise (Ld_)in many areas may be qreater

than Ldn _ 50 dB, a backgroundlevel for use in this analysisof 55 dg is

not inappropriateon a national basis. Such a level reflects desires of

States and municipalitiesfor a quieterenvironmentand assumesthat ambient

levels will. in the future, be lowered by coordinatedFederal, State and

localeffortsto reducenoise.

The criterionfor outdoorspeech interferenceis shown in Figure6-6 as

a functionof the levelof an interferingnoise. Note that the appropriate

noise metric againstwhich percentspeech interference(unintelligibilityof

sentencesknown to listeners)is plotted is an equivalentsound level over

the durationof the pass-by. The LevelWeightedPopulationfor outdoorspeech

interferencemay be computed by using Figure 6-6 and equations 8 and q.

Pedestrian..SpeechInterference

Speech communicationmay be especiallydifficult for pedestrianswho

are nearbyroadwaytraffic. This isbecausepedestriansare typicallylocated

very close to the vehiclesas theytravelby. Pedestrianspeechinterference

6-30



is calculatedby consideringa percentageof the populationto be pedestrians

located at the edge of c]_ar zones associated with each roadway. Figure 6-6

and equations 8 and 9 are then used to evaluate the speech interference

impactupon pedestrians.

Again, it shou]dbe noted that the singleevent noiseanalysisexamines

the effects of bus noise alone, and hence does not take into accountthe

presence of other noise sources in the environment. It is obvious that

other environmental noise sources create background noise at such levels in

certain situations that bus noise may be masked. This analysis only repre-

sents the benefitsaccruedduringthose timeswhen bus noise clearlyintrudes

over the ambientor backgroundnoise level. The overallabsoluteimpactupon

activitiesis, of course,dependenton the backgroundlevelassumed. How-

ever, the calculatedbenefitsare representativeof the relativereductionIn

impactof exteriorbus noiseover any given ambientnoise level.

HEALTHAND WELFARECRITERIA- INTERIORVEHICLENOISE

Interiorbus noiseaffectsprimarilytwo populationgroups,bus drivers

and bus passengers. Transitand intercitybus drivers tend to spend more

time each day driving their buses than school bus drivers since school

transportation is usually en]y required during the opening and closing

hours of schoo]. Typicalpassengerexposure times are also differentfor

each bus type. Intercitypassengerstend to take infrequentbut long trips,

whereas short but recurrenttrips are characteristicof transitand school

bus passengers. Two kinds of impact may be associated with interior bus

noise: risk of hearing damage for bus drivers and passengers, and the

Interferencewith conversationsof bus passengers. The health and welfare
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criteria for determining the impact of noise on hearing is discussed in the

followingtwo subsections.To providea quantitativemeasure of these impacts

and to evaluate the relative changes in impact resulting from the different

interiornoise regulatoryschedulespresentedin Table6-I, analysesof both

kinds of impactwere undertaken, A detaileddescriptionof the methodology

used in the developmentof these models and the resultsof the noise impact

analysesare presentedin later subsectionsof thischapter,

Ngise-lnducedHearin9 DamaBe

Noise can cause damageto the innerear, resultingin permanenthearing

loss that may range from mild to severe, depending upon the level and duration

of exposure. Dose-response relationships for 8-hour occupational exposures to

noise havebeen well quantifiedwith respectto hearingloss. We can estimate

fairly accuratelyhew much hearing losswill occur in what proportionof the

populationfrom variousexposuresto noise. Consequently,EPA has identified

a safe levelof 70 dB (A-weighted)to protecteven the most susceptiblepeople

againstsmall amountsof hearingloss (Referencei), This is a 24-hourenergy

average level (Leq) that can be experiencedover a periodof approximately

40 years with virtually no likelihood of hearing loss,

Observations in animals as well as in man show that noise reachlng

the inner ear directly attacks the hair cells of the hearing organ. As

the intensity of the noise and the time to which the ear is exposed are

increased, a greater proportion of hair cells are damaged or eventually

destroyed. In qeneral,progressiveloss of hair cells is inevitable,accom-

panledby a progressiveloss of hearingas measuredaudicmetricalIy.
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There is a great deal of individual variation in susceptibility to

noise related hearing damage, However, any person exposed to noise of

sufficient intensity is, in the long run, likely to suffer some degree of

noise-lnduced hearing loss that is permanent and, so far as is presently

known, irreversible.

Temporaryhearing loss attributableto fatigueof the innerear lasting

from a few secondsto a few dayscan occurafter briefexposureto high sound

levelsor from day-longexposureto more moderate levelsof noise. The fact

that this loss of hearing largelydisappearswithin a short time tends to

mislead people into believingthat no permanentdamagehas been done by the

noise. PermanenthearinglossIs usuallyprecededby, and may be accompanied

by, temporaryhearing loss. Neitherthe subjectiveloudnessof a noise,nor

the extent to which the noisecauses discomfort,annoyance,or interference

with human activity,are reli_le indicatorsof its potentialdangerto human

hearing.

The typical pattern of permanent hearing loss occurs initially in

hearing abilityin the rangeof 4000 to 6000 Hz, and tends to worsen rather

rapidly during the first 10 to 15 years of noise exposure. By contrast,

hearing level sensitivityat the lower frequenciesinitiallydecreasemore

slowly,but continuesto decreasein an essentiallylinearmannerover expo-

sure up to 40 years. Thus, noise-inducedauditorydeteriorationtakesplace

rapidly and mainly in the firstlO to 15 years of exposure,with, however,

furtherdeteriorationin lateryears at the lowerfrequencies,

Hearingrisk in terms of nolse-inducedpermanenthearing loss is sum-

marized in Table C-I of Reference 1. In this analysis, Noise-lnduced
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Permanent Threshold Shift (NIPTS) is computed as the statistical average

anticipatedchange in threshold, averaged over a 40-year perlod for the

averageof the frequencies500, I000,2000, and 4000 Hz. The relationship

betweendaily noise exposure and hearing thresholdshift averagedover the

four frequencies is shown in Figure 6-7, Thls is the amount of hearing

loss sufferedbeyond the change which will occur due to the normal aging

process. The value of NIPTS is approximatelyequal to the mediandegreeof

hearinglosssufferedafter20 years of exposure.

Using the fractlona]impactprocedurediscussedin AppendixC, benefits

derived from noise reductlons may be quantlfled by calculatlng a Level

WeightedPopulationfor Hearing(LWPH)(Referenceg). The welghting

functionused, shown in Figure 6-7, is based on a nonlinearrelationship

betweenhearing loss and occupationa](8 hour) exposureto A-weightedequiv-

alent sound levels (Leq(8)) above 75 dB. The welghtlng function repre-

sentingthe fourfrequencyaverageNIPT$is definedas (Reference9):

W (Leq(8))= 0.025(Leq(8)-/5)2 (14)

Equivalently,overa 24-hourexposure,

W (Leq(24))= 0.025 (Leq(24)-70)2 (15)

This equation closely approximatesthe relatlonshlpbetween averagenoise-

inducedpermanentthresholdshiftand dally averagesoundexposure.

LWPH may then be computedfrom theweightingfactorsusing equa-

tions 8 and 9 as appropriate, substitutingW(Leq(8)) or W(Leq(24)) for

W(Ldn).

As an example, a person exposed to Leq(24) = 75 dB over 40 years

would be expected to lose a llttle less than I dB in hearing sensitivity
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beyond that from normal aging averaged over the 40 year period. At an

Leq (24) of 80 dB, this would translate into a 2.5 dB loss averaged over that

time period.

SpeechCommunication

Interiorbus noisemay have an additlona]impacton peoplewhichmust be

considered- interferencewith conversationalspeech.Passengerconversations

may be interruptedor a few words may be missed due to high interiorbus

noise levels. Moreover,passengeracceptanceof interiorvehicularnoise is

dependent upon the degree to which passengers are engaged or listening to

speech communication (Reference 36)*. Further, the Interruption of speech

between passengers and the driver during an emergency situation could con-

ceivably have critical implications. A school bus driver, for example,

should be able to hear a child in need in the presenceof typicalchild-

generatednoiseon schoolbuses.

EPA has identified72 dB as the intrudingA-weightedsound leve]at which

a conversationat 0.5 meterswith normalvoice projectionis consideredto be

satisfactorilyIntelllgible(g5 percent sentenceinteIIigibl]Ity)in steady

state noise (Referencei). Thus, speech intelligibl]itycriteria for this

_rIt'-B-as"been sugg-este-dthat the masking of speechbetween passengersnot
conversingwithone anotheris a benefitof bus noise. Passengersare often
reluctantto havetheir conversationoverheardby others,and in caseswhere
the bus level is quite low, they may compensateby loweringtheir voices
unnaturallyor by not talkingat all due to the lackof privacy. Whilethis
argumentmay be somewhatvalid, it cannot take precedenceover a programto
reduce the impactof interiorbus noise on hearingor speechcommunication
efficiency.
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ana]ysls is based on a speaker-to-listener separation distance of 0.5 meters

(Reference 37).

Outdoor speechcriteriarather than indoorspeech criteriaare used in

this analysis to estimate the impact of speech disturbance inside buses.

This is because the background level assumed for the estimation of outdoor

speech disturbance is closer to the background level actually experienced by

bus passengers. A typical outdoor equivalent sound level in many urban areas

is 60 dB (Reference 38), which is the background level assumed in the outdoor

speech disruption criteria, and is considered comparable to actual background

levels inside buses: The indoor criteria uses 45 dB as a background level.

Further, the setting inside a bus is not the typically relaxed environment one

experiences indoors.

Based on data presented in Reference i, a relationship between sentence

intelligibility and average level of intruding sound was developed. This

relationship is then used to assess the potential disruption of verbal

communications upon passengers and drivers resulting from interior bus noise.

The potential disruption of speech is measured in terms of percentage of

interference with sentence intelligibility of sentences known to listeners.

This is depicted in Figure 6-8 which shows the approximate relationship

between percentage speech intelligibility at 0.5 meters and average A-weiqhted

sound level. Note that this is the same relationship illustrated in Figure

6-6 with the abscissa shifted by 12 dB, assuming 6 dB attenuation For each

doubling of distance to account for the presumed conversational distance of

0.5 meters. Under everyday conditions It wou]d be expected that communication
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intelllgibllltywould be less than that portrayedin Figure6-8. The Level

WeightedPopulationfor interiorspeechinterferenceis then determinedby

usingequationsB and g, substitutingthe weightingvaluefromFigure6-B,and

lettingPi representthe numberof peopleexposedinsideof buses at each

soundlevel.

EXTERIORNOISEPREDICTIONMODEL

In this analysis,we will referto noiseeffectswhichpotentiallyimpact

peoplelivingon or nearbus routesas "exterior"effects-- exteriorto the

bus Itself--todistinguishthese effectsand this segmentof the populatlon

from the effectsof noiseon driversor passengersridingwithinthe bus.

"Exterior"effects encompassannoyanceand task interferencewithin and

outsidethe home, and Includesspeaking,listening,or sleeping. Again,it

shouldbe notedthattaskinterferenceat homebecomesapparentwhen residents

expresshighannoyanceof a particularsourceof noise,or of noise in general.

The exteriorpredictionmodel used in this healthand welfareanelysls

istltled,"TheNationalRoadwayTrafficNoiseExposureModel." Thispredic-

tivemodel is a more sophisicatedversionof the originalhealthand welfare

model presentedin the "ProposedBus Noise EmissionRegulation: Part 2,

BackgroundDocument". The NationalRoadwayTrafficNoiseExposureModelwas i

recentlydevelopedunderEPA sponsorship,for the purposeof more accurately

estimatingnationwidetrafficnoiseimpact. Its documentationis containedin

a singlevolume report(Reference42) availablefrom the Office of Noise

Abatementand Control,U.S. EnvironmentalProtectionAgency. Reference42

explainsthe methodologyused by the computermodel. The data presentedin

reference42 doesnot necessarilyrepresentthe updateddatagatheredfor the

busstudy. The computerprogramitselfis alsoavailablefromEPA.

In thissubsectionwe presentan overviewof the NationalRoadwayTraffic

NoiseExposureModel. Detailsof the model are presentedin AppendixD,
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though not to the same detai] as in the documentation report (Reference

42). Appendix D contains information on the data, the calculations, and the

assumptionsthatunderliethe mode]. Particularattentionis given to those

details critical to the analysis of bus noise emission regulatory alterna-

tives. The discussionin AppendixD coversdefinedinputs,basic assumptions

thatunderliethe computerpredictions,and someof the predictionmathematics.

Genera] Overview of the Mode]

The mode] consists of two parts: the General Adverse Response part and

the Single Event Response part. These two parts of the mode] appear side-by-

side in Figure 6-9, to emphasize their similarity.

Both parts of the model start with user-defined input, keyed as [] in

the figure. For example,such input includesthe potentialemissionlimits

for newly manufactured buses as they are typically operated. Both parts of

the model then mathematically combine this user-defined input with large

quantitiesof additiona]data thatresidewithinthe computerprogram. These

additionaldata include noise emissions of other vehicles, as we]] as traffic

data, roadway configurationdata, noise propagationdata, and residential

population data.*

Bothpartsof themodel thencombinethesedatato predictthe particular

noise levels of interest. The General AdverseResponse part predictsthe

day-nlght noise level, Ldn, averaged over a ful] _ear. In a para]]e]

manner, the Single Event Response part predicts both Sound Exposure Level,

Ls and the slngle-event Equiva]ent Sound Level, Leq(T), for each vehicle

passby on a typical da_ during the year.

* The remainderof the discussionwill not distinguishbetweenuser defined
inputand inputdatathat resideswithinthe program. See reference42 for
further details.
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As discussed previously, the yearly-average noise level correlates

well with noise-lnducedannoyancein and around the hoi_ -- that is, with

a person's general adverse response. On the other hand, the noise from

individualvehicles,not averaged into the ambient noise background due to

other sources, often predicts additionalimpact due to particularlynoisy

or isolated single events. These three noise descriptors -- Ldn, Ls,

and Leq(T) -- were discussedin detail in the subsectionentitled "NOISE

METRICS."

As shown in the lastmodule in Figure6-9, the model convertsthe com-

puted noise levelsinto measures of estimatedimpact. The General Adverse

Responsepart of the model estimatesthe extentto which people in the United

Stateswill be highly anneyedby trafficnoise experiencedat or near their

homes. The SingleEventpart estimatesthe potentialof a singlenoise source

(in this case buses)to awakenpeoplefrom sleep,to otherwisedisrupttheir

sleep_ and to interferewith people'sspeech at homo, both indoorsand out-

doors.

In summary,the flow in FigureB-9 progressesfrom user-deflnedinput,

throughthe data and mathematicswithinthe computerprogram,to the predicted

noise levels -- and then estimatespotentialnoise impacts. The two parts

of the model estimatetwo differentaspectsof noise impact: yearly-average

and slngle-event.Both aspectsare estimatednationwide.

Overviewof the NoiseExposurePredictions:GeneralAdverseResponse

Figure 6-10 illustratesthe manner in which noise predictionsare made

for the NationalRoadway Traffic Noise ExposureModel, for GeneralAdverse

Response, The figureis keyed Q throughOre coordinatewith the detailed

discussionsto follow.
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This predicative procedure is best explained by starting with key

(_which addresses the predicted noise exposure for Person #i. As shown in

Figure 6-10, noise exposures are predicated for Person #2, Person #3, etc.

In essence, the model statistically predicts the noise for every person

in the United States -- a 1974 total population of 216.7 mil|ion persons,

and rising.

Rather than predicating the noise exposure of each individual, the

computer groups people into homogeneous areas by city size and population

density. Similar groupings occur throughout all blocks in Figure 6-10, though

they are not indicated. The concepts involved in the prediction model are

clearerwithoutthe detailsand approximationsof grouping. These detailsand

approximations are postponed for now.

In essence, then, the model statisticallypredicts the traffic noise

environment experienced by everyone in the United States. The model does

take into account population growth for future years.

The noise level at Person #i emanates from all the roadways within

his hearing. (Key (_) in Figure6-I0). Each roadway alsohas specifiedas

input its averagedaily trafficand its averagemix of vehicletypes. Each

roadway alsohas associatedwith it a largerangeof typicalvehiclespeeds.

Although vehicle speeds vary on each roadway from moment to moment, the

program considers their average speed for any given mile of roadway. The

fractions of the total roadway mileage at each of five speed ranges are

specific input used within the computer program, for each roadway.

In addition,each roadway has a specificlane width, a specificnumber

of lanes, and a specific clear-zone width. The latter is generally the

rlght-of-waywidth. It enclosesthe regionwithinwhich no one lives.
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Roadway noise,close by the roadway,is dependentupon vehicle speed,

average daily traffic,trafficmix, lanewidth, numberof lanes, and clear

zone width. As this noise propagates outwards from the roadway to the

person of Interest,it is influencedby a numberof propagationparameters.

Two principalparametersare the distancebetweenthe personand the roadway,

and the shieldlng that Intervenes between the person and the roadway.

These two parametersare specifiedfor each person/roadwaypair -- in group-

ings, as mentionedabove.

KeyQto KeyQthe noise levelat each person'sresidenceFrom depends

upon the source strengthof each roadway,and upon the propagationof the

noisefrom the roadway.

In addition to the above parameters, roadway source strength also

depends in part, on a numberof other factors. As noted in Key 0 each

roadway containsa series of vehlcletypes. _ach vehicletype operatesin

four modes,numberedin the Figure. Thesemodes are: acceleration,decelera-

tion, cruise and Idle. Each vehiclespendsa definitefractionof its thne

In each of the fourmodes. Thesefractionsare specifiedfor each operating

mode and separatelyfor each vehicletype. Then eachmode Fractionis split

into the five speed fractions specific to that roadway (Key Q again).

The final entries at Key 0 are the noise emission levels. These

differfor each of the fouroperatingmodes,and for eachof the five speeds.

These emissionlevelsare a user-definedinput,and are keyedthereforeas F_

in the Figure. Specifically,the user definesthe noiseemissionlevelsfor

new vehicle sales in any givenyear. Then the computeraddsthose vehicles

to the ones alreadyon the road, and depletes the general population of

vehiclesby thosevehlclesthatretirefromservice.

6-45

_ ....... _ _ F_,_r_ i



The noise emission values put into the model constitutethe mechanism

by which we can investigateconsequences(impacts)of a potentialvehicle

noise emission regulation. The model is applied for successive years, as

more and more of the quieter vehicles are introduced into service. The

year-to-year effect on predicted noise impact is a direct measure of the

effectivenessof a regulation. (Figure6-10 does not indicatethis year-to-

year application.)

In practice,then, Figure 6-10flows from top to bottom. For the regu-

lated vehicle type. emission levels corresponding to the regulatory levels

are entered, separately for the four operating modes and separately for

the five speedranges within eachoperatingmode (exceptidle). As shown in

Figure 6-10. sixteen values of emissionlevel are entered for each vehicle

type.

These emissions are combinedwith the fractionsof time spent by that

vehicle type in each mode/speed,to obtain that vehicle'scontributionto

the traffic noise. The computer carries out these calculations for each

vehicle type on that roadway. Then all vehicles are combined for Roadway #i,

accordingto the averagedaily trafficandvehiclemix.

This process is repeated for each roadway type.

Each roadway's noise is then propagated to each person's residence. At

each residence the noise levels from all roadways are combined into one total

noise level.

This entire process is repeated for all persons in the United States

(approximatedby residentialpopulationdensityinformation),as shownto the

right at Key (_ in Figure 6-10.
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Overviewof the NoiseExposurePredictions: Single.EventResponse

Figure 6-11 illustrates noise prediction flow chart for the Single

Event Response portion of the model. DifferencesbetweenFigure 6-I0 and

Figure6-11 are few, hut important. Here, only one vehicletype or class is

examinedat a time, sinceonly its passbynoise is assessed.

Key (_) data requirementsare identicalto the GeneralAdverseResponse

portionof the model.

At Key (_ , only the average daily traffic for that vehicletype is

required,rather than the full traffic and vehiclemix. Also at Key _Z) ,

buildingnoise isolationvalues are needed to propagatethe noise from out-

doors to indoors. These buiIdlngnoise isolationvaluesare specifiedinp_:ts.

The major differences between the Single Event and General Adverse

Response portions of the model occur at Key (_ . For each person, the

slngle-eventequivalent sound level, Leq(T), is computed for indoors,both

day and night, and for outdoors,day only. These predictionsthen apply to

the fractionof time the averageperson is at home day/nlghtand Indoors/out-

doors. In addition,the sound exposure level,Ls, is computedfor indoors,

both day and night -- and then appliedto the fractionof tlmethatpersonis

asleep,eitherday or night.

Key (_ summarizesthe typesof noisecalculationsmade.

Overviewof Noise ImpactEstimates: GeneralAdverseResponse

The flow chartfor noise impactestimatesof the GeneralAdverseResponse

portion of National Roadway Traffic Noise Exposure Model is presented in

Figure 6-12. The Figure is keyed Q through (_ , to coordinatewith the

more detaileddiscussionsthat are presentedinAppendixD.
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The top set of modules,Key _ duplicatesthe bottom set in Figure

6-10. It consistsof all the person/noisepairs for the entireUnitedStates,

as predicted by the model.

At Key Q , this very large set of person/noisepairs is sorted by

noise level. For example, all the persons in the U.S. exposed to an outdoor

Ldn of 55 dB are grouped together in this sorting process. The next

set of boxes (topof Key 5(,_)) results.

The top of each module in Key Q contains all the persons exposed to

that particular noise level. Noise impact is calculated by multiplying the

number of peopleexposedat each noise levelby the fractionsnext shown in

the Figure (middleof Key 0 ). These are the fractionalweighting values

used to represent the number of people expected to be highly annoyed by that

particular noise level, (See the subsection entitled "HEALTH AND WELFARE

CRITERIA - GENERAL ADVERSE RESPONSE" for explanation of the fractional weight-

ing values.) These fractionsare essentiallyzeroat 55 dB, and increaseto

nearlyunity around?5 dB.

To completethe mathematicsat Key 0 , the numberof peopleexposed

times the appropriate fraction or weighting equals the Level Weighted Popula-

tion (LWP) for General Adverse Response (equation 8) for each noise exposure

band. For example, if 28,000people are exposed to an Ldn of 60 de, then

this number of people, times the fraction 0.25, yields an LWP of 7,000. This

number shows that not everyone is impacted to the same degree primarily

because some may be less susceptibleto noise intrusion. These fractions

summarizestherefore_the variabilityamongall personsin their reactionsto

the same noise level.

As the final step in the impact estimate (Key (_)), the expected impacts

at each exposurelevel are added to obtainthe totalexpectedimpactin the
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United States (equation 9). The resulting number is the total Level Weighted

Population (LWP). It combines population and noise level into a single im-

pact value.

Also at Key 0 in Figure 6-12 are the impact estimates for the remain-

der of the 40-year time stream. As more and more of the quieter vehicles are

introducedintoservice,the estimatedimpactshoulddrop. The changein this

impact from year-to-yearis a directmeasure of the regulation'sbenefit.

To rerun the program for subsequentyears, additionalnoise emission

valuesmust be entered. The computerwill then add thesequietervehiclesto

the ones already on the road, and will deplete the general populationof

vehiclesby those vehiclesthat retirefrom service. These sales and deple-

tion rates residein the computer. In addition,the model also accountsfor

changesin UnitedStatespopulationeachyear.

Overviewof Noise ImpactEstimates: SingleEventResponse

Figure6-13 illustratesthe logicflowthatprovidesimpactestimatesfor

the Single Event Response portion of the model. DifferencesbetweenFigure

6-12 and Figure6-13 are minor. Here, each personis exposednot just to one

noise level,but to a seriesof single-eventnoise levelsthat occur over a

typical 24 hour period. In other words,each person is paired with many

noise levels,each predictedas describedearlier. After sorting,then_ the

tabulationof Key _ is not of persons,but is of noiseevents. A single

person will be exposed to many noise events, all sorted by noise level.

The fractionsin Key (_) are the fractions(or probability)of these

singleeventsthat are expectedto actuallyimpactthe personwho is exposed.

The measures used represent the potentialto awakenpeople from sleep, or

otherwiseto disruptsleep,or to interferewlth one's speechcommunications.

(See the subsection entitled "HEALTH AND WELFARE CRITERIA - SIN@LE EVEN1

RESPONSE"for explanationof the fractions).
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FIGURE 8-13 NOISE IMPACT ESTIMATES: SINGLE EVENT RESPONSE
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Each of these distinct types of single-event impacts is estimated

_eparately.

)ataGroups

As mentioned earlier, the computer program groups much of its data.

Such grouping occurs throughout all modules in Figures 6-10 and 6-]I, though

groupingis not indicatedin eitherfigure,

The grouping of data within the model appear in Table 6-2, for:

The 14 vehicle types

The 4 operating modes

The 5 speed ranges

The 6 roadway types

The g population groups

The 4 populatlon/densitygroups

The 33 population/density"cells"

The 40 years of the timestream

Vehlcletypes were selectedbased on those used for all EPA studiesof

roadway noise. They are stronglysuggestedby similarityin noise emission

within a type, due to similarityin engineeringor operationalcharacterls-

tics.

Operatingmodes are based upon extensivevehiclenoise tests and appro-

priate data reductionmethods (References43. 52, 53), Speed ranges are

based uponthese sametests.

Roadway types are the functional categories of the Federal Highway

Administration(Reference44).

Populationgroups are based on the data base assembledby the Federal

Highway Administration(References44-46).and were refined using 1970census
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TABLE 6 - 2 DATA GROUPS WITHIN THE MODEL

PARAMETER GROUPNAME TYPE DESCRIPTION

Vehiclu Cur/8/automatic Passengercar,8 cylinder,g_s,
Tvges automatic

Car/S/automatic Passengercar,6 cylinder,gas,
automatic

Car/manual Passengercar,6 or 8 cylinder,
gaS,manual

Car-LT/eute Passengercar andlight truck,
4 cylinder,gas,automatic

C,ar-LT/manual Passengercarandlighttruck,
4 cylinder,gas,manual

LT Lighttruck, 6 andBcylinder,gas
Car-LT/dlesel Passengercarandlighttruck,

diesel
MT Mediumtruck,twoaxle

(GVWR10,000 Ib)
HT Heavytruck, threeor moreaxres

(GVWR 28.000 Ib)
Intercity bus Intarc[ty bus
Transitbus Transit bus
Schoolbus Schoolbus
UnmodMC Unmodifiedmotorcycle
Mod MC Modified motorcycle

Operating Acceleration Accelerationfromzeroto speed"S"
Modes Deceleration Decelerationfromspeed"S" to zero

Cruise CruJs_at speed"S"
Idle Idle

Speed 20 mph Lessthan25 mph
Ranges 30 mph Between25 and35 mph

40 mph Between35 and45 mph
50 mph Between45 andE5mph
B0mph More than 55 mph

Roedway Interstate Per FHWAdefinition
Types Highways

Freewaysand PerFHWA definition
Expressways

MajorArterlals Per FHWA definition
Minor Arterials Par FHWA definit{on
Collectorl Per FHWAdefinition
LocalRoadsand Per FHWAdefinition

Streets

Population Populationover2M
Groups 1M to 2M

500K to 1M
200K to 500K
100K to 200K
SBK to 1O0K
25K to EOK
SKto 25K
Ruralarias
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DATA GROUPS WITHIN THE MODEL {CONTINUED)

GROUPNAME TYPEDESCRIPTION

T. High More than 4,499 peopleper
squaremile

2. Medium-to-High 3,000 to 4.499 peopleper
square mile

3. Low-to-Medium 1.500 to 2.999 peopleper
squaremile

4. Low Lessthan 1,500 peopleper
squaremile

1 Population over2M, highdensity
2 Same,medium-to-high density
3 Same,few-to-medium density
4 Same,low density

5 1Mto 2M, high density
6 Same,medium-to-high density
7 Same, low-to-medium density
8 Same, low density

9 500K to 1M, highdensity
10 Same,medium-to-high density
11 Same, low-to-medium density
12 Same. low density

29 5K to 25K, highdensity
30 Same,medium-to-high density
31 Same, low-to-medium density
32 Same.low density

33 Rural, row densityonly

1974 For prediction of future impoct
1975
t976
1977

2013
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data (Reference47). Populationdensitygroups were also based upon these

same FederalHighwayAdministrationand censuspublications.

These two latter groups are then combined into pop/density "cells"

shown next in Table 6-2. Thirty-threeof these pop/density"cells"result,

since the rural populationgroup is pairedwith only the low-densitygroup.

These pop/density"cells"contain among them the entire U.S. populationand

also the entire U.S. roadwaymileage. They thereforeprovidethe structure

for matchingeach person in the UnitedStateswith the roadwaysthat produce

the noise at his residence.

Lastly, Table 6-2 shows that calculationsare performedfor all years

within a 40-yeartime stream. A baselineyear is selected.* For thatyear,

all data (such as traffic counts, roadwaymileage, populationdensities)

ere explicitlyput into the computerprogram. Then for futureyears,these

data are factoredupward,if appropriate,to accountfor growth.

The data groupswithinTable 6-2 interrelatewithinthe model in complex

ways as discussedin the more detaileddiscussionscontainedin AppendixD.

* For this analysis,much of the data was entered for 1974. These data
were appliedto lateryears after suitablyadJustinqfor qrowth.
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INTERIOR NOISE PREDICTION MODEL

Bus Noise Emissions

Average noise exposure levelsmeasured in the driver'spositionand I,

the rear of the bus are presentedin Tables 6-3 and 6-4. These data were

obtained from a numberof studiespertainingto interiorbus noiseas refer-

enced in the tables. The noise level values presentedrepresentarithmetic

averages. An accuratedescriptionof the effectsof interiorbus noisemust

also include an assessmentof those buses which arenoisier and thosewhich

are quieterthanthese levelsmay suggest.

In developingthe data containedin Tables 6-3 and 6-4, the following

assumptionsweremade:

{i) The distributionof Interiornoise levelsfor all bus typescam be

consideredto be normal;

(2) The mean accelerationtest interiornoiselevelswill be at least

three standard deviations (i.e., 6 dB) below the not-to-exceed

regulatorylevel;

(3) The differencebetween the accelerationnoise level and the level

for each of the other operationalmodes (cruise,deceleration,end

idle)is constantfor all not-to-exceedregulatorylevels;
,i

'; (4) Bus operationson street and hlohway roadwaytypes do not exceed

_ speedsof 30 mph and 55 mph, respectively.
)cc
k.

t!

.C
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TABLE6-3

INTERIORBUSNOISELEVELSNEARTHEDRIVER
BY BUS TYPE AND OPERATIONALMODE

(Datafrom Reference2 unlessnoted)

InteriorA-weightedSound Levels EnergyAverageWeighted
NearDriver,in decibels SoundLevels,in decibels

Decelerationand Cruise Streetand
Street Highway Hiqhway

Bus Type Acceleration 30 mph 55mph Idle * * **

Transit
Range 78-79 74 76-78 60(ReF.3)

Mean 79 74 78 6D 74.4 77.8 75.2

School

(Gas)
_n Range 80-gO(Ref.16)

Mean 85 (80) (84) (66) 77.g 83.8 7g.s

School
(Diesel)
Range 87-g5 (75)-80 (7g)-(B4) (65)-70

(Ref.17) (Ref.17)

89 77 81 67 79.5 81.g 80.0

Intercity
Range 70-78 69-75 73-75 60

(Ref.3,15,19) (R_f.IS,19) (Ref.18)

Mean 74 72 74 60 71.8 73.9 73.7

* Weightedby percentageof timespent ineach operationalmode (Table6-5).
** Weightedby percentageof time spenton each roadwaytype (Table6-6).

Note: Data in parenthesesextrapolatedfromtransitbus data.



TABLE6-4

INTERIORBUS NOISE LEVELSNEAR THE REAR SEAT
BY BUS TYPE AND OPERATIONAL MODE

(Datafrom ReFerence2 unlessnoted)

InteriorA-welghtedSound Levels EnergyAveraqeWelphted
Near Rear Seat_in decibels Sound Levels,in decibels

Decelerationand Cruise Streetand
Street Highway Highway

8usType Acceleration 30 mph 55 mph Idle * * **

Transit
Range 80-90 81-84 B3-85 69

(Ref.4) (Ref.4) (Ref.3)

Mean 64 83 84 69 BI.6 83.B B2.D

School
& (Gas)
,o Range 77-84

.... 69-78
(gef.16) (Ref.16)

Mean 81 (DO) (81) 74 77.5 80.8 76.2

School
(Diesel)
Range (87)-(92) 75-(60) {76)-83 65-(70)

(Ref.17) (Ref.R) (Ref.17)

89 77 78 67 79.5 7g.g 7g.6

Interclty
Range 70-84 69-78 73-78 64-72

(Ref.4,lS,19) (Ref.ls,ig) (Ref.4)

Mean 79 73 75 68 74.1 75.2 75.1
(Ref.IS,Ig) (Ref.15,1g)

• Weiqhtedby percentageof time spent in each operationalmode (Table6-5).
•* Weightedby percentageof time spenton each roadwaytype (Table6-6).

Note: Data inparenthesesextrapolatedfromtransitbus data.
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Based on these assumptions and the fraction of time spent in each

operationalmode and on streetand highwayroadways (presentedin Tables6-5

and 6-6) for each bus type, energy averagefront and rear interiornoise

levelsare calculated. AS an example,Table 6-7 is presentedto show the

computationalprocedureused to determinethe averageinterior bus noise

levels.

Based on data from EPA studies, interior noise levels have a standard

deviation(o) of about 2 dB for buses of the same bus type (Reference2).

Assumingthat the interiorsound level distributionsamongbuses are normal,

the approximate percentage of buses with interior noise levels relative

to the mean level (L) of the distributionis assumedas shown in Table 6-8.

Passengersand driversare thereforeassumedto be distributedaccord-

ing to the sound level distribution in Table 6-8. Although it is possible

that some bus driversand passengersare exposedto a varietyof bus noise

levelsand thereforereceive the averagenoise exposurefor a given type of

busover longperiodof time, in many casespassengersand driversmay receive

hlgher-than-averageor lower-than-averageexposures. Thls would be the case,

for example, if a schoolsystemwere to purchaseonlyone typeof bus for its

operations,or if bus driverswere assignedparticularbuses for longperiods

of time. Lacking information to the contrary, it is assumed that half of the

populationriding busesof a given type (transit,school,interclty)receive

frontseat exposures,end halfreceiverear seatexposures,i.e.,halfride in

the Front of the bus and half ride inthe rear.

1
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TABLE6-5

PERCENTAGEOF TIME SPENTIN EACHOPERATIONALMODE BY
BUSESON STREETSAND HIGHWAYS

(DatafromReference2 unlessnoted)

OperationalMode

Bus Type Acceleration Deceleration Cruise Idle

Transit

Street 20 20 26 34

HighWay 5 5 8B 5

School

Street 9 g 21 61

Highway 5 5 85 5

Interclty

Street* 13 17 56 14

Highway 5 5 85 5

* Databasedon typicalurbanstreetoperationalcyclefor automobiles,
Reference10.
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TABLE6-6

PERCENTAGEOF TIME SPENT ON EACH ROADWAYTYPE
BY BUS TYPE

(DatafromReference2 unlessnoted)

RoadwayType

Bus Type Street Highway

Transit 85 15

School 85 15

: Intercity 5 95

, , ,.,, _,.
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TABLE 6-7

EXAMPLEOF COMPUTATIONALPROCEDUREUSEDTO
DETERMINEAVERAGEINTERIORBUS NOISE LEVELS

Noise Fraction Avg. Noise Fraction AverageInterior
Leve] in of Time Level for of Time Bus Noise

Roadway Operational Each Op. in Each EachRdwy on Each Level,in
Type Mode Mode, In Op. Mode Type, in Rdwy Type Decibels

decibels decibels

Acceleration 79 0.20

Street Dece].& Cr(zise 74 0.46 74.4 0.85

Idle 60 0.34 75.2

I Acceleration 79 0.05

Highway Decel.& Cruise 78 0.90 77.8 0.15

Idle 60 0.05



TABLE 6-8

INTERIORSOUNDLEVELDISTRIBUTIONSOF BUSES

Percentage of
Buses 6.7 24.1 38.4 24.1 6.7

InterlorNoise
Level L-2 L-I L L+I L÷2



The accelerationtestinteriornoise levelsresultingfromthe regulation

of interiornoise are determinedby assumingthat buseswi]Ibe designedand

built so that the mean test noise level wil] be at least three standard

deviations (3o) below the not-to-exceedregu]ationlevel. This assumption

is based on two considerations. First, if the designnoise level is set

two standard deviations (2_) below the not-to-exceed regulation level,

approximately97.7 percentof the buses manufacturedshould be below the

regulatorylevel.* If tee percentof the buses testedare allowedto exceed

the regulatorylevel, a design level of two standarddeviationsbelow the

regulatorylevel shouldbe low enoughfor compHance. Second,manufacturers

will, most likely,includea noise level"safetyfactor"to accountfor design

tolerancesand noise levelmeasurementuncertainties.This safetyfactor is

assumedto be on the orderof one standarddeviation.

The accelerationtestnoise levelsare assumedto be equalto the accel-

eration levels producedunder actualoperatingconditions. The arithmetic

differencebetweenthe acce]erationnoise level and the levelfor eachof the

other operationalmodes (cruise,deceleration,and idle) Is assumed to be

constant for all not-to-exceedregulatoryoptions. These differencesare

calculatedfrom the interiornoise level data presentedin Tables 6-3 and

6-4. In order to determinethe averagenoise levelover a typicaldrivecycle

for each bus type, addltionaloperationaldata are required. Thesedata are:

(i) percentageof tlme spent in each operationalmode on streetand highway

roadways,and (2) percentageof timespenton eachroadwaytype. The percent-

age valuesassumedfor (I) and (2) aboveare presentedin Tables6-5 and 6-6,

respectively.

* Assuming that the noise level distribution is approximatelynormal.
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Based on the above discussionand the data presentedin Tables6-5 and

6-6, the calculationsof energyaverage interiornoise levelswere made for

each regulatory option for front and rear seat 1ocations. These values

are presentedInAppendixE.

Bus Population

The bus populationdata used in the interiornoise impact model are

presentedin Tables6-9 through6-12. For each bus type, fleet populations

are distributedby calendaryear and model year and in one year increments

from 1980 to 2010. A baseline calendar year of 1980 is selected since,

accordingto the regulationschedule,the first step of the regulationwill

not be implementeduntil 1981. The data presentedin thesetablesare based

on data of bus salesprojectionspresentedin Section3, and attritionrates

containedin References55 and 56.* It is assumedthatfor each bus type,

only go percentof the total fleet is operationalat any given time. As a

result,only go percentof the totalbus populationin anyqiven calendaryear

is used in the interiornoise impactanalyses.

Numbersof Passengersand Drivers

Table 6-13 presentsthe averagenumber of passengersper bus per day as

a functionof bus type and calendaryear from 1980 to 2010. These data are

derived from informationpresentedin References23 and 40. The average

number of bus driversper bus per day by bus type is presentedin Table6-14.

The average number of drivers for transit and intercitybuses is based on

the total number of drivers and buses for each bus type, averagedover a

three-yearperiod.

* The gas/dleselbreakdownfor school buses is from O. Brandhuber,A. T.
KearneyCorp.,PersonalCommunication,April 20, 1976.
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TABLE6-13. Average Numberof Passengers Per Bus Per Day as
a Funct{onof Bus Type and CalendarYear

Bus Type
Calendar

Year Transit* School* Intercity

1980 247 62 82
1981 247 62 86
1982 245 61 90
1983 245 61 93
1984 243 60 97
1985 243 60 101
1986 243 60 104
1987 242 59 108
1988 242 59 112
1989 240 58 115
1990 240 68 119
1991 240 68 123
1992 240 57 126
1993 238 57 130
1994 238 56 134
1995 238 56 137
1996 238 56 141
1997 238 56 145
1998 237 56 148
1999 237 55 152
2000 237 55 156
2001 237 55 15g
2002 237 55 163
2003 235 65 167
2004 235 55 170
2005 235 55 174
2006 235 55 178
2007 235 55 182
2008 235 54 185
2009 234 54 189
201Q 234 54 193

Assumingtwotrlpsper passenger
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TABLE6-14

AVERAGE NUMBER OF DRIVERS PER BUS BY BUS TYPE

Total Number Total Number AverageNumber
Bus__sJ_JCp__ of Drivers of Buses of DriversPer Bus

Transit 89,700_I/ 50,600_I/ 1.77_/

School 1.00_2/

Intercity 16,000_/ 9,600_3/ 1.67_/

_/ Computedfromdata presentedin Ref. 3; representsaverage
ever three-year period: 1974, 1975, and Ig76.

_/ Assumingone driverper bus.

_/ Computedfromdata presentedin Ref. 4: representsaverage
over three-year period: 1972, 1973, and lg74.
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The total number of bus driversand passengersriding in each type of

_! bus by year is given in Table 6-15. The data in this table is obtainedby

: multiplyingthe numberof passengersand driversper bus per day given in
i'

Tables6-13 and 6-14 by 90 percentof the numberof buses in operationeach

year (Tables 6-9 to 6-12).

Bus Ride Characteristics

It is assumed that transit bus passengersand drivers and intercity

bus driversreceive interiorbus noise exposure225 days per year. Basedon

EPA survey data, it was determined that the typical intercity bus passenqer

takes approximately six round-trips annually, or 12 single bus noise exposures

per year. Additionally,it is assumedthat schoolbus passengersand drivers

receiveinteriorbus noise exposure180 days per year.

The assumed duration of daily noise exposure received by passengers and

drivers of each bus type Is presented in Table 6-16. References, assumptions,

computational procedures, and relevant data used to determine these durations

are also presented.

Hearln9 Loss Impact

To estimate the Leq(24 ) experienced by passengers and drivers, it

is necessaryto ascertainthe daily exposuresreceivedby these peoplewhile

off the bus. While some data have beencollectedin this regardfor workers

in manufacturing industries, very little data are available which would

enable an accurate prediction of the daily average exposures experienced by

the great majority of the population. In order to proceed with the estimate

of Leg(24), three non-busexposureshave been chosen in order to cover a
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TABLE 5-16

Duration of Daily Noise Exposure Experienced by
Driversand Passengers,by Bus Type

.............................
,tPasse_ers" I-'--'F- S T ...... Basisfor Estimate

2 2 4 2 2 4 Reference37

8 8 8 Assuminga fullwork
day

1.5 1.5 Derivedbelow1/

1.6 Derivedbelow2/

B Derivedbelow3/

2 2 2 5 2 6 Assumedfor this report

Key; T Transit
S School
I Intercity

(i) (2billion busmileslyr) - (22.5mph)*
_rO,-'O'O'O'-buses]x (180schooldays/yr)

, 1.5 hours/driveror passenger/day

(2) (25.6bi111onrevenuepassengermiles/F) - (40 mph)**
(0.4btlilonrevenuepassengers/yr)----

= 1.6 hours/drlver/day

(3) {0.71 billionbus milesl_) - (40 mph)
(16,000drlvers)X (225workdays/yr}

5 hours/driver/day

* Averagespeedfor range of 15 to 30 mph.
** Averagespeedfor rangeof 30 to 50 mph.
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range of valueswhich are likelyto occur: 60 dB, 70 dB, and 80 dB. The

yearlyLeq (24)isthen calculatedusingthe followingequation:

Leq(24) = i0 log D _b b 24-tb 10
10 _b'_"L2-4"10 + z4(yearly) (16)

L/lO
+ 365-D 10 t

365

where: tb is the durationof dailybus noiseexposure
(fromTable6-16)

24-tb is the durationof dailynon-busnoiseexposure

Lb is the averagelevelof interiorbus noise (from
Tables6-3,6-4,and AppendixE)

Lt is the averagelevelof non-busnoise (60 dB, 70 dB,
or 80 dB)

D is the averagenumberof daysof exposureper year
(225days/yr)

After the yearly equivalent continuous sound levelsexperienced by

drivers and passengersare derived,the hearingloss impactis determined.

Two measures are used to assessthe hearinglossimpact: (I) Level Weighted

Population for Hearing (LWPH); and (2) Relative Change in Impact (RCI),

LWPH is simply the product of the expected hearing loss resulting

from a given Leq (24)(fromFigure 6-7 or equation 15) and the number of

people exposed to that level. LWPH is computedusing EquationsB and 9.

The units of LWPH are therefore expressed in people-decibels of hearing

loss. The total LWPH for passengersor driversis computedby summingthe

hearing loss impacts,weightedby the distributionsof interiornoise levels
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I as shown in Table 6-8. The total numbersof passengers and driversby bus

type are taken from Table 6-15, and apportionedas in Tables 6-9 to 6-12.

To evaluatethe relativechangesin impactresultingfrom the different

interiornoise regulatoryoptions, the relative change in impactis deter-

mined from equation10. The percentreductioncomparisonswere derivedfrom

LWPH impactmeasures.

E_.aluationof PartialExposureto Hearin9 DamageRisk

To accountfor the fact that most noise exposures are not steady,but

vary with time, the Levels Document (Reference1) recommendedthat hearing

'_ damage rlsk be evaluatedin terms of the wholetime-varyingpatternof sound

levels.

Accordingly,in the Levels Document, an equivalent sound level (Leq)

was definedand used to arriveat the criterionlevel over whichtheremay be

rlsk of hearingdamagefromenvironmentalnoise.

The level identifiedby EPA as a point below which there is no risk
r

to hearing damage (Leq(24)-70dB), when considered with the equal energy i

hypothesis which states that equal amounts of acoustic energy will cause

equal amountsof noise-lnducedhearingdamage,provides a convenientway of

comparingthe exposuresof people to differentnoise levels and durations.

This Is done by comparingthe exposuretime due to the operationof a given

product to the allowablesafe exposureof an individualwho is exposedto a
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steady state noise for 24 hours at the criterion level. The reference

level is the A-welghted sound level of 70 dB; thus, an exposure to a steady

level of 70 dB for 24 hours would have a partial exposure of 100 percent.

Similarly,an exposure to a levelof 73 dB for IZ hours would alsoyield a

partial exposureof I00 percent,as would an exposurelasting6 hoursat 76

dB.

Since the criterionlevel identifiedby EPA representsthe safelevelof

exposure and is computedon a yearlybasis,the partialexposureto a source

must also be computedon a yearlybasis and take into accountthe lengthof

each exposure and the numberof exposuresthat occur duringthe wholeyear.

w

Partialexposuremay be computedusingthe followingequation:

yi q - 70)/10 i

0 L;q<70dA (17)

Partialexposure(inpercent)= I00 X L_q
70 dB

i

where Leq represents the yearly average level for the i-th sub-populatlon

due to the noise fromthe sourceof concern.

Whenever the partial exposureexceeds I00 percent, a potentialimpact

upon hearing exists. However, when a partial exposure Is lessthan lOO

percent,it may not have a directimpactuponhearingbut a certainamountof

the allowable yearly dose is consumed, thereby decreasing the remaining

amount of exposures allowed for the rest of the year. A combinationof
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exposuresto different sources,each exposure )ess than 100 percent, may

resu]tin a combinedequivalentsound levelof greaterthan 70 dB, and thus

_ presentsa hearingdamagerisk.

For example, suppose a person operatesa home tool that produces an

A-wel@nted level of 90 dB at the ear of the operator for 2 hours a day,

_ 25 days per year. Then, the yearly equfva]entlevelfor the tool alone is

given by:

: Leg= 90÷ 10log 2 x 25. =67.6dB.
• 10 24 x 365

A priorithe tool would appearto be safe. However,anotherway to look at

the risk involved is to consider that use of this tool for only 2 hours a

day, 25days ayear, consumes5B percentof the person'sallowableyearlydose,

]eavlngthereforelittleroom for other exposures. Fromequation17, this is

calculatedas:

(67.6- 70)/10
PartialExposure= 100 X 10 = 58%

SpeechCom_nunicatlonImpact

Using the values for (a) averaqe interiorfront and rear noise levels

given in Tables 6-3 and 6-4 for unregulatedbuses, and in AppendixE for

regulatedbuses, (b) the passengerand driver populationdata contained in

Tables 6-14and 6-15, apportionedas per Tables6-9 to 6-12, (c) the interior

sound leveldistributionof busesas shown in Table 6-8 (witha 2 dB standard

deviation),as well as (d) the criteriapresentedIn Figure6-B, the LWP for

interiorspeech communicationimpact is computedusing equations8 and g.
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A_ Example

To illustratethe proceduresused to calculateinteriornoise impact,

the following example is presented. In this example, we wish to determine

the noise exposure distribution of passengers who will ride transit buses

in the year 1990 under regulatory option number 2. This encompasses buses

manufactured between 1981 and IgB4 that meet an 86 dB regulatory Interior

level, and 1985-1990 model year transit buses that meet an 83 dB interior

level. 1980 buses are not regulated. From the last column in Tables 6-8

and 6-4 (for 1980 buses), and Tables E-I through E-4 of Appendix E (B6 dB for

1981-1984 buses and 83 dB for 1985-1990 buses), the median front and rear

interior noise levels are found and listed in Table 6-17.

From Table 6-9 it is noted that 140,000 buses are projected to be

in service in the year 1990. These are distributedsuch that 16 percentof

those vehiclesin servicewere manufacturedIn 1980, 27 percentfrom lgBIto

1984,and 57 percentfrom 1985to iggo.

FromTable 6-15,it Is projectedthat therewill be a totalof 30,240,000

passengersridingtransitbusesper day in Iggo. Using the distributionof

vehicles in servicein 1990 as noted above,it Is projectedthat 4,B48,000

passengerswould ride a 1980model bus on any given day; 8,165,000on buses

manufacturedbetween19BI and 1984; and 17,237_000on a transitbus produced

between 1985 and 1990 (see Table 6-17). It is assumed that half of the

passengerswouldride near the front,and half near the rear. Assumingthat

passengernoiseexposureis distributednormallywith a standarddeviationof

2 dB (fromTable6-B), the distributionof transitbus passengersas a func-
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ii: TABLE6-17

InteriorTransitBus NolseLevels
in 1990

i! RegulatoryLevel Model Years .Passen.gers. MedianLevel
Front rear

i' NO Regulation 1980 4,838,000 75.2dB 82 dB

. 86 dB 1981-19B4 8,165,000 75.2dB 78 dB

83 dB 1985-1990 17,237,000 73.2dB 75 dB
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tlon of interior noise level experienced on any given day would be as

presentedin Table 6-18.

Using the population and noise exposure distribution information

presented in Table 6-18, the Level Weighted Population for interior speech

communication impact may be obtained by using Figure 6-7 (to derive the

fractional weighting value) and equations 8 and 9. It should be noted

that In this situationspeech interferencesoccur over a two hour duration

(see Table 6-16).

The distribution of interior noise levels presented in Table 6-18

may also be used to determine partial exposure (consumableyearly dose)

i
substitutingthe interiorexposureleve]sfor Leq in equation17.

To determinerisk of hearingdamagein termsof LevelWeightedPopulation

for Hearing,yearly Leq(24)valuesmust be calculated. In this example, a

70 dB dailyexposureto non-busnoise is assumed. Using equation16 with 2Z5

days of exposureper year, 2 hoursper day, a 70 dB non-busexposure,and the

interiornoise levelvaluesin Table6-18,yie]dsthe passengernoise exposure

distributionshown in Table 6-19. LevelWeightedPopulationfor Hearingmay

then be computed using Figure 6-7 or equation 15, and equations8 and 9.
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TABLE6-16

Distributionof TransitBus PassengerInterior
NoiseExposureon Any Given Day_

(2 hourexposureper day from Table6-]6)

InteriorNoise Level
(in decibels) Numberof Passengers

69"70 739,000

71-72 3,090,000

73-74 7,227°000

75-76 8,867,000

77-78 5,789,000

79-80 2,580.000

81-82 1,203,000

83-84 583,000

85-86 162t000

TOTAL 30,240,000

* The valuescitedrepresentapproximations
for purposesof illustration.
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TABLE 6-19

Distribution of Transit Bus Passenger Yearly

NoiseExposlme(Leq(24_),. Assuminq
a Daily Non-Bus Noise Exposure of 70 dB*

Year|y At-Ear Noise Exposure
(indecibels) NumberofPassengers

<70 739,000m

70-71 23,405,000

71-72 4,148,000

72-73 1,202,000

73-74 584,000

74-76 162,000

* The valuescited representapproximations
for purposesof illustration.

6-84



_" RESULTSOF ANALYSIS

AS discussed in the subsections entitled "HEALTHANDWELFARECRITERIA",

results of the impact analysfs for buses center around two mP_ures: (1) the

Level Weighted Population, LWP, and (2) the Relative Change in Impact, RCI.

LWP is an index which represents the total number of persons in the United

States who are impacted by roadwaynoise during any given year of interest and

the degree or severity of that impact upon each person. The RCI values

represent the percentage changein LWPbetween a baseline year and a specified

year in the future. A decrease in LWPresults in a positive RCI -° that Is, e

benefit in terms of a percentage reduction in extent and severity of impact.

For the impact analysts presented here, two different baseline condi-

tions have been adopted -- resulting in two separate sets of values for RCI.

First, the year 1980 is used as the baseline condition, and the results

tabulated as "RCI" (without an asterisk). Thus, RCI describes projected

benefits relative to current day (19BO) conditions. For example, an RCI of 25

percent in Igg5 is interpretedas a benefitof 25 percentreductionin impact

from that occurringin Ig80withno regulationin effect. Similarly,an RCI

of negative 15 percentrepresentsa worseningof adverseimpactby 15 percent.

These values of RCI includetheeffectsof all changesbetween 1980 and the

specifiedyear in the future.TheseRCI valuesreflectthe impactof the bus

noise emission regulationand the influenceof such factors as increased

traffic volume,noise regulationof other vehicles,increasenumberof buses

and increasegrowthof the U.S.population.

Values of RCI have also beencomputedfor a secondbaselinecondition:

the same year as the year of interesttbut without EPA regulationoF bus

noise emissions. These valuesof RCI are labeledas RCI* in the text and
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_ables that follow. For a given year of interest,the RCI* values reflect

the benefits attributable only to the bus noise regulation--that is, benefits

that will occur relative to that specific year if there were no bus regula-

tion. For example, an RCI* of 40 percent in 1995 is interpreted as a reduc-

tion in impact of 40 percent in 1995 from that which would occur in 1995 with

no regulation. In brief,

o RCI compares the impact in the year-of-interest (with regulation)

to the impact in the year 1980, during which there is no regu-

lation, less traffic, fewer bus operations and lower population.

o RCI* compares the impact in the year-of-interest (with regulation)

to the same year, without regulation.

The RCI and RCI* values are considered to be more accurate predictors of

actualbenefitsto be realizedthan the LWP valuesreported. This is because

the RCI and the RCI* involve changes from a baseline condition. In the

co_utation of RCI and RCI*, inaccuraciesin the year-of-interestLWP tendto

cancel, by direct subtraction,the same inaccuraciesin the baseline LWP,

With these indices of noise impact-- LWP,RCI, and RC[* -- three dis-

tinct types of impact are assessed: (I)GeneralAdverseResponse,based upon

Ldn, (2) Single Event Activity Interference, based upon LS for sleep

interference and upon Leq(T) for speech interference, and (3) Interior

Impact based upon Leq(24) for hearing damage risk and Leq(T) for speech

interference.In the discussionsthat follow,these three distincttypes of

impactare addressedseparately. For each, the resultsare tabulatedfor a

seriesof futureyears (throughthe year 2010),and for a seriesof possible

regulatory options (Table 6-i). Option Q represents the maximum benefits
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achievableand can be used as an upper limit guide. Additionaltabulations

are includedseparatelyin AppendixF for the threetypesof buses: transit,

intercity,and schoolbuses.

General Adverse Response

The General Adverse Response portionof the mode] assessesthe impact

from the bus noiseemissionregulationon a nationalaggregatebasis. Itdoes

not assess the reduction in terms of specificstreet type vehicularmix

or other.locationspecific criteria which may yield substantiallygreater

benefits.

The results of the General Adverse Responseanalysis appear in table

6-20 and 6-21. The LWP, RCl and RCI* valuesare presentedfor six years

(Ig80,1985, 1990, 1995, 2000, and 2010) for eachof the regulatoryoptions.

(seeTable 6-i)

Table 6-20 presents the results of the analysis in terms of Level

Weighted Population. First, note that the LWP's increase in futureyears

even as more stringentregulationsare imposed. This increasein impactdoes

show that the projectedbenefits from reducingbus noise emissionsmay be

overpowered by the anticipated increase in vehiculartraffic as wel] as

populationgrowthin the U.S. betweenIg80 and theyear 2010.

Also,Table 6-20shows that in termsof overalltrafficnoiseimpact,the

regulationof buses results in small overalltrafficnoisereductiondue to

the small bus populationand the dominanceof trucksand automobilesin the

overalltrafficstream.

Table 6-21 presents the RC[ values. In the absence of a bus noise

emission regulation,this value between 1980 and 2010 reachesa negative56
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TABLE6-20

GeneralAdverseResponse

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(MILLIONS)

Baselinepptioe1._O_ptJon2.__tion 2A Option3._Optlon3A Option38 Option4 Option80ptionQ.__

1900 28.91 28.91 28.91 28.91 28.91 28.91 28.91 28.91 28.91 28,91

1986 29.64 29.64 29.61 29,62 29.61 29.62 29.64 29.61 29.61 29.38

1990 30.43 30.42 30127 30.27 30.21 30.22 30.26 30.20 30.22 2g.91

1995 33.13 33.12 32.85 32.85 32.72 32.72 32.75 32.67 32.73 32.44

2000 37.09 37.08 36.76 36.76 36.58 36.58 36.59 36.52 36.59 36.34

2010 45.91 45.90 45.51 45.51 45.30 45.30 45.30 45.21 45.31 45.02



TABLE6-21

GeneralAdverseResponse

YEARS REGULATORY OPTIONS, RELATIVE CHANGE IN IMPACT (ROll
Baseline Optton 1 Option 8 2piton 8A Option 3 Option 3A Option 35 Option 4 Option 5 Option q

RCI RCl* OCl RCI* RCI RCI* RCI RCI* RCI RCI* RCI NO!* NCl RCI* RCI RCI* RCI RCI* PCI Re!*

1980 0,00 0,00 0.00 0.20 0,00 0,20 0.00 0,20 0.00 0.00

1985 -2.52 0.00 -2.5E 0.00 -2.42 0.10 -2.45 0,07 -2.42 0.10 -8.45 0,02 -0.52 0.00 -2.42 0.10 -8.42 0,]0 -1.63 0,88

1990 -5.86 0.00 -5.22 0.03 -4.70 0.53 -4.70 0.53 -4.50 0.78 -4.53 0.69 -4.El 0.56 -4.46 0.76 -4.53 0.69 -3.46 1.77

h

o 1995 -14.50 0.00 -14.550.03 -13.63 0.85 -13.63 0_65 -13.IO 1.24 -13.18 1.24 -13.28 1.15 -I3.01 1.39 -13.21 1.21 -12.21 2.08

2000 -88.89 0.00 -28.26 0.03 -27.15 0.89 -E7.15 0.89 -26.53 1.38 -86.53 1.38 -28.97 1.35 -25.32 1.54 -26.57 1.35 -25.70 E.02

2010 -50.80 0.00 -58.77 0.02 -57.42 0.87 -57.42 0.67 -56.59 1.33 -55.69 1.33 -56.69 1.33 -56.38 1.58 -56.73 1.31 -55.72 1.94

RCI • Deneflt In percent reducOlon of !_oact in the year-of-interest (with reNu14%ion) relative to the
impact in !OBOwith no regu]atlon.

RC| • • 0eneflt In pePcenE reduction of lmpict in the year-of-interest (with reNuIaOIon) relative to the
s_year, NlOhouE reNulatlon.



percent (noise impactworsens). This increasein impact is again due to

projected increases in vehicular traffic and anticipatedU.S. population

growth. It must be reemphasized that these estimates are for impact on

a nationwide aggregate basis. Such aggregate reductions on a national basis

do not point up the potentiallysignificantbenefitsthat would occur in the

urban environment for situations where there is a high vo]ume of buses

(e.g., _us malls).

The RCI* valuesin Table 6-21 are illustrativeof the benefitsfrom the

bus noise emission regulationto be realized in any specific futureyear.

These RCI* values start at O.Og for the no regulationbasellneoption,and

then increaseto 1.5 percentfor Option4 in the year 2010. This valueshows

that for this regulatoryoption a benefitof 1.5percentreductionin evera]]

trafficnoise impactwl]]be realized.

Note that in Tab|e 6-20, the total U.S. impact is col]apsed into a

slngle-valueLWP -- for a given year and given regulatoryoption. In this

condensation,the numbersof persons exposed to different noise ]evels Is

lost. Thispopulatlonexposureinformationis presentedin TablesF-1 to F-t0

In AppendixF. These tablesshow the numberof personsin the UnitedStates

who llve in specificnolse exposureareas, in 3-decibelranges. Measurable

reductions In impact ere noted in these tab]es for each of the regulatory

options.

Sin_leEventActlvlt_Interference

The purpose of the single event activity interferenceanalysis is to

examinethe benefitsof reducingbus nolsein greaterdetail. Here,potential

actlvity InterferenceIs examined separatelyfor (1) sleep disruption,(2)

sleep awakening,and (3) speechinterference,both indoorsand outdoorsand

pedestrian.
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For sleep disruption,Level Weighted Population(LWP) and bath types

of RelativeChange in Impact(RCI and RCI*) appear In Tables 6-22 and 6-23.

These tables are organized Identicallyto Tables 6-20 and 6-21 presented

previously.

Tables 6-22 and 6-23 show very large benefits in terms of a reduced

potentialfor sleep disruptiondue to the regulationof bus noise, These

benefits representreductionsin that proportionof impact that is attribu-

table to buses alone.

The valuesof LWP containedin Table 6=22 are compositenumbersrepre-

senting the total number of people exposedto bus passbys,multlp]ledby

the number of bus passbyeventsto which they are exposed,weightedby the

degree of anticipatedinterference. For example, if 32 million peopleare

exposed nightly to bus passby noise, and each is exposed to ten separate

passbys,and each passbyhas an independentprobabilltyof disruptingsleepof

25 percent, the total LWP displayedfor that situationwould be BO million

(32,000,000X 10 X 0.25). Eachcell in Table6-22 representssuch a composite

number.

Again,the LWP valuesare indicatorswhichare used to compareregulatory

options,end are not absolutemeasuresof actualbenefits. To betterquantify

the benefits of differentregulatoryoptions, the RCI and RCl* valuesare

used.

From Tables6-22 and 6-23, the resultsof the analysismay be summarized

as follows:

o With no bus regulation(baselinecolumn),the RCI.becomesincreasingly

negativedue primarilyto increasesin bus operationsand U.S,popu-

latiangrowth. Thissame trendis apparentfor Optioni.
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TABLE6-22

SLEEPDISRUPTIONIMPACT- ALL BUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMi111ons)

Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5 Optionq

1980 48.64 48.64 48.64 48.64 48.64 48.64 48.64 48.64 48.64 48.64

1985 69.44 66.86 64.58 66.55 64.58 66.60 69.38 64,58 64.58 33.61

1990 83.60 78.87 64.69 65.96 57.70 55.34 63,83 54.90 57.83 12.76

1995 95.49 89.11 64.48 64.53 48.82 49.52 53.07 41.29 49.11 1.49

2000 107,26 99.95 68.99 68.21 47.26 47.31 48.22 36.10 47.66 0.04

2010 133.00 123.55 85.02 83.99 57.57 57.57 57.57 43.03 58.03 0.03



TABLE 6-23

SLEEPDISRUPTIDNIMPACT- ALL BUSES

YEA_$ REGULATORYOPTIONS,R_LATIVECHAN[_EIN IMPACT{RCI)
Baseline OptionI Option2 Option_ Option3 Option3A Option39 Option4 Option5 OptionQ
RCI RCI* RCI 9CI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCi RCI* RCI RC3_' RCI RCI, RCi RCI*

1980 0.00 O.OO O.OO O.OO O.OO 0.00 0.00 O.OO 0.00 O.O0

]989 -42.66 0500 -37,46 3,63 -32.77 6.98 -36.88 7.08 -32.77 6,99 -36.92 4,01 -42.64 0.00 -38,77 6.92 -32.77 8.99 30.9 91.95

1990 -71.80 O,O0 -61.84 5,89 -33.0 88,68 -31.61 81.10 -18.63 30.98 -29.0 29.02 -33.29 92,95 -12.87 34.33 -18.69 30,83 73.77 84.74

1995 -96.24 0.00 -83.20 6,68 *32,57 32.47 -32,67 32.42 -3,70 48.87 -1.81 48.14 -9.11 44.42 15.II 66.76 -0.9/ 48.67 96.94 98.44GO

2000 "120.43 O.OO -105,49 6.82 -41.84 35.68 -40.23 36.41 2,84 55,94 2.73 55.89 8.63 55.04 29.78 66.34 2.OT 55,57 99,93 79.97

2010 -173.33 0.00 -154.01 7,11 -74.79 36,00 -72.68 36,85 -19.36 56.71 -18.36 56.71 -18.36 56.71 11.63 67.65 -19,31 56.37 99.95 99.91

PC| • Benefit In percent reduction of impact In the year-of-Interest (with reBulatlon) relative to the
impact in 1980 wtt_ no regulation,

RCI_ • Benefit In percent red_ctlon of impact In the ?ear-of-interest (with _egulatlon) relative to the
same_ear, without regulation.



o For Options 2 and 2A, the RCI holds constant until about 1995. Up

to this time, the effects of the increasinglystrict regulations

are Just offset by increasesin bus operationsand U.S. population.

After 1995, the RCI becomes again more negative_in the absenceof

more stringentnoiseemissionstandards.

o Per the remainderof the regulatoryoptions,the situationimproves

dramaticallybetween1985 and 2000.OptionQ virtuallyelilainatesall

impact.Of the remainingoptions, Option 4 demonstratesthe most

significantimprovementwhere the extent and severityof potential

sleepdisruptionis estimatedto be reducedby 26 percent,relatlveto

1980 -- even with the anticipatedincreasein bus operationsand U.S.

population.

o Each of the regulatoryoptions shews an RCI around minus 30-t0-40

percent for the year 1985. This increase in impactresults from

significantincreasesin bus operationsbetween1980 and 1985. The

differencebetweenoptions showthe effects of regulatorylead times

(effectivedates)on near-termbenefits.

As discussedabove, the RCI* values pertain only to a singleyear to

avoid ccnfuslonof regulatoryconsequenceswith anticipatedincreasesin bus

operationsand U.S. populatlon.These RCI* valuesshowthe potentlalbenefits

for any given year relatlveto the impactthat would occur in thatyear with

no bus noisereduction.
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The trends in RCI* in Table 6-23 are as follows:

o For the year1985, (withonly the firststage of regulationineffect)

the various regulatoryoptions result in benefitsup to 7 percent

(with the exception of Option Q).

o For lateryears, (as the regulatorylevelsbecomemore stringent)the

potential benefits increase to approximately 68 percent except Option

Q which shows a virtual elimination of impact.

o In general,the more stringentregulatoryoptionsshow greaterRCI*

benefits,with Option4 yieldingby far the greatestbenefitsin the

lateryears (withthe exceptionof OptionQ).

Tab]es 6-22 and 6-23 do not distinguish among the three types of buses:

transit, intercity,and schoolbuses. SeparateLWP resultsappear in Tables

F-11 through F-13 in Appendix F. Similarly, RCI and RCI* results appear

separatelyby bus type in TablesF-14 throughF-16. A comparisonof Tables

F-11 throughF-16 indicatesthat transitbuses dominate sleep disruption,

followedby Intercitybuses andthen schoolbuses.

The secondtypeof activityinterferenceis sleep awakening. The prob-

ability of sleep awakening is less than for sleep disruption, since it

takes more noise, generally of longer duration, to awaken a sleeper than

it does to changethe depth of sleep state.

For sleep awakening,LWP and both RCI and RC[* appearin Tables 6-24

and 6-25. These tables are organizedidenticallyto Tables 6-22 and 6-23.

Again, in Table 6-24, the LWP values represent a compositenumber of the

people exposed, the number of passby events, and the probabi]ity of an

interference occurring.
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TABLE 6-24

SLEEPAWAKENINGIMPACTS- ALL BUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPin Millions)

Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5 OptionQ

lgBO 25.64 25.64 25.64 25.64 25.64 25.64 25.64 ?5.64 25.64 25.64

1985 36.67 35.34 34.12 3B.15 34.12 35.18 36.67 34.12 33.59 11.13

1990 44.22 41.67 33.98 34.63 30.23 31.07 34.03 28.75 30.30 6.73

1995 50.52 47.13 33.64 33.67 25.2i 25.58 27.50 21.23 25.36 0.79
¢h

2000 56.70 52.78 35.86 35.46 23.93 24.20 24.69 18.29 24.37 0.01

2010 70.18 65.10 44,18 43,65 29.38 29.38 29.38 21.78 29.62 0.01



TABLE6-25

SLEEPAWAKENINGIMPACTS- ALLBUSES

YEARS REBULATORYOPTIONS,RELATIVECHARGEIN IHPA{T(RCIJ
Baseline Option 1 Option 2 Option ZA Option 3 Option38 Option 3B Option 4 Option 5 Option 0
RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCl RCI*

1980 O.O0 O,O0 O.O0 O.O0 O.O0 0,00 O.O0 O.O0 O.O0 O,O0

1985 -43.02 O.O0 -37.63 3,53 -33.07 5.95 -32.09 4.15 -33.07 6.95 -37,21 4.06 -43.02 O.O0 -33.07 5.95 -31.01 8,40 30.55 5],59

1990 -78,46 O,O0 -62,52 5.77 -38.53 23.15 -35.05 2i,59 -17,90 31.64 " -21.19 29,74 -32,72 23.04 -12.13 34,98 -19.O5 31.48 73.75 84.78

1995 -97.04 O.O0 -83.81 0.71 -31.80 33.41 -31,32 33.35 1,58 50.10 0.23 49,37 -7,25 45.57 17.20 57.98 1.09 49.80 95.92 93.44

2000 -121,14 O.O0 -105.85 0.91 -39.86 35.75 -35,30 37.46 5.67 57,80 5,61 57.32 3,71 56.45 80,57 57.74 4.95 53°02 99.95 99,98

2010 -173_71 O.O0 -193.90 7.24 -78.31 37.05 -70.24 37.80 -14.59 58,14 -14.59 58.14 -14,59 58.14 15.05 68.97 -15.52 57.79 99.95 99,99

RCI - Benefit In percent reduction of tmpact In the year-of-interest (with regulation ) relative to the
|mpact in 1980 with no reoulation.

8CI* - Benef|K in percent reduction of Impact In the )'ear-of-interest (with re9ulaESon)relative to the
sameyear,without regulation.



These tables show a very large reductionin potentialsleep awakenings

due to the regulationof bus noise. The trends in RCI and RC[* for sleep

awakeningarenearly identicalto the trendsevidencedin Tables6-22 and 6-23

for sleep disruption. For example,OptionsQ and 4 show the most benefits,

with a virtualeliminationof impactunder OptionQ, and reductionsin RCl and

RCI* of nearly 15 and 66 percent, respectively for Option 4 in the year

2010.

Separateresults for each of the three types of buses appearin Tables

F-17 and F-22 in Appendix F. A comparisonof these tables indicatesthe

same trendsas discussedabove for sleep disruption. Again,transitbuses

dominateover Intercitybuses and schoolbuses.

The thirdtype of activityinterferenceexamined is speechinterference.

Discussedfirst is total speech interference-- indoors at home, outdoors

at home, and for pedestriansnear bus routes. Then these three types of

speechinterferenceare separatelytabulatedand discussed.

For total speech interference,LWP, RCI and RCI* appear in Tables 6-26

and 6-27. Again, these tables are organized identicallyto the previous

tables.The RCI and RCI* values in Table 6-27 summarizethe LWP trends in

Table 6-26,

These tables show very large benefits in terms of reducedspeechinter-

ferencedue to the regulationof bus noise. The trendsin RCl are as follows:

o With no bus regulation(base]inecolumn),the RCI becomesincreasingly

negative -- as the increase in bus operations and U.S. population

cause increasedexposureto the (unregulated)buses. This same trend

is apparentfor OptionI.
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TABLE6-26

TOTALSPEECHINTERFERENCE- All Buses

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPin Mi111ons)

Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5 OptionQ

1980 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33 7.33

1985 10.55 10.42 10.11 10.21 10.tl 10.32 10.55 10.11 10.11 5,26

1990 12.72 12.45 10.49 10.56 9.50 9.59 10.26 9.09 9.55 2.23

1995 14.52 14.15 10.72 10.66 8.87 8.51 9.78 7.24 8.99 0.50

2000 16.27 15.86 11.54 11.34 8.42 8.42 8.54 6.77 8.57 0.42

2010 20.11 19.57 14.23 13.43 10.33 10.33 10.33 8.04 10.47 0.95



TABLE 6-27

TOTAL SPEECH INTERFERENCE - ALL BUSES

TEARS REGULATORYOPTION_,RELATIVECHABB_14 IVPA_T_I}
Baseline OptlonI Option2 Option2A Optlon3 Optlon3A Optlon30 Option4 Optlon5 OptlonQ
RCI ROl* RCI RCI_, RCI..... A01_ _CI _CI* RCI RCI* RCl RCI* RCi RCI* OOl RCI* RCl RCI* RCI..... RCI*

1980 0.00 0.00 0.00 0,00 0.00 O.O0 Q.00 0,00 0,00 0,00

1985 -43,g2 0.00 -42.08 1,28 -37.83 4.23 -39.25 3,24 -37.83 4,2_ -40.60 2.25 -43.08 0,03 -37,83 4.23 -37.33 4,23 20,2? 50,16

L990 -73,47 0.00 -69.79 2.12 -43.11 17.50 -44.00 16.99 -29.54 25.32 '-30,78 24.61 -39.98 19.31 -23.96 28.54 -30.31 24.88 69,57 8_,46

1995 -97.94 0.00 -93.02 2.49 -46.17 _0,16 -45.39 26,55 -20,95 3B*90 -16,03 41.38 -53.2_ 32.7_ 1.27 50,_2 -22,57 38,08 91,83 95,87
O_

(-_ 2000 -121,95 0,00 -|16.33 2,54 -57.38 29,10 -54.64 30,33 -_4.04 40.26 -$4.O7 40*25 -16,45 47,54 7,69 54,41 -16,91 47.33 94,24 97,41

ZO_O -174.33 0.00 -166.95 2.69 -94.14 _9.23 -83.18 33.23 -40.93 48.63 -40.93 48.63 -40.93 40.63 -9.68 60.02 -42.79 47.95 87.11' 95.30

RCl - Benefit in percenE reduction of impact in Eheyear-of-lnEerest (w_th Teg_aLl_n ) relative
to the impact in 1980 wlEh no regu|atJon.

_C_* • Benefit tn percent redu¢Eton of impact in the year.of-interest {with regulation)
rel_tlv_ Eo the _ameyear, without regulation.



o For Options 2 and 2A, the RCI alsoincreasesnegativelybetween1980

and 2000,but much more slowly. Forthese regulatoryoptions,the bus

noise regulationsmore completelyoffsetthe increasedimpactdue to

increasedbus operationsand U.S.population.

o For the remainderof the regulatoryoptions, the situationimproves

between1985 and the year 2000. Again,OptionQ virtuallyeliminates

all impacts. Of the remainingoptions,the improvementis a maximum

for Option 4, where the RCI is approximately8 percentfor the year

2000. For this year, the bus regulationshave reducedthe incidence

and magnitudeof speechinterferenceby 8 percent,relativeto 1980--

even in light of the increasein bus operationsand U.S. population.

o Each of the regulatoryoptionsshowsan RCl of aboutminus 35-to-45

percent for the year 1985. This increase in impactresults from

anticipatedincreasesin bus operationsbetween1980and 1985, before

noise regulationsbecomeinfluential.

The RCI* values, on the other hand, pertain only to a single year,

and thereby avoid confusionof regulatoryconsequenceswith consequencesof

increasedbus operationsand U.S. population.

The RCI* trendsin Table 6-27 are asfollows:

o For the year 1985, the variousregulatoryoptionsgenerallyresult

in benefits up to 4 percent (exceptOption Q). This indicatesthe

benefits of regulatingbuses Just to the first regulatory level.

o For lateryears (and as more stringentregulatorylevelsare imposed),

the benefitsincreaseto a maximumapproaching60 percent.
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o In general, the more stringentregulatoryoptionsshow greaterRCI*

benefits. Within this trend, Option 4 is more beneficial than the

others.

Speech interferenceimpact has been calculatedseparatelyfor persons

at home indoors,personsat home outdoors,and for pedestrians.Corresponding

resultsfor thesethree portionsof speechinterferenceappearin Tables6-28

through6-33.

The.trends in these tables are nearlyidenticalto the trendsfor total

speechinterference.The differencesare as follows:

o For indoorspeechinterference(Tables6-28and 6-29),the RCI values

level out for Options 2 and 2A, ratherthan deterioratingbetween

ig85 and 1995. For the remainderof the regulatoryoptions, the

benefits improvedramaticallybetween 1985 and the year 2000. The

initial deteriorationprior to 1985 would be completelyoffset by

the regulations. Other than OptionQ, Option4 yieldsgreaterbene-

fits thanthe others.

o Also for indoorspeechinterference,the RCI*for 1985 (withonlythe

first levelof regulationin effect)rangesfrom 4 to 6 percent. The

differencesbetween Options are more apparentin lateryears,with

benefits rising to above 70 percent for Option 4. Althoughthese

RCI* benefits are greater for indoor speechinterferencethan for

total speechinterference,the lower baselinepopulationmeans fewer

peoplebenefited.

o For outdoor speech interference(Tables6-30and 6-31),the 8asellne

and Option 1 RCl's shows a progressivelyworseningsituationwith

time.
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TABLE6-28

INDOORSPEECHINTERFERENCE- ALL BUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMi]]ions)

Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5 Optionq

1980 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15

1985 3.09 3.05 2.92 2.95 2,92 2.95 3.09 2,92 2.92 1.50

1990 3.71 3.62 2.82 2.84 2.49 2.52 2.80 2.39 2.51 0.58

1995 4.23 4.11 2.70 2.70 1.96 1.97 2.97 1.57 1.99 0.08

2000 4.73 4.60 2.83 2.82 1.79 1.79 1.84 1.38 1.84 0.01

2010 5.83 5.65 3.47 3.45 2.16 2.16 2.16 1.52 2.22 0,01



TABLE6-29

INDOORSPEECHINTERFERENCE-ALLBUSES

YEARS RCGULATORVOPTIONS RELATIVE CHANOEIN IMPACT (RCI)
BaseItne Ootlon 1 Option 2 Option 2A Option 3 Optton 3A Option 3B Option 4 Option 5 Option Q

RCI RCi* RCI ROI* POl ROI* RCl RCI* OCI RCI* RCI RCI* PCl RCI* RCI RCI" RCi RCI* RCI RCIt

1990 0.00 0,00 0.00 5,00 0.50 0.00 0.00 0.00 0,00 0,00

1985 -43.67 0,00 -41.67 1,39 -35.67 5.57 -37.30 4,44 -35.63 5.60 -37.35 4,40 -43.67 0,00 -35.63 5.60 -35.53 5,60 30,19 53.43

1990 -72.70 0,00 -68.42 2,48 -31.26 24,00 -22,28 23,40 -35,86 32,91 -17,39 32.0S -30.00 24.72 -11.02 35,71 -16.65 02.45 73,16 84.46

1995 -96.70 0,00 -91.02 2.88 -25,63 36.13 -25,63 35.13 9.07 53,77 8.42 53.44 -37.95 29,86 26.88 62.83 7.40 52,92 95.33 98.13

2000-!20,09 0.00 -113,72 2,90 -31,49 40.26 -31,16 40.25 16.60 62,11 16,96 62,09 14.42 51,12 36,05 70.94 14.42 61,12 99.49 99.77

2010 -171.16 0.00 -162.84 3.07 -61,30 40,91 -60.28 40,09 -0.60 62.90 4.60 62.90 -0.60 62,90 29,16 73,08 -],12 61,97 99,44 99,79

RCI • Benefit in percent reduction of impact in the year-of-_nterest (with regulation) relative to the
Impact in 1980 with no re9u]atlon.

RCIt • Benefit in percent reduction of impact in the year-of-interest (with re9ulatlon) relative to toe
Same_/earowithout regulation.



TABLE 6-30

OUTDOORSPEECHINTERFERENCE- ALL BUSES

YEARS REGULATORYOPTIONS,LEVELWEIGIITEDPOPULATION(LWPin Mi111ons)

Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5 Optionq

1980 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1,35

1985 1.95 1.92 1.85 1.80 1.85 1.87 1.95 1.85 1.85 1.00

'-., 1990 2.36 2.30 1.86 1.81 1.65 1.67 1.82 1.58 1.66 0,45
0

1995 2.69 2.63 1.84 1.81 1.37 1.38 1.48 1.19 1.39 0.13

2000 3.02 2.95 1.96 1.95 1.31 1,31 1.34 1.04 1.32 0,09

2010 3.74 3.64 2.42 2.42 1.64 1,64 L64 1.24 1.62 0.11



TABLE 6-31

OUTDOOR SPEECH INTERFERENCE - ALL BUSES

YEARS REGULATORYOPTIONS, RELATIVECHANGE IN IMPACT ROT)
Baseline O_tlon 2 Option 0 Option 2A Option 3 Option 3A Opt on 30 Option 4 Option 5 Option Q

gel RCI* ROT ROT* ROI ROT* ROT RCIt RCI RCI* RCI RCI* RCI ROT* RCI ROT* RCI RCI* RCJ RCI*

1930 0.00 0.00 0.00 0.00 0.00 0.00 O.O0 0.00 O.O0 O.O0

1985 -44.44 O.O0 -eB.02 1.54 -37.03 5.]3 -33.33 7.59 -37.03 5.13 -38.52 4.30 -A4.44 0.00 -31.03 5.13 -37.03 5.]3 25.93 48.70

]990 -74.51 0_00 -70.37 2.04 -37.77 _1.|9 -34.0? 23.3D -22.00 30.08 -33.70 09.24 -34.61 22.80 -1/.03 33.05 -22.95 29.65 66.55 60.93

(_ ]995 -99.35 0.00 -94.8] 2.23 -36.29 31.60 -34.01 32.7] -1.48 49.C7 -2.02 48.69 -9.52 44.08 EE.BO 50.76 -0.95 48.32 90.3? 95.16

2000 -123.70 0.00 -2]8.5] 2.30 -45.15 35.00 -44.44 35.43 2.95 55.62 3.95 05.50 0.74 55.52 22.96 55.56 2.20 56.99 93.33 g?.O!

0010 -177.03 0.00 -169.62 2.67 -79.25 35.24 -79.05 35.29 -21.48 50.]4 -2].45 56.14 _21.48 56.14 8.14 66.84 -ZO.O0 56.68 9].65 97.05

9C] - Benefit In percent reduction of Impact ]n the year-of-leterest (with regulation) relative to the
tnt_acl in 1990 wlth no regu]at|on.

ROI* - Benefit In percent red,orion of Impact in Ehe year-of-interest (wlEh regulation ) relative to the
same year,without reg_i_tlon.



TABLE6-32

PEDESTRIANSPEECHINTERFERENCE- ALL BUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPin Millions}

Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5 Optionq

1980 3.83 3.83 3.83 3.83 3.83 3.83 3.83 3.83 3,83 3.83

1985 5.51 5.45 5.34 5.39 5.34 5.39 5.51 5.34 5.34 2.80

L 1990 6165 6.52 5.82 5.85 5.36 5.40 5,65 5.12 5.39 1.26

1995 7.59 7.42 6.18 6.14 5.54 5.16 5.32 4.48 5.61 0.43

2000 8.52 8.32 6.76 6.69 5.32 5.32 5.36 4.36 5.41 0.35

2010 10.55 10.29 8.35 7.58 6.53 6.53 6,53 5.28 6.63 0.44



TABLE 6-33

PEDESTRIAN SPEECH INTERFERENCE - ALL BUSES

_AR$ REGULATORYOPTION5RELATIVECHAI_GEIfF'_ACT (RC])
BaseHne Optt©n1 Optton2 Option2A Optton3 Option 3A Option33 Optton4 Opt|on 5 Op*,ionq
RCI RCI" RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCI RCI* RCl RCI* RC! RCI* RCI RCI" RCI RCI*

1960 0,00 0,00 0,00 O.CO 0.00 0,00 O.O0 0.00 O,QO 0,00

1983 -43.87 0.00 -42,20 1,16 -39,35 3,14 "-40,53 2,23 -39,35 3.14 -40.63 2.23 -43.79 0.05 -39,35 3.I4 -39.35 3o14 27.06 49.30

]990 -73,54 0,00 -70,35 1,8R -51.80 [2.53 -52.58 12.06 -39.37 19.40 -40,92 18.60 -47,4Z 15.(]5 -33.66 22,98 -40.6R [8.93 67.35 81.13

1995 -98,09 0,00 -93,63 Z.Z3 -6[.2Z 18.61 -60.28 19.09 -44.63 26.99 -34.66 32,02 -33,RR 29,89 -16.91 40,9R -46,40 26.10 6(3,86 94.37

2000 -122.36 0,00 -111,15 2,35 -76,30 20.71 -74.38 21.49 -38,80 31,SR -3R,83 37,57 -39,95 3l,Od -13.65 48,89 -41,18 36.51 90.81 95.87

2010 -175.23 0.00 -168.42 2.47 -117.88 20,84 -97,63 28,12 -?0,33 38.11 -70.33 36,11 -70,33 38,11 -37,66 49,99 -73.12 37.10 8R,51 95,_5

RCI • Benefit In percen&reductionof Impactin the year-of-Interest (with regulation) relative to
Lhe ImpactIn 1980w|t6 no regulation,

RCIt • Benefit |n percent reductfonof I_act In the year-of-Interest (with regulation) relaLlve
to the $eme,yearI w_thoutregulation,



Options 2 and 2A level out beginning about 1985 as in the case of

indoor speech interference. For the remainder of the regulatory

options, the situationimprovesbetween1985 and 2000, thoughnot as

dramaticallyas fur indoorspeechinterference.With the exceptionof

Option Q, Option 4 results in greater benefit than the others.

o Also for outdoorspeech interference,the RCI* benefitsrise towards

70 percentfor Option4, though again the lower base]inepopulatlon

foroutdoorspeechinterferencemeans fewerpeoplebenefited.

o For pedestrianspeech interference(Tables6-32 and 6-33), the RCI

trends match the total trends more closely, since the baseline

pedestrianpopulationis more than half the total. The RLI does not

becomepositivefor any of the optionsconsidered,exceptfor Option

q.

o Also for pedestrianspeechinterference,the RCI* trends alsomatch

the total trends closely. For later years, the benefits increase

to a maximumof 50 percent. Exceptfor Option Q, Option 4 is more

beneficialthan the others,

Tables 6-28 through 6-33 do not distinguishamong the three types of

buses: transit,Interclty,and schoolbuses. SeparateLWP resultsappearin

Tables F-23 throughF-31 in AppendixF -- and also separatelyfor indoor,

outdoor,and pedestrianspeechinterference.Simllarly,separateRCI and RCI*

resultsappearin TablesF-32throughF-40. These lattertablescontainonly

selectedyears, and also repeatsome of the LWP informationfrom TablesF-23

through F-3I.
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InteriorImpact

Interiornoise impactshave beenassessedwith respectto bothpassengers

and driversof the buses.

Two types of interior impact are considered: hearing damage risk

and speech interference. Hearing damage risk is assessed in terms of the

twenty-fourhour equivalentsound level, Leq(24). Speech interferenceis

evaluatedin terms of the equivalentsound level,Leq(T), duringthe dura-

tion of exposure (brieffor passengersand essentiallythe fullwork day for

bus operators), These noise metricsare discussedin the subsectionentitled

"NoiseMetricsJ'

Potentialhearingdamagerisk and speechinterferenceimpactsare tabu-

ated (i) for passengersand (2) for operators. These results,presentedin

ables 6-34 to 6-61, consistof LWP, RCI, and RCI* valuesin the same format

s in the exteriornoise tablespresentedpreviously. The resultspresented

n these Tables pertain to all buses. Separate tabulationsfor transit,

ntercity,and schoolbuses which highlightthe differencesby bus type, are

resentedin TablesD-41 to D-120 in Appendix0.

Riskof hearingdamageresultsfrom long-termexposureto noise,fromall

ources. For this reason it is assessedusingthe twenty-fourhour measure

eq(24)" Bus noise makes up only a portionof this twenty-fourhour noise

_xposure,both for passengersand operators (see Table 6-16), Therefore,

,he adverseeffectof the bus noise on hearingdepends, in part, upon each

!) )erson'stotalnoiseexposurefor that portionof each twenty-fourhour period

_hen the person Is not on the bus. That is, rlsk of noise-inducedhearing

Mlll vary dependingupon dally noise exposuresreceived by passengersand
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drivers at times when they are not ridingon the bus. Becauseof the wide

variationin individuallifestylesand activities,it is difficultto deter-

mine preciselythesepatternsof non-busnoiseexposure. Therefore,for this

analysis, three values of non-bus "background"noise exposure have been

assumed: 60 dB, 70 dg, andBO dB. Separatetablescontainingthe resultsfor

each of these threebackgroundnoisepossibilitiesare presented.

In a11, for examiningpotentialhearingdamage risk, upon passengers

and driversthe followingtabulationswere carriedout with resu|tsin terms

of LWP, RCl and RCI*:

o Passengersand drivers

o Al1 busescombined

o LWPfor 60 dB non-bus noise exposure
o RCI for 60 dB non-bus noise exposure
o RCI* for 60 dO non-bus noise exposure

o These samethree tables for 70 dB background

o These samethree tables for 80 dB background

The resultsof the analyslsof potentialhearingdamagerisk to passen-

gers for all bus typeappearIn Tables6-34 throughB-42. Tables6-34 through

6-36 show the LWP, RCI and RCI* values assuminga non-bus noise exposure

level of 60 dB. The LWPH values containedin these tables are composite

numbersrepresentingthe totalnumberof bus ridersovera varietyof exposure

times and levels. For ex_ple, Table 6-34 shows that in 1990 for Option 3

there is predictedto be a LevelWeightedPopulationof 71,200. FromTables

6-35 and 6-36, the corresponding RCI and RCI* values are 76.46 and 84.7

percent, respectively, In other words, Option 3 shows that in 1990 there

would be 76 percentreductionin risk of hearingdamagefromthat occurringin

1980, and almost an 85 percent reductionfrom that which would occur In

1990.
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TABLE6-34

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSESWITHNON-BUSNOISEEXPOSURELEVELOF 60 - LWPH (thousands)

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 302.5 302.5 302.5 302.5 302.5 302.5 302.5 302.5 302.5

1985 410.2 198.3 198.3 323.0 198.3 366.4 410.2 198.3 198.3

1990 464.6 71.2 71.2 161.4 71.2 199.0 282.2 71.2 71.2

1995 500.9 7.8 7.8 40.2 1.8 59.0 110.0 7.8 7.8

2000 531.5 0.1 0.1 1.4 0.1 3.9 16.4 0.1 0.1

2008 582.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



TABLE6-35

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSESWITH NON-BUSNOISE EXPOSURELEVEL OF 60 RCI

Years Baseline Optioni Option 2 Option2A Option3 Option3A Option38 Option4 Option5

I980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -35.60 34.45 34.45 - 6.78 34.45 -21.12 -35.60 34.45 34.45

L
1990 -53.59 76.46 76.46 46.64 76.46 34.21 6.71 76.46 76.50

1995 -65.59 97.42 97.42 86.71 97.42 80.50 63.64 97.42 97.42

2000 -75.70 99.97 99.97 99.54 99.97 98.71 94.58 99.97 100.0

2008 -92.46 100 100 100 100 100 100 100 100.0

RCI = Benefitin percentreductionof Impactin the year-of-interest
(withregulation)relativeto the impactin 1980withno
regulation.



TABLE 6-36

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSES WITH NON-BUSNOISEEXPOSURELEVELOF 60 RCI*

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 O.O O.O 0.0 0.0 0.0

1985 0.0 51.7 51.7 21.3 51.7 10.7 0.0 51.7 51.7

1990 0.0 84.7 84.7 65.3 84.7 57.2 39.3 84.7 84.7

1995 0.0 98.4 98.4 92.0 98.4 88.2 78.0 98.4 9B.4

2000 0.0 100.0 100.0 99,7 100.0 99.3 96.9 100.0 100.0

2008 0,0 100.0 i00.0 100.0 100.0 i00.0 I00.0 I00.0 100.0

RCI* i Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear withoutregulation.
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TABLE6-37

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSESWITH NON-BUSNOISE EXPOSURELEVELOF 70 LWPH(thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 3083.1 3083.1 3083.1 3083.1 30B3.I 3083.1 3083.1 3083.1 3083.1

1985 4044.7 2532.7 2448.1 3255.6 2448.1 3648.4 4044.7 2448.1 2448.1

1990 4457.4 1685.6 1180.0 1748.9 1090.3 1997.3 2742.8 1081.3 1115.7

1995 4701.4 1280.6 452.3 644.2 262.3 621.8 1075.6 239.1 314.5

2000 4930.5 1283.8 305.7 310.2 57.2 84.2 194.7 24.7 123.9

2008 5321.1 1384.1 322.4 322.4 45.0 45.0 45.0 7.8 116.7



TABLE 6-38

HEARINGLOSS IMPACT; PASSENGERSFOR ALL BUSES WITHNON-BUSNOISEEXPOSURELEVELOF 70 - RCI

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -31.19 17.85 20.60 -5,60 20.60 -18,34 -31.19 20.60 20.60

1990 -44.58 45.33 61.73 43.27 64.64 35.22 11.04 64.93 63.81

1995 -52.49 58.46 85.33 79.11 91.49 79,83 65.11 92.24 89.80

2000 -54.92 58.36 90.08 89.94 98.14 97,27 93.68 99.20 95.98

2008 -72.59 55.11 89.54 89.54 98.54 98.54 98.54 99.75 96,21

RCI = Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the impactin 1980withno
regulation.



TABLE6-39

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSESWITH NON-BUSNOISEEXPOSURELEVELOF 70 - RCI*

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0 O.O

1985 0.0 37.4 39,5 19.5 39.5 9.8 O.O 39.5 39.47

1990 0.0 62.2 73.5 60.8 75.5 55.2 38.5 75.7 74.97

,,,,, , , , , i , ,,

1995 0.0 72.8 90.4 86.3 94.4 86.8 77.1 94.9 93.31

2000 0.0 74,0 93,8 93.7 98.8 98.3 96.1 99.5 97.49

2008 0.0 74.0 93.9 93.9 99.2 99.2 99.2 99•9 97.81

,, , ,, , , ,,,

RCI* • Benefit In percent reduction of impact in the year-of-interest
(withregulation)relativeto the sameyearwithoutregulation.



TABLE6-40

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSES WITHNON-BUSNOISEEXPOSURELEVELOF 80 - LWPH (thousands)

Years Baseline OptionI Option2 Option2A Option3 Option3A Option35 Option4 Option5

1980 210989.5 210989.5 210989.5 210989.5 210989.5 210989.5 210989.5 210989.5 210989,5

1985 298342.6 296909.9 296761.3 297459.3 296761.3 297899.1 298342.6 296761.3 296761.4

1990 364950.1 362336.1 361449.6 361929.1 361108.9 361966.6 362799.2 361005.4 861239.3

=

1995 430206.3 426999.2 425546.8 425698.3 424824.6 425163.4 425669.0 424555.2 425092.0

2000 502784.5 499380.7 497663,1 497663.3 496715.4 496740,8 496863.9 496333,4 497057.1

2008 637404.5 633750.9 631880.5 631880.5 630816.1 630816.1 630816.1 630367.0 631783.4



TABLE 6-41

HEARINGLOSS IMPACT: PASSENGERSFOR ALL BUSESWITH NON-BUSNOISE EXPOSURELEVELOF BO - RCI

Years Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 OptionB

1980 O.O 0.0 O.O O.O O.O O.O O.O O.O 0.0

1985 -41.40 -40.72 -4L.65 -40.98 -40.65 -41.19 -41.40 -40.65 -40.65

19g0 -72.97 -71.73 -71.31 -71.54 -71.15 -71.56 -71.95 -71.10 -71.21

1995 -103.g0 -102.38 -IOI.6g -101.75 -101.35 -101.51 -101.75 -101.22 -101.48

2000 -138.30 -135.69 -135.87 -135.87 -135.42 -135.43 -135.49 -135.24 -135.58

2008 -202.10 -200.37 -199.48 -199.48 -198.98 -198.98 -198.98 -198.77 -199.44

RCI " Benefit in percent reduction of impact in the year-of-Interest
(withregulation)relativeto the impactIn 1980wlth no
regulation.



TABLE6-42

HEARINGLOSSIMPACT: PASSENGERSFOR ALL BUSESWITHNON-BUSNOISE EXPOSURELEVELOF BO RCI*

Years Baseline Option1 Option2 Option2A Option3 Option3A Option35 Option4 Option5

IgBO O.O 0.0 O.O O.O 0.0 O.O O.O O.O O.O

1985 O.O 0.5 0.5 0.3 0.5 0.1 O.O 0.5 0.53

1990 0.0 O.? 1.0 O.B 1.1 0.8 0.6 1.1 1.02

1995 O.O 0.7 1.1 1.0 1.3 1.2 1.1 1.3 1.9

2000 0.0 O.l 1.0 1.0 1.2 1.2 1.2 1.3 1.14

2005 0.0 0,6 0.9 0.9 1,0 1.0 1.0 1.1 0.88

RCI*_ Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear withoutregulation.



In Table 6-34, two trends are apparent in the LWPH. First, the LWPH

decrease with time as ever m_re stringentregulationsare imposed. This

decrease in impactshowsthat the projectedbenefitsfrom reducingbus noise

emissions predominateover the concurrent increasesin the number of bus

passengers.

The second trendapparentin Table 6-34 is the patternacrossregulatory

options. During IgBO, no decrease in LWPH occurs, since no regulations

exist. For lateryears,all regulatoryoptionsshow a decreasein LWPH,some

reducing it to nearzero. Towardsthe turn of the century,the decreasein

LWP is dramatic for all the regulatory options, although several of the

optionsshow significantlyhigherLWPH (and thereforelessbenefits).

CorrespondingtoTable 6-34,the RCl valuesin Table6-35are IO0 percent

for all options in the year 2008. This value means that all of the riskof

potentialhearingdamage(dueto bus noise only)will be eliminatedby reduc-

ing interiorbus noiseassuminga non-busnoiseexposurelevelof 60 dB. That

is, none of these persons will be subject to hearing damage risk due to

non-busand bus noisecombined.

For the intermediateyears, Table 6-3B indicatesthat progresstowards

lO0 percent reductionis most rapid for Options l, 2, 3, 4, and 5, with

the others trailingonly slightlybefore the year 2000. For al| options,

however,the year 2008reductionof lOO percentresultsin a benefitto the

ful] lg80LWPH of 302,500.

The RCI* values in Table 6-36 also shows that by the year 2008 all

potentialrisk of hearinglossimpact(dueto bus noiseonlyand assuminga 60

dB non-bus noise background)is eliminatedby reducing interiorbus noise.

For 1985, these RCI*valuesshow zero percentfor the no regulatlonbaseline,

and increaseto 51.7percentfor Optionsl, 2, 3, 4, and 5. For theseoptions

over half the predicted impact is eliminated, even this earl3 in the
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regulatorytime stream. By the year 2008, all regulatoryoptionshave eli-

minated the hearing damage rlsk due to buses (as combined with a 60 dB non-bus

backgroundexposure). Thiseliminationof impactoccursevenwith the antici-

pated increase in bus ridership.

Tables 6-37 through 6-39 present the LWPH, RCI and RCI* values assuming

a non-bus noise exposure level of 70 dB. Table 6-37 shows a 1980 baseline

LWPH of 3,083,100 for the case of a 70 oB non-bus noise exposure compared

to an LWPH of 302,500 with a 60 dB non-bus exposure. This increase in

LWPH is due to both the Increased non-bus noise exposure and the high

interior bus noise levels. This is because hearing dan_ge risk is not a

simple function of bus noise combined with background noise. Near the

hearing damage risk threshold of 70 dB, the LWPH will increase dramatically

with an increase in background noise providing that the interior bus noise

levels are relatively high. On the other hand, were either of these two

componentsto be significantlylower (as in the 60 dB non-bus background

case), this sensitivity would be far less.

The RCI values in Table 6-38 show that gO percent of the impact is

eliminated for most of the regulatory options by the year 200B. Typically,

Options3, 3A, and 3B resultin a benefitof 98,54percent, This translates

to a reduction in LWP of 3,038,100. Note that this i$ far more benefit than

is achieved for the 60 dB non-bus exposure case.

The RCI• values in Table 6-39 show the benefits of the bus regulation

excluding increases in bus ridership. For the year 2008, the values in

the table show nearly lO0 percent benefit for all of the options except

Option l. For intermediate years, Options 2, 3, 4, and 5 are superior to

the others.
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Table 6-40 through6-42 are similarto the previouslypresentedtables,

but for a non-busexposurelevelof 80 dB. Table6-40 showsfor 1980 an LWP

of 210,gB9,500comparedto the 3,083,100valuewith the 70 dB non-busexpo-

sure. This increaseis due mostlyto the non-busbackgroundnoise, Although

the bus may contributeto a riskof hearingdamage, it wouldcontributemuch

less than other communityand/orworkplacenoisesthat make up the remaining

daily exposure for the 80 dB non-buscase. This is not true for the other

cases examined.

Tables6-41 and 6-42 show essentiallyno benefit from the regulationof

bus noise assumingan 80 dB non-busnoiseexposure. Bus noiseexposurewould

be minimal comparedto communityand/or workplacenoisesthat make up the

remainingdaily exposure.

Benefits in terms of reducedrisk of noise-inducedhearingdamagewin

vary dependingupondaily noiseexposuresreceivedby passengersand drivers

at times when they are not ridingon the bus. For example,passengerswho

experiencea 60 dB non-busexposurewould incur only littleadditionalrisk

from interiorbus noise,and thereforewould not receive largebenefitsfrom

interiornoise reduction.For passengerswho may experiencean 80 dB non-bus

exposure,the regulationwould reducetheir total risk of incurringhearing

loss by only aroundI percent (RCI*), For passengerswho would experiencea

non-busdaily noiseexposureof about70 dB. which is a verytypicalexposure

encounteredby a large percentageof the nation'spopulation,the regulation

of bus noise would be effectiveand virtuallyeliminateany risk of hearing

impairment. Obviously,for non-busexposureswithin the extremesdiscussed

here, benefitswouldvary accordingly.
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The results of the analysis for potential driver hearing damage risk

for all buses is presented in Tables 6-43 through 6-49 -- for non-bus

background noise exposures of 60 dB, 70 dB, and 80 dB.

The baseline LWPH for the 6u dB non-bus background in Tab]e 6-43 shows

that the hearing damage risk is minimal in this case. During theyear 2008,

with no bus regulation, 200,000 drivers may be adversely affected. The

potential impact upon drivers is essentially eliminated by al] regulatory

options except Option i. With such small numbers of impacts, the trends are

obvious; so the correspondingtablesfor RCI and RCI* are not includedhere.

With a non-bus backgroundexposure of 70 dB, Table 6-44 shows higher

driver LWPH, though not nearlyso high as for passengers. In essence,the

difference follows directly because the number of drivers is far smaller

thanthe numberof passengers.

The correspondingRCI and RCI* tables (Tables6-45 and 6-46)show that

nearlyall potentialimpactis eliminatedby Options3, 4, and 5.

With a nan-busbackgroundof 80 dB, Table 6-47 showseven higheroperator

LWPH. As with passengers,these driver LWPH are due nearlycompletelyto

non-busnoiseexposure. As Tables6-48 and 6-49 show,the potentialbenefits

from bus interiornoise regulationsis small when the populationis exposed

to such high non-bus noise levels. Benefitsare, by far, more significant

for driverswho may incurnon-busexposureson the order of 65-75dB.

For transitbuses only, the resultsof the analysisfor hearingdamage

risk appearin TablesF-41 throughF-56. These tablesparallelthosealready
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TABLE6-43

HEARINGLOSS IMPACT: DRIVERSFOR ALL BUSESWITH NON-BUSNOISEEXPOSURELEVELOF 60 - LWPH (thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

1985 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0,I 0.1

1890 0.2 0.1 0.i 0.i 0.1 0.1 0.1 0.1 0.1

1985 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2000 0,2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2008 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0



TABLE6-44

HEARINGLOSS IMPACT: DRIVERSFOR ALL BUSESWITH NON-BUSNOISEEXPOSURELEVELOF 70 - LWPH (thousands)

YEARS Ba°oline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 29.7 29.7 29.7 29.7 29.7 29.7 29. ? 29.7 29.9

1985 38.6 26.2 25.3 31.7 25.3 35.1 38.6 25.3 25.2

1990 42.3 19.4 14.0 18.6 12.6 20.2 26.7 12.2 12.7

1995 44.6 16.4 7.3 8.8 4.3 7.3 11.4 3.3 4.4

2000 46.7 17.0 6.1 6.1 2.0 2.3 3.3 0.7 2.4

2008 50.2 18.6 6.7 6.7 2.1 2.1 2.1 0.5 2.5



TABLE6-45

HEARINGLOSS IMPACT: DRIVERSFOR ALL BUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 RCl

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0

1985 -29.97 11.78 14.81 -6.73 14.81 -18.18 -29.97 14.81 15.15

• 1990 -42.42 34.68 52.86 37.37 57.58 31.99 10.10 58.92 57.24

1995 -50.17 44.78 75.42 70.37 85.52 75.42 61.61 88.89 85.19

2000 -57.24 42.76 79.46 79.46 93.27 92.26 88.89 97.64 91.92

I I I I I

2008 -69.02 37.37 77.44 77.44 92.93 92.93 92.93 98.32 91.58

RCI =Beneftt in percent reduction of Impact in the year-of-interest
(withregulation)relativeto the impactin 1980with no
regulation.



TABLE 6-46

HEARINGLOSS IMPACT: DRIVERSFOR ALL BUSESWITHNON-BUSNOISE EXPOSURELEVELOF 70 - RCI*

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 OptionB

1980 0.0 0.0 0.0 O.O O.O 0.0 0.0 0.0 O.O

1985 0.0 32.1 34.5 17.7 34.5 8.9 O.O 34.5 34.7

1990 O.O 54.0 66.9 55.0 70.3 52.3 35.8 71.1 70.0

1995 0.0 63.2 83.6 80.2 90.5 63.6 74.5 92.5 90.1

2000 0,0 63.7 B7.O 87.0 95.6 95.1 93.0 98.5 94,9

2000 O,O 62.8 86,7 86.7 95.8 95.8 95.8 99.0 95.0

RCI* - Benefitin per¢¢fJLreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear withoutregulation.



TABLE6-47

HEARINGLOSS IMPACT: DRIVERSFOR ALL BUSES WITHNON-BUSNOISEEXPOSURELEVELOF 80 - LWPH (thousands)

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 1487,2 1487,2 1487.2 1487.2 1487,2 14B/,2 1487,2 1487.2 1487.2

1985 1927.9 1911.6 1910.6 1918.0 1910.0 1922.9 1927.9 1910.0 1910.0

1990 2114.9 2084.9 2074.9 2080.6 2070.3 2080.3 2089.3 2068.6 2074.9

1995 2230.0 2192.9 2176.4 2178.3 2166.6 2170,6 2176.5 2162.5 2176.4

2000 2338,6 2299.4 2297.8 2279.8 2266.8 2267.1 2268.5 2260.5 2279.8

2008 2513.3 2471.8 2450,3 2450.3 2435.8 2435,8 2435.8 2428.4 2450,4



TABLE6-48

HEARINGLOSSIMPACT: DRIVERSFORALL BUSESWITHNON-BUSNOISEEXPOSURELEVELOF80 RCI

YEARS Baseline Option 1 Option 2 Option 2A Option 3 Option 3A Option 3B Option 4 Option S

1980 0.0 0.0 0.0 0.0 0.0 O.O 0.0 0o0 0,0

1985 -29.63 -28.54 -28.43 -28.97 -28.43 -29.30 -29.63 -28.43 -28.43

1990 -42.21 -40.19 -39.52 -32.90 -39,21 -39,88 -40.52 -39,09 -39.52

1995 -49.95 -47.45 -46.34 -46.47 -45.68 -45.95 -45.35 -45.38 -46.34

2000 -57,25 -54.61 -53.29 -52.29 -52,42 -52.44 -52.53 -52,00 -53.29

2008 -64,00 -66.20 -64,76 -64.76 -63.78 -63,78 -63,78 -63.29 -64,77

, , , , ,,

RCI mBenefit in percent reduction of impact in the year-of-interest
(with regulation) relative to the impact in 1980 with no regulation,



TABLE6-49

HEARINGLOSS IMPACT= DRIVERSFOR ALL BUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - RCI*

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 O.O O.O 0.0 0.0 O.O 0.0

1985 0.0 0.8 0.9 0.5 0.9 0.3 0.0 0.9 o.g

1990 0.0 1.4 1.9 1.6 2,1 1.6 1.2 2,2 1.9

1995 O.O 1.7 2.4 2.3 2.8 2.7 2.4 3.0 2.4

2000 0.0 1.7 2,5 2.5 3.1 3.1 3,0 3,3 2.5

2008 0.0 1.7 2.5 2.5 3.1 3.1 3.1 3.4 2.5

RCI*i Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the s_e year withoutregulation.



discussed,and show the same generaltrends. For all regulatoryoptions,with

60 dB background,the year 200B reductionin RCI of 100 percentresultsin a

benefit reductionin LWPH of 302,300. The LWPH hearingdamage risk due to

transitbuses is nearlyequal to the totalfor all busesfor the caseof a 60

dB non-busnoiseexposure.

With a 70 dB noise bus exposure,(TablesF-44 throughF-46),the trends

for transitbuses are the same as for all buses combined. Then 80 dB back-

groundcase (TablesF-47 through F-49),again shows minimal potentialbene-

fits.

The corresponding results for transit bus drivers is again similar

to that for the totalityof bus drivers (TablesF-50 to Table F-56). The

impact Is quite minimal, and the resultingbenefitsare thereforeminimal.

For intercitybuses and school buses (separately),the resultsof the

analysis for potential hearing damage risk are presented in Tables F-57

throughF-B4. RCI and RCI* tableshave been omitted,where the LWPH trends

are obvious.

The trendsfor intercityand schoolbuses are approximatelythe sam as

for all busescombined,exceptfor the following:

o For a 60 dB non-busexposure,the LWPH is often zero,even for

no regulation(TablesF-57,F-64,F-f1,and F-78).

o For intercitypassengerswith a 70 dB non-busexposure,Option 4

yields greaterbenefits than the ethers (TablesF-58 to F-60).

o
For intercitypassengerswith 80 dB non-busexposure,no benefit

(RCI* equals zero) accrues from bus interior noise regulation

(Tables F-61 to F-63).
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o For intercitydriverswith 70 and BO dB non-busexposure,Option 4

Is superior to the others, though the benefit in terms of a

reduction in LWPH is only 1,200 for 70 dB background, and 1,800

for 80 dB background (Tables F-65 to F-70).

It is apparent from Tables F-41 to F-54 that transitbuses dominate

.he adverse impact for a 60 dB non-bus noise exposure. For such an exposure,

:he impact and benefits are moderate. For a 70 dB non-busexposure,school

)uses are comparableto transitbuses. It is for this non-busexposurethat

the impactand benefits are most sensitiveto bus noise regulations. For an

80 dB non-bus exposure, school and intercity buses dominate, though the

regulationof interiornoise will have essentiallyno effect upon reducing

this impact.

Tables 6-50 through 6-55 have been preparedas a summaryof potential

hearing damage risk to bus passengersand drivers. The data presented in

these tables are expressed in terms of the number of persons potentially

affected.

Acrossthe top of each of thesetablesare listedthe regulatoryoptions.

Down the left side are percentageranges,from zero percentto greater-than-

100 percent. These percentagesrepresentthe yearlyallowablenoiseexposure.

Tabulatedseparatelyare a selectionof yearsbetween1980and 2008.

For example, Table 6-50 shows that for the year 1980, under Option 2,

17,838,000peoplewill use or consume25-50 percentof their totalallowable

year noise dosage from bus when riding on buses. This would leave 70-75

percent of their allowabledosageleft for noise sourcesotherthan interior
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TABLE6-50

YEAR: 1980
ALL BUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 OptionB

0-25 16550 16550 16550 16550 16550 16550 16550 16550 15550

25-50 17850 17850 17850 17850 17850 17850 17850 17850 17850

50-80 6844 6844 6844 6844 6844 6844 6844 6844 6844

80-100 4772 4772 4772 4772 4772 4772 3381 3381 4970

>100 3108 3108 3108 3108 3108 3108 3108 3108 3108



TABLE6-51

YEAR: 1985
ALL BUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Baseline Option 1 Option 2 Option 2A Option 3 Option 3A Optton 3B Option 4 Optton 5

0-25 21618 32366 33776 28619 33776 25235 21618 33776 33776

25-50 24693 18783 17933 19283 17933 20877 22481 17933 17933

50-80 8741 6639 6180 6968 6180 ?853 8741 6180 6180

80-100 6355 3577 3480 5022 3480 5686 6355 3480 4380

>100 4213 2045 2043 3318 2043 3763 4213 2043 2043

. _ _,4¢_L_._._.,: .......... L _ ._/_.._._N_



TABLE6-52

YEAR: 1990
ALL BUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 24053 433/7 51798 52073 54536 48143 41398 54542 51661

25-50 27645 17482 12408 13221 9640 11843 14804 9666 11073

50-80 9412 5660 2900 3390 2894 4141 5803 2893 2598

80-100 7093 1977 1391 2487 1391 3055 4326 1391 2250

>i00 4767 744 735 1657 735 2043 2897 755 1649



TABLE6-53

YEAR: 1995
ALL BUSES (THOUSANDS OF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5

0-25 25694 48966 62/01 51752 67276 66089 62019 68616 66393

25-50 24448 ]7046 8790 7793 2973 3801 5569 2950 3857

50-80 9736 5262 /14 828 702 1188 2192 700 702

80-100 7559 1209 234 612 234 1026 1671 234 234

>I00 5137 97 82 412 82 _9 1129 82 82

l1



TABLE6-54

YEAR: 2000
ALL BUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

g Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 27497 51853 56870 68157 75790 75605 74615 75825 74361

25-50 25508 17726 8010 7982 377 393 865 346 1507

50-80 10099 5449 65 52 48 83 328 44 48

80-100 7971 1173 9 1 9 59 247 9 9

>100 5450 18 1 14 1 40 168 1 1



h

TABLE6-65

YEAR: 2008
ALL BUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 30740 56377 74057 74057 82640 82640 82640 82679 81427

25-50 26597 19121 8631 8631 65 65 65 30 1279

60-80 10744 5911 25 25 6 6 6 2 6

80-100 8583 1285 0 0 0 0 0 0 0

>100 5968 19 0 0 0 0 0 0 0



bus noise. Similarly,under a no regulationcondition, nearly 4,774,000

riders will use up from 80 to 100 percent of their yearly allowableexposure

on buses,leavinglittleroom for exposureto othersources.

Also, as shown in Table 6-50, under most of the regulatory options,

approximately 3,100,000 riders may incur more than 100 percent of their

total allowableyearly noisedosagejust from buses alone. These peoplewould

then run some degree of risk of permanent hearing damage from interior

bus noisealone,ignoringall othersourcesof noisein their lives.

Tables 6-51 through 6-55 present the percentnoise dosage for later ,._

years. Note that bus interiornoise regulationswill generallyshiftpeople

from higher percentage dosage brackets into lower ones at the top of the

table. Tberefere,an increasein percentdosage at the top of the table is

indirectlya benefit. However, potential benefit is best representedby

decreasesin the bottomtwo linesof the tables.

Table 5-51 indicates that regulations begin to have a beneficial effect

by the year IgBT, especially Options i, 3, 3A, 4, and 5, In 19g0, (Table

6-52), the benefits are even more pronounced. For these more stringent

regulatoryoptions,the numberof peopleabove 100 percentexposurehas been

reduced from 4,200,000 to under 800,000. Moat ether percentages show signifi-

cant reduction,also, comparedto the baselineat the left. Generally,only

those exposed between 0 and 26 percent has increased, as people are brought

i downfromthe higherpercentagebrackets.

For later years (Tables5-52 through 6-65),the benefit is very large.

By the year 2008 (Table6-55),all optionsexceptOptionI wouldresultin a

reduction of the top-most bracket to zero people and the 80-100 percent

bracket to 4,000 people. Option I is signlficmntlyless effective,with
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Options 2 and 2A intermediate. Even under Option I, however, 10,206,000

people are removed from the top-_st percentagebracketby the year 2008.

Option3A is slowerto producethese potentialbenefits.
z

The summary tables are paralleledfor the separatetypes of buses, in

TablesF-85throughF-I02in AppendixF. The trendsare the same, independent

of bus type. Those peopleaffectedmost severelyby bus noise are those in

the two top percentagebracketsin these tables. At present(1980),approxi-

mately 3,100,000and 4,800,000people are in these top two brackets. Of

particularnote, almost 1,000,000 of these people are school children in

schoolbuses, as shown in Table F-97. Of these children,all would poten-

tiallybenefitfrombus interiornoiseregulations.The numberof childrenin

the top two bracketsis reduced to zero by 2008, eventhough the increasein

schoolbus ridershlpis anticipated. All regulatoryoptionsbring aboutthis

decreasein impact,thoughOptionsI, 2, 3, 4, and 5 bring it about sooner.

Speech interferenceis the secondinterior noise impactassessedhere.

Its metric is the equivalent noise level over the time of exposure, the

Leq(T). The LWP, RCI, and RCI* have been computedusing this metric, for

the interiornoiseexposureof bothpassengersand bus drivers.

The results of these analyses for all buses combined are prescribed

in Tables6-56 through6-61.

PassengerRCI's (Table6-57)showthe trendsof a givenregulatoryoption

as time increases. All options exceptOption i resultin a net benefitby

1995. Options 3 and those more stringent show the most benefit. For all

regulatory options, the beneftts due to reduce noise emissions outweigh the

increasedbus ridershlp.
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TABLE 6-56

SPEECIiINTERFERENCE: PASSENGERS FOR ALL BUSES LWP (TH0USANDS)

Years Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 158g5.2 15895.2 15895.2 15895.2 15895.2 15B95.2 15B95.2 158g5.2 158g5.2

1985 21259.9 16513.0 16035.0 18362.7 16035.0 19805.6 21259.9 16035.0 18035.0

_" 1990 24266.6 15637.5 12687.4 14272.4 11936.9 14773.8 17526.9 11485.1 12171.6
r_

1995 26717.3 11169.3 1169.3 11662.3 9481.7 10599.5 122B5.9 8179.1 19963.2

2000 29393.2 18246.9 12092.8 12092.2 9742,2 9825.9 10240.4 7711.1 10357.7

2008 34288.8 22379.5 15246.9 15246.9 12338.5 12338,5 12338,5 9586.5 13000.2

--_ ,,,, ,,,, .....



TABLE 6-57

SPEECHINTERFERENCE:PASSENGERSFOR ALL BUSES RCI

Years Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -33.75 -3.89 -.88 -15.52 -.88 -24.60 -33.75 -.88 -.88

m 1990 -52.67 1.62 20.18 10.21 24.90 7.05 10.27 27.74 23.43

1995 -68.08 -1.79 29.73 26.63 40.35 33.32 22.71 48.54 25.59

2000 -84,92 -14.79 23.92 23.93 38.71 38.18 35.58 51.49 34.84

2008 -11S.72 -40.79 40.79 40.79 22,38 22.38 22.38 39.69 18.21

RCI •Beneftt in percent reduction of impact in the year-of-interest
(with regulation) relative to the impact In 1980 with no
regulation.



TABLE 6-58

SPEECHINTERFERENCE:PASSENGERSFORALL BUSES RCI*

Years Baseline Optioni Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 22.3 24.6 13.6 24.6 6.8 0.0 24.6 24.6

1990 0.0 35.6 47.7 41.2 50.8 39.1 27.8 52,7 49.8

1995 0.0 39.4 58.2 56.3 64.5 60.3 54.0 69.4 62.7

2000 0.0 37.9 58.9 58.9 66.9 66.6 65.2 73.8 64.8

2008 0.0 34.7 55.5 55.5 64.0 64.0 64.0 72.0 69.8

RCI* - Benefitinpercentreductionof Impactin the year-of-lnterest
(withregulation)relativeto the sameyearwithout
regulation.



TABLE 6-59

SPEECH INTERFERENCE:DRIVERSFOR ALL BUSES LWP (THOUSANDS)

Years Baseline Option I Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 147,2 141.2 147.2 147.2 147.2 147.2 147.2 147.2 147.2

1985 188.7 125.3 123.4 159.0 123.4 173.8 188.7 123.4 123.4

1990 204.6 87.8 76.1 102.0 71.7 110,5 139.0 69.6 74.4

1995 213.9 69.8 50.5 59.6 41.0 56.6 74.2 35.6 47.3

2000 222.9 70.6 47.8 48.1 35.3 36.5 40.B 27.7 43.7

2008 237.3 76.0 51.4 51.4 37.5 37,5 37.5 28.8 46.7



TABLE6-60

SPEECHINTERFERENCE:DRIVERSFOR ALL BUSES RCI

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

lgBO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0

1985 -28.19 14.88 16.17 -8.02 16.17 -18.07 -28.19 16.17 16.17

_" 1990 -38.99 40.35 48.30 30.71 51.29 24.93 5.57 62.72 49.46

1995 -45.31 52.58 65.69 59.51 72.15 61.55 49.59 75,82 67.87

2000 -51.43 52.04 67.53 67.32 76.02 75.20 72.28 81.18 70.31

2008 -61.21 48.37 65.08 65.08 74.52 74.52 74.52 80.43 68.27

RCl = Benefitin percentreductionof impactin the year-of-lnterest
(withregulation)relativeto the impactin 1980 withno
regulation.



TABLE6-6l

SPEECHINTERFERENCE:DRIVERSFOR ALL BUSES RCI*

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 O.O 33.6 34.6 15.7 34.6 7,9 0.0 34.6 34.61

0%

1990 O.O 57.1 62.8 50.2 65.0 46.0 32,1 66.0 63.64

1995 0.0 67.4 76.4 72.1 8D,8 73.5 65.3 83.4 77.89

2000 O.O 68.3 7B.5 78.4 84.1 83.6 81.7 87.6 80.39

2008 O.O 68.0 78.3 7B.3 84.2 84.2 84.2 87.8 80.32

RCI* = Benefitin percentreductionof impactIn the year-of-interest
(withregulation)relatlveto the sameyear without
regulation.



PassengerRCI*'s (Table 6-58) show that all regulatoryoptions would

produce relativelylarge benefitsover the unregulatedbaselineconditions,

By the year 1985. these benefits could dnmuntto more than 20 percentfor

several of the regulatoryoptions, By the year 2008, benefitsrangingfro_

35-72 percentdependingupon options,couldbe realized.

Driver speechinterferenceestimatesappearin Tables6-59 through6-61,

These trendsare similarto the trendsfor passengers,thoughlessdifference

is apparentamongthe variousregulatoryoptions.

Without regulation,passengersaccount for approximatelyone hundred

times the impactas do bus drivers, With the most beneficialregulatory

option, in the year 2005, this ratio increasesto over 300. In percentages,

therefore,driversmay benefit more than passengers. In absolutenumbers,

however, approximately 120,000 drivers could benefit, compared to over

6,000,000passengers.

Speech interference results are presented separately for transit,

Intercltyand schoolbuses in Tables F-I03 throughF-120 in AppendixF. In

general,these show the san_ trendsas for all buses combined,exceptfor the

following:

o Transit bus drivers receive less benefit, relatively. Options

I= 2, and 2A do not succeed in overriding the increased impact

due to increased bus operations (Table F-107), Only Option 4

significantlyreduces speechinterference,relativeto its esti-

mated impact in 1980.

o Transit bus drivers receive very minimalbenefit from Option I

(Table F-I08).
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o For passengers and drivers on interoity buses, none of the

regulatory options override increases due to increased bus

operations(TableF-11O - F-113). Passengersdo benefit,however.

whencomparedon a year-by-yearbasis to the baselinecasewith no

regulation (Table F-111). Option 4 appears to be the most

effectiveoption,and Option i the ]east effective. Driversof

these buses derive minimal benefit from arLvof the regulatory

optionsexceptOption4 (TableF-114).

o Percentage benefitsto school bus passengersexceed those for

the other two types of buses (TablesF-116 and F-117). These

percentage benefits are estimated to exceed 70 percent for

all options except Option I, and approach 90 percent for the

higher-numberedoptions.

I!S
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SECTION 7

ECONOMIC IMPACT OF BUS NOISE CONTROL

I. OVERVIEW OF ECONOMIC IMPACT ANALYSIS

This overviewoutlines EPA's approachto the economicimpactanalysisel

bus noise regulation. Figure 7-I is a flow diagram,describingthe concep-

tual format of the analysis,and the discussionthat followsis essentially

an elaboration of that diagram.

ECONOMIC IMPACT
ANALYSIS METHODOLOGY

This part describesthe basic supply/demandmodel underlyingthe analy-

sis. For each of the major areasof bus noiseabatement-- intercitybuses,

urban transit buses, and school buses -- two separate but highly related

marketsare analyzed.

I. The marketfor fully equipped,finishedbuses,purchasedby trans-

portationservicesand viewedas durablecapitalgoods.

2. The marketfor bus transportation,from the viewpointof final con-

sumersof bus services.

Bus transitfirms,whether intercitycarriers,urbantransitauthorities,

or public school districts, act as intermediaries,operating in both of

these markets. However,it shouldbe noted that the marketfor schoolbus

services differsfrom the market for other bus transportationin that it Is

dictatedmore by the need to transportpupilsand associatedpolicyand legal

considerationsthanby individualconsumerchoice.

The demandfor busesas a capitalgood is a "derived"demandfor a factor

input,that is, derivedfrom the demandfor final consumptionof bus services

by eventualend users. A large portionof the economicanalysisis devoted
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FIGURE7-I. ECONOMICIMPACTANALYSISOF NOISEREGULATION
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to describingthe relationshipbetweenfactorsthat can be ascertainedabout

flnal demand and the conditions under which the final demand translates

intoa demandfor busesas capitalinputs.

The mix of regulatoryand managerialincentivesobservedin the various

bus transportationmarkets impliesa varietyof potentialresponsesto the

regulation. A separationof the parallelanalysesof the three major cate-

gorles (transit,intercity,and school buses) is maintainedthroughoutthe

EconomicImpactAnalysis.

SUPPLYAND DEMANDAT
THE CONSUMER LEVEL

(a) Urban and Intercity
TransportationSeryices

Figure 7-2 portraysa standardsupply and demand model for urban and

interclty transportation services at the consumer level. Ideally, both

the supply and demand schedules could be estimated econometrlcally,and

the analysisconductedin precise,empiricalterms. Realistically,however,

littleIs known about either the supply or the demand curve,particularly

the former, and it is necessaryto proceed in terms of heuristicarguments

combinedwithsensitivitytestsof specificparametricassumptions.

The supply and demandcurvesof Figure 7-2 applyto the relevantmarket

or submarketIn which the transitfirm operates. For example,the relevant

marketfor an urban transit systemis the appropriateurbanizedarea,while

the marketfor intercitybus carriersis nationwide.

Considerthe effectof a rise In the cost of transportationequipment.

Assume, to begin with, that the increasedcost of equipmentresults In an

increasein the marginalcost of operatinga bus transitfirm, represented
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FIGURE7-2. SUPPLYAND DEMANDAT THE CONSUMERLEVEL
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by a shiftof the supplycurve facingbus passengers.The assumptioncan be

verifiedsubsequentlyin an analysisof transitfirms.

Since the exact shape of the curveSS is not known in advance,a hori°

zontal supply curve $oSo is taken as a first approxlmation. This shape

is consistent with a long-run supply of an industry that does not experience

economies or diseconomies of scale (Reference 1) in its bus operations,

so the Inltlalanalysisalsohas Implicatlonfor long-termimpacts.
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{b) SchoolBus
TransportationServices

The demandfor schooltransportationservicesis viewed as being signi-

ficantlydifferentfrom that of urban and intercitytransportationservices.

Figure 7-3 is an approximationof the demand for schoolbus transportation.

FIGURE7-3

TOTALMARKETDEMANDFOR
SCHOOLBUS TRANSPORTATION

Price per Pupil_
Mlle

P2 .......

P1 __Oemand

I
r

! Po" $0.009 .............

Q2 Q1 QD Bus Mll_s
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Present total revenue conditions are approximated by the price-

quantity relationship of QO x PO where PO = $O.OOg represents an

approximation I of the present taxpayer burden per pupil mile for school

bus transportation (calculated in terms of number of students transported at

publicexpense),

As the priceper pupil mile for schoolbus transportationmoves between

PO and PI it would be unlikely for parents to choose to transport their

childrenon a personalbasis due to the followingconditions:

i. The tax burden for pupil transportation is shared by nearly all

taxpayersin an area.

2. If largenumbers of publicly transportedpupils choose alternative

forms of transportation,the public costs would remain essentially

unchangedin the short term with an additionalburdenbeing borne by

the Individualtransportingfamllies.

If the individualswere the only interestedparties,the demandcurve

between PO and PI might be perfectly inelastic (i.e. vertical) and no

reduction in schoolbus usage would be realizedfrom price/costincreases.

However, State and local transportationcoordinatorsand legislatorshave

feasible optionsavailable to them such as reducingthe volumeof service

offered. Suchpolicyconsiderationsmightbe in the followingareas:

I. reductionin the quantityand/orlengthof fieldtrips

2. eliminationof free transportationto sportingevents

F_or1973-74, 267,704schoolbusestransported21,347,039pupilsat
average cost of $0.72 per bus mile. [267,704x $.72/21,347,039a_ $O.OOg]
(NationalCenterfor EducationStatistics,Statisticsof StateSchool
Systems, 1973-74, Table 41).
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3. changingphysicalconditionswhich presentlyprecludewalking(such
as installingsidewalksand trafficlightswhere necessaryfor safe
walking.)

Nevertheless,the sectionof the demandcurve betweenPO and PI is considered

inelastic.

As prices move above level PI' the likelihoodof eliminatingschool

transportation services becomes much more vlable, and we would view the

curve as becomingmore elastic. In this area it might be cost effectiveto

eliminate school transportationservices entirely,with school districts

possiblyofferingtransportationpaymentvouchersto differentiallyimpacted

families.

INCREMENTAL
COST ANALYSIS

An estimateof the effectof the noise regulationson the supplycurve

SS (see Figure 7-2) can be made by examining the expense statement of a

typical transit firm (or of U.S. transit firms in the aggregate). From

economic theory, it is known that the supplycurve of an industryis the

horizontalsum of individualfirm supply curves, and individualfirm supply

curves are the "marginal" or "incremental" cost schedules for operating

transitfleets.

The transitfirm's expense statementis a sum of contributingexpense

accounts,includinglabor (not includingmaintenancelabor) (L),maintenance

(M), fuel (F), capital expense (X), stations(S), and other expenses (O):

Expense, L + M + F + X + S + 0

Impositionof noise controltechnologyas a first approximation,affects

only a subset of these expenses. (For the costs of bus noise technology,

refer to AppendixG). Since only incrementalimpact is relevantto movements

in the supplycurve,considerationof many expensecategoriescan be elimina-

ted.
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Specifically,we determine(fromAppendixG) the incrementaleffecton E

of impositionof regulatorylevelR:

dE/dR _ dM/dR+ dF/dR+ dX/dR.

The derivatives (d) with respect to other expense categoriesvanish,

since as a first approximationthe technologyhas no effecton these items.

As will be seen later, this assumptiondoes not hold in the case of lower

noise study levels where some additional expense may be incurred due to

reducedseatingcapacity.

Note, however, that the full responseto the regulationmay changea11

expensecategoriesas differentformsof bus and fleet managementtechnology

are applied. The "first-round"approximationis an approachthatprovidesan

upper boundto the predictedeconomiccost impact.

Analysis of incrementalcapital cost dX/dR deservesspecialattention.

If the firm'scapitalstock of buses is "K" dollars,then the relevantannual

carryingcost is X - (r + i) K dollars,where "r" is the rateof depreciation

per year and "i" is the rate of interest. Incrementalcapitalcosttherefore

is:

dX/dR = (r + i) dK/dR,

where dK/dR represents the additional cost of noise reductionequipment

installedon a newly-equippedbus.

(a) Effecton
quantit_Demanded

A shift of the supplycurve to SI SI (seeFigure7-2) impliesa reduction

in equilibriumquantityfromQO to QI" The econometricformulafor estimating

this relationshipis given by the fare elasticityof transitdemand,EBF:

% Changein quantit_Demanded(B)
EBF =

% Changein Fare (F)
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Appendix H reviews estimates of the fare elasticity of demand for the

urban bus transit market and the Intercity bus transportation market; ade-

quate data for a simi]ar estimateof the school bus market is unavailable

due to difficulties associated with defining the concept of a "fare" in

that market.

It Is important to bear in mind certain cross-effects vis-a-vis other

modes of transportation. Empirical work in this area suggests that such

"cross elasticities" are indeed present to some extent; hence, a differential

rise in the price of bus services compared with fares (or user costs, in the

case of private automobiles) of competing modes may have a significant

impact on demand for the mode in question. A relevant consideration in this

regard is the possibility that simu]taneous promu]gatlon of noise regulations

op all modes of transitmay have simi]areffectson fares in all markets. To

• the extent that this phenomenonis true, the effectof cross elasticitiesof

demandis diminished.

(b) Equillbrlum
quantityImpact

As a first approximation,assuminga constant ratio of input factors,

the reductionof outputto QI translatesinto a reduced long-rundemandfor

bus capital as input to providing bus services by the ratio (I- QI/Q0).

To examinethis impactfurther,we considerthe marketfor finishedbuses. In

doing so, it is hopedthat some knowledgemay be gainedconcerningthe'shape

of the supplycurveSS.

Analysisof the marketfor finishedbuses drawson the industryprofile

section (Section3). The aspectsof the analysls can be distinguishedas

one which is long-runand somewhattheoretical,and the other as short-run

and descriptive.
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LONG RUN
ANALYSIS

The long-runana]ysisconsidersthe effect of a long-runreductionin

output of buses by the ratio (I - Q1/Qo), superimposed on the natural

long-term growth rate of the industry. Inasmuch as reduction in bus service

is predictedby movementsalong the demand curves in Figures7-2 and 7-3,

reduction in long-run bus output wou]d be forthcoming. (This assumption is

supportedby an observedconstant shareof bus capitalcosts in the expense

accounts of bus fleet operators.)

The'bus industryprofile(Section3) providesinformationconcerningthe

size distribution and profitability of bus manufacturers, the history and

growthof the industry,foreigntrade in buses,life-cyclecharacteristicsof

buses,and technicaldataconcerningthe manufactureand designtechnologyof

buses. This informationis examined to assessthe llke]ihoodthat reduced

output levelsresult in a lower marginalcost of newlyproducedbuses (hence

that the supplycurve SS in Figure 7-2 is upward-sloping)and whetherthere

are marginal firms In the industry, including importers, who would be forced

to cease operationsdue to the potentia]reduction in equilibriumoutput.

Note thatthis latterconsiderationproper]ybelongsto the normativephaseof

the overallimpactanalysis.

If so Indicated,a risingsupplyschedulefor bus productionwould Imply

a risingsupply curve SS in Figure 7-2, and a revisionin the quantitative

estimate of the impact QI/Qo. An iterative procedure (Figure 7-i} then

leadsto a determinationof the long-runequilibrium.

SHORT-RUN
ANALYSIS

Althoughthe long-runanalysisis a reliableindicatoron which to base

the overallimpacts,somerelevantshort-runelementsare worth considering,
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particular]yin assessingthe possiblecosts of disruptionsfollowlngpromul-

gationof the regulation.

One such effect Js the so-called "pre-buying"phenomenon,where bus

f]eet operatorsinvest heavily in pre-regulationbus capitalto avoid the

higher costs associatedwith the post-regulatlonequipment. In contrastto

the effect on buyersof buses,the disruptiveimpacton bus manufacturersis

reducedby providingadequateleadtimes for the developmentand introduction

of noise abatementtechnology. Based on conversationswith manufacturers

and the fact that most buses are built on an "order-placed"basis it is

doubtfulthat "pre-buying"will occur.

A second short-runphenomenonis the degreeto which higher equipment

costs are passedthroughto consumersand end-usersby manufacturersand bus

fleet firms. Sincemost bus fleets(excepttourist,somecharterand private,

non-revenuef]eets}are regulatedor publiclyowned,immediatepass-throughof

operating cost increasesmay not occur, particularly in the short-run.

Factorsworkingagainstimmediateoperatingcost pass-throughinclude:

-- governmentfundingof bus capitalexpenditures

-- politicaldeclslon-maklngprocessesof regulatorybodies

-- regulationsrelatingto routesand servicerequirements

-- costsof record-keepingand financialcontrol.

Since these factorsalso serve to reduce or forestallthe pass-throughof

long-run incrementalcost increases, the long-run analysis serves as an

"upper-bound"on the overallimpactestimates.

SENSITIVITY
ANALYSIS

In complex numerical computations, the term "sensitivity analysis"

refers to tests concerningestimatedvalues of certain key parametersby

varyingtheir magnitudeand by performingthe calculationsunder alternatlve

assumptions,to detectany slgnificantvariationsin finalresults.

7-11

_,_ _,-_,_,i,__,..,_ • ......._:,i_• ,,,, . ,, _ _ ,i _ ; _,, , /._ _..i_,__ _ _,., _ C
" _'_' ._ _,,_t_i._;̧ _ _ r.



A second use of sensitivityanalysis is in examining the effect of

certain heuristic assumptionsabout demand elasticities, public funding

levels,and productcosts. Thesetests are made routinelyin the development

of the overallanalysis.

FINANCIAL IMPACT
ANALYSIS

The positive economic analysisof post-regulatoryimpactshas implica-

tions for financialimpactson various specialinterestgroups. Sincethese

normative aspects of the regulationsmay affect the declsion-makers,per-

tinent informationis supplied.

Specific areas covered arethe effectson exports and imports,impacts

on marginal producers,differentialimpacts on municipalitiesand consumer

groups, costs to governmentin the form of increasedsubsidiesto transit

firms, inflationaryimpacts,and possiblebalance of paymentsrepercussions.

The industryprofilesection(Section3} presentsprojectionsfor indus-

try output duringthe periodIg76-90. These projectionsare extendedto the

year 2010 and combinedwith the various technologycost estimates(Appendi_

G) and the assumptions about the current capital stock of buses to pro-

duce a simulation of the financialcost impact of the regulations, The

simulation permits the assessment of alternative regulatory actions or

the basis of an annualizedresourcecostto the economyas a whole.

Because the intent of these projectionsis to obtainestimatesof the

total resource cost, and not to predict economic behavior, incremental

capital cost is handledsomewhatdifferentlyhere than in the aboveeconomic

analysls. Here the objectiveis to measurethe actualincrementalcapita'

expenditures,as opposedto theeffect of a change in marginalcapitalcost_

on pricingdecisionsof bus fleetoperators.
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Actual incrementalcapitalexpendituresin any given year are estimated

by multiplyingthe sum of depreciationand interest(r + i) by the value of

the stock of additionaloutstandingequipment(netof reservesfor depreci-

ation)that has been committedfor the purposeof noise abatement. If, for

example, kt additional equipment is installed in year "t" for noise abate-

ment, then the capitalcost relatedto that investmentin year t + s is given

by:

(r+ i)(I- r)s kt,

where the term (i - r)s reflects depreciation at annual rate "r" for "s"

years.

Alternatively, if straight line depreciation is employed, this cost is

estimatedby:

kt/n+ i (I - s/n)s kt,

where "n" is the deprecieblelife of the equipmentinstalled.

RegulatoryOptions

Several alternativeregulatoryoptionsare consideredfor eachbus type.

These optionsdifferby noise level and effectivedate. Table 6-i,presented

in Section6, detailsthese options. Each of the followingsectionsof this

chapter contains estimates of the equipment, operating, and maintenance

expendituresattendantwith each regulatoryoption,and estimatesof annual-

Ized cost and expectedprice increasesfor each bus type. After all of the

regulatory options have been evaluated, a concluding section of this chapter

presents cost estimatesand price increasesfor the regulatoryrule. The

rule requires all school buses (conventionaland integral)to meet an 83 dB

exteriornoise level in IgOl and 80 dB in 1go5. Transitend intercitybuses

must meet a similarrule, but must alsomeet 77 dB in lgB7. Concurrentwith

the exteriorregulatoryschedule,the interiornoiselevel of the busesmust

not exceed86 dB, B3 dO and 80 dB respectively.
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If. ECONOMIC IMPACT OF NOISE REGULATIONS ON USERS AND MANUFACTURERS

INTRODUCTION

This part of the analysisdealswith the economicimpactof the promul-

gation of noise abatementregulationson bus manufacturers,industrysup-

pliers, end-users and other affectedgroups as have been Identified. The

industryhas been divided Into three separate product groups -- Intercity,

transit,and schoolbuses -- due to the followingconsiderations.

i. The products are dissimilar with respect to their end-use charac-
teristics.

2. Operating entities In each category are structured and regulated
differently.

The three economic impact assessments appear in the following order:

A. Economic Impactof Noise Regulationson IntercltyMotor Bus Carriers
and Manufacturers

B. Economic Impactof Noise Regulationson Urban Transit MotorBus Car-
riers and Manufacturers

C. Economic Impact of Noise Regulationson Advanced DesignBuses and
Manufacturers

D. Economic Impact of Noise Regulations on School Bus Carriers and Manu-
facturers

E. An EconomicAnalysis for All Bus Types for the Final RegulatoryRule

A. ECONOMIC IMPACTOF NOISEREBULATIONSON INTERCITYMOTOR
BUS CARRIERS AND MANUFACTURERS

Appendix G indicatesthree major effects of bus noise reductiontech-

nology:

o Additionalnoise-abatementequipmentinstalledon newly-producedbuses,
includingtestingand administrativeexpensesattributedto the addition
of abatementequipment

o Increasedmaintenancecosts for new buses

o Fuel efficiencyof new buses.
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Since the primary impactof these costs is on bus users-- fleet opera-

tors, intercitycarriers, and ultimately,consumers-- the analysis below

concentrates attention initially on the user end of the industry. Induced

impactson manufacturersand financingauthoritiesis studiedsubsequently.

ANALYSIS OF USER COSTS AND THEIR EFFECTS UPON SUPPLY MARKETS

By way of introduction,Table 7-A-1 summarizesoperatingexpenseaccounts

of the Class i Intercitymotor bus carrier2 during the years 1939-77. An

important tenet of economic theory (Reference 2) states that the smaller the

share of an Intermediateproductin the compositionof final productdemanded

(bus transportation), the less sensitive (elastic) is demand for an intermed-

iate product (likebuses)to changesin its own price. For a given elasti-

city of demandfor the final product (bus transportation),the smaller the

share of the intermediateinput (buses),the smallerwill be the percentage

impact of a change in bus priceson the total cost and price of the final

product. A relatively small change in the price of the final product

(transportation},implies a relativelysmall effecton quantitydemandedof

both the final product and the intermediate good.

Using this theorem,Table 7-A-1 lends insightInto the probableresults

of the economicimpact analysis. Bus capital,the major componentof the

"Depreciationand Amortization"account in the ICC reportingformat, repre-

sents a small fraction of total operating expenses, less than five per-

cent. Althoughthe bus manufacturingindustryis heavilydependentupon the

"derived"demand for new buses, this "derived"demand is unlikelyto change

significantlyas a result of a regulatlon-lnducedprice change. Becauseof

2Classdesignationsare formedusing annualrevenuedollars.
i'! Class i carriershave revenuesof SBO,OOO,OOOor more.
_.! Class 2 carriershave revenuesof $500,000or more but less than $i,000,000

Class 3 carriershave revenueslessthan $500,000.
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TABLE 7-A-1
OPERATINGEXPENSE(CENTSPER BUS MILE)
CLASS I MOTOR BUS CARRIERS1 1939-77

ExpenseCategory 1939 1959 1960 1970 1973 1974 1975 1976 1977p
Total 19.90 32.77 48.08 67.50 86.82 96.96 i05.22 113.62 122.05

Operationand Maintenance- Total 14.72 26.53 39.59 57.52 74.09 83.29 92.21 99.05 107.55

EquipmentMalntenanceand Garage 3.44 6.67 8.01 10.33 12.27 13.32 14.57 15.49 16.10

TranspQrtation 5.93 10.98 17.33 23.97 30.67 35.72 38.84 41.73 45.04

Station 1.85 3.69 6.49 11.62 15.01 16.45 17.62 19.52 21.35

Traffic,Solicitation,and Advertising 0.94 1.13 1.72 2.22 2.86 3.20 3.83 4.39 4.71

' InsuranceandSafety 1.06 1.45 1.99 2.41 3.49 4.03 4.19 4.49 5.38

Administrativeand General 1.49 2.62 4.0B 7.43 9.79 10.57 12.16 13.42 14.97

DepreciationandAmortization 2.06 2.82 3.47 3.52 3.B2 4.32 4.55 4.42 3.98

OperatingTaxesand Licenses 2.40 2.98 4.31 5.19 6.93 7.15 7.57 8.03 8.58

OperatingRents,Net 0.72 0.43 0.71 1.28 1.98 2.20 1.88 2.12 1.94

Source: AmericanBus Association,One-halfCenturyof Serviceto America,Tables3 and 4, and 1978annual
report, p: preliminary.
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the minor roleplayed by capitalexpendituresin the total operatingexpense

accountof Intercitytransitcarriers,the bus manufacturingindustryshould

be able to pass on the additional (equipment and testing) costs without

severelyreducingtheirsales.

Conversely,the large supply of fuel and mechanic labor is not very

dependent upon the small demand of the bus industry's operatingexpense

account, The potential for adverse economic impacts upon the suppliersof

these inputsis negligible,

COST ESTIMATES
FROM APPENDIX G

Table 7-A-2summarizesthe pertinentestimatesof equipmentand operat-

ing costs associatedwith noise level regulationfromAppendixG. Expense

estimates are in 197B dollars. Equipmentcost per bus was convertedfrom

1976 dollars, as stated in Appendix G, to 1978 dollars by applying the

percentageincreasein the ProducerPrice Index (buses)from 1976 to 1978

(197.1/168.5= 1.170). Maintenancecosts were convertedto 1978dollarsby

applyingthe percentageincreasein the ProducerPrice Index(transportation)

from 1976 to 1978 (173.4/151.5 = 1.145). All costs were rounded to the

nearest $5.00. It should be noted that the varioustechnologylevelsare

costedindependentlyof one another.

The estimates in Table 7-A-2 are "incremental" expenses, that is,

additionalexpensesover and above the costs of purchasingand operatinga

typical bus that has no noise abatementequipmentinstalled. Incremental

fuel costs are computed on the basis of midpoint mileage estimates, as

describedinthe footnoteto the table.

For TechnologyLevel 4, an additionalconsiderationnot reflectedin

Table 7-A-2 is the fact that noise abatementequipmentrequiredto attain
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TABLE 7-A-2

INCREMENTAL EQUIPMENT AND OPERATING EXPENSES ASSOCIATED
WITH PROPOSED LEVELS OF NOISE ABATEMENT TECHNOLOGY,

DIESEL POWERED INTEGRAL INTERCITY BUSES

(1978dollars) .........

EPAEstimated Maintenance

Technology Exterior Interior Equipment_Cost Fuel Cos_Per Cost Pe_
Level dB dB PerBus* BusYear BusYear

1 83 86 $ 819 $ 315 $160

2 80 83 1544 340 349

3 77 BO 3757 610 595

4 75 78 4946 845 950

1. Adjusted to lg7B dollars using the Producer Price Index for Buses.

Includestesting and administrativeexpensesattributedto the addition

of abatementequipment.

2. Fuel cost per bus-year is estimatedby multiplyingincrementalgallons

per mile (AppendixG) times 60 cents per gallon times 250,000 vehicle

miles per bus-year. From industry sources, EPA has determined that

intercitybuses are drivenvery intensivelyduringthe initialtwo years

of operation. Thus, 250,000miles per yearestimateis usedfor thispart

of the economicimpactanalysis. The 55,858miles per yearestimate,an

overallaverage,(AppendixG) is incorporatedintoTable7-A-8and used in

determiningthe annualizedcost of this regulatoryoption.

3. Adjusted to ig78 dollars using the Producer Price Indexfor Transpor-

tation.

Source: Appendix G.

7-18



the 75 dB exteriorleveland the 78 dB interiorlevel alsoentailsa reduction

in seatingcapacityby two seats (fourpassengers)from the standard43-seat

bus. Reduced seatingcapacity clearly imposescosts on the intercitycar-

riers,but the magnitudeof these costs is difficultto assess. The average

passengerload on intercltytrips is 20 passengers,or less than one fourth

full,so a largeproportionof currentservicewould be unaffectedby the loss

of these seats, except to the extent that increasecrowding of remaining

capacityadverselyaffectscustomerdemand.

Industrysources3 have indicatedto EPA that the price differential

for similarly-equipped 41 and 49 passenger-rated buses was $12,000 (or

4 seats; 2 passengers per seat) in 1976. If an assumption is made that

demandfor bus service approachesIndividualbus capacity,a "worst case"

estimate,the cost of losingtwo seats (fourpassengers)due to noiseregula-

tion is $6,000. This seat loss cost in Ig7B dollars can be estimatedby

applyingthe percentageincreaseinthe ProducerPrice Index (buses)from 1976

to 1978:

(197.1/168.5) x $6,000 - $7,000

No measurabledifferenceis indicatedin operatingand maintenancecosts due

to thisreduced seatingcapacity.

The only adjustmentcalledfor in Table 7-A-2 is the additionof $7,000

to the equipmentcost for TechnologyLevel 4. This adjustmentis included

in alls.ubsequentcalculationsof the economicimpactanalysis.

The $7,000estimateis substantiatedby some evidencecollectedin 1973

by GreyhoundLines,Inc., in connectionwith their discussionat that timeto

make the 43-seat bus standardequipment in preferenceto the 38-seatbus.

6reyhound'sstudy involveda surveyof departureloads for twelve different

_i 3HousmanBus Sales;Chicago,Illinois(a majordistributor)

:; 7-Ig



U.S. locations. For a sample of 2,179 scheduled bus departures, 45, or 2.07

percent, had passenger loads of 39 to 43 passengers. Since Greyhound has a

legal obligation to provide service for all paying customers, the implication

is that a reductionin bus seatingcapacityfrom 43 to 38 seats would raise

total operating costs by roughly two percent.

ESTIMATE OF INCREMENTAL CAPITAL COSTS

The formula for estimating incremental capital costs is

dX/dR = (r + i) dK/dR,

where "dX/dR" is the incrementalcapital cost associatedwith regulatory

level "R", "dK/dR"is the dollarvalue of noiseabatementequipmentinstalled

on new buses, "r" is the rate of depreciation,and "i" is the rate of in-

terest. Three alternativesfor estimating"r" are discussed: estimates

based on observationsof pricesof used equipment,life cycleestimates,and

analysis of carriers' accounting statements. Each of these methods are

examinedin turn.

(a) EstimatesBasedon ObservedUsedEquipmentPrices

In this case the lackof meaningfuldata on which to base estimatesis

evident. The differencein quality and design of used buses versus newly

producedbuses makes price comparisonsdifficult. The used market itselfis

not well organized,thus pure quotationsare not easily obtainedor neces-

sarilyrepresentative.

One major dealer did provide EPA with a pair of prices of standard

intercitybuses for the years 1976 and 1964. The price for the 1964 bus

includesexpensesincurredby the dealerfor equipmentoverhauland refurbish-

ing. True"depreciation"is not certain:

1976 new intercitybus $85,000-$95,000

1964 goodconditionusedintercitybus $31,000-$32,000
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The impliedrate of depreciationover the 12-yearperiodis estimatedas

follows:

1 - (31,500/90,000) = 8.4%
IZ

(b) EstimatesBasedon LifeCycle Assumptions

Table 7-A-3 and 7-A-4 demonstratethat the total U.S. populationof

intercity buses has remained relatively constant during the past two decades,

and that new bus productionhas amounted to five-to-tenpercent of total

stocks. The differencebetweenthe two tablesin the ratio of new bus pro-

duction to total stocks is explainedby the fact that Table 7-A-4 records

only Class I bus inventories,whereasTable 7-A-3gives estimatesof Class I,

II and III inventories.

A large portionof the supplyof buses to Class II and Class III fleet

operatorsis in the form of second-hand,used buses from Class I operators,

and only a small part of this supply is In the form of newly-producedbuses.

Hence, the total supply of new buses, around1,200 per year, more properly

representsreplacementserviceto the entirepopulationof carriersand not

Just to Class I Carriers.

On the assumptionthat the age distributionand technologyof buses is

roughlyuniformover time, the figuresin Table 7-A-3 indicatea lowerbound

on the rate of depreciationof flve percentper year. The fact that total

bus stocksare slowlydecliningindicatesthat somebusesmay be going out of

serviceearlierthannecessary. Therefore,the depreciationmay be even less

thanthis low estimate.

(c) EstimatesBasedon

Carriers'FinancialStatements

An upper bound on the rate of depreciationmay be obtainedby examining

the pertinentaccountingstatementsfrom InterstateCommerceCommission(ICC)
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TABLE7-A-3

INTERCITYBUS FLEET VEHICLEINVENTORYAND PRODUCTION
1970-77

Calendar Bus Bus Shipmentsas Percent

Year Inventorya Shipments of ExistingStock

1970 22,000 1,064 4.84%

1971 21,900 977 4.45

1972 21,400 1,353 6.32

1973 20,800 1,276 6.13

1974 20,600 1,350 6.55

1975 20,500 NA

1976 20,100 NA

1977p 20,100 1,455 7.24

Source: NationalAssociationof MotorBus Owners(NAMBO)
AmericanBus Association(ABA).

Note: aBusinventoryrefersto estlmatedinventoriesof all operating
companies,includingClass I, Class II and ClassIll Carriers,from
One-halfCenturyof Serviceto America,Table1, and 1978annual
repoKt, p: preliminary.

NA: not available.

7-Z2



TABLE 7-A-4

SELECTEDBALANCESHEETAND OPERATINGSTATISTICS,
CLASS I INTERCITYMOTORBUS CARRIERS,

1941-74

Total Revenue NetRevenue Depreciation Equipment Equipment

Calendar Passenger Passengera of Revenue Acquired Owned At
Year Equipment Equipment Equipment DuringYear Year-End

T FrFron-TF- -C CF

1941 $ 75.0 $ 42.4 $12.1 1,358 7,891
1950 214.2 88.7 24.4 697 13,200
1955 264.7 112.1 25.0 1,344 11,547
1960 319.0 119.4 27.6 1,639 11,093
1961 332.1 127.8 26.7 1,057 11,036
1962 402.2 178.5 32.6 1,329 13,873
1963 408.3 184.3 32.0 1,102 13,608
ig54 428.0 205.1 37.7 1,543 14,274
1965 376.0 171.8 34.8 1,084 11,295
1956 394.7 186.1 37.4 1,376 11,749
1967 424.1 199.0 38.9 1,411 12,307
1968 450.0 194.3 40.7 1,205 12,257
196g 415.9 250.2 34.3 743 10,063
ig70 418.7 256.6 32.8 1,042 10,158
1971 439.5 255.9 32.9 893 9,9OO
1972 454.0 249.5 31.3 972 9,711
1973 464.2 226.3 34.9 1,000 9,300
1974 482.1 300.0 38.2 1,031 g,885

Source: InterstateCommerceCommission,TransportStatisticsin the United
States (annual).

Note: aNet of Revenuefor Depreciatlmm.Coveragevariesfromyear to year
accordingto ICC deflnitionof ClassI carriers.
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Class I annualreports. These statisticsare providedin Table7-A-4for the

period1941 through1974.

ICC accounting rules permit a variety of depreciation formulas for

reportingpurposes,includingdepreciationby numberof miles driven,but the

Industry norm Is eight-year,straight-linedepreciation. The ICC Class I

motor bus statisticsare dominatedby the major carriers(Greyhound,Conti-

nental Trailways,etc.) and the numbers in Table 7-A-4 undoubtedlyreflect

this method of accounting.

The eight-yearfigure is well below the true economiclifeof intercity

buses: actualservicelife is at least fifteenandpotentlallythirtyyears

or more. But due to the significantly greater intensity with which new

Intercitybuses are driven duringthe initialtwo years of operation(250,000

miles per year as comparedwith an averageannualmileageof 55,858milesper

year), the officialdepreciationlife of eight years representsa compromise

betweenstralght-llnemethod and trueeconomic loss-of-value.

The questionremainswhetherto use the "totalrevenue"or "netrevenue"

accounts as the basisfor estimatingthe rate of annualdepreciation.Use of

the "total"definition(Column2 of Table 7-A-4)resultsin an understatement

of depreciation,since It includesequipmentstill owned but older thaneight

years and thereforeno longerdepreciated. Net revenuepassengerequipment,

on the other hand, results In an overstatementof depreciationbecausethe

elght-years,straight-lineformularesults In an understatementof the total

_apltalstock.

Note, however, that estimates of the rate of depreciation based on

:hese accountingsummaries are no._ttbiased due to price inflation: both the

|umerator(stated depreciation)and the denominator(totalor net assets)

_reincreasedeachyear by equallyinflatedincrements.
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Using the net equipment definition of deprectable assets, an upper

boundfor the annualrateof depreciation"r" is estimatedfrom the years 1964

throughI973to be 16.65%per year.

(d) Summary of Rate
DepreciationEstimates

Intercltybuses have potentlal]ylong servicelives,and the conceptof

a "rate of depreciation" is not necessarliy well-deflned or applicable.

Depreciationis itself an economicvariable,subjectto variationaccording

tothe maintenanceand routedecisionsof the fleet operator.

Historically,however,the size of the total U.S. fleet and production

of new equipmenthave maintainedrelativelyconstantlevelsthroughthe past

two decades. On the assumptionthat this record is representativeof the

type of depreciation that buses do in fact experience, EPA estimates an

annualrate of depreciationof five to fifteenpercent,with a best midrange

estimateof ten percentper annum.

ESTIMATES OF INCREMENTAL PRIME COST

The technologycost estimatesfrom Tab]e 7-A-2 for incrementalequip-

ment, fuel, and maintenancecosts can be combined into slng]eestimatesof

incrementalcost per vehiclemile. This is accomplishedby convertingequip-

ment cost incrementsfrom Table 7-A-2 into per annum capital costs {depre-

ciationplus interest),and then by dividingthe sum of annualcapltal,fuel,

andmaintenancecostby 250,000milesper year.

The relativelyhigh figure of 250,000 vehiclemiles per year is used

ratherthan the average 55,B58miles per year, because the purpose of the

analysisIs to estimatethe effectof marginalprime cost. The resultsof

usingthe aiternatlve55,85B miles per year figure are indicatedIn Table

7-A-8.
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Tables 7-A-5 and 7-A-6 provide.resultsof the calculationfor assump-

tions of 5% and 15% annual rate of depreciation. It is clear that the

calculatednumbers are relativelyinsensitiveto both the assumptionabout

the annualrate of depreciationand the incrementalcapitalcost from Table

7-A-2. In the following analysis, only the midrange estimate of these

numbers(i.e.,10% depreciationand the estimateof incrementalcapitalcosts)

is considered•

IMPACT ON QUANTITY OF
BUSSERVICEDEMANDED

On the assumption that increments to prime cost are passed through

fully,to consumers,resultsof the sort providedin Tables 7-A-5 and 7-A-6

can be combined with average revenue statisticsto estimatethe potential

increasein averagefare per mile that results from the various levels of

noiseabatementtechnology.

Statisticson averagerevenues per vehiclemile are provided in Table

7°A-7. Comparisonof these numbers with expensesper revenuemile, Table

7-A-I,indicatesthat profitmarginsin this regulatedIndustryare moderate

and relativelyconstant,althoughdeclining,over time. The averagerevenue"

in 1978 dollars is estimated by applying the percentage increase in the

ConsumerPrice Index(transportatlon)4 for 1977to June 1978:

(185.5/177.2)X 103.13- 107.96centsper vehiclemile.

Midrange calculationsfor the estimatedpercentageincreasein average

revenues are given in Table 7-A-B. These numbers are multiplied by the

demandelasticityestimateof -O.S from Appendix H to computethe expected

changein quantityof servicedemanded.

D_epartmentof Labor,Bureauof LaborStatistics.
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TABLE7-A-5

_! INCREMENTALPRIME COSTPER BUS-MILEOF SERVICEASSOCIATED
WITH LEVELSOF NOISEABATEMENTTECHNOLOGY,
DIESELPOWEREDINTEGRALINTERCITYBUSES

EPA Estimates
Technology Exterior Interior IncrementalCoats
Level dB dB CentsPerVehicleMil_

i 83 86 .239¢

2 80 83 .368¢

3 77 80 .708¢

4 75 78 1.435b¢

Source: Table 7-A-2. Interestand depreciationare calculatedas 15% of
incrementalcapitalcost (5%depreciationfrom Table 7-A-3plus10_
interest).Estimatesreflectan assumptionof 250,000vehicle-miles
per bus year. (SeeSourcenoteto Table 7-A-2.)

Note: a1978dollars.

blncludesadjustmentfor reducedseatingcapacity.

7!
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TABLE7-A-6

INCREMENTALPRIMECOSTPER BUS-MILEOF SERVICEASSOCIATED
WITHLEVELSOF NOISE ABATEMENTTECHNOLOGY,
DIESELPOWEREDINTEGRALINTERCITYBUSES

EPA Estimates
Technology Exterior Interior IncrementalCosts
Leve.1 dB dB Cents Per VehicleMilea

I 83 86 .234¢

2 80 83 .430 ¢

3 77 BO .859 ¢

4 75 78 1.913b ¢

Source: Sameas Table 7-A-5but with interestand depreciationcomputedas
25% of incrementalcapitalcost (i.e.,15% depreciationplus10%
interest).

Note: a1978 dollars.

blncludes adjustmentfor reducedseatingcapacity.
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TABLE7-A-7

OPERATINGREVENUEPERPASSENGERANDPER
VEHICLEMILE, 1939-77, U.S.

CLASS! INTERCITYOUSOPERATIONS

Passenger
Calendar Revenue Operating Revenue Operating Revenut

year millions) per PassenRer pp_ Vehicle Mtle

1939 $113.9 '$0.83 22,35¢

1950 321.4 0.97 34.32

1960 354,8 2.12 48,68

1965 453.2 2.73 55.36

1968 463.7 3.18 60.93

1969 483.2 3.55 65.25

1970 510.9 3.81 68.84

1971 540.1 4.19 74.32

1972 540.3 4.25 76,45

1973 452.4 4.73 79.91

1974 647.9 5.13 89.35

1975 641.9 5.46 93.16

1976 646.2 5.76 96.10

1977 650.1 6.48 103.13

Source: Amertcan Bus Association, OneHalf Century of Servtce tO America,
T_bles 3 and 4: Regular route lnterclty service and ZgTBAnnual
R_port.
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IMPACT ON EQUILIBRIUM
BUS PRODUCTION

The foregoing analysis, and Table 7-A-8, indicates that for all tech-

nology levels, the impact on equilibrium bus service demanded is quite small,

and in most cases virtually imperceptible. Since it is unlikely that the

technologyof bus fleet managementpermits substantialsubstitutionbetween

buses and other inputs in the production of bus service, it is probable that

reduced patronage of one or two percent resulting from noise abatement

technology will translate into an equivalent reduction in long-run demand

for new buses,5

A long run perspectiveon total costs to be incurredby the industry

(bath producerand user} can be obtainedby calculatingthe annualizedcost

attendantto each regulatoryoption. The annuallzedcost calculationcon-

siders the equipment,testing, and administrativecosts per bus, the price

increase and reduced bus demand resulting from the price increase, and

projects a revised baseline of sales over the relevant forecast period.

With the revised sales forecast, equipment, testing, and administrative

expenses to be incurredby the manufacturer,the annualoperatingand main-

tenanceexpendituresfor each regulatoryoptionare calculated.The analysis

covers the time period 19B0-2010. These costs are discountedback to 1980

using a 10 percent rate of discount and an annuity is determined. The

annuityis the constant annualpaymentneededto cover the discountedfuture

expensesof each bus over its life. Table 7-A-9presentsthe annuallzedcost

calculationsfor each regulatoryoption,along with expectedprice increases.

5Passengers per bus (average load) have remained remarkably constant on
intercitybus service. 1950: 18.2 passengersper bus_ 1960: 18.0; 1965:
19.2; 1970: 19.1; 1975: 19.3. (Source: ABA, One-halfCenturyof Service
to America.)
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TABLE 7-A-8

ESTIMATEDPERCENTAGEINCREASEIN AVERAGEFAREPER
MILE, AND EFFECTON QUANTITYDEMANDED,ASSOCIATED

WITH LEVELSOF NOISEABATEMENTTECHNOLOGY,
DIESELPOWEREDINTEGRALINTERCITYBUSES

AssumptionA AssumptionB
Technology Exterior Interior Fare Changein Fare Changein
Level dB dB Increase Demand Increase Demand

1 83 86 .237% -0.118% 1.059% -0.530%

2 80 83 .370 -0.185 1.075 -0.827

3 77 80 .726 -0.363 2.109 -1.624

4 75 7B 1.550 -0.775 a 6.939 a -3.469 a

Source: Tables7-A-2 and 7-A-7. Operatingrevenuesper mlle in 1978dollars
are estimatedat 107.96.

Note: Calculationsassume10 percentper annumdepreciation,10 percent
per annumrateof interestand EPA estimatesof costs. Calculatlons
underAssumptionA assume250,000vehiclemiles per bus-year,where-
as calculationsunderAssumptionB assume55,858vehiclemllesper
bus-year.

alncludesadjustmentfor reducedseatingcapacity.

i

f

t_
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TABLE7-A-9

INTERC[TYBUSES

ANNUALIZEDCOSTANOVEHICLEPRICE INCREASE

Annua]Ized Percenta_
ReguIatory Cost Price
Option (miIIionsI I.ncrease

I $ 5.26 0.7

2 8.97 1.4
2a 6.84 1.4

3 15.43 3.4
3a 12.71 3.4
3b 11.13 3.4

4 21.26 4.5

5 15.43 3.4
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Assuming employment impacts fol]ow the general trend of demand, reduced

employment over the range of technology levels is 0.35 to 2.25 percent,

considered insignificant since those unemployed wil] have skills similar to

those producing substitute modes of transportation. Also, there may be modest

increasesin the personnelneededto desJgn_ build, installnoise control

components and conduct the necessary noise testing.

Fluctuationsin annualbus outputof one or two percentare well below

the normalvariationexperiencedfromyear to year by the bus industryas a

whole (Table7-A-3). Any attemptto refine the analysisfurtheralong the

lines of an aggregatedemandmodel would prove fruitless. The remainderof

Subsection7-A addressessecondaryfinancial impactsand the baselinepro-

Jections.

FINANCIALIMPACTS
ON USERS

The regulationmay have adverseeconomic impactsnot recordedabove in

the "long-run"analysisif it causesshort-runfinanclaldisruptionsor has

adversedistributionaleffects. Consider first the impacton the consumer

and fleetoperators.

Sincemotor bus Intercitytravel is typicallysomewhatslowerand less

convenientthan travelby alternativemodes (especiallyalrplaneand automo-

bile),e largerportionof intercitybus patronageis from lower incomegroups

than for other modes. Increasesin the costs of Intercitybus transportation

will, therefore,affectlower incomegroups more adverselythan others. The

magnitudeof this distributionaleffectis likelyto be quitesma11,however.

An increasein fare revenuesby 6.g39percent (Table7-A-8)and a resulting

predictedloss in demandof 3.469wouldincreasethe totalrevenueof all U.S.

carriersby about Ig.gmillion (in 1978).
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Fleet operators might be disadvantaged by the noise abatement technology

if the increased equipment costs could not be met without incurring substan-

tial additional financing. The relatively small share of equipment replace-

ment costs (Table 7-A-l) in total operating expenditures makes this an

unlikely possibility, however. Moreover, the increased responsiveness of

regulatory bodies to permitting cost-Justlfled fare increases will help firms

to maintain satisfactory profit margins.

FINANCIAL IMPACTS ON
PRODUCERS, INCLUDING
EXPORTERS AND IMPORTERS

As indicated in the above economic analysis, the long-run impact on

equilibrium industry output is likely to be small in percentage terms, so

that given the current growth rate of industry output no actual reductions in

output are projected from one year to the next as a result of reduced demand

for bus services. There remains, however, the possibility of adverse impact

on specific supplies if their product or technology differs significantly

from the industry norm.

For U.S. producers of intercity buses, Table 3-15 (Section 3) Indicates

that the market is dominated by two large producers: Motor Coach Industries

(Greyhound), and Eagle International, who together account for almost all 100

percent of U.S. production. The production of these busmakers is highly

standardized (Table 3-5), and no differential impact on producers Is envis-

aged.

Most of the U.S. international trade of intercity buses is conducted with

Canada. Canadian production, trade, and regulation of buses are so completely

integrated with U.S. production (under the Automotive Pact Trade Agreement)

that virtually no differential impacts vis-a-vis Canadian imports is expected.
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B. ECONOMICIMPACTOF NOISEREGULATIONSON URBANTRANSITMOTORBUS
CARRIERS AND MANUFACTURERS

Appendix G indicatesthree major effects of bus noise reductiontech-

nology, as applied to the standard diesel powered Integralurban transit

bus:

o Additional nolse-abatement equipment installed on newly-equipped

buses

o Increasedmaintenancecostsfor new buses

o Reducedfuel efficiencyof new AdvancedDesignBuses (ADB's)

The primary impactof these costs is on bus users - fleet operators,

transit authorities,and consumers. The analysis below concentratesatten-

tion initlally on the user end of the industry. Subsequently, induced

impactson manufacturersand financingauthoritiesare studied.

ANALYSISOF
USER COSTS

Tables 7-B-1 and 7-B-2 summarizeoperatingexpenseaccountsof a sample

of urban bus transit systemswhich are also members of the AmericanPublic

Transit Association. The tables demonstrate that bus capital,the major

cmponent of the "Depreciationand A_rtlzation" account,representlessthan

sevenpercentof totaloperatingexpense.

An importanttenet of economic theory (reference2) statesthat the

smaller the share of an intermediateproduct in the compositionof final

product demand (bus transportation),the less sensitive(elastic)is demand

for an intermediateproduct (llkebuses)to changesin its own price. For a

ili
il, given elasticity of demand for the final product, (transportation),the

smallerthe share of the intermediateinput,(buses),the smallerwillbe the

;; percentageimpactof a changein busprices on the totalcost andpriceof the
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TABLE 7-B-I

PERCENTAGEDISTRIBUTIONOF EXPENSESBY EXPENSE
CATEGORY,APTA BUS TRANSITSYSTEM

RESPONDENTS_ 1960 AND 1969

Ex3_enseCategory Percentageof Total

1960 1969

Total OperatingExpenses 100.00 100.00

OperationandMaintenance- Total 85.56 86.72

EquipmentMaintenanceand Garage 19.26 16.37

Transportation 49.42 52.68

Station 0.60 1.04

Traffic,Solicitation,and Advertising 0.90 1.29

Insuranceand Safety 5.31 4.41

Administrativeand General 10.07 10.93

Oepreclationand Amortization 6.06 6.98

OperatingTaxesand Licenses 7.92 5.81

OperatlngRents,Net 0.46 0.46

Note: Numbersare compilesfromAmericanPublicTransitAssociation,

TransitOp_ratin_Report,1960 and 1969,as aggregatesofrespondentfirm data.The s_nplecontains107 firms in 1960 and
76 firms in 1969.

$ourcez JohnD. Wells,et. al., EconomicCharacteristicsof the Public
TransportationIndustry. Table3.5 Washington,D.C.: U.S.Govern-
mentPrintingOffice,1972.
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TABLE7-B-2

EXPENSESPER BUS-MILEBY EXPENSECATEGORY
AGGREGATEFOR 4B BUSTRANSITSYSTEMS,
AND PERCENTAGEDISTRIBUTIONt 1974

CENTSPER PERCENT
EXPENSECATEGORY BUS-MILE OF TOTAL

Total OperatingExpense 116.65 100.00

Operationand Maintenanceand Garage 106.18 91.02

EquipmentMaintenanceand Garage 20.68 17.73

Transportation 63.31 54.27

Station 0,25 0.21

Traffic,Solicitation,
andAdvertising 1.93 1.65

Insuranceand Safety 4.66 3.99

Administrativeand General 16,36 13.17

Oepreciationand Amortization 5.27 4.52

Depreciationof RevenueEquipment 4.60 3.g4

OperatingTaxes and Licenses 5.20 4.46

Source: AmericanPublicTransitAssociation,TransitOperatln_Report
for Ca|endar/FlscalYear 1974,SectionD. The sampleconsists
of ell APTA respondentsystemsIn locationswherebuses are the
solepublictransitmode and for which eitherICCor APTA format
of accountsare provided.
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final product. A relativelysmall change in the priceof the final product,

(transportation),impliesa relativelysmall effecton quantitydemanded of

both tilefinalproductand the intermediategood.

Using this theorem,Tables 7-B-1 and 7-B-2 lend insight into the pro-

bable resultsof the economicimpactanalysis. Sincebus capitalhas a small

share in total factorcost, a given regulation-lnducedchange in the priceof

new buses has only a small effecton the "derived"demandfor new buses. The

ability of the bus manufacturingindustryto pass through the additional

equipmentcostswithoutseverelyreducingsalesis therebyenhanced.

Expenses for fuel and maintenance are relatively important components

of the operating expense accounts, but here the potential for adverse eco-

nomic impacts on the suppliers of these inputs - the petroleum industry and

the supplyof skilledmechanic labor,respectively,- is negligibledue to

the overwhelming size of these markets relative to the bus service industry.

COST ESTIMATES
FROM APPENDIX G

Table l-B-3 summarizesthe pertinentestimatesof technologycost from

Appendix G. Expenseestimates include equipmentand testing costs and an

administrativeexpenseequal to five percent of the sum of equipmentand

testingcosts. Thesecosts,hereafterreferredto slmplyas equipmentcosts,

are in 197B dollars. Equipmentcost per bus was convertedfrom 1976 dollars

as stated in AppendixG to 1978 dollarsby applyingthe percentageincrease

in the ProducerPrice Index (buses)from 1976 to 1978 (19/.i/168.5= 1.170).

Maintenancecost per bus-year was convertedto 1978 dollarsby applyingthe

percentageincreasein the ProducerPrice Index (transportation)from 1976 to

1978 (173.4/151.5= 1.145). All costswere roundedto the nearest$5.00. It
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TABLE7-8-3

INCREMENTALEQUIPMENTAND OPERATING
EXPENSESP.SSOCIATEDWITH

LEVELSOF NOISEABATEMENTTECHNOLOGY
DIESEL POWERED INTEGRAL URBAN TRANSIT BUSES

(1978 dollars) 1

EPAEstimated

Technology Exterlor Interior EquipmentCost FuelCost2 Maintenance3
Level dB dB Per Bus Per Bus Year Cost Per Bus Year

1 83 86 $ 544 $ 40 $ 160

2 80 83 1275 35 349

3 77 80 2686 70 595

4 75 78 4922 110 950

Source: Appendix G.

I. Adjusted to 1978dollarsuslng pricesby theProducerPrice Indexfor buses,
2. Fuel cost per bus-yearis estimatedby multlplyingincrementalgallonsper mile (AppendixG) times 60

cents per gallontimes 37,608vehiclemilesper bus-year.
3. Adjustedto 1978dollarsuslno the ProducerPriceIndexfor transportation.



shouldbe noted thatthe varioustechnologylevels are costed independentlyi

of one another.

The estimates in Table 7-B-3 are "incremental" expenses, that is,

additionalexpensesover and above the costs of purchasingand operatinga

typicalbus that hasno noise abatementequipmentinstalled. Incrementalfuel

costs are computedon the basis of midpoint mileage estimates,as described

in the footnote to the table.

For Technology Level 4, an additional consideration not reflected in

Table 7-B-3 is the fact that noise abatementequipmentrequiredto attainthe

75 dB exterior level and the 7B dB interior level also entails a reduction

in seating capacity by two seats (four passengers) from the standard 45 or 53

passengerbus. Reducedseatingcapacityclearlyimposescosts on the transit

firm, but the magnitudeof these costs is difficultto assessin the absence

of accurateinformationon capacityutilizationof existingbuses.

An indirectestimateof the cost of reduced seatingcapacityis avail-

able by comparingthe costs of constructingand operatingbuses of different

sizes. Two sizes of urban transitbuses are produced,withpassengerratings

and specificationasfollows:

Standard

Passenger Wheelbase Length Weight Engine
Ratin_ (Inches) (Feet) (l_O00Ibs.) Make andModel

45 225 35 17.6 - 22.7 Det D 6V-71N
- or -

53 285 40 19.3 - 23.8 Det D 8V-71N

Industrysourceshave indicatedto EPA that the two bus typeshad prices

in 1976:

35 foot $58,000- $68,000
40 foot $64,000- $75,000
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A comparisonof midpoint priceestimatesindicatesa price differentialof

$6,500 for eight passengers, hence an implied differential of $3,250 for four

passengers. The cost of seat loss in 1978 dollars can be estimated by apply-

ing the percentage increase in the Producer Price Index (buses) from 1976 to

1978:

(197.1/168.5)x $3250= $3,800.

Bus industrysourceshavealso indicatedto EPA that there is no measur-

able difference in operatingand maintenancecosts between the two buses.

Hence, the only adjustment called for in Table 7-B-3 is the addition of

$3,800 to the equipmentcost for TechnologyLevel 4. This adjustmentis

included in all subsequent calculationsof the economic.impactanalysis.

ESTIMATESOF INCREMENTAL
CAPITALCOSTS

The formulafor estimatingincrementa]capitalcosts is:

dX/dR= (r + i) dK/dR,

where "dX/dR" is the incrementalcapital (equipment)cost associatedwith

regulatorylevel"R", "dK/dR"Is the dollarvalue of noise abatementequipment

installedon new buses,"r"isthe rateof depreciation,and "i" is the rate of

interest. Accurateestimatesof the rate of depreciation"r" are difficult

to obtain.

In the absenceof satisfactoryprice informationon used urban transit

buses,two alternativesfor estimating"r" are discussed: (1) estimatesbased

on life cycle assumptions,and (2) analysisof fleet operators'accountlng

statements.

(a) EstimatesBasedon
Life-C_cleAssumptions

Table l-B-4 shows that the tota] U.S. populationof transitbuses has

remainedvirtuallyconstantat roughly50,000units duringthe postWorld War
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TABLE 7-B-4

URBANBUS TRANSITVEHICLEINVENTORY

AND PRODUCTION_1940-77

Calender MotorBus New Passenger Deliveriesas Percent
Year Inventory BusesDelivered of Existin_Stock

I940 35,000 3,984 11.38%
1945 49,670 4,441 8.94
1950 56,820 2,668 4.70
1955 52,400 2,098 4.00
1960 49,600 2,806 5.66
1961 49,000 2,415 4.93
1962 48,800 2,000 4.10
1963 49,400 3,200 6.48
1964 49,200 2,500 5.08
1965 49,600 3,000 6.05
1966 50,130 3,100 6.18
1967 50,180 2,500 4.98
1968 50,000 2,228 4.46
1969 49,600 2,230 4.50
1970 49,700 1,442 2.90
1971 49,150 2,514 5.11
1972 49,075 2,904 5.92
1973 48,286 3,200 6.63
1974 48,700 4,818 9.89
1975 50,811 5,261 10.35
1976 52,382 4,745 9.06
1977p 51,968 2,437 4.69

Source: AmericanPublicTransitAssociation,TransitFact Book ('77-'78),
Tables14 and 15. p: preliminary.
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I! period. New productionhas averagedroughlysix percentof total inven-

toriesduringthis period.

On the assumptionthat the age distributionand technologyof buses is

roughly uniform over time, these numbers indicate a lower bound on the rate

of depreclationof six percent per year. Some cautionshouldbe exercised,

however,in acceptingthis figure as an unbiasedestimateof depreciation,

because of the like]y possibility that inventory figures represent an increas-

ing proportion of relatively inactive buses. Such buses serve as capital

reserves to meet contingencies and periods of peak demand. The accretion of

such reservesduringthe post-warperiodimpliesa downwardbias in the above

estimateof the annualrate of depreciation.

A comparableestlmateof the rate of depreciationbased on life cycle

data was recently made using fleet inventory characteristics collected by the

American Public Transit Association(Reference3). Using survivor curve

techniquesappliedto the age distributionof currentbus fleet inventories,

the study concludedthat transit buses have an average life of 19 years,

implyinga depreciationrate of roughlysix percentper annum. As with the

above estimate,however,the 1g-yearage may be biased (upwards)due to the

existenceof significantstocksof old,low-usebuses.

(b) EstimatesBasedon Fleet
Operators'FinancialStatements

An upper bound on the rate of'depreciatlonmay be obtainedby examining

the pertinent accounting statements from ICC annual reports for Class I

carriersengagedprimarilyin localor suburbanservice.

ICC accounting rules permit a variety of depreciation formulas for

i_ reportingpurposes, but the industry norm (and the rule of the Internal
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Revenue Service) is an eight year, straight-line depreciation. Eight years

is well below the true economic life of urban transitbuses; actualservice

life can extend from fifteen to twenty years or longer. Table 7-B-5 presents

the pertinentstatisticsFrom the ICC AnnualStatistics. A questionremains

about whether to use the "totalrevenue"or "net revenue"accounts as the

basis for estimatingthe rate of annualdepreciation. Use of the "total"

definition (Column 2 in Table 7-B-5) results in an understatement of depre-

ciation, since it includes equipment still owned but older than eight years

and therefore no longer depreciated. New equipment (Column 3 in Table

7-B-5), on the other hand, overstatesdepreciationbecause the eight year

formulaunderstatesthe totalcapitalstock.

Note, however, that estimates of the rate of depreciation based on

these accountingsummariesare not biaseddue to price inflation;both the

numerator (stateddepreciation)and the denominator(total or net assets)

are increasedeachyear by equallyinflatedincrements.

Using the net equipmentdefinitionof depreciableassets,an upper bound

on the annualrate of depreciation"r" is estimatedfor the years 1960-73as

14.3% annum.

(c) Summaryof Rate of
DepreciationEstimates

Urban transitbuses havepotentlallylongservicelives,and the concept

of a single "rate"of depreciationis not obviouslywell-definedor applic-

able. DepreciationIs itself an economicvariable,subject to variation

according to the maintenance and route decisions of the fleet operator,

Historically,however, the size of the total U.S. fleet and production

of new urban transit buses have maintainedrelativelyconstant levels. On

the assumptionthat this recordis representativeof the type of depreciation
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TABLE7-B-5

SELECTEDBALANCESHEETANDOPERATINGSTATISTICS,
CLASSI MOTORBUSCARRIERSENGAGEDIN LOCALOR

SUBURBANSERVICEr 1941-74

TotalRevenue Net Revenue Depreciation Equipment Equipment
Cale,dar Passenger Passenger of Revenue Acquired ,Ownedat

Year Equipment Equipmenta E_uipment Year-End
(millions) -('_TTFT_6T) {m111ions) (BusesT--

1941 $ 23.6 $ 9.1 $ 2.34 335 3,167
1950 259.7 25.7 5.26 247 5,146
1955 292.3 31,2 7.05 510 6,547
1960 390.9 37.3 6.08 578 5,938
1961 100.1 40.7 6.83 424 5,755
1962 43.1 17.8 3.38 414 3,311
1963 47.3 16.5 3.29 281 3,135
1964 55.3 21.0 3.55 439 3,357
1965 139.0 81.6 9.99 709 6,603
1966 141.2 87.6 10.46 622 6,953
1967 149.7 60.1 11.05 533 7,342
1968 152.2 97.2 ii.09 635 7,344
1969 131.0 84.6 8,52 331 4,912
1970 132.0 88.5 8.24 213 4,837
1971 117.1 79.5 6.59 150 4,054
1972 134.6 89.1 7.44 .127 4,518
1973 92.0 22.1 4.71 79 3,001
1974 105.4 41.7 5.74 241 3,378

Source: InterstateCommerceCommission,Transport.ationStatisticsin the
UnitedStates (annual).

Note: aNetof Reservesfor Depreciation.Coveragevariesfrom year
to year accordingto ICC definitionof Class I carriers.
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that buses do, in Fact, experience,EPA estimatesan annualrate of deprecia-

tion of six to fourteenpercent,with a bestmidrangeestimateof ten percent

per annum.

ESTIMATES OF INCREMENTAL
PRIME COST

The technologycost estimatesfrom Table 7-B-3 for incrementalequip-

ment, fuel, and maintenancecost can be combined into singleestimatesof

incrementalcostper vehiclemile. This is done by convertingequipmentcost

incrementsfromTable 7-B-3 Into per annum capitalcosts (depreciationplus

interest),and thendividingthe sum of annualcapital,fuel, and maintenance

cost by 37,608vehiclemiles per year. These costs are presentedin Table

7-B-6.

EFFECT OF UMTA SUBSIDIES

FOR'ERUIPMENT PURCHASES

Qualifiedurban transit authoritiesreceivea subsidyof up to 80_ of

the cost of new equipment purchases from the Urban Mass Transportation

Administration(UMTA). Sincethe urban transitfirm has no incentiveto pass

on costsborne by the FederalGovernmentto itscustomers,the effectof UMTA

subsidiesis to reducethe effectlvecapitalcostby 80%. Table7-B-7repro-

duces the calculatlonsof Table 7°B-6 on the assumptionthat incremental

equipment costs have an annual value equal to 20_ that assumed in Table

7-B-6.

The calculationsalso constitutea sensitivityanalysiswith respectto

the assumption about the rate of depreciation. In effect, Table 7-B-7

assumes an annual rate of depreciation of 2.0X In place of 10_ in Table

7-B-6. The differenceIn the resultingnumbers is not substantial,and one

may conc]udethat the economicimpact analysisis relativelyinsensitiveto

the assumptionaboutthe annualrate of depreciation.
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TABLE7-B-6

INCREMENTALPRIMECOST PER BUS-MILEOF SERVICE
ASSOCIATEDWITH LEVELSOF NOISE ABATEMENTTECHNOLOGY

DIESELPOWEREDINTEGRALURBAN TRANSITBUSES

EPA Estimated

Technology Exterior Interior IncrementalCosts
Level dB dB CentsPer VehicleMilea

I 83 86 0.821 ¢

2 80 83 1.700 ¢

3 77 80 3.200 ¢

4 75 78 7.457b ¢ _:_

Source: Tables7-B-3and 7-B-4. Interestand depreciationare calculated
as 20_ of incrementalcapitalcost (10_depreciationplus fOX
interest).Estimatesreflectan assumptionof 37,608vehicle-
mlles per bus-year.

_Ig7G dollars
Includesadjustmentfor reducedseatingcapacity.

7-47

$



TABLE7-B-7

INCREMENTALPRIMECOSTPERBUS-MILE
OF SERVICEASSOCIATEDWITH LEVELS

OF NOISEABATEMENTTECHNOLOGY

EPA Estimated
Technology Exterior Interior IncrementalCosts
Level dB dB CentsPerVehicleMilea

1 83 86 .590¢

2 BO 83 1.157¢

3 77 80 2.054¢

4 75 78 3.4Bob¢

Source: Same asTable 7-B-6,but with interestand depreciationcomputed
as 4.0_ of incrementalcapita]cost (i.e.,I/5 x 20_),

_1978dollars
Includesadjustmentfor reducedseatingcapacity.
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IMPACTON QUANTITYOF
BUS SERVICEDEMANDED

On the assumption that some portion of the cost increasesare passed

through to consumersin higherfares, figuresprovidedin Table 7-B-7can be

combinedwlth average revenuestatisticsto estimatethe potentialincrease

in averagefare per mile that resultsfrom variouslevelsof noiseabatement

technology.

Statisticson average revenueper vehiclemile are provided in Table

7-B-8. The average fare In lg78 dollars can be estimatedby applyingthe

percentage increase in the ConsumerPrice Index (transpertatlon)6 from 1977

to June 1978:

(185.5/177.2)X 91.30= 95.58cents per vehiclemi]e.

Examinationof the cost/revenueratioof U,S. urbanmass transitsystems

(Table 7-B-9) indicates that an assumption of full cost pass-through of

Incrementalexpensesis unwarranted.Not only do urbantransitsystemsenjoy

significantsubsidiesin the purchaseof new equipment(a relativelysmal]

proportionof total operatingcosts),bus subsidiesby Federal(UMTA),state

_d munlcipaIfinancingauthoritieshave brought about a conditionof costs

In excessof revenuesby a ratioapproachingtwo-to-onein 1977.

A reasonableassumptionis that suchsubsidizationwill continueat pre-

sent levels. The calculationsof Table 7-B-lO assume,therefore,that only

one-halfof regulationinducedcost incrementsare passedon to consumersIn

tileform of higherfares,

Percentageincreasesin faresas computedin Table 7.B-i0translateinto

estimatesof the correspondingdecreaseinridershipby applyingdemandeIas-

5Departmentof Labor,Bureauof LaborStatistics.
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TABLE7-B-8

OPERATINGREVENUEPERPASSENGERANDPER
VEHICLEMILE, 1940-77, U.S.
MOTORBUSTRANSITSYSTEMS

Calendar Passenger OperatingRevenue OperatingRevenue
Year Revenue .per Passenger per VehicleMile

(mllllons) (millions}

1940 $248,B 6.87 20.83¢
1945 590,0 7.07 34.26
1950 734,2 9.56 38.74
1955 826,3 14.41 48.32
1960 910,3 17.17 57.75
1961 897.8 18.57 58.69
1962 910,1 19.07 60.06
1963 932,2 19.62 61.20
1964 950.4 20.10 62.20
1965 971.9 20.59 63.59
1966 998.1 21.23 65.59
1967 1037.3 22.39 67.98
1968 1049.7 23.20 69.60
1969 1114.8 25.71 75.41
1970 1193,6 29,41 84.69
1971 1226.8 32.23 89.19
1972 1177.8 33.07 90.05
1973 1183.8 32.40 86.38
1974 1269.6 31.76 88.72
1975 1310.1 31,99 85.85
1976 1366.0 32.77 86.38
1977p 1482.0 34.90 91.30

Source: AmericanPublicTransitAssociation.TransitFactBook,'77-'78,
p: prellminary.
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TABLE7-0-10

ESTIMATEDPERCENTAGEINCREASEIN AVERAGEFAREPERMILE,
AND EFFECTON QUANTITYDEMANDED,ASSOCIATEDWITHLEVELS

OF NOISEABATEMENTTECHNOLOGYv DIESELPOWEREDINTEGRALURBANTRANSITBUSES

Technology Exterior Interior Fare Changing
Level dB dB Increase Demand

1 83 86 O.30B_ -0.154%

2 80 83 0.605 -0.303

3 77 80 1.074 -0.537

4 75 7B 1.960 -1.980 a

Source: Tables7-B-3 and 7-B-8. Operatingrevenuesper ml]ein 1978dol]ars
are estimatedat 95.58.

Note: Calculationsassume10 percentper annumdepreciationand 10 percent
per annumrate of interest,and that 20% of the incrementalcapita]
costs are incurredby transitfirms (UMTAfinancingthe remaining
80%). Fare Increaseis computedon the assumptionof a fifty
percentcost pass-through.Calculationsassume37,608vehiclemiles
per bus-year.

alnc]udesadjustmentfor reducedseatingcapacity.
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ticity estimatesfrom Appendix H The calculationsof regulatloninduced

reductionin quantitydemandedin Table 7-B I0 assume an elasticityof 05:

actual percentagedecreasesin quantitymay be less than those computedin

the table

IMPACT ON EQUILIBRIUM
BUS PRDDUCTION

The foregoinganalysis,and Table 78 I0 indicatesthat for all tech

nologylevels the impacton equilibriumbus servicedemandedis quitesmall

and in most cases virtuallyimperceptible Since it Is unlikelythat the

technologyof bus Fleet managementpermitssubstantialsubstitutionbetween

buses and other inputs in the productionof bus service,it Is probablethat

reducedpatronageof one or two percentresu]tingfrom noise abatementtech-

nology will translateinto an equivalentreductionin longrun demandfor new

buses 7

A longrun perspectiveon total costs to be incurredby the industry

(both producerand user) can be obtainedby calculatingthe annuallzedcost

attendantto each technologylevel The annualizedcost calculationcon

siders the equipment,testing, and administrativecosts per bus; the price

increase and reduced bus demand resulting from the price increase; and

projects a revisedbaselineof sales over the relevantforecastperiod With

the revisedsalesforecast equipment,testingand administrativeexpensesto

be incurred by the manufacturer, the annual operating and maintenance expen-

ditures for each regulatory option are calculated The analysis covers the

time period 19802010 These costs are discounted back to 1980 using a 10

JMoter bus passengersper vehicle have declined steadily since World War
If, despite fluctuationsin relativeoperatingcosts 1945: 574 passen-
gers per vehicle; 1950: 4.74; 1955: 4.24; 1960: 4.08; 1965: 3.8D; 1970:
3.67; 1975: 3.32. (Source: APTATransit Fact Book '75o'76, Tables 6 and
I0.)
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percent rate Of discount and an annuity is determined. The annuity is the

constant annua] payment needed to cover the discountedfuture expenses of

each bus over its llfe. Table 7-B-11 presents the annuaIized cost calcula-

tion for each technology level, along with expected price increases.

Assuming employment impacts fol]ow the general trend of demand, reduced

employmentover the range of technologylevels is 0.30_ to 2.85 percent.

This is consideredinsignificantsince those unemployedwill have skills

similarto these producingsubstitutemodes of transpertation.However,there

may be modest Increasesin the personnelneededto design,build and install

noisecontrolcomponentsand conductnecessarytesting.

Fluctuationsin annualbus output of two percentor less are wel] below

the normal variationexperiencedfrom year to year by the bus industryas

a whole (Table 7-B-4). The remainderof this analysisfor transit buses

addressessecondaryfinancialimpactsand baselineprojections.

FINANCIALIMPACT
ON USERS

The regulatlonmay have adverseeconomic impactsnot recorded above in

the "long-run"analysis if it causes short-runfJnanclal dislocationsor

has distributionaleffects. Consider the impact on consumers and fleet

operators.

Since urban transitby motor bus is typlcallysomewhatslowerand less

convenientthan travelby alternatemodes, especlallyauto, a largerportion

of urban bus patronageis from lower incomegroups than for other modes.8

8The Federal Highway Administration'sNationwidePersonalTransportation
S_, showsthat for 1969-70, rJdershtp on bus and street car trans-

p_s distribuyed as follows (by annual household income): $0-3,000:12.7_, $3,000-3,ggg. 10.8%, $4,000-4,gg9: g.2_; $S,O00-s,gg9: 8.8_;
$6,000-7,499: 12.3%; $7,500-9,999: lS.4_; $10,000-14,999: 16.3_; 1S,O00
andover: 7.g_; Not applicable: 6.6_.
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TABLE7-B-11

TRANSITBUSES

ANNUALIZED COST AND VEHICLE PRICE INCREASE

Regulatory AnnualizedCost PercentagePrice
Option (million$) Increase

i $ 9.86 0.6

2 18.16 1.5
2a 13,73 1.6

3 29.91 3.1
3a 24.16 3.1
3b 20,75 3.1

4 45,53 5,7

5 29,91 3.1
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Increasesin the costs of urban transit will thereforeaffect lower income

groups more adverselythan others. The magnitude of this distributional

effect Is likely to be quite small,however. A maximum predictedincrease

in fare revenues of 2.0 percent(Table 7-B-I0)and a correspondingdecrease

in demandof 1.0 percentwould increasethe totalrevenueof U.S.bus transit

systems by about $11.6 million (in 1978).

Fleet operatorswould be disadvantagedby the noise abatementtechnology

if the increasedequipmentcostscould not be met withoutincurringsubstan-

tial additionalfinancing. The relativelysmallshare of equipmentreplace-

ment costs (Tables7-B-1 and 7-B-2)in total operatingexpensesmakes this an

unlikely possibi]_ty, partlcu]arly when considering the UMTA equipment

subsidyprogram.

The annual survey by the AmericanPublicTransit Associationof urban

fleet inventoriesindicatesthe likelyreplacementneeds of variousmunici-

palities. Table 7-B-12presentssuch a summary,brokendown by sizeof city

fleet. It is apparentfrom Table 7-B-12 that largercities do not differ

significantlyfrom smallercitiesin termsof medianfleet age.

Table 7-B-13 identifiesmajormunicipalltleswith median fleet age in

excessof ten years as of June 10, 1975. Munlcipalitiesthat are especially

prone to replacementneeds appearto be distributedevenly by geographical

regionand city type.

FINANCIALIMPACTSON PRODUCERS,
INCLUDINGEXPORTERSAND IMPORTERS

The long-run impacton industryoutputequillbrlumis likelyto be small

In percentageterms. Thus, giventhe currentgrowthrate of industryoutput

(in recentyears), small actualreductionsin output are projectedfromone
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TABLE7-B-12

MEDIANAGE OF FLEETBY FLEET SIZE,
U.S. MOTORBUS TRANSITSYSTEMS,

AS OF JUNE301 1975

FleetSize (Buses) Numberof Cities Mean MedianAge StandardDeviation

500 or more 17 9.82years 4.14

100 to 49B 43 8.23 4.45

50 to 99 41 9.54 7.23

3 to 49 104 9.64 6.68

Source: AmericanPubIlcTransitAssociation,TransitPassengerVehlcleF|ee_
Inventor_as of June30_ 1975.
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TABLE7-B-13

MAJORBUSTRANSITSYSTEMSWITHMEDIAN
FLEETAGEIN EXCESSOF TENYEARS

AS OF JUNE30+ 1975 ....

City FleetSize (Buses) MedianFleetAge (Years)

Maplewood,New Jersey 1847 12

Boston,Massachusetts 1149 13

Oakland,California 878 12

Seattle, Washington 559 20

Buffalo,New York 556 12

Milwaukee,Wisconsin 523 13

Cincinnati,Ohio 444 11

Houston, Texas 421 13

Norfolk,Virginia 285 18

Richmond,Virginia 233 14

Sacramento,California 204 13

Jacksonville,Florida 193 13

Louisville,Kentucky 179 14

Charlotte, North Carolina 132 14

Hampton, Virginia 105 19

Holyoke, Massachusetts 98 23

Dayton, Ohio 93 27

Des Motnes, Iowa gO 17

Des Plaines, Illinois 88 20

Source: AmericanPublicTransitAssociatlon,TransitPassengerVehicleFleet
Inventor_ as of June 301 1975.
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year to the next as a result of reduced demand for bus services. There

remains,however,the possibilityof adverseimpacton specificsuppliersif

their product or technologydiffers significantlyfrom the industrynorm.

Table 3-16, Section3, indicatesthat the market Is dominatedby two

large producers: GeneralMotorsand Flxible,who togetheraccountfor about

gO percent of U.S. production.The productionof these bus-makersis highly

standardized(Table 3-6) and no differentialimpact on producersis envis-

aged.

Since the noise abatementtechnology involvesmostly minor additions

and modificationsto existingequipment,the potentialfor impactingU.S.

export productionto non-regulatedcountriesis minimal. The only importer

of consequence of urban transit buses is Mercedes-Benz, whose marketing

activitiesare devotedexclusivelyto the airport-hoteland municipal"feeder

route"markets.

The Mercedes-Benzbuses sold in the U.S. are smal_ (passengerrating:

19), limiteduse vehicleswhich do not competewith the industrystandard

U.S. urban transit model. Annual averagesales an_unt to 200 units,with

a base price of $26,111. Sales to municipalitiesare primarilyto service

"feeder" routes, and somefurtherpenetrationof this market is anticipated

in futureyears.

Noise levels of the Mercedes bus are currently high (84 dB) at 75%

of maximum throttle at 45 mph. Mercedes-Benzhas engaged In researchto

reduce these levels, includingthe developmentof optional equipment to

reduce exterior noise to 80 dB. Informationon their ability or the cost

of attainingnoise levelsbelow80 dB is not availableat present.
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C. ECONOMICIMPACTOF NOISEREGULATIONSON
ADVANCEDDESIGNBUSESAND MANUFACTURERS

The Advanced Design Bus (ADB) is perceivedby major transit bus pro-

ducers as the bus of the future. Currentlythere are about 3,580AOB buses

beingproducedby the two majormanufacturers,GeneralMotorsCorp.,Truck and

Coach Divisionand Grumman-FlxibleCorp. Abatingthe noise producedby these

AOBs requiressomewhatdifferentequipmentthan for other transitbuses. A

separateanalysisis providedhereto evaluatethe costs of compliancefor the

differentregulatorylevelsunder study. It is importantto note that this

analysisismeant to be separatefromthe analysisof transitbusespreviously

provided. The cost and impactsare not additivebecause an assumptionmade

here is that over time transitbuses will be replacedby the ADBs. For now,

however,theyare evaluatedseparately.

Cost EstimatesfromAppendixG

Table 7-C-1 summarizesthe pertinentestimatesof technologycosts from

Appendix G. Expense estimatesincludeequipmentand testingcosts and an

administrative expense equal to 5% of the sum of equipment and testing

costs. These costs, referredto as equipmentcosts, are in 1978 dollars,

havingbeenconvertedfrom 1976dollarsby applyingthe percentageincreaseIn

the Producer Price Index (buses) from 1976 to 1978 (197.1/168.5-1.170).

Maintenancecosts per bus year were convertedto 197B dollarsby applyingthe

percentageincreasein the ProducerPrice Index(transportation}from 1976to

197B (173.4/151.5=i.145).It should be noted that the various technology

levelsare costedindependentlyof one anotherand are incrementalexpenses,

that Is, additionalexpenses over and above the costs of purchasing and

operating a typical bus that has no noise abatment equipment installed.

Similar to the analysis of urban transit buses, Technology Level 4

for the AOBs entails a reductionin seating capacity by 2 seats from the
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TABLE 7-C-I

INCREMENTALEQUIPMENTAND OPERATINGEXPENSES
ASSOCIATEDWITH LEVELSOF NOISE ABATEMENTTECHNOLOGY

ADVANCEDDESIGNBUSES
(197BDOLLARS)

Technology Exterior Interior EPA Estimated I Fuel Cost 2 MaintenanceCost3
Level dB dB EquipmentCost Per Bus Year Per Bus Year

1 83 86 $ 13 S 0 $ O

2 80 ' 83 742 45 292

3 77 BO 1806 80 544

4 75 78 2909 125 899

Source: Appendix G

1 Adjusted to 1978 dollars using the Producer Price Index for buses.

2 Fuel cost per bus year is estimatedby multlplyingIncrementalgallonsper
mile (AppendixG) times60 cents per gallontimes37,608vehlclemiles per
bus year.

3 Adjusted to 1978busesusing the ProducerPrice Indexfor transportation.
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standard 45 or 53 passengerbus. Reducedseatingcapacity imposesa cost

on the transit firm. An indirectestimateof the cost of reducedseating

capacity is availableby comparingthe costs oF constructingand operating

buses of differentsizes. This has already been done in the transit bus

analysiswhere a cost for loss of seatingcapacitywas estimatedat $3,800.

That cost is used here for the analysis of ADBs for Technology Level 4.

Estimatesof IncrementalCapitalCosts

The analysisfor transitbuses,estimatesratesof depreciationand shows

how to apply ratesof depreciationto determineincrementalcapitalcosts. It

is concludedthat urban transitbuseshave potentiallylongservicelivesand

a singlerate of depreciationmay not be applicable.Futhermore,depreciation

is an economicvariablesubjectto variationaccordingto the maintenanceand

route decisionsof the fleet operator. A best estimateof the annualrate

of depreciationis from 6 to 14% with a mld-rangeestimateof I0_ per annum.

That rateis used for the analysisof ADBsalso.

Estimatesof IncrementalPrimeCosts

The technologycost estimatesfrom Table 7-C-I for incrementalequip-

ment, fuel and maintenancecosts can be combined into singleestimatesof

incrementalcost per vehlclemile. This is done by convertingequipmentcost

incrementsfrom Table 7-C-I Into per annum capitalcosts (depreciationplus

interest),end thendividingthe sum of annualcapital,fuel, and maintenance

cost by 37,608 vehiclemiles per year. These costs are presentedin Table

7-C-2.

Effectof UMI'ASubsldiesfor EquipmentP_rcha_es

Qualifiedurban transitauthoritiesreceivea subsidyof up to 80% of the

costof new equipmentpurchasesfromthe UrbanMassTransportationAdminlstra-
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TABLE 7-C-2

INCREMENTALPRIME COST PER BUS MILE
OF SERVICEASSOCIATEDWITH LEVELS
OF NOISEABATEMENTTECHNOLOGY,

ADVANCED DESIGNBUSES

EPA Estimated
Technology Exterior Interior IncrementalCosts,
Level dB dB CentsPer Bus Milea

I 83 86 .007 ¢

2 80 83 1.291 ¢

3 77 BO 2.620 ¢

4 75 78 6.291b¢

Source: Table7-C-I. Interestand dep_eclationare calculatedas 20% of
incrementalcapitalcost (10%depreciationplusIOZ interest).
Estimatesreflectan assumptionof 37,608vehlcle-milesper bus
year.

a 1978dollars

b Includes adjustment for reduced seating capacity
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tlon (UMTA). Sincethe urban transitfirm has no incentiveto pass on costs

borneby the FederalGovernmentto its customers,the effectof UMTA subsidies

is to reduce the effect of capital costs by _0%. Table 7-C.3 reproduces

the calculations of Table 7-C-2 on the assumption that incremental equipment

costs have an annual value equal to 20% that is assumed in Table 7-C-2, These

calculations also constitute a sensitivity analysis with respect to the

assumption about the rate of depreciation. In effect, Table 7-C-3 assumes an

annual rate of depreciation of 2.0% in place of 18% in Table 7-C-2. The

difference in the resulting numbers is not substantial and one may conclude

that the economic impact analysis is relatively insensitive to the assumption

about the annual rate of depreciation.

Impacton quantit_of Bus ServiceDemanded

On the assumptionthat some portion of the cost increasesare passed

throughto consumersin terms of higherfares, the figuresprovidedin Table

7-C-3can be combinedwith averagerevenuestatisticsto estimatethe poten-

tial increase in average fare per mile that results from various levels of

noise abatementtechnology, The statisticson averagerevenueper vehicle

mlle were provided above in Table 7-B-8. The average fare in Ig7B dollars

was estimatedby applyingthe percentage increasein Consumer Price Index

(transportation)from 1977 to 1978; it is equalto 95.58 cents per vehicle

mile.

Examiningthe cost revenueratio of U.S. urban mass transitsystemindi-

catesthat an assumptionof full cost pass-throughof incrementalexpensesis

unwarranted.Not onlydo urban transitsystemsenjoysignificantsubsidiesin

the purchaseof new equipment,but subsidiesby Federal,Stateand municipal

financingauthoritieshave brought about a conditionof costs in excess of

revenuesby a ratioapproaching2:1 in 1977. A reasonableassumptionIs that

suchsubsidizationwill continueat thesepresentlevels.
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TABLE7-C-3

INCREMENTALPRIME COSTPER BUS-MILE
OF SERVICEASSOCIATEDWITH

LEVELSOF NOISEABATEMENTTECHNOLOGY
ADVANCED DESIGN BUS

EPAEstimated

Technology Exterior Interior IncrementalCosts a
Level dB dB Centsper VehicleMiles

I 83 86 .001¢

2 BO 83 .975 ¢

3 77 80 1.851 ¢

4 75 78 3.436b¢

Source: Same as TableB, but wlth interestand depreciationcomputedas 4.0_
of incrementalcapitalcost (i.e.,i/5 x 20%).

a 197Bdollars

b includesadjustmentfor reducingseatingcapacity
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Table 7-C-4which shows percentageincreasesin fare and corresponding

declinesin demandfor bus servicefor each regulatorylevelassumesthat only

half of regulationinducedcost incrementsare passedon to consumersin the

form of higherfares, Percentagefare increasesin Table7-C-4 translateinto

estimates of the corresponding decrease in ridership by applying demand

elasticityestimatesfromAppendixH. The calculationsof regulationinduced

reductionin quantitydemandedin Table 7-C-4 assume an elasticityof -0.5:

actualpercentagedecreasesin quantitymay be less thanthosecomputedin the

table.

Impacton EquilibriumBusProduction,

The foregoinganalysisand Table 7-C-4 indicatesthat for all technology

levelsthe i_act on equilibriumbus servicedemandedis quite small. Since

it is unlikelythat the technologyof bus fleet managementpermitssubstan-

tial substitutionbetweenbuses and other inputs in the productionof bus

service, it is probablethat reduced patronageof about i% resultingfrom

noise abatementtechnology,wil] translateinto an equivalentreductionin

long-rundemandfor ne_ buses,

A long-runperspectiveon total costs to be incurredby the industry

(bothproducer end user) can be obtainedby calculatingthe annualizedcost

attendantto eachtechnologylevel. The aonualizedcost calculationconsiders

the equipment,testingand administrativecost per bus, the price increaseand

reducedbus demandresultingfrom the price increase,and projectsa revised

baselineof salesover the relevantforecastperiod. With the revisedsales

forecast,equipment,testingand adminlstratingexpensesto be incurredby the

manufacturer,the annual operating and maintenanceexpendituresfor each

regulatoryoptionare calculated. The analysiscoversthe time period lgBO

through2010. These costs are discountedback to Ig80 using a i0_ rate of
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TABLE 7-C-4

ESTIMATEDPERCENTAGEINCREASEIN AVERAGE
FAREPER MILE,AND EFFECTON QUANTITYDEMANDED,

ASSOCIATEDWITHLEVELSOF NOISEABATEMENTTECHNOLOGY,
ADVANCEDDESIGNBUSES

Technology Exterior Interior Fare Changein
Level dB dB Increase Demand

I 83 86 .001 -0,0005

2 80 83 .510 -0.255

3 77 BO 968 -0.484

4 75 78 1.798 -0.899
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discount and an annuity as determined. The annuity is the constant annual

paymentneeded to cover the discountedfutureexpensesof each bus over its

llfe.

Most of the data used in calcu]atingannualizedcostscomes fromAppendix

@. The baselineforecastof ADB sa]es comes fromSection3 of this document,

and requiressome explanation. At the presenttimethe two manufacturersof

ADBsare togetherproducingabout3,600 whicles per year. Both producersare

attemptingto increase productivecapacity°9 Those experts who follow the

motor bus industrybelievethat at some point in the not-too-distantfuture,

ADBs wil] cmmp]etely rep]ace other transit buses. Thus the forecast of

transit bus sales given in Section 3 may, in the future, more accurately

reflectthe sales forecastof ADgs. An assumptionis made here that in the

yearIgsB all transit productionis for ADBs. From 1980to 1985 the average

annualgrowth rate of ADBs is 7.! percent. From ig85 to 2010, the baseline

forcastfor ADBs is equal to the forecastfor transitbuses providedabove.

Needlessto say, this analysisand the analysisof transitbuses presented

aboveare mutuallyexclusive,or at ]eastnot directlyadditive. Table 7-0-5

presentsthe annualizedcost calculationfor each technologylevel,alongwith

expectedprice increases.

Assuming employmentimpactsfollowthe genera]trend of demand,reduced

employmentover the range of technologylevels is 0.005 to 1.30 percent.

This is considered insignificantsince those unemployedwill have skil|s

simi]arto those producing substitutemodes of transportation. However,

there may be modest increases in the personnel needed tm design, build,

and installnoise control componentsand to conductthe necessarytesting,

gTelephoneconversation between Don DeYoung and AI Newman Department of
Transportation,May 5, lg80.
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TABLE 7-C-5

ADVANCEDDESIGNBUSES
ANNUALIZED COST AND VEHICLE PRICE INCREASE

Regulatory Annualtzed Cost Percentage Price
Option _ (million$) .....Increase

I $ 0.07 0.01

2 12,87 0.7

2a 10,73 0.7

3 23,73 1.6

3a 20,40 1,6

3b 17,50 1,6

4 36,64 2,6

5 23.73 1,6
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Fluctuations in annual bus output of 1%or less are well below the nnrmal

variation experience from year to year by the bus industry as a whole (Table

7-B-4). The remainderof this analysisfur ADBsaddressessecondaryfinanclaI

Impactsand baselineprojections.

financialImpacton Users

The regulationmay have adverseeconomic impactsnot recordedabove in

the "long run" analysis if it causes "short run" financialdislocations

or has distributionalimpacts. Consider the impactson consumersand fleet

operators.

Since travel by ADBs and urban transit buses in generalis typically

slowerand less convenientthan travelby alternativemodes,especiallyauto,

the largerportion of urban bus patronageis from lower incomegroups than

for othermodes. Increasesin the costs of ADBswill thereforeaffectlower

income groups more adverselythan others. The magnitudeof thls distribu-

tional effect is likely to be quite small, however. A maximum predicted

increasein fare revenuesof 1.8% (Table7-C-4)and a correspondingdecrease

In demandof O.g_ would increasethe total revenueof U.S transitbus systems

by about $8.1million (in 1978).

Fleetoperationsmight be disadvantagedby thenoise abatementtechnology

if the increase equipmentcosts in total operatingexpenses (about5% to

6%) makesthis an unlikelypossibility,partlcularIywhen consideringthe UMTA

equipmentsubsidyprogram.

An annual survey by the American Public Transit Associationof urban

fleet inventoriesindicatesthe likelyreplacementneeds of variousmunlcl-

paIitles(presentedabove in Table 7-B-12). It isobviousthat largercities

do not differsignificantlyfrom smallercitiesin terms of medianfleetage.
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I Table 7.B-13,alsopresentedpreviously,identifiesmajor municipalitieswith
_ median f|eet age in excess of lO years as of June lO, 1975. Municipalities

i: that are especiallyproneto replacementneeds appearto be distributedevenly

by geographicregionand city type.

D. ECONOMICIMPACTOF NOISEREGULATIONSON
SCHOOL BUS CARRIERS AND MANUFACTURERS

INTRODUCTION

The schoolbus industryis a highlycomplexentityconsistingof several

manufacturers producing an almost infinite number of variations to the

basic product- a vehicledesignedto transportpupilsto and from schools.

Almost any combinationof the following characteristic variables can be

specifiedby theschoolbus customer:

I. EngineType - Gasolineor dieselof varioushorsepowerratings.

2. Construction- Body-on-chasslsor integral.

3. Engineplacement- Forward,mid-unlt,or rear.

4. Make - Chassis(3 primarymanufacturers),body (6 primary

manufacturers),integral(2 manufacturers).

5. Size (seatingcapacity)- as many as g7 passengers.

6. Options- Air conditioning,interiorquality,transmissions

(variousspeeds;standardor automatic),etc.

Thus schoolbusesare custom-madewith differentcost and prices associated

with eachof thevariablesdescribedabove,

Due to the impracticalityof assessingthe economic impact of noise

abatementregulationson all possiblevariationsin the product,the analysis

has been limitedin the followingmanner:

Small buses (under 10,000 pounds gross vehicle weight rating (GVWR))

havebeenellmlnatedfrom consideration,
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- Size of buses (in terms of passengercapacity)and optionalequipment

have been considered on]y with respect to their contribution to the

price range of the final product.

The outgrowth of these limiting factors are the fol]owing school bus

"product" types:

I. Gasoline powered conventional

2. Gasoline powered forward control

3. Parcel delivery and motor home chassis

4. Diesel powered conventional

5. Dieselpoweredforwardcontrol

6. Diesel powered integral mid-engine

7. Diesel powered integral rear-engine

Consideration has been given to differential noise abatement costs

associated with individual manufacturers.

The primary economic areas affected by noise abatement regulations

are shown schematicallyin Figure 7-D-I. Each of the followingeconomic

impactareas is evaluated:

I. Manufacturers

2. End users

3. Suppliers

Quantitativeestimates are presented where possible. The following

topicsare presented:

-- Costs of noiseabatement

-- Industryconsiderations

-- Analysisof user costs

-- Estimatesof incrementalcapitalcosts
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FIGURE 7-D-l
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-- Estimatesof incrementalprime costs

-- Impacton quantityof busproduction

-- Annuallzedcosts borneby producersand consumers

-- Final impacts

-- Baselineprojections

COSTS OF NOISE
ABATEMENT

After assessingthe noiseabatementtechnologypresentlyavailableto the

school bus industry,EPA analyzedthe costs associatedwith applyingthat

technologyto the varioustypes of schoolbuses. EPA's estimatesof those

costs and discussionsconcerningthe requiredmanufacturingprocesses are

includedin the text and figuresof AppendixG of this report.

In order to properly analyzethe costsof quietingschoolbuses,it is

necessaryto relate the post-regulatorycosts of manufactureto the present

costs. This cost data is consideredby mostcompaniesto be proprietaryand

confidential. Therefore, post-regulatoryprices (assuming a full cost

pass-through)related to pre-regulatoryprices serves as a best availale

approximationof estimatedcost increases.

(a) PresentSchool
Bus Prices

Due to the variationIn modeltypes availableto the consumer,there is

no one price which is representativeof all school buses. However,Table

_. 7-0-I identifiesthe range of pricesfor eachtypeof bus.
i;

_! Note in Table 7-D-I the wide range of prices quoted withinbus type

category and between differentcategoriesof bus. The rangewithincategor-

ies is due to differentspecificationsdemandedby bus purchasersratherthan

by any discernibledifferencesamong manufacturers'productionprocesses.

Diesel powered units cost from $2,000 to $4,000 more than comparably
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TABLE7-D-1

MAY, 1979 PRICESFOR
COMPLETEDSCHOOLBUSES, BY TYPEOF BUS

T_pe of Bus Rangeof Prices Average Price

Gasoltne Powered:

Conventional $13,000-22,000 $19,000

Forward Control $35,000-42,000 $30,000

Parcel Delivery $12,000-16,500 $14,500

Diesel Powered:

Conventional $17,000-28,000 $23,000

Forward Control $35,000-43,000 $40,000

Integral Mid-engine $45,000-100,000 $60,000

Integral Rear-engine $50,000-70,000 $55,000

Source: Section 3

Note: The average price expressed here ts the price given by respondents
as closely approximating the meanprice paid for units.

(
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equipped gasoline powered units. Also, the nature of construction and

special characteristics of the integral units account for the large price

difference between all other bus types.

(b) Estlmated Cost
Increases

The percent cost increase due to the 'regulatory options is calculated

by applying the manufacturing cost increases expressed in Appendix G to the

prices of respective units presented in Table 7-D-I.

IMPORTANT INDUSTRY
CONSIDERATIONS

Section3 containsa profileof the school bus industry. Certainmajor

points are detailed here since they are important in analyzing the economic

impact of noise emission regulatlons.

(a) Competitive Nature of
the Industry

Due to the complex nature of the distribution channels in the school

bus market, it is important to highlight some salient points relative to

industry competition.

The market for integrallyconstructedbuses is distinctlydifferent

from that of body-on-chassis models both in terms of market interactions and

marketability. The principle differences are:

I. The sale of the integrally constructed bus is generally conducted

by tilemanufacturerof the unit, whereas the body-on-chasslsbus is

normally sold through a distributor representing a particular body

builder, The body builder obtains the driveable chassis from the

chassis manufacturer (with the chassis make and specifications being

indicated in the bid document).
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2. The integrally constructedunit contains physical characteristics

which make it more appropriate for use in a particular geographic

region and for specific functionswhere the body-on-chassistype is

physically unsuitable or economically unjustified. Integral units

appearto be particularlywell-suitedfor use in mountainousterrain

and on high speed highways. Integralunits are also well-suitedfor

such specialpurposesas transportingathleticteams.

Due to these differencesbody-on-chassisschool buses are not close

substitutesfor integrallyconstructedbuses. Rather, they more resemble

interoltybuses, althoughthey are not as heavi]yconstructednor as costly.

Aside from integrallyconstructedbus types, a high degree _f competi_

tion appears to exist within bus categories. For example,differentmakes

of gasoline powered conventional buses compete directly. Any make of bus

body can be constructedon any one of the four major chassisdesigns,and

sales are typicallydeterminedon the basis of competitivebids by several

producers. Domesticmarket share data for the four major chassis manufac-

turers (Table7-D-Z) shows that a great deal of brand switchingdoes occur

fr_ year-to-year -- further a.priori information indicating a high degree

of competition.

At the assembly stage of manufacture, diesel and gasoline body-on-

chassis schoolbuses are highlysubstitutable,and the assemblercan switch

easilyfrom productionof one to the other.

(b) Price
Movements

s

No informationhas been found during the course of thls study to des-

cribe, quantitatively,how schoolbus manufacturershavereactedto increased

7-77



TABLE 7oD-2

SHARESOF DOMESTICMARKET
FOR SCHOOLBUS CHASSIS - 1973-1977

Make 1973 1974 1975 1977"

Chevrolet 11.9% 12.8% 15.0% 11.0%

GMC 8.2% 9.2% 8.2% 8.2%

Ford 29.6% 35.0% 22.7% 24.4%

InternationalHarvester 50.3% 43.9% 54.1% 50.5%

100.0% 100.0% 100.0% 100.0%**

! Source: MotorVehicleManufacturersAssociation
(

* In 1977 Dodgehad 15% of the market shares but subsequently dropped
out of the market place

** Totals do not add up to 10_

i
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productioncosts in the past. However,if the ProducerPrice Indexfor all

buses is a representativemeasureof schoolbus pricemovements,we findthat

bus prices have risen aboutthe same as the PPI for all transportation(See

Table 7-D-3). Both Indicesshow a significantincreasefrom 1974 to 1975.

Irrespectiveof manufacturers'response to other associatedcost In-

creases, Industry sourcesindicatethat cost increasescausedby regulatory

actionsare passedcompletelythroughto consumers.

(c) Differential
Impacts

Differentialimpactson the schoolbus industryare discussedbelow in

the contextof differingcosts by firmsmanufacturingthe sameproducttype,

and of differingcosts associatedwith quieting differenttypes of buses.

i. Differential costs_ by manufacturer_ in producingthe sameproduct.

Technology levels under analysis here will cause no differential

costchangesacrossfirms in the industry.

2. Di.fferentialcosts associatedwith qu!etin_differentproductt_pes.

Inspection of the price differentials for the varlous technology

levels indicates that little change in the relative competitive

positionsof competingunits will result from the regulatorylevels.

Differentialimpactson the demandfor variousconstructioncategories

of schoolbuses willbe minimalunderthe regulatorylevel,lO

lOlntegrally constructedmid-engine and rear-engne buses bullt by Crown
Coach and Gillig Bros. are an exceptionto thls statement,but as men-
tioned earlier, they are consideredspecialized }roductsnot competing
directlywith otherschoolbus types.
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TABLE7-0-3

WHOLESALEPRICECOMPARISON
ALL MANUFACTURERSVS. BUSES

(1967:100)

YEAR PPI- BUSES PPI- TRANSPORTATION

1967 100.0

1968 103.6 100.0

1969 106.9 100.8

1970 111.2 104.6

1971 115.0 110.3

1972 116.8 113.7

1973 117.7 115.1

1974 129.6 125.5

1975 156.4 141.5

1976 168.5 151.5

1977 176.8 161.3

197B 197.1 173.4

Source: U.S. Departmentof Labor,Bureauof LaborStatistics

Note: The PPI for transportationuses1968 as the baseyear so a strict
comparisonof the two Indicesis not possible. However,if the
PPI for transportationwere adjustedto 1967 dollars,the succeed-
ing years wouldshow highercostand more accuratelytrackthe PPI
for buses.
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For purposes of the overall microeconomlc analysis, two principal con-

structlon categories, conventional gasoline and conventional diesel school

buses, will be analyzed, Table 7-D-4 shows that this simplification sacrt-

fires littleaccuracyin coverage.

ANALYSISOF
USER COSTS

To assess the economic impact of noise abatement technology on the

overall market for school buses, an examinationof user costs similarto

Subsections7-A, 7-B and 7-C is appropriate.However,no "fare"is generally

charged to riders of school buses. Instead,pupil transportationexpenses

are funded out of genera] schoolsystem revenues. Route servicedecisions

are determinedin part by localschoolboardsand in part by requirementsof

State and Federal law to provide adequatetransportationfor all pupils.

Just under half of the pupl]sattendingschoolstravelto theirdestin-

ation by means other than schoo]buses,11 eitheron foot, by publicconvey-

ance, or in private automobiles. Since the allocation of school system

revenues is in part at the discretionof local government,servicedecisions

-- and by implication, the demand for transportation equipment -- will

respondto changes in the cost of providingtransportationservice,

Table 7-D-B demonstratesthat during the period 1963-74, expenditures

by school systems for replacementand new vehicleswas a relativelysmall

percentageof total transportationexpenditures,Since totalbus inventories

were also rising significantlyduring this period (Table 7-O-6), annual

I1_n I_ - 1972, 45.1 percentand in Ig13- 1974, 51.5 percent,of average
daily attendancewas transportedat publicexpense: (NatlonalCenter for
EducationalStatistics,Statisticsof StateSchoolS_stems).
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TABLE 7-D-4

PERCENTDISTRIBUTION
OF ALL SCHOOLBUS TYPES

Percentof

Type of Bus TotalBuses

GasolinePowered:

-Conventional 84,0%

-ForwardControl 0.7%

-Parcel Delivery and
Motor Home Chassls 4.4%

SubtotalGasoline 89.9%
i

DieselPowered:

-Conventional 4.g%
i

-ForwardControl 3.9%

-IntegralMid.Engine 1.0%

-IntegralRear-Englne 0.3%

Subtotal Diesel 10.1%

TOTALALL TYPES 100.0%

Source: Basedon marketshareinformationfrom
Motor VehicleManufacturersAssociation,

School Bus Fleet, industry interviews,
and EPAestimates.

I!

k
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Figure 7-D-5

HISTORICAL REVIEW OF EXPENDITURES BY ELEMENTARY AND
SECONDARY SCHOOLS BY MAJOR ACCOUNT AND BY TRANSP(IRTATION

RELATED ACCOUNTS

(dollars figures in thousands)

_! ¥e*rg

1961o196t 1965-1966 19gi-_9_ 1969-1970 1971-1972 |971-1974

_WI _l_r01 tl) $_G97 $1S,600 $32_111 $40,O_8 $47,65S $56,51B

_ _nt _ltu_l tot
lllm_ltlr/ and Scary $Ch_|l 171218 21.051 26+877 341218 41+811 50,025

_JPl_ Cutlays 2,970 1,755 4_2_ 4,6S9 4,459 4,919

Int_st (]1 _ I_IX 70J. 792 970 _s|71 _+37a IwSI4

_otal _11 T=_ation
_e_di tut_s 723 012 1,02! 1,268 1,_07 1,955

_hlcleJ _d _lull_t 49 25 40 49 99 97

O_n_n_ Tr_p_r_lc_ e_$_urei _4 707 _81 1+219 .,508 l,Bi8

_14r_ (_) 14_ 310 _10 44_ 511 625

_e_lm_t o_ V_hicln (_) 72 7? 0l 8_ 104 132

TFl_ia3 _Zpel_#S(l) ( 11 236 _1 408 5,01 664 830

_a | o_ '_otal L_4_end_la }.St 3._t 3,_t 3.2t /,4t /.5t

_t_l _ptl _rL'J_*_lm _W_ditu_s
/_ t o_ _t_l O_m_t _x._dltums 4.2t l*gt 3,8t ).?t 3,01 3,_t

E&|a_J_ _ | o_ _1 _11 _ah_po_ation r._ltu_| SLgt 38.2t _4.|t 35,1| );t.|t 12,0|

Micle8 _1_ E_NlPmnt is t o_ _1

I_lttJ_s |6.?t 16.9t 14,0t ]l,6t |2.9t ]l.gt

_4mditum 12,6t 32.4t 40,or 39.5t 41.It 4LSt

N_I Ill _l_lr_ _rrl_ e_end|_ml _ I_;_l_el r_ _tlltld to elmmntary _ _¢_nd_ry

Ill ¢_l_'_]a_d on the bnia o_ e_ dll_rit_lGn o_ _ _1_ _ero _ll_en_

131 Includa _eatr_.ed so_io_l_ _an:s _o_ lx_lic tra_lticn _ _n_ |_
lt_ _ tr_t_,

! Buelltlm o_ _t_l _ba_l _a_ti+ virtue *d|tionsr U,|. _4pa_ment o_ P+oalLh,

_ 7-83

%



TABLE7-0-5

UNITEDSTATESSCHOOLBUS
INVENTORYANDSALES

1968-74

Net Shipmentsa
Calendar Bus Bus Shipmentsas Percent as percentof

Year ]nventor_ Shipments of Existing Stock Existing Stock

1968 262,204 29,01B 11.07% 5.58_

1959 263,973 28,064 10.24 4.85

1970 288,750 27,408 9.51 3.09

1971 307,285 28,358 9.23 6.26

1972 316,421 30,635 9.58 4.16

1973 333,892 30,039 9.00 2.78

1974 354,634 29,561 8.34 --

Source: IndustrySources.

Note: aNet shipments are defined as gross shipments less replacement
requirements to keep inventory as a constant level.
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capital replacementcosts were at most ten percentof total transportation

expenditures.

Since bus capital is a small fraction of total factor cost in the

productionof bus service,a given regulation-inducedchange in the price of

new buses has only a small effect on the total cost of transportationand

therefore_on the "deriveddemand" for new buses, The abilityof the bus

manufacturingindustryto pass throughthe additionalequipmentcostswithout

severelyreducingsalesis therebyenhanced.

COSTESTIMATES
FROMAPPENDIXG

Tables 7-D-7 and 7-D-8 summarize the estimates of technology cost

fromAppendixC. Expenseestimatesare in ig78 dollars. Maintenancecost per

bus-yearwas convertedto 1978dollarsby applyingthe percentageincreasein

the ProducerPrice Index (transportation)from 1976 to 197B (173.4/151.5-

1.145). All costswereroundedto the nearest$5.00.

The estimatesin the tablesare "incremental"expenses,that is, addi-

tionalexpensesoverand abovethe costs In 1978 of purchasingand operatinga

typicalbus thathas no noiseabatementequipmentinstalled.Incrementalfuel

costs are computedon the basis of a mid-pointmileageestimateas described

in the notefor Table7-D-7.

Equipmentcost for technologylevelsI and 2 for both gasolinepowered

and diesel poweredconventionalschoolbuses are noticeablysmall. These

types of schoolbuses do not requireany additionalequipmentat the levels

since any abatementdevicesneededte comply with 83 and 80 dBA have been

made to the bus chassisby chassismanufacturerscomplyingwith the medium

and heavy truck noise emission regulation issued by ERA in I976. Only
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TABLE 7-D-7

INCREMENTALEQUIPMENTAND OPERMING
EXPENSESASSOCIATEDWITH LEVELSOF NOISE

ABATEMENTTECHNOLOGYt GASOLINEPOWEREDCONVENTIONALSCHOOLBUSES

(1978dollars)

EPA EstimatedI FuelCost Maintenance

Technology Exterior Interior EquipmentCost Per 8us_ Cost Per Bus_
Level dB dB Per Bus Yeark Year"

1 83 86 3 0 12

2 80 83 4 0 26

3 77 80 683 10 183

4 75 78 971 30 195

Source: Appendix G.

1AdJusted to 1978 dollars using the Producer Price Index for buses.

2Assumes8,B3g miles operation per year.

3Adjusted to 1978 dollars using the Producer Price Index for transportation.
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TABLE 7-O-B

INCREMENTALEQUIPMENTAND OPERATING
.... EXPENSESASSOCIATEDWiTH LEVELSOF NOISE

ABATEMENTTECHNOLOOY_DIESEL.POWEREDCONVENTIONALSCHOOLBUSES

(1978dollars)

EPA EstimatedI FuelCost Maintenance

Technology Exterior Interior EquipmentCost Per Bus2 Cost Per Bus3
Level dB dB Per Bus Year Year

i 83 86 2 0 0

2 80 83 4 5 30

3 77 @0 1685 30 246

4 75 78 2087 30 515

Source: AppendixG.

IAdjustedto 1978dollarsusingthe ProducerPrice Indexfor buses.

2Assumes8,939miles operationper year.

3Adjustedto 1978dollarsusingthe ProducerPrice Indexfor transportation.
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testing expense and an administrative charge are further Incurred by the

bus manufacturer. At technology levels 3 and 4 additional abatement devices

are requiredand are appliedby the bus manufact,rer.

ESTIMATES OF INCREMENTAL
CAPITAL COSTS

The formula for estlmatlng incremental capital costs is:

dX/dR = (r + i) dK/dR

where "dX/dR" is the incrementalcapital (equipment)cost associatedwith

regulatorylevel"R","dK/dR"is the dollarvalueof noise abatementequipment

installed on new buses, "r" is the rate of depreciation, and "i" is the rate

of interest.

In the absence of satisfactory data summarizing fleet operators' balance

sheets and annualdepreciationcharges,two alternativesfor estimating"r"

are discussed: (I) estimatesbased on llfe cycle assumptions;(2) estimates

based on observedused equipmentprices.

(a) EstimatesBased on
LifeCycleAssumptions

Table 7-D-6 shows that the total population of school buses in the

UnitedStateshas grown dramaticallyin the lastdecade. Replacementrequire-

ments, shown in the last column of the table_have constituteda relatively

modestproportionof the total population,roughlyfivepercent.

This flve percentfigure is lowerthan the actualrate of depreciation

experienced,however,for two reasons. First, a significantportionof the

observed populationof schoolbuses consistsof relativelyinactive,reserve

Inventoriesthat are used only occasionallyduring the year for emergency

purposes or specialevents. Such buses, which have outlived their normal
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limes as useful workingcapital, do not properly belong in the depreciation

estimate. Secondly, since the bus population has grown end production in

earlfer years was smaller than in recent years, and hence the rate of obso-

lesceneof past years is lower than the rate of depreciationof the total

stock.

A somewhat cruderestimate based on life cyc]e assumptionsis the In-

dustryestimateof an averageuseful life of 9-10 years for gasollne-powered

conventlona]school buses (which comprise 65_ of the total stock). (See

Table7-D-4.) The Implieddepreciationrate is I0-11Zper year.

(b) EstimatesBased on
ObservedUsed

Equipment Prices

One major dealer in used schoolbuses provided ErA with a represen-

tative pair of prices for good condition conventlonal gasoline-powered

school buses built in the years 1976 and 1970. Both buses are equipped

with flve-speedtransmissions:

1976 new conventional school bus $14,100

1970 good condition used conventional school buses $ 5,500

The impliedrate of depreciation over the 6-year period is estimated as

follows:

1 - (5,500114,100) 1/6 = 14.525

(C) Summaryof Rate of
Depreciationemti.mates

As with Intercityand urban transit buses, conventionalschoolbuses

have potentla_ly long service lives depending on routes traveled, main-

tenance,and mileage figures. Estimatesbased on life cycle assumptions

_ indicatea minimum rate of depreciationof a least six percent per annum.
'i
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Observedmarket pricesof old and new buses implya depreciationrate as high

as fifteenpercent. EPA's independentestimatefor conventionalgasoline-

poweredschoolbuses is twelvepercent,somewhatabovethe ten percentfigure

for transit and intercitybuses. For conventionaldiesel powered school

buses,EPA'sestimateis ten percentper annum.

ESTIMATESOF INCREMENTAL
PRIME COST

The technologycost estimatesfrom Tables 7-D-7 and 7-D-8 for incre-

mental equipment,fuel, and maintenancecan be combined into singleesti-

mates of incremental cost per vehicle mile. This is done by converting

equipmentcost incrementsinto per annum capital costs (depreciationplus

interest),and then by dividingthe sum of annualcapital,fuel, and main-

tenancecostby B,g3gvehiclemilesper year.

Tables 7-D-9 and 7-D-10 provide these calculationsfor conventional

gasollne-poweredand conventionaldiesel-poweredschoolbuses,respectively.

Sensitivitytests show littlechange in costs due to alternativeassumptions

concerningdepreciation.

IMPACTON QUANTITY
OF BUS SERVICEDEMANDED

On the premisethat incrementsto prime cost are transmittedto tax-

payers, the political declslon-making process will respond to increased

transportationcostsby reducingservice,by lengtheningpupi] ridingtimes,

and by increasingthe numberof pupilsridingin eachbus. If the decision-

makingprocessis efficient,the equilibriumresponseof ridership,equipment,

and routes wlll be preciselythe same as the responsethat would occur in a

market environmentwhere a fare equal to average expenseincludingnormal

profit was charged to each pupil,
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TABLE7-D-9

INCREMENTALPRIME COSTPER BUS-MILE
OF SERVICEASSOCIATEDWITHPROPOSEDLEVELSOF

NOISEABATEMENTTECHNOLOGY,
GASOLINE-POWEREDCONVENTIONALSCHOOLBUSES

EPAEstimated
Technology Exterior Interior IncrementalCost_
Level dB dB PerVehicleMile

1 83 86 ,141¢

2 BO 83 .300¢

3 77 80 3.687¢

4 75 78 4.690¢

Source: Table7-0-5, Interestand depreciationare
calculatedas 20% of _ncrementalcapital
cost (i0%depreciationplus IOZ interest).
Estimates reflectan assumption of B,g3g
vehiclemilesper year.

Note: algTBdollars.
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/ TABLE7-D-10j,

INCREMENTALPRIME COST PER BUS-MILE
OF SERVICEASSOCIATEDWITH PROPOSEDLEVELSOF

NOISE ABATEMENT TECHNOLOGY,
DIESEL-POWERED CONVENTIONAL SCHOOL BUSES

EPA Estimated
Technology Exterior Interior IncrementalCost_
Level dB dB PerVehicleMile=

1 83 86. .004 ¢

2 8O 83 .400 ¢

3 77 80 6.858 ¢

4 75 78 10.766 ¢

Source: Table 7-D-5. Interest and depreciation are
calculatedas 20% of incrementalcapital
cost (10%depreciationplusI0_ interest).
Estimatesreflectan assumptionof 8,g39
vehlclemilesper year.

Note: e1978dollars.
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The correspondenceof market and non-marketequi]ibriaenables us 5o

predict the effects of cost increaseson equi]ibriumschool bus ridership

and the demandfor schoolbuses.

Statisticson average expenseper vehiclemile for the United States

are provided in Table 7-D-11. Average expense for 1974 are adjusted to

1978 dollars by app]ying the percentage increase in the Consumer Price

Index12 (transportation)for 1974to June 1978:

(185.5/137.7)x .72 = 96.99centsper vehiclemile.

Calculationsfor the estimatedpercentageincrease in averageexpense

are given in Tables 7-D-12 and 7-0-13, These numbers are multiplied by

the demand elasticityestimate of -0.50 to compute the expectedchange in

the quantityof servicedemanded. This elasticityis the same as that esti-

mated In AppendixH for urban transit. It is probablyhlgh in absoluteterms

due to imperfectionsin the politicalprocess. The fact that pupils'marginal

cost of time is relativelylow implieslackof sensitivityto servicecharges.

IMPACTON QUANTITY
OF BUSPRODUCTION

The foregoinganalysis, and Tables 7-D-12 and 7-0-13, indicate that

the impact on equilibrium bus service is relatlvely sma11, particularly

compared to the three percent per annum projectedgrowth rate of (baseline)

industry production. Although alternative forms of transportation for

school children do exist, it is unlikelythat the technologyof bus fleet

managementpermits substantialsubstitutionbetween buses and other inputs

In the productionof bus service, Reduced ridershipof three to flve per-

IZDepartmentof Labor,Bureauof LaborStatistics.
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TABLE 7-D-11

TRANSPORTATIONEXPENDITUREPER PUPIL
AND PER BUS MILE, 1963-74,

U.S. PUBLICSCHOOLS

VehlcleReplacementand
School AverageCast Per AverageCost per CapitalOutlaysas Z of

Year Pupil Transported BusMile . Transport Expenses

1963-63 $45.53 $0.40 16.7%

1965-66 50.68 0.42 12.6

1967-68 57.27 0.50 11.9

lgBg-70 66.96 0.54 10.8

1971-72 77.43 0.63 12.6

1973-74 87.04 0.72 11.6

Source: Statisticsof State School S_stems,variouseditions. U.S.
Oepartmentof Health,Education,and Welfare,NationalCenter
for Education Statistics, Table 41.

f
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TABLE7-D-12

ESTIMATEDPERCENTAGEINCREASEIN AVERAGEFARE
PER MILE, AND EFFECTON QUANTITYDEMANDED°

ASSOCIATEDWITH PROPOSEDLEVELSOF NOISEABATEMENTTECHNOLOBY
GASOLINE-POWEREDCONVENTIONALSCHOOLBUS

Technology Exterior Interior Fare Changein
Level dB dg Increase Demand

i 83 86 .145% -0.073%

2 80 83 .3og -0.154

3 77 80 3.802 -1.901

4 75 78 4.835 -2.418

Source: Tables7-D-Band 7-D-11. Operatingcostsper bus
mile in 1978 are estimatedat gS.g9cents (72 cents
from TableD-C-lltimes inflationfactorderivedfrom
ConsumerPriceTransportationIndexchangeto June
1978). The elastlcityof demandis estimatedas -0.50.
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TABLE7-D-13

ESTIMATEUPERCENTAGEINCREASEIN AVBRAGEFARE
PER MILEr AND EFFECTON QUANTITYDEMANDED,

ASSOCIATEDWITH PROPOSEDLEVELSOF NOISE ABATEMENTTECHNOLOGY

OIESB,L-POWEREDCONVENTIONALSCHOOLBUS

Techno]ogy Exterior Interior Fare Changein
Level dB dB Increase Demand

1 83 86 .005% -O,O03"&

2 80 83 .413 -0.206

3 77 80 7.070 -3.535

4 75 78 11.100 -5.550

Source: Tables7-D-B and 7-D-II. Operatingcostsper bus
mile in 197Bare estimatedat gB.g9cents(72 cents
fromTable7-0-11times inflationFactorderivedFrom

ConsumerPriceTransportationIndexchangeto June
lg7B), The elasticityof demand is estimatedas .0.50.
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cent resultingfrom noise abatement technologytranslatesinto a similar

reduction in long-run demand for new buses.

Table 7-D-14 shows that school buses are utilized at near capacity

levels. The abilityof schoolbus fleetmanagersto reduceequipmentexpendi-

tures fnr a given leve] of pupil service is severely limited, and it is

doubtfulthat substantialfactor substitutionwill occur in response to a

change in the relative price of bus capital.

A long run perspectiveon total costs to be incurredby the industry

(both producer and user) can be obtained by calculating the annualized

cost attendant to each technology level. The annua]ized cost calculation

considersthe equipment,testing,and administrativecosts per conventional

school bus, the price increase and reduced bus demand resultlngfrom the

price increase,and projects a revised baselineof sales over the relevant

forecastperiod. With the revised sales forecast,equipment,testing, and

administrativeexpenses to be incurred by the manufacturers, the annual

operatingand maintenanceexpendituresfor each regulatoryoption are cal-

culated. The ana]ysiscoversthe time period 1980-2010. These costs are

discountedback to 1980usinga 10 percentrateof discount,and an annuityis

determined. The annuityis the constant annualpaymentneededto cover the

discountedfutureexpensesof each bus over Its llfe. Table 7-9-15presents

the annua]Ized cost calculations for each regulatory option, along with

expectedprice increases.

Assumingemploymentimpactsfol]ow the generaltrend of demand, reduced

employmentover the range of technologylevelsin 0.01 to 2.85 percentare

consideredinsignificantsince those unemployedwill have skil]ssimi]arto

:!_ those producingsubstitutemodes of transportation. However,there may be

modest increasesin the personnelneeded to design,build and installnoise

controlcomponentsand to conductnecessarytesting.
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TABLE 7-D-14

AVERAGERIDERSHIPPER SCHOOLBUSt 1963-74

AverageDailyAttendance
Transported/TotalNumber

SchoolYear of Vehicles

Ig63-64 72.06

1965-66 84.09

1967-68 80.67

1969-70 76.77

1971-72 76.75

1973-74 82.0?

Source: NationalCenterfor EducationStatistics,
Statisticsof Stat_ SchoolSystems,Table
zs.
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TABLE7-D-15

CONVENTIONALSCHOOLRUSES*
ANNUALIZEDCOSTAND VEHICLEPRICE INCREASE

AnnuaIIzedCost

RequlntoryOption (Million$) PercentagePrice Increase

1 $ 0,39 0.02%

2 0.73 0.02

2a 0.61 0,02

3 37.71 4.0

3a 32.67 4.0

3b 29,49 4,0

4 44,69 R.7

*Note: If the costs attendant to regulatinR Integral school buses are
addedto costs for conventional school buses, the fo]|owing
cost and price increases result.

Annualtzed Cost
RegulatoryOption (MI11IonS) PercentagePriceIncrease

1 $ 2.36 0.06%

2 5.78 0.08

2a 4.38 O.OR

3 46,70 4.0

3a 40.12 4.0

3b 36.01 4.0

4 59.52 6.7
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FINANCIAL IMPACT ON
SCHOOL BUS USERS

The regulationsmay have adverseeconomicimpactsnot recordedabovein

the "long-run"analysisif they promptshort-runfinancialdislocationsor

other distributionaleffects. Considerfirst the impacton taxpayersand

municipalandstatefinancingauthorities.

The preceedlngana]ysis(Tables7-D-12and 7-D-13)showsthat increases

of no more thanten percent(acrossal]schoolbus types)in pupiltranspor-

tationexpendituresare anticipatedeven at the most stringentlevel of

proposednoiseattenuation.This estimatecan be combinedwith statistics

on publicschoo]financeto assessthe extentof financialimpact.

Table 7-D-16shows that total pupiltransportationaccountsfor only

a smallpercentageof publicschoolsystemexpenditures.ThispercentageIs

significantlyhigherin smaller,non-metropolltansystems. For purposesof

estimation,a tenpercentincreasein totalpupiltransportationexpenditures

translates Intoa 0.24 percent increasein total pupI] expendituresIn

centralmetropo]Itanareas,as comparedwith a 0.58 percentIncreaseIn

non-metropolltanareas.

Publicschoo]systemfinancesare sharedby local,stateand federal

sourcesas shownin Tab]e 7-0-17. State and localJurisdictionsare re-

sponsiblefor about85 percentof totalresourcesand non-resourcereceipts.

FINANCIALIMPAC?SON
PRODUCERSINCLUDING
EXPORTERSAND IMPORTERS

The economicanalyslspresentedaboveputs an upperboundon the aggre-

gate percentagereductionin equilibriumdemandfor schoolbuses at 2.85

percent from base line levels. 13

13Theseflguresarecomputedas a weightedaveragefromTables7-C-lO(85%) and 7-C 11 (15%).
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TABLE 7-D-16

PUPIL TRANSPORTATION SERVICES EXPENDITURES
BY ENROLLMENT SIZE AND

METROPOLITAN STATUS_ 1970-71 .__

(Dollar Figures in Millions)

(1) (2) (3)

Pupil
Total Pupil Transportation
Current Transportation As % of Total

Expenditures ..Expenditures ..Expe.ndltures

All U,S. Public
SchoolSystems $25,827.3 $1,376.7 3.84%

SystemEnrollmentSize:

5,000 and Over $23,746.4 $ 707.9 2.98%

Less than 5,000 $12,080.g $ 568.8 5.54%

MetropolitanStatus:

CentralMetropolitan $10,193.8 $ 249.3 2.45%

Metropolitan,Other $15,178.3 523.7 3.45%

Non-Metropolltan $10,455.2 603.8 5.78%

Source: Statisticsof Local PublicSchoolS_stemsr Flnancet 1970-71.
U.S. Departmentof Health,Educationand Welfare,Officeof
Education.
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TABLE7-D-17

REVENUEANDNONREVENUERECEIPTSOF LOCALPUBLIC
SCHOOLSYSTEHSBY SOURCEOF FUNDS:

. UNITEDSTATESt 1970-71

(MJllJons) (Percent)

Total Recefpts $45,511 100.0_

RevenueRecefpts $42,424 93.2

Local 22,851 50.2

Intermediate 504 1.1

State 15,784 34.7

Federal 3,285 7.2

NonrevenueReceipts (Bonds) $ 3,087 5.8_

Source: National Center for Educational Statistics,
Statistics of Local Publtc School S_stemsm
Finance 1970-71. Table _-1.
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Figure3-15, (Section3) indicatesa growthrate in basellneproduction

of 3,0 percentper year throughthe year 1990. Given proposedlead timesfor

the variousnoise abatementlevelsstudied,only modestreductionin existing

manufacturingcapacity will result and producerswill incur only minimal

financialimpacts.

It Is importantthat translt-styleintegralconstructionschool buses

(produced in relatively small numbers by Gillig Bros. and Crown Coach Corpora-

tion In California),serve a significantlydifferentmarketthan the conven-

tionalschoolbus market. Integralschoolbuses are long-lived(20-30years

as opposedto 9-10 years),expensive ($55,000-$60,000as opposedto $19,000-

$23,000),and intendedprimarilyfor long-route,intensiveuse typicalof the

west-coastregion In which they are marketed. It is clear that the sensi-

tivity of demand to price increasesfor these buses, vis-a-visconventional

buses, is very small. Since conventionalbuses do not compete with these

Gilllg and Crown Coach models, a price increasewould not likely lead to

conventionalschoolbus inroads intothismarket.

Section 3 indicatesthat the vast m_ority of school bus chassis and

bodiesare produceddomesticallyand in Canada(whichis virtuallyequivalent,

giventhe AutomotivePact Trade Agreement).Finishedschoolbuses are gener-

ally built accordingto customer specifications,so that producersalready

possess the necessaryflexibilityto treat the noise reductionpackage as

an optionalitem,not includedon exportsto nonregulatedcountries.

Since school buses are not importedin significantquantitiesto the

United States,no balanceof trade or balanceof paymentseffectsare fore-

seenfor the proposedregulation.
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E, COST AND ECONOMICIMPACTOF THE REGULATORYRULE

The regulatory rule requires all school buses to meet an 83 dB noise

level in Ig81 and an 80 dB level in lgB5, Transit and intercity buses must

also meet these 83 and BO dB levels in the same years as school buses, but

they must also meet a 77 dB level in 1987,

Table 7-E-I shows the incremental equipment, testing, and operating

expenses for al] bus types for the rule. All figures presented are in 197B

dollars. The calculations for school bus costs are determined by taking the

weighted average cost for conventional school buses given in Section D of this

chapter, and adding to that the weighted average cost increase for integral

school buses.

These technology cost estimates presented in 7-E-1 can be combined

into single estimates of incremental cost per vehicle mile. This is done

by converting each separate equipment cost into per annumcapital cost and

then by dividing the sum of annual capital, fuel, and maintenance expendi-

ture by the appropriate number of miles travelled per year, per bus type.

The results of this calculation are presented in Table 7-E-2 below. Also

shown in Table 7-E-2 are the appropriate fare increases attendant with

the incremental cost estimates and the decline in demandthat would result

fr(_n the fare increase. Table 7-E-2 showsthat only in the case of transit

buses is there any impact that might be termed non-negligible; however, the

fare increases and demandchanges for transit changes are quite low if an

assumption is made that 80% of the incremental capital costs is financed

through subsidies from UMTA.

The long-run perspective on total costs to be incurred by the industry

for all bus types for producers and users can be obtained by calculating
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TABLE7-E-1

INCREMENTALEQUIPMENT,TESTING,AND OPERATING
EXPENSESFOR RULE-- ALL RUSES.

(1978Dollars)

Equipment
Bus Type Testin9 Cost Fuel Cost MaintenanceCost

Intercity $3,767 $ 610 $ 595

Transit 2,686 70 595

School* 52 0 46

*Note: Includesall conventionaland integralschoolbuses.

Source: Tables7-A-2,7-D-3,7-D-R,7-D-6,AppendixG.

E,
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TABLE 7-E-2

INCREMENTALPRIMECOST PER
BUS MILE OF SERVICE

ASSOCIATED WITH THE RULE,
FOR EACH BUS TYPE

EPA EstimatesIncremental Fare
Costs,Cents Per Vehicle Increase Changein

Bus T_pe Mile (1978Dollars) Demand

Intercity .783 .726 -0.363

Transit 3.200(2.054)a 3.344 (I.074)a -1.672(-0.537)a

School* 0.629 .648 -0.324

*Note: Includesallconventionaland integralschoolbuses.

Source: Table7-A-5,7-B-3,7-D-5,7-D-6,AppendixG Interestand depreciation
arecalculatedas 20% of incrementalcapitalcost (I0_depreciation
and I0g interest).Estimatesreflectan assumptionof 250,000miles
peryear for intercitybuses,37,608miles per yearfor transitbuses,
and0,939 milesper year for schoolbuses. Revenueestimatesupdated
to 1978 dollars.

a) Numbersin paranthesesare estimatedif an assumptionof UMTA subsidize
B0% of incrementalcapitalcost.
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!i Iii the annualized cost attendant with the regulatory rule. Details of the

annuallzedcost calculationwere presented in each of the three preceding

" sections. Table 7-E-3 presents the annuallzedcost calculationsfor the

regulatory rule for each bus type, along with expected price increases,

The annuellzedcost for the rule for all bus types is $51,12million. The

weighted average price increasefor all bus types for the rule is 0.59%.
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TABLE7-E-3

ANNUALIZEDCOSTANDVEHICLE
PRICE INCREASE

Annualized Cost
Bus Type ($Million) PercentagePrice Increase

Intercity $ 15.43 3.4

Transit 2g.gl 3.1

School* 5,78 0.08

Total= $ 51.12 0.59_

*Note: Includesall conventlonaland integralschoolbuses
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SECTION8

MEASUREMENT METHODOLOGY

The choice of a procedurefor measuringthe noiseemittedby buses was

based on several considerations:

e Existing bus noise measurement procedures

o Bus noise characteristics

o Work cycle of buses

o Enforcement requirements

- Repeatabilityof measurement

1. EXISTING PROCEDURES

A number of existingand proposednoise measurementproceduresfor buses

and trucks were examined for applicability.

For a numberof years U.S. industryhas been usingthe SAE J366bmeasure-

ment procedure(full throttleacceleration)for measuringthe exteriorsound

levels for heavy trucks and buses ISO recommendation,R36Z, which follows

a similar procedure, (Ref. I) is the basis for noise measurementin some

Europeancountries. Table 8-I comparesthe main featuresof thesetwo proce-

dures.

Both proceduresrequirethe use of high quality (Type I or "Precision")

sound measuringequipment,backgroundnoise levels at least 10 dB below the

level producedby the test vehicle,and a flat, open spacefreeof reflecting

surfaces. The recommendedtestsitesfor performingmeasurementsare shown in

Figure8-I.

The ISO recommendationincludesa procedurefor measurementswith sta-

tionaryvehicles,with the engineoperatingat governedspeed,or at three-

Quartersof maximumrated speedif the engineis ungoverned.

8-I



TABLE 8-1

Comparison of Extsttng Procedures

Vehicle Condition
Microphone Len_h of

At Start of At End of Acceleration Sound Level
Procedure Distance Height Acceleration Acceleration Lane Reported

SAE J366b 50 ft. 4 ft. 66% of rated or Maximum rated 60 to 100 ft. Average of two
(15.2 m) (1.2 m) governed or governed (18.3 to 30.5 m) highest dBAs fast

engine speed engine speed, readings within
oo without exceed- 2 dB of each other

thg 35 mph
(56 l_n/hr)

ISO R3fl2 7 m 1.2 m 75%of rated or Not specified 20 m All readLngs--dBAa
governed engine fast
speed, or
50 km/hr



FIGURE 8-1
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The MITRE Corporation,undercontract to the U, S. DOT UrbanMassTrans-

portationAdministration,has developed a standard procedure speclflcally

directed at urban transit buses (Ref. 2) For exterior noise, two microphones

are required,one at a 15.2 m (50feet) distanceand a 1.2 m (4 feet) hoight

and anotherat a 10.8 m (35,4feet) distance and 12.0m (39.4feet) height.

The latterpositioncorrespondsto a slant distanceof 15.2m (50 feet)from

the bus lane alonga line45 degreesto the road surface,and is designedto

insurecontrollednoise levelsto apartmentdwellers, A recommendedtestsite

area is shown in Figure 8-2. A stationary starting point ahead of the

microphone reference line is selected such that, when the vehicle is acceler-

ated from that point with rapid applicationat wide open throttle,the chief

vehiclenoise sourceof the test coach shall fall within a 32.8 ft. (lO m)

region on either side of the microphonereference lines when the vehicle

reaches maximum governed speed for manual transmission models or shift point

for automatictransmissionmodels. Maximum vehiclespeed duringthe test is

limitedto 31 mph (50 km/hr). Interior noise levelsare measured at the

forwardmostpassengerseat, the seat nearest the center of the bus, and the

rearmost seat.

The CoachNoIse Subcommitteeof the SAE VehicleSoundLevelCommitteehas

also been preparingrecommendedproceduresfor exterior and interiorsound

levelsof motor coacheswhich Includeschool, transit,and Intercitybuses,

This subcommitteefeels thatfor buses,the "pull-away"or standingstartmode

of operationnormallyproducesmaximumexterior noise levels, They are also

consideringa shortenedtest zone where the bus reachesmaximum rated or

governedspeedbetweentests, Test conditionshave alsobeen establishedfor

interiornoisemeasurements,
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FIGURE8-2

MinlmumAcceptableTest Areafor UrbanTransit
Buses,MITRERecommendation(Ref.2)



2. BUS NOISE CHARACTERISTICS

If the noise characteristics are similar while the vehicle is stationary

and moving, stationary test procedures are to be preferred because of the

resultantease of testing. Other considerationsare the consistencyof noise

leve]s between tests and the ease of extrapolation of the measured level to

actual noise levelsexperiencedin the com_nunity.One of the difficulties

with stationary procedures is that if the engine is be precisely controlled.

In addition, sudden acceleration of gasoline engines without ]oad is consi-

dered damaging since excessively high engine speeds would result. The sta-

tionary procedure does offer the advantage of removing one of the unwanted

sound sources, namely tires, from the overall sound measured.

Existing bus noise level data (Section 4) include stationary and ac-

celeration noise levels. The SAE Vehicle Sound Level Committee has collected

and analyzed noise data on various vehicle types using stationary and ac-

celeration procedures. The data indicate that whi]e each of the procedures

gives repeatable measurements for a given vehicle, and about equal spread in

levelsbetweendifferentvehicles,the correlation betweenthe two procedures

is poor. In other words, vehicles may or may not emit higher levels during

acceleration tests as opposed to stationary tests. Thus, there does not

appear to be a simple method to predict which of the two levels would be

higher for a given vehicle. Because of thls problem, most bus manufacturers

have adoptedthe J366b procedureas the standardprocedure.

Interior noise has not received much attention from bus manufacturers,

except for intercity bus manufacturers. They have discovered mainly that the

noisiest section of the bus is generally around the seat nearest the engine.
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3, WORKCYCLES

Buses are used for a wide varietyof applicationsunder differentroad

and trafficconditions. The proportionsof operatingtime spent under ac-

celeratlon, deceleration, cruise, and idle conditions vary accordingly,

The workor dutycyclesof buses are importantconsiderationsIn the develop-

ment of a noise measurementprocedurebecausethe measured level shouldbe

representativeof one or more of the prominentmodes . operationof the

bus.

The schoolbus generallyoperatesin a suburbanenvironmentas opposed

to the urban environmentof the transit bus. Metropolltantransit buses

generallyoperate in an urban environmentpickingup and dischargingpassen-

gers frequentlyalong their daily runs. As a result work cycles consist

mainlyof accelerationsand decelerationswithminimumcruisetime at constant

speeds. The workcycle of an intercitybus Iscomprisedmainlyof cruisetime

at highspeedwith stopsoccurringonly nearbus terminallocations.

A representativework cycle for schoolbuses was estimatedfrom date

obtained from the Radnor School Districtnear Philadelphia,Pennsylvania.

(Ref,6)

Numberof Routes 25
Numberof Stops 541
TotalTime 1263mln.
Total DistanceCovered 129 miles

Assumingan averagecruisespeedof 27 mph and acceleratlon/decelerationrate

of 3,22 ft/sec/sec,the percentageof time under differentconditionswas

obtained:

g_ of time under acce]eration
@_ of time under deceleration

21Z of time at cruise
61% of time at engineidle
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A representative work cycle for urban transit buses was estimated from

data furnished by the EPA Mobile Source Air Pollution Laboratory, Ann Arbor,

and from the reporton the CaliforniaSteamBus Project(Ref.3). Urban drive

cycles vary widely. Am average work cycle for buses making seven to ten stops

per mile would be as follows:

20% of time under acceleration
20% of time under deceleration
26% of time at cruise
34% of time at engine idle

Eagle International Inc., has furnished the following data for intercity

buses:

Average cruise speed of intercity buses - 60 mph

Averageaccelerationand decelerationrates - 1.5 to 3.0 mph/sec

Average cruise distances - 50 miles

( Averagenumberof stopsand startsperyear - 5,000

( Typicaldrivecycles: Acceleration- 5%
l Deceleration- 5%
(

I Cruise - B5%
Idle - 5%

4. MEASUREMENTDISTANCE

The locationof the receptorsof bus noise vary widely.Pedestriansare

possibly subjectedto the loudestnoise levels from buses becauseof their

close proximityto the bus. GMC has reportedthe existanceof data showing

that transit buses contributemeasurablyto the backgroundnoise levelsin

downtownDetroit. They argue that urbantransitbus noise should,therefore,

be measured at a distance of 15 to 25 feet from the curbsideof the bus.

(Ref,4) Extrapolationto 50 ft. measurementsfrom closerdistancesthan 50

ft., however, using the standard6 dB loss per doubling of distancemould

suggest levels lower than those actuallyexisting at 50 ft. In addition,

8-B "_



becausebuses can be up to 40 ft. long,measurementdistancesshorterthan50

ft. place the microphonein a closerproximityto the acousticnearfieldof

the bus, an undesirablepositionfor repeatableresults.

5. ENFORCEMENTREQUIREMENTS

All availablebus noise leveldata are inA-weighteddecibelunits. All

standardand recommendedtest proceduresalsorecommendthat measurementsbe

made in A-welghteddecibel units. Availableequipmentfor measurementof

sound directlyin theseunits is reliableand readilyavailable. Since sound

levelsmeasured in theseunits also approximatehuman subjectiveresponseto

noise, the A-weighted decibelunit is recommendedfor any test procedure.

The procedure should be such that repeatabletest conditionscan be

easily obtained. Repeatabilitycan be ensuredby specifyingengine speeds,

enginerpm,test site surfaceand surroundingconditions.

6. TEST MEASUREMENTS

Noise measurementsfrom65 school,transitand intercitybuses were taken

undervarioustest procedures.Exterioras wellas interiornoiselevelswere

measuredduringeach test.

The SAE J366b standard procedurewas used for measuringexterior and

interiornoise for all buses with manual transmissionsand for those buses

with automatictransmissionswhichcould be manuallyheld in gear. In addi-

tion,stationarynoisemeasurementprocedureswerealso employedfor all buses

tested,

A modified J366b procedurewas used in the case of buseswith automatic

transmissionwhich could not be manuallyheld in gear. The modified O366b

procedureconsistedof the bus acceleratedunder wide open throttlefrom a

predeterminedstationaryposition, The startingposition was selectedto
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assurethat the bus reachedmaximumgovernedspeed (i.e.,upshift)in the end

zone definedby the SAE J366b procedure.

A full throttle pul]-awayprocedurewas also examinedfor all bus types

with microphonesin linewith the front and rear bumpersof the bus. This

test is not suitablefor vehicleswith manualtransmissionsbecauseof the

non-repeatablityof the bus pul]-aways.

It should be noted that all interiorbus noisemeasurementswere taken

with all bus windows and doors c]osed and all interior fan accessories

(includingair conditionerfans and/orheatingfans) operating. Windscreens

were utilizedduringal] the interiormeasurementsto assurethat no variation

in sound level due to the movement of air throughoutthe bus would occur.

In addition,in order to assure that the interior microphonedid not re-

ceive acousticstandingwave sound propagationfrom any bus wail (i.e.,the

ceiling),the microphonewas tiltedtowardsthe front of the bus at a 20-30

degreeanglefrom the verticalfor a]| interiorbus measurementsmade.

SCHOOLBUSES

The principalnoise sources on conventionalschoolbuses, the cooling

fan, the engine, and the exhaustoutlet,are separatedby the lengthof the

bus. Thus, two microphones,separatedby the lengthof the bus, were used

simultaneouslyon one sideof the bus as shownin Figure8-3.

Two stationarytest procedureswere examinedfor schoolbuses. The IMI

(Idle-Max.GovernedSpeed-ldle)procedure requiresthe enginethrottleto be

openedat a rapid rate from idlingconditionto its maximumgovernedspeedand

then closed to return it to idle speed. The maximum governed speed test

requires the maximum governedspeed to be maintainedfor approximatelyten

seconds. This test is not recommendedfor ungovernedenginesas enginedamage

mightresult. -.
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FIGURE 8-3
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Measurednoise levelsfor 29 new and in-useconventionalgasolineschool

buses under the stationary,pull-away and accelerationproceduresmay be

found in Section4. Maximuminteriornoise levelswere obtainedduringthe

0366b procedureat the seat (driver)nearestthe engine.

Since microphoneswere used to recordmaximumnoiseexteriorlevelswith

the front and the rear of the school bus as reference points, the tests

revealedwhichof the two endsof each bus was noisier. Figure8-4 showsthat

on the average,the front of the bus is louderby 3 decibelson the curbaide.

Both ends of the bus are aboutequallyloudon the streetside.

TRANSIT BUSES

Exteriorand interiornoise levelsfor 24 diesel poweredtransitbuses

are summarizedin Section4. During the testing,difficultywas encountered

in maintaininguniformityof procedurewhen performingmaximum acceleration

(modifiedJ366b)and pull-awaytesting. In the case of the maximumaccelera-

tion procedurethe buseswould not alwaysshift at the same pointin the end

zone. In the case of the pull-awayprocedure,although the buses were ac-

celeratedat wlde-openthrottle the run-up of the engines to the maximum

governed,_m was not alwaysconsistent. Most of the variation in the bus

operationswas felt to be due to the age of the busestested.

It is interestingto note that in correctingfor the variabilityin the

bus operation,it was foundthat it was easierto correctfor the variationin

the shift pointlocationby changingthe startingpoint locationthan for the

variationin the enginerun-up.

INTERCITYBUSES

Section4 also displayssummariesof exteriorand interiornoise level

data measuredfrom 12 newly manufacturedIntercitybuses. Datawas recorded

-\
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FIGURE8-4

Differences tn SoundLevels of
Conventional School Buseswtth

the Front and Rear
Used for Reference
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using a modified J366b sound measurementprocedure(both accelerationand

decelerationmodes were tested),a pull-awayprocedure(for automatictrans-

missionvehicles)and a stationaryIMI procedure. Interiornoiselevel data

was takenusingall procedures.

7. SUMMARY

Exterior Procedures

The standardSAE J366b procedurewas found acceptablefor schoolbuses

and intercitybuses with standardtransmissionsand automatictransmissions

that can be manually locked in gear to prevent upshifting above desired

gears.

For transit buseswith automatictransmissionswhich cannotbe manually

lockedin gear,the modifiedJ366b procedurewas foundacceptablefor exterior

soundmeasurementtesting.

Interior Procedure

The selectionof an interiormeasurementprocedureis closelylinkedto

the selectionof an exteriorprocedure. This leavesthe locationof the

microphoneas the most salient question. To this end, it has been foundthat

in all EPA bus noise measurements,as displayedin Section4, the noisiest

locationin the bus is the seat locationnearestthe main bodyof the engine.

Thus, it may be concludedthat measurementsat thls seat location(nearest

the main body of the engine) characterize the loud extreme of the noise

environmentinsidea bus.

8. RECOMMENDEDTEST PROCEDURES,FORMEASUREMENT
OF EXTERIORSOUND LEVELS

(a) Instrumentation.The followinginstrumentationmust be used,where

applicable.
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(1) A sound leve] meter and microphone system which meets the

Type I requirementsof ANSI SI.4-1971,"Specificationfor Sound

Level Meters." A nois_ llledsuringsysLe_nwith a magnetic tape

recorder and/ora graphic level recorder and/or indicatingmeter,

may be used providing the system meets the requirements of

ANSI $6.1-1973, "Qualifying a Sound Data Acquisition System."

(i) Systemsother than those specifiedmay be used provided

the systemyields noise levelswhich are equivalentto

thosemeasuredby a Type I sound levelmeter.

(2) A windscreenmust be employedwith the microphoneduringall

sound measurements.The windscreenmust not affectthe A-weighted

sound levelsfromthe vehiclein excessof _0.5 dB.

(3) A sound level calibrator. The calibrator must produce a

sound pressurelevel,at the microphonediaphragmthat is known to

within an accuracyof _ 0.5 dB. The callbratormust be checked

annuallyto verifythat itsoutputhas not changed.

(4) An engine-speedtachometerwhich is accuratewithin+_2 percent

of meter reading.

(5) An anemometeror other device for measurementof ambientwind

speedaccuratewithin_ 10 percentat 19.3 km/hr (12mph).

(6) A thermometerfor measurementof ambient temperatureaccurate

within_l C'.

(7) A barometer for measurement of ambient pressure accurate

within_ i percentof the meter reading.
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(b) Test siterequirements.

(I) The test site must be such that the bus radiatessound into

a free fie]d over a ref]ecting plane. This condition may be con-

sidered fulfilled if the test site consists of an open space free

of large reflecting surfaces, such as parked vechicles, signboards,

buildings or hillsides, located within 30.4 meters (100 feet)

of both the vehicle path and the microphone.

(2) The microphone must be located 15.2 _+ 0.1 meters (50 feet

4 inches) from the centerllne of vehicle travel and 1.2 _+ 0.1

meters (4 feet _ 4 inches) above the ground plane. The microphone

point is defined as the point of intersection of the vehicle path

and the normal to the vehicle path drawn from the microphone.

The microphone must be oriented with respect to the source

in a fixed position so that the sound strikes the diaphram at the

angle for which the microphone was calibrated to have the flattest

frequencyresponsecharacteristicover thefrequencyrange 100 Hz to

10 KHz.

(3)(t) For vehicles with manual transmissionor with automatic

transmissions which can manua]ly be held in gear, an

accelerationpoint must be establishedon the vehicle

path 15.2 meters (50 feet) before the microphonepoint.

(li) For vehicleswlth automatictransmissions,which cannot

be manually held in gear, a starting point must be

established as described in paragraph (c)(2) of this

section.

(4) An end point must be established on the vehic]e path

30.4 meters (100feet) from the accelerationpoint and 15.2 meters

(50 feet)fromthe microphonepoint. --
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(5) The test zone is the last 12.2 meters (40 feet)of vehicle
i

path prior to the end.

(6) The measurementarea must be the triangular-paved(concrete

or sealed asphalt) area formed by the acceleration point, the

end point,and the microphonelocation.

(7) The referencepoint on the vehicle,used to indicatewhen

the vehicle is at any of the points on the vehiclepath,must be

the front surface (otherthan the bumper)of the vehicleexcept

as follows:

(i) If the engine is front-mounted and the horizontal

distance from the front of the vehicle to the exhaust

outlet is more than 5.i meters (200 inches), tests

must be run using either the front or rear surface

of the vehicle as the reference point, whichever is

the louderposition.

(il) If the engine is locatedrearwardto the centerof the

chassis or at the approximatecenter (_ 1.5 meters or

5 feet) of the chassis,the rear of the vehiclemustbe

used as the referencepoint.

(8) The plane containingthe vehicle path and the microphone

location (plane ABCDE in Figure 8-1) must be flat within_ .05

meters(_ 2 inches).

(g) Measurementsmust not be made duringprecipitationor when

the road surfaceor the measurementarea is coveredwith snow or

water.

(10) Bystandershave an appreciableinfluenceon sound levelmeter

readingswhen they are in the vicinityof the vehicleor microphone;
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therefore,not more than one person,other thanthe observerreading

the meter, must be within 15.2 meters (50 feet) of the vehicle

path or measuringinstrumentand the personmust be directlybehind

the observerreading the meter, on a line throughthe microphone

and observer. To minimize the effect of the observer and the

container of the sound level meter electronicson the measure-

merits,cable shouldbe used betweenthe microphoneand the sound

level meter. No observer shall be located within I meter

(3.3 feet)in any directionof the microphonelocation.

(11) The maximumA-weight fast responsesound level observedat

the test site immediatelybefore and after the test must be at

least 10 dB belowthe regulatedlevel.

(12) The road surface of the measurement area must be smooth

concrete or smooth scaled asphalt, free of extraneousmaterial

such asgravel.

(13) Vehicles with diesel engines must be tested using Number

ID or Number 2D diesel fuel possessinga cetane rating from 42

to 50 inclusive.

(14) Vehicleswith gasolineenginesmust use the grade of gasoline

recommendedby the manufacturerfor used by the purchaser.

(15) Vehicles equipped with thermostaticallycontrolledradiator

fans (clutchfans)must be testedwith the fan engaged in a "lock

up" mode, such that the drive hub and fan are turning at the same

speed or as near the same speed as is possiblewithin the design

limitsof the particularfan clutchdesign.

(16) School buses, cowl chassis, and buses incorporatingcowl

chassismay be testedwith the fan not operating.
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(c) Procedures

(i) Buses equlpped.wlthmmanual(standard).transmlsslonsor buses

with automatic transmissions which can be manuallyheldin gear.

Full throttle accelerationand closed throttledeceleratlontests

must he used. A beginningenginespeed and propergear ratio must

be determinedfor use duringmeasurements.

(1) Select the highest rear axle and/or transmissiongear

("highestgear" is used in the usual sense;it is synony-

mous to the lowestnumericalratio)and an initialvehicle

speed such that at wlde-openthrottle the vehicle wll]

acceleratefromthe accelerationpoint;

(A) Starting at no more than two-thirds (66.7 percent) of

maximumratedenginespeed.

(g) Reachingmaximum rated (if the vehicle is not equipped

with an enginegovernor)or governedenginespeed (if the

vehicle is equippedwith an engine governor)within the

test zone.
i

(_I)Should maximum rated or governed rpm be attalned before

reachingthe test zone, decreasethe approachrpm in 100 rpm
?
i increments untiI maximum rpm is attained within the test

ZONe,

(_) Should maximum rated or governed rpm not be attaineduntil

beyondthe test zone, selectthe next lowergear until maximum

ratedor governedrpm is attainedwithinthe test zone.

(_3)Should the lowestgear still resultin reachingmaximumrated

or governedrpm beyondthe permissibletest zone, increasethe

approach rpm in i00 rpm incrementsuntil the maximum rated

or governedrpm is reachedwithinthe test zone.
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(_) Should the maximum rated or governed rpm still be attained

before entering the test zone, and the engine rpm during

approach cannot be further lowered, begin acceleration at

a point 10 feet closer to the beginning of the test zone.

The approach rpm to be used is to be that rpm used prior to the

moving of the acceleration point 10 feet closer to the

beginningof the test zone.

(5) Should the maximum rated or governed rpm still be attained

before enteringthe test zone,repeat the instructionsin the

preceeding paragraph untll the maximum rated or governed

rpm is attained within the test zone.

(C) Do not exceed 56km/hr (35 mph) before reachingthe end

point.

(D) Wheel slip which affects maximum sound level must be

avoided.

(li) For the accelerationtest,approachthe accelerationpoint

using the engine speed and gear ratio selected in

paragraph (c)(1)[i) of this procedure and at the

accelerationpoint rapidly establishwide-openthrottle.

The vehicle reference point must be as indicated in

paragraph (b)(7) of the recommended exterior noise

measurementprocedure. Accelerationmust continueuntil

maximumratedor governedenginespeedis reached.

(A) Buses equippedwith governedenginesmust be held at wide

openthrottleuntil the entirevehicleis out of the test

zone.

(B) Busesequippedwithungovernedenginesmust not be allowed

to dropmore than 100 rpm below maximumrated enginespeed

untilthe vehicleis out of the test zone.
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(2) Busesequippedwithautomatictransmissionswhich cannotbe manuall_

held in an_9ear.

(i) Select the highest gear axle ratio and/ortransmission

gear ("highestgear" is used in the usual sense; it is

synonymousto the lowestnumericalratio) to accelerate

the bus under wide open throttle from a stationary

position.

(ii) A startingpoint along the testpath at which the vehicle

will begin the accelerationtest must be determinedby

the followingprocedure:

(A) The vehicle'sreferencepoint must be placedwithin

0.3 meters,(_ i foot) of the midpointof the test

zone with the front end of the vehicle facing

backalongthe test path in the oppositedirectionof

travelthat is used for the sound measurementtests.

(B) The vehiclemust then be acceleratedas rapidlyas

possibleto establisha wideopen throttle,until the

firsttransmissionshiftpoint is reached.

(C) The location along the test path at which the

referencepoint of the vehicle is passingwhen the

first transmissionshift point occurs must be the

designatedstartingpoint.

(D) The vehicle's direction of travel must then be

reversedfor noisetesting.

(ill) Acceleratethe vehiclefrom a standingpositionwith the

referencepointof the vehicleat the selectedstationary

startingpoint,obtainedby using the procedureoutline

above, as rapidly as possible to establish a wide open
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throttle. The accelerationmust continueuntilthe entire

vehiclehas vacatedthe testzone.

(iv) Wheel slip which affects maximum sound level must be

avoided.

(3) Measurements

(i) The meter must be set for "fast response" and the

A-weighted network.

(ii) The sound meter must be observed during the period

while the vehicle is accelerating. The applicable

reading must be the highestsound levelobtainedfor the

run. The test is to be rerun if unrelatedpeaks should

occur due to extraneousambientnoises.

(ill) Sound level measurementsmust be taken on both sides of

the vehicle. The noiselevelassociatedwith a givenside

must be the average of two pass-by measurements for

that side, if they are within 2 dB of each other. An

averagenoise levelmust be computedfor each side of the

vehicle. If the first two measurements for m given

side differby more than2 dB, two additionalmeasure_leots

must be made on each side, and the averageof the two

highest measurementsof each side, within 2 dB of each

other,must be taken as the measured vehiclenoise level

for that side. The reportedmeasuredvehiclenoise level

must be the higherof the two averages.

(d) GeneralRequirements

(I) Measurementsmust be made aqly when wind velocity is below

19.3km/hr (12 mph).

(2) Properusageof all test instrumentationis essentialto obtain

validmeasurements.Operatingmanualsor other literaturefurnished
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by the instrument manufacturer must be referred to for both

recommended operation of the instrument and precautions to be

observed. Specificitemsto be adequatelyconsideredare:

(i) The effects of ambient weather conditions on the

performanceof the instruments(for example,temperature,

humidity,and barometricpressure).

(ii) Proper signal levels, terminated impedances and cable

lengthson multl-instrumentmeasurementsystems.

(iii) Proper acousticalcalibrationprocedure,to include the

influenceof extensioncables, etc. Field calibration

must be made immediately before and after each test

sequence. Internalelectricalcalibrationis acceptable

for field use, provided that acousticalcalibrationis

accomplished immediately before or after field use,

(3) (i) A complete calibration of the instrumentation and

acousticalcalibratorshallbe performedat leastannually

to insurecompliancewith the standardscited in American

National Standard Sl 4-1971 "Specificationsfor Sound

Level Meters"for a Type I instrumentover the frequency

range 100 He - IOKHz.

(ii} If calibration devices are utilized which are net

independentof ambient pressure (e.g., a pistonphone)

correctionsmust be made for barometricor altimetric

changesaccordingto the recommendationof the instrument

manufacturer.

(4) The vehiclemust be broughtto its normaloperatingtemperature

prior to commencement of testing. During testing appropriate

cautionmust be taken to maintainthe engineat temperatureswithin

the normaloperatingrange.
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(e) Alternativeprocedures

The Administratorwill considerapplicationsfor exteriornoise

level test procedureswhich differfrom those previouslydescribed

if the alternativeproceduresdemonstratea correlationwith the

prescribedprocedure. To be acceptable,alternativeproceduresmust

ensure that the resultswil] identifya]1 vehicleswhich would not

comply with the noise emission standards when tested. Tests

conductedby manufacturersunderapprovedalternativeproceduresmay

be acceptedby the Administratorfor a11 purposes including,but not

limited to, production verification testing and selective

enforcementaudittesting.

9. RECOMMENDEDPROCEDUREFOR MEASUREMENT
OF INTERIOR SOUND LEVELS

Interior sound levels must be measured using the same vehicle

operation and measuring equipment as described in the Recommended

Procedurefor Measurementof ExteriorSoundLevels.

(a) Instrumentation.The instrumentationof interiornoisemeasurements

must be identical to those used for exterior noise emission

measurements.

(b) Microphoneplacement.

(I) For all buses otherthanthosewith a front-mountedengine,the

microphonemust be locatednextto the seat locationclosestto the

main body of the engineat a heightof 1.25 meters (4.1ft.) from

the bus floor.

(2) For front engine buses the microphonemust be placednext to

the vehicleoperator'sseat, at a heightof 1.25 meters(4.1 ft.)

fromthe floor.
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(3) With the sound receivingportion of the microphoneapparatus

In the uppermostposition directed towardthe maximum noise, the

apparatus must be tilted at an angle of 200 - 300 from an

original position with the longitudinalaxis of the apparatus

being vertical.

(c) Procedure

(I) Vehicleoperation. The vehiclemust be operated in the same

manner as stated in the recommendedexterior noise measurement

procedure. The same axle ratios,gear rations,and transmissionas

that of the vehicletestedfor externalnoise,

(2) All windows and doorsmust be closedon the vehicleand all

interiorfan accessories,(includingthe heateror air conditioner

fan, whicheveris the noisier)must be turnedon.

(3) Only two people (the driverand the observerwho is reading

the meter) are permitted on the bus at the tlme of measurement.

(4) An ambientnoise levelmust be measuredbeforeand after the

testing. That level must be at least10 dB below the appropriate

regulatorylevelwith engineand accessoriesturnedoff.

(d) Measurements

(I) The metershall be set for "fast response"and the A-weighted

network.

(2) The applicable reading shall be the highest noise level

obtainedfor the run. The observeris cautionedto rerun the test

if unrelatedpeaks should occur due to extraneousambient noise,

A minimumof two tests shallbe run.

(3) The averageof the two highest levelswithin 2 dB of each

other shall be reported as the interiorlevelof the bus. Should

the two initiallevelsnot be within2 dB, additionaltestsmust be

run untllthe two highest levelsmeasuredarewithin2 dB.

8-25



(e) General requirements

The general requirements previously discussed for exterior

noiselevelmeasurementsshall applyin this section.

(f) Alternativeprocedures

The Administratorwill considerapplicationsfor interiornoise

level test procedureswhich differ from those describedif the

alternativeproceduresdemonstratea correlationwith the prescribed

procedure. To be acceptable,alternativeproceduresmust ensure

the resultswill identifyall those buses which would not comply

with the noise emission standard prescribedwhen tested. Tests

conductedby manufacturersunderapprovedalternativeproceduresmay

be acceptedby the Administratorfor all purposes,including,but

not llmited to, production verification testing and selective

enforcementaudit testing.
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SECTION 9

ENFORCEMENT

i. General. The EPA enforcement strategy will place a major share

of the responsibility on the manufacturers for pre-sale testing to determine

the compliance of buses with the regulation. This approach, besides

relieving EPA of an administrative burden, benefits the manufacturers by

leaving their personnel in control of many aspects of the compliance program

and imposes only a minimum burden on their operations. The regulation,

however, does provide for EPA enforcement officers to be present to observe

any testing required by the regulation. In addition, enforcement officers,

under previously promulgated regulations [40 CFR Part 205 Subpart A], are

empowered to inspect records and facilities in order to assure that

manufacturers are carrying out their responsibilities properly.

The enforcement strategy in the regulation, applicable to both exterior

and interior standards consists of three parts: (1) Production Verification

(PV), (2) Selective Enforcement Auditing (SEA), and (3) In-Use Compliance

Provisions.

The manufacturerwho assemblesthe completedbus, as in the case of

intercityand transit buses, is responsiblefor satisfyingthe PV, SEA and

in-userequirementsof the regulationfor both the exterior and interior

standards. In the caseof vehicleswhichare assembledby two manufacturers,

such as many conventionalschoolbuses,the cowl chassismanufacturersmust

complywith the PV, SEA and in-useprovisionsof this regulationwithrespect

to the vehicleexteriornoise emissionstandard. The body assembler/mounter

of such a bus which is assembledby two manufacturersIs responsiblefor

compliancewith the provisionswith respect to the vehicle interiornoise

emissionstandard.In addition,the bodyassemblerIs prohibitedfromcausing

the vehicle
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exterior noise emissions to exceed the standard and is subject to SEA

provisionsof the regu]aticnsfor the exteriorstandard.

2. Production Verification.

(§205.105-i) Production verification is testing by a manufacturer

of selectedearly productionmodels of a configurationintendedfor sale,

to verifythat a manufacturerhas appliedthe requisitenoisecontroltechno-

logy to complywith the standardat the tlme of sale and that the mode] will

continueto complywith the standardduring the AcousticalAssurancePeriod

(AAP). The firstproductionmodels of a configurationtestedmust not exceed

the level of the standard if any models in that configuration are to be

distributedin commerce. All testingmust be done in accordancewith the test

procedures.

(§205.105-2) Production verification does not involve any formal EPA

approval or issuance of certificatessubsequent to manufacturertesting,

nor is any extensive testing required by EPA. The regulation will require

prior to distributlonin commerceof any model of a configuration,as defined

in the regulation,that the configurationmust undergoproductionverifica-

tion. All testing is performedby the manufacturer. However.the Admini-

strator reserves the right to be present to monitor any test (including

simu]taneoustestingwith his equipment)or to requirethat a manufacturer

supplyhim with vehiclesfor testing at EPA's Noise EnforcementFacl]ityin

Sandusky, Ohio, or at any other site the Administrator may find appropriate.

This wil] provide the Administrator an opportunity to determine that the

manufacturer's test facility and equipment are technically qualified far

conductingthe requiredtests. If it is determinedthat the equipmentand/or

facilitiesare not technicallyqualified,the Administratormay disqualify

them fromfurtheruse for bus testingunderthis regulation. Proceduresthat

are availableto the manufacturersubsequentto testsitedisqualificationare

addressed in the regulation.

9-2



_._/:I_̧,

J_

The production unit selected for testing is a vehicle configuration.

A vehicle configuration is defined on the basis of various parameters

including the exhaust system, the air induction system, the cooling fan

type, and horsepower. The interiorconfigurationsare identifiedby the

manufacturerbasedon the exteriornoiseconfigu_'ationparameters.

A manufacturer must verify production vehicles prior to sale by one

of two methods. The firstmethod wi]l involvetestingany early production

vehicle intended for sale of each configuration. A vehicle configuration

is consideredto be productionverified after the manufacturerhas shown,

based on the application of the noise measurement tests, that a configuration

does not exceed a noise level defined by the new product standard and a

timelyreportindicatingsuch compliancehas been malledto EPA.

The second method allows a manufacturer, in lieu of testing vehicles

of every configuration,to group configurationsinto categories. A category

will be defined by basic parameters such as engine and fuel type, engine

manufacturers,engine displacement,engine configuration,engine location,

and bus body style. Again, the manufacturer may designate additional

categories based on additional parameters of his choice. Within a category,

the configurationestimatedby the manufacturerto be emittingthe greatest

A-weighted sound pressure level at the end of the Acoustical Assurance

Period is determinedeitherby testing or good engineeringjudgement. The

manufacturer can then satisfy the production verification requirements for

all configurationswithinthat categoryby demonstratingthat the configura-

tion complies with the applicable standards. This can eliminate the need

for a substantialamountof testing. However, it must be emphasizedthat

the loudestconfigurationat the end of the AcousticalAssurancePeriodmust

be clear]yidentified.
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If a manufacturer is unable to test due to weather conditions or other

conditions beyond his control, the production verification of a configuration

is automatically waived by the Administrator for a period of 90 consecutive

days without the manufacturer'srequestprovidedthat he tests on the first

day that he is able. If, on the 45th day following distribution in commerce

or shipment to a subsequent manufacturer, the manufacturer has not performed

the tests, he must, within five days, notify the Administrator that such

vehicles have been distributed or shipped and provide documentation of the

conditions which have made production verification impossible. This procedure

will minimize disruptions to manufacturing facilities. However, to avoid

any penalties under the regulation, the manufacturer must test for purposes of

production verification on the first day that he is able.

(§205.105-4) A production verification report must be filed by the

manufacturer performing the required production verification test before any

vehicles of the configuration represented are distributed in commerce.

(§205.105-8) If a manufacturerplans to add a new configurationto his

product llneor changeor deviatefrom an existingconfigurationwith respect

to any of the parameterswhich definea configuration,the manufacturermust

verifythe new configurationeitherby testinga vehicle and submittingdata

or by filing a report which demonstrates verification on the basis of

previouslysubmitteddata.

(§205.105-g)Productionverificationis an annualrequirement. However,

the manufacturerneed not verifyconfigurationsat any particularpointin a

year. The only requirementis thathe verifya configurationpriorto distri-

bution in commerce. The inherentflexibilityin the schemeof categorization,

in many instances,will allowa manufacturerto eitherverify a configuration

that he may not produceuntil late in a year based on presentationor else

wait until actualproductionof thatconfigurationto verifyit,
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The Administrator,upon requestby a manufacturer,may permit the use

of data from previous productionverificationreports for specificvehicle

configurationsand/orcategories. The considerationsthat are cited in the

regulationas being relevantto the Administrator'sdecisionare illustrative

and net exclusive. The manufacturercan submit all data and informationthat

he believeswill enablethe Administratorto make a properdecision. It must

be again emphasizedthat the manufacturermust requestthe use of previous

data. If he fails to do so, then he must productionverify all categories

andconfigurationsfor each subsequentyear.

(§205.105-10) If a manufacturer fails to production verify and a

configuration is found to be in non-conformitywith the regulation,the

Administratormay issue an order requiringthe manufacturerto cease the

distributionIn commerce of vehiclesof that configuration. The Adminis-

trator will provide the manufacturerthe opportunityfor a hearing prior

to the issuanceof such an order.

Production verification performed on the early production models

provides EPA with confidence that production models will conform to the

standardsand limits the possibl]itythat non-conformlngproductswill be

distributedIn commerce. Becausethe possibilitystill exists that subse-

quentmodelsmay not conform,selectiveenforcementaudit testingof assembly

line vehicles is made a part of this enforcement strategy in order to

determinewhetherproductionvehiclescontinueto complywith the standards.

3. SelectiveEnforcementAuditing.

(§205.107-i) SelectiveEnforcementAuditing(SEA) is the term used In

the regulationto describethe testingof a statisticalsampleof production

vehiclesfrom a specifiedvehiclecategoryor configurationselectedfrom a

particularassemblyplant In order to determinewhether productionvehicles
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comply with the noise emission standards including the in-use standard and

to providethe basisfor furtheractionin the caseof nan-compliance.

Testing is initiated by a test request which wil] be issued tc the

manufacturerby the AssistantAdministratorfor Enforcementor his authorized

representative.A test requestwill address Itse|fto either a categoryor

a configuration. The test request will require the manufacturer to test

a sample of vehiclesof the specifiedcategoryor configurationproducedat

a specifiedplant. An alternativecategoryor configurationmay be designated

in the test request in the event vehicles of the first category or

configurationare not available.

One important factor that will inf]uence the decision cf the Admini-

stratornot to issuea test requestto a manufactureris the evidencethat a

manufacturerhas demonstratedthat his vehiclescomplywith the applicable

standard. If a manufacturer can provide evidence that his vehicles are

meetingthe noise emissionstandardsbased on testingresults,the issuance

of a testrequestmay not be necessary,

The SelectiveEnforcementAudit Plan is designedto determinethe ac-

ceptabilityof a samp]e of busesfor which one or more inspectioncriteria

have been established. As applied to vehicle noise emissions, the items

being inspectedare buses and the inspectioncriterionis the noiseemission

standard.

After the sample has been selected,each item is tested to determine

whether it meets the prescribedcriteria; this is generally referred to

as inspectionby attributes. The basic criteriafor acceptanceor rejection

of a sampleis the numberof vehicleswhose parametersdo not meet specifica-

tions,

(§205.i07-6) A sample'spassageor failureunder a SelectiveEnforce-

mentAudit is determinedby the numberof failingvehicles. (Seeapplicable

tables) -"
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in Appendix I of the regulation). If the number of failing vehicles is

greaterthan or equalto the numberin columnB, the samplefailsthe SEA. If

the numberof failing vehiclesis lessthan or equal to the number in column

A, the samplepassesthe audit.

An AcceptableQualityLevel (AQL)of ten percentwas chosento takeinto

accountsometest variabillty.

Regardlessof whethera sampleis acceptedor rejected,failed vehicles

wil)have to be repairedand/or adjustedand pass a retestbefore they can

be distributedin commerce.

Since the number of vehiclestested in responseto a test order may

vary conslderably,a fixed time limit cannot be placed on completlngall

testing. The approach is to establishthe time limit on a test time per

vehiclebasis,takingtransportationrequirements,if any, intoconsideration.

The manufacturerwould be a11oweda reasonableamount of time for transport

of vehiclesto a test facility if one were not availableat the assembly

plant.

The Administratorest(matesthat the manufacturerscan test a minimum

of flve(5) vehiclesper day. However,manufacturersare requestedto present

T any dataor informationthatmay affecta revisionof this estimate.

4. AdministrativeOrders.
C

; (§205.105-10) Section 11 (d)(1) of the Noise Control Act of 1972

: providesthat:

_i "Wheneverany person Is in vlolationof SectionlO(a)of this Act,
!! the Adminstrator may issue an order specifying such rellef as he
i determines is necessaryto protect the public health and welfare."

i Clearly, this provision of the Act is intended to grant to the

Administrator discretionary authority to issue administrative orders to

supplementthe crimlnal and civil penaltiesof Section11(a). If vehicles
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whichwere not designed,built,and equippedto complywith the noise emission

standard, including the in-use requirement,at the time of sale to the

ultimatepurchaserweredistributedincommerce,such act would be a violation

of Section lO(a) and remedy of such non-compliancewould be appropriate.

Remedy of the affected vehicles shall be carried out pursuant to an

administrativeorder.

The regulationprovidesfor the issuanceof such orders in the followlng

circumstances: (1) recallfor the failureof a vehicleor group of vehicles

to complywith the appllcablenoiseemissionstandard,(2) ceaseto distribute

vehicles not properly production verified,and (3) cease to distribute

vehiclesfor failureto test.

These provisionsdo not limit the Administrator'sauthorityto issue

orders, but give noticeof cases wheresuch orderswould in his Judgmentbe

appropriate. In all such cases,noticeand opportunityfor a hearingwillbe

given.

5. ComplianceLabelin9.

(§205.105-11) The regulation requires that buses subject to this

provisionmust be labeledthat the productcomplieswith the exteriorand/or

interior noise emission standards. The label must contain a notice of

tamperingprohibitions.

6. Applicabilityof PreviouslyPromulgatedRegulations.

Manufacturerswho will be subjectto the regulationmust also comply

with the general provisionsof 40 CFR Part 205 SubpartA. These include

the provisionsfor inspectionand monitoringby EPA enforcementofficersof

manufacturers' actions taken in compliancewith the regulation and for

granting exemptions from the regulation for testing, pre-verification

vehicles,nationalsecurityreasons,andexportedvehicles.
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7. In-Use Compliance.

(§205.108) The manufacturer is required to design, bul]d and equip

vehicles subjectto the regulationso that the degradationof emittednoise

levels is minimized provided that they are properly maintained, used, and

repaired.

In-use complianceprovisionsare included in the regulationto insure

that this obligationis satisfied.

These provisions include a requirementthat the manufacturerprovide

a warranty to purchasers[requiredby Section6(d)],assistthe Administrator

in fully defining those acts which constitute tampering [under Section

lO(a)(2)(A)],and provide retai] purchaserswith instructionsspecifyingthe

maintenance,use,and repairrequiredto minimizedegradationduringthe llfe

of the bus, and with a log book to recordmaintenanceand repairsperformed.

In the case of a bus which is assembledby two manufacturerssuch as

the conventional school bus, the manufacturer who assembles the chassis

must satisfy these requirementswith respectto the exteriorstandard. The

manufacturerwho then assemblesthe body must satisfythese requirementsas

they relateto the interiornoise emissionsstandard.

Section 6(d)(1) of the Act requires the manufacturer to warrant to

the ultimate and subsequentpurchasersthat the buses subjectto the regula-

tion are designed,built, and equipped to conform at the time of sale with

the applicableFederal noise emission standards. The regulationrequires

that the manufacturerfurnish this time-of-salewarranty to the ultimate

;: purchaserin a prescribedwrittenform. The regulationalso providesfor EPA

review of the written warranty and related informationfurnishedto pur-
r!
:_ chasers, dealers, zone representatives,etc., in order that the Agency can

determinewhether the manufacturer'swarrantypolicy is consistentwith the

intentof the Act.
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The tampering regulations require the manufacturer furnish the Agency

a list of those acts which in the manufacturer'sestimationmight be done

to a vehicle and result in that vehicle emitting noise levels above the

standards. The Adminstratorwill respondto the manufacturer'sllstwithin

30 days by develuping a list of specific tampering acts that the manufacturer

must include in the owner'smanual fur each product. It is stressedthat

the Adminstrator'slist is not all inclusive;any act of tamperingis unlawful

and subject to Federal penalty.

The provisionsdealing with instructionsfor proper operatiun,use,

and repair are intended to assure that purchasers know exactly what is

required to minimize any degradationof the vehicle'semitted noise level

during use. The instructions are necessary to minimize degradation and

also must be reasonable in the burden placed on the purchaser. A record or

log book must be providedto the ultimatepurchaserto assist purchasersin

demonstrating proper maintenance should a record be necessary at any time

during the life of the vehicle. The instructions may not contain language

which tends to give manufacturersor their dealers an unfair competitive

advantage over the after-market manufacturers. Finally, the regulation

provides for Agency review of the instructions and related language.
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SECTION10

EXISTINGNOISEREGULATIONSAPPLICABLE
TO BUSES

A. INTRODUCTION

Federalnoiseregulationsappliedto any particularproductare developed

primarilyon the basisof the assessmentof availabletechnologytogetherwith

associatedeconomicand healthand welfare Impactsas requiredby Section 6

of the Noise Control Act of 1972. In most cases, actions by the EPA in

proposingand finalizingnew productnoise regulationswill not be the first

cases of regulatoryaction,but will have been precededby variousState and

localregulations.TheseState and localregulatlonsrefer,in somecases,to

the noise emissionsof the productat the time of sale,and in othercases to

the control of noise producedduringthe product'soperation. It may be

expectedthat the scope and stringencyof State and localnoise standardswill

differfrom placeto place in a way that is dependenton the degreeof annoy-

ance,localcitizenpressuresand the amountof work put intothe development

of the regulation.The resultsof theseregulationswill alsoprobablydiffer

: considerablybasedon the degreeof enforcementand compliance.

: B. REVIEWOF EXISTINGNOISE ORDINANCES

The Increasedinterest In noise brought about In recent years by the

wider understandingof its potentialeffects on peoplehas resulted in the

developmentof a large numberof State and local noiseordinances. Many of

theseordinancescan be classifiedas "nuisance"lawsthatmake it unlawfulto

conductcertainacts thatwould disturbthe peace of "a reasonablepersonof

normalsensitivity." However,there are an increasingnumberof State laws

and local ordinancesthat refer quantitativelyto specificnoise sources in

the co.unity.
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The firstmotor vehiclenoiseregulationswere introducedinthe Stateof

Californiain 1967,which establishednoise standardsfor differenttypes of

vehicles,includingtrucksandbuseswith a Gross VehicleWeightRating (GVWR)

in excessof 10,000Ibs. The regulationswere applicableboth to the sale of

new vehicles and the operationof vehicleson the highway. Since 1967, a

numberof other States and citieshave introducedsuch regulations,many of

them identical to regulationsapplicableto trucks and buses operated by

interstatemotor carriers. Again, the lower limit on the GVWR was 10,000

lbs.

In each of the many regulationsapplicableto medium and heavy vehicles

described above, there is no distinction in noise standards between the

variousclases. Thus the categoryof vehicleshaving a GVWR in excessof

10,000]bs. includesnot only trucks but Intercitybuses,transit busesand

schoolbuses. In other words,buses are combinedwith trucks in every case.

There are thereforeno separate noise regulationsfor buses In the United

States. A summaryof State and localnoisestandardsapplicableto busesand

trucksis given in Reference10-I. Since the publicationof thisruferenced

document, many of these regulationshave been preempted in part by the

issuanceof Federal regulationsfor new mediumand heavy trucks and for new

and In-serviceinterstatemotor carriers,the latteralso includingin-service

intarcltybuses. However, there has been no Federal preemptionof newly

manufacturedInterclty,transit,or schoolbuses,so these standardsremain

as statedinReference10-I.

The situationconcerningthe nonspeclflcityof buses in noise regulations

is similar in the vehicle noise regulations of many other countries. A

dlstlnctionbetweenbuses and trucks is made In Aumtralla,Sweden,and the

United Kingdom, as well as by EDE (Geneva) and EEC (Brussels), but in each
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case the noise standardsare identical. It appearsthat only one country,

Portugal,has a differentset of noisestandardsfor new buses and trucks. A

summaryof the foreignnoise standardsapplicableto buses is given in Table

10-1.

C. ANALYSISOF EXISTINGREGULATIONS

In view of the fairlyuniformapproachtaken towardsthe regulationof

medium and heavyvehicles,it is interestingto determinethe reasonsfor not

separating buses from trucks. A reviewof the decisioncriteriafor noise

regulations adopted at the State and local level revealed the following

information:

o Many considered that buses and trucks exhibit very similar noise

characteristics. It is true that the two vehiclesuse the same type

of engines--whetherdiesel or gasoline--andsome of the same auxili-

ary components,but the conclusionthat their noise emissions are

the same must be taken advisedlybecause of the lack of available

data.

o Whereas there was a considerableamountof data on the noise charac-

teristicsof heavy trucks,the same was not true of buses. Hence,

the two vehicleswere combined into one categoryin the absenceof

reasonsto do otherwise.

o Some states not havingthe resourcesto performtheir own background

studieshave incorporatedthe resultsof testingdonein other

states.

o As an aid to enforcement,it was consideredunwiseto have a large

numberof wehlclecategorieswith differentnoisestandards.

I o
( At the state level,the enforcementactivitiesare often restricted

I

I to highways outsideof the cities. In these areas,buses were not
f

consideredto posesignificantproblems.
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TABLE 10-1

Summary of Noise Standards*

Applicable to Buses in Foreign Countries

Type of Regulation Max. Nolle
Country and Effective Date Applicability Level{dBA}

Australia • Newvehiclesmanuf'd • >3,5Mgw/engino
Sweden after 1975 <: 200 HP 99

W. Germany • > 3.5 Mg w/engine
Yugoslavia < 280 HP 92

Belgium • Newvehiclesmanuf'd • dleselengine
after 1988 > 200 HP DIN 92

• Operation 2 dB greater
than above

Canada • New vehiclesmanuf'd • HeavyDuty Vehicles 89
after 1970

Czechoslovakia • Newvehiclesmanuf'd • >3.6M9 88
after 1969

• > 228 BHP 89

enginepower

• Operation 2 dB greater
than above

Denmark • Newvehicles • > 3,6M9 99

• > 288HPDIN 92

• Operation 3 dB greater
than above

ECEiGeneva} 1) Newvehlcles • >3.5Mg
> 9 Seats 99

• > 208 HP DIN
> 9 Seats 91

EEC (Brussels) • Newvehicles As for ECE

"Measuredaccordingto 150 R362 at 26 feet.
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TABLE I0-I(Cont.)

Type of Regulation Max. Nolle

Country and Effective Date ApplicabIJiW I Level (dBA)

Finland • Newvehlcles I• >200OlNHP 92

France • New vehicles • Public Service 90

VehicJes

• Operation 2dB greater

than above

Italy • New vehicles manuf'd • ;> 1500 cc 93
after 1968

Luxembourg • New vehicles manuf'd • > 3,5 Mg 88
Netherlands after 1973

• >200 HPOIN 92

• Operation 2dB greater

than above

Portugal • Newvahicles • <5Mg 85

• >SMg 88

Great Britain • New vehicles • > 12 passengers, B9

excluding
driver

_1_ e Operation 92
.i

4
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o There are indications that some agencies did not consider buses at

all,but were mainlyconcernedwithheavy trucks.

In no case has there been reported any impetus to treat buses separately from

heavy trucks. Furthermore,many State and localofficialshave indicatedthey

do not now believe that such a separation is required, although some indicate

that a special case might be made for transit buses.
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APPENDIXA

FOREIGNTECHNOLOGYBUSES

Two Europeanbus manufacturerscurrentlyproduceurbantransitbuses that

claim to be considerablyquieter than any availablein the UnitedStates,

I. S_B SCANIA CRI11M BUSES

In 1971,Scania-BussarAB, Katrineholm(Sweden)presenteda bus in which

the noise level had been effectively reduced. The bus is an integrally

constructedcitybus,the ScaniaCRIIIM,with a suburbanversion,the CRIIIMF,

Scania CR111Mand CR111MF,the "quietbuses,"have a reducednoise level

as low as 77 dB for buses with automatictransmissionand BO dB for buses

with standard transmissionwhen measured in accordancewith the ISO R362

procedurefor noise measurement. Other non-quietedmodern Swedish buses

(CRIIO)generatenoise levelsof 8B to 87 dB (ISOR362).

The reductionin noise level on the ScaniaCRIIIM (seeFigureA-l) has

been achieved primarilyby insulatingthe engine compartmentand relocatlng

the cooling system. The engine compartmentis lined with sound-insulating

materlalsattacheddirectlyto the exteriorpanels. Withinthis sound-insul-

atingwall is a thickercoveringof sound-absorbentglassfiberwhich in turn

is coveredwith perforatedaluminumsheet. Insulatedbellypans are mounted

underneaththe engine. The engine,consequently,is almostentirelyencased

in sound-absorbentmaterial.

As a resultof this insulatlon,problemsarise in disposingof the heat

generatedby the engine, The bus has,therefore,been equippedwith a water-

cooledexhaustmanlfold and heat-insulatedexhaust pipe up to the silencer,

A specialfan locatedon the roof providesthe engine compartment,by way of

a channelthroughthe bus rearsection,with effectiveventilation.

A-I
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FIGURE A-I

Comparisonof ScanlaCRIIIM City Bus
and the CRIIIOM StandardBus

5

i. Insulated Engine Compartment
2. Fan for Engine Compartment Ventilation
3. Belly Pan
4. Air Intake for Radiators, On_ on Each Side
5. Engine Air Intake
$. Ventilation Air Intake
7. Radiator Air Intake (standard Version)
8. Bottom opening
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The CR111M has two radiators (each 0.42 m2 in area), instead of the

one as is normalon U.S.transitbuses. The radiatorsare mountedin frontof

the insulatedengine compartmentto copewith the increasedcoolingrequire-

mentscausedby the insulation.By usingtwo fansof 480 mm di_uneter,a lower

perlphera|speed is achievedthan if only one fan was used for cooling. The

fans are thermostatlcallycontrolled in three steps up to 1400 rpm. If

required, the fans can run at full speed even while the engine is working at a

minimumspeed. For cross-countryoperation,10 to 15 percentlargerradiators

are employed.

Noise levelswithinthe bus vary in relatlonto the distancefrom the

engine. The noise level at the driver's seat is as low as 68 dB under

acceleration. Levels of 78 dB are reported at the rear seat. Further

reductionsare expectedfrom developmentwork currentlyin progress.

Due to the relocationof the radiatorsand a changein designof the rear

overhand,the number of seats has been increasedby four in comparisonwith

otherversionsof the samebus type. The numberof seats in the "quietbus"

is 36 to 41 dependingon the typeof bus.

The ScaniaCRI11Mis designedspecificallyas a citybus and is equipped

with alr suspensionand power steering. The engine is a transverselymounted

dleselproviding151 KW {295hp), ISO 2534 gross.

The ScaniaCR111M is 11.55 m long (37.9feet}and carries36 seatedand

45 standingpassengers.As a comparison,the 35-footGMC 45 seriestransit

bus seats45 passengersandthe 40-foot@MC 53 seriesseats53 passengers. It

is not known whether the reduced seating capacityof the CRIIIM is due to

compromisesmade for noisereduction,such as the fullyencapsulatedengine

and remotecoolingpackages,or for other reasons. The cost increasedue to

engineencapsulationfor noise reductionpurposesis givento be 2% by Scania

engineers.
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The CRI11Menglneis deratedfor urban operationon request. This is a

compromisein performancethatmay not be acceptableinthe U.S. On the other

hand, deratingthe enginemay cut down on maintenanceand increasethe llfe of

the engine.

The coolingsystemof the CR111M is designedfor an air-toboil temper-

ature of 85-900 F. This mould not be acceptable for buses operating in

the U.S.

Air-condltionlngis not offered on Scania Buses, even as an option.

Exclusion of air-conditionlngreduces horsepower requirementsand engine

coolingrequirementssignificantly. In contrast,almostall transit coaches

In this countryare air-conditioned.

There are a totalof 360 single-deckerand 300 double-deckerCRIIIMBuses

operatingin the following=

Sweden: Stockholm,Gothenburg,Malme,Vasteras,Orebro,
and Uppsala

Norway= Oslo

Finland: Helsingfors

England: London,Leeds,Glasgow,New Castle,andLiverpool

2. BRITISHLEY.LANDSUPER qUIETBUS

Researchversionsof a Super QuietLeylandNatlona]wereshown in Decem-

ber 1972 and April lg74. Workon developingthisbus centersaroundmodiflca-

tions to the bus interiorwlthprime advantageto the passengers,backedup by

exteriormodificationsaimedat improvingthe acceptanceof the bus in quiet

suburbanenvironmentswhere backgroundnoise is vastly lowerthan in typlcal

city centers.

These changescosine to obtain an external noise level of 75 dB on

a Britishstandard3425"pass-by"test. Alterationof the torquecharacteris-

tics of the turbocharged510 engine to an alternativeform achievesa more
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silentrunningpower unitwithoutdetrimentto availabletorque. A reworked

engine air intakeand exhaustsystemfurthercontributeto noiseattenuation.

A major itemof the noisereductiontreatmentof the SuperQuiet Leyland

Nationalis the structuralenclosurearoundthe engine,which is of iamil)ated

sheet metal constructionspotwelded in a way that permitsthe innerskinto

reflectnoise back to theengine. The outer skinof the bus is designedwith

an air gap to reducethe transmissionof noise. Fittingof this enclosure

involvesthe provisionof an electric fan mountedin an aluminumduct on the

left hand rear valancedoor with cooling air exiting around the flywheel

housing. The radiatorcoolingfan featuresa fluiddrive couplingeffectinga

maximum fan speed reductionand hence a loweringof fan noise. As a safety

requirement,a thermostatfcal]ycontrolledfire extinguishingsystem is a

safety measure incorporatedin the specificationof the engineenclosure.

Noise generatedby the transmissionof the bus has also been reducedby

the specificationof finaldrivegearsdesignedto minimizewhineon drive end

over-run. The hot shiftpneumocycllcgearboxis replacedby a fully automatic

transmissioninvolvingreducedgear noise and jerk-freeup-changing.

Reductionof "road noise"enteringthe structureis achievedby a more

compliantlymounted Vee-framerear axle locationassemblytuned to isolate

road vibrationinputs.

Hatchesto the enginecompartmentfeatureimprovedsealing. To this end,

the hatches and the vehiclefloor are linedwith Revertexnoise insulant.

,._ Regardingthe maintenancedifficultiesgenerallyencounteredwith engine
"i

i enclosuretechnologythe semi-monocoqueconstructionof the engineenclosure

_' allows for acoustic panel suspensionfrom bracketswelded onto the engine
i

support longitudlnals. Panelsare securedwith quick-releasefastenersfor

'_ easy serviceaccess to the engine;a singlepanel gives accessto inner and

:i
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cuter sump drain plugs and the oil filter. Verticalwalls (panels)of the

enclosureare fittedwhere possiblewith sheetsof glass fiber "wool"held in

positionby perforatedsheetaluminum.

Toward interior noise reduction,seats are fully upholsteredand have

squab backs trimmed in foam based moquette in the interestsof covering

any large reflectivesurface. The seat squab upperrails are shroudedby an

envelopingsafetycrash pad and the vertical"grab"stanchionsin the bus are

nylon covered. Another aspect of interior noise control applies to the

redesignedheater recirculation duct which has provided a "spin-off" of

considerablyimprovedair circulation. The noise reductionachievedon the

vehicleis so considerablethat "cannedmusic"Is providedin the vehicleto

alay the uncannyfeeling of sittingin what has been statedas virtuallyan

anechoicchamber,

Subtlechangesto the interiorspecificationincludestaplingof a 2S-mm

closedceilpvc foam to the top of the floorover the rearsaloononly; at the

edgesthis is compressedbetweenthe lowerstainlesscoverpaneland the body

side. Beneaththe whole floor,aluminumtrays enclosingglasswool insulant

aresuspendedbetween floorsupportmembers. Teroformsheetingis bondedto

thefront of the saloon accessstep riser channel;similartreatmentapplies

to the rearwhell arches and rear seatbox. Interiortrim panelshavetheir

25mm polyetherheat insulatingbacking panels replacedby 66.5n_nexpanded

polyethylenefoamwith heat and very adequatenoise insulation.Backingthe

rearcornercove panels are Teroformmouldedshapesaroundthe heater piping

andair ductingentry points;these are overlaidwith flexiblepolyetherfoam

toe depth of 6 inches.
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APPENDIXB

THERMOSTATICALLYCONTROLLEDFANS

The regulationrequires thermostaticallycontrolled fans in transit

and intercltybusesto be "locked-on"duringtesting. Thismeans that the fan

mustbe operatingat its maximumspeed,and therefore,maximumnoise emittlng

level.

Cooling systems are designed to prevent engine overheating during

the worst heatproducingclrcumstancesunderwhich the vehicleis expectedto

operate. Under averagecircumstances,the coolingrequirementsare likely

to be much less stringent than under the worst case. Engines run more

efficientlyand with lesswear and tear when they are operatingin the proper

temperaturerange. It is often useful, especiallyfor diesel engines,to

make the fan speed variablein order to avoidovercooling.

There are several types of thermostatically controlled fan drives

avallable:

(i) On-offclutcheswhichare eithercompletelydisconnectedor operating

at the input speed (a constant proportion,usually 100%, of the

enginespeed),

(2) Wet clutcheswhich are able to slip and therebyto modulatebetween

completelydisconnectedand operatingat maximumfan speed,

(3) Viscousdriveswhich can operateanywherebetweenabout33% and gs_

of the inputspeed,
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(4) Hydraulicdriveswhich can operate anywherebetweenabout5_ and gS_

of the inputspeed.

Since these drive systemsallowthe fan to operateat lessthanmaximum

speedat times,theyeliminateor reducethe work transferredfromthe engine

to the fan during those times,therebyreducingfuel consumption. In addi-

tion,when the fan is not operatingat full speed it emits lowernoiselevels

and sucks lessdebrisintothe radiatorand enginecompartment.

The rationalebehind the installationof thermostaticallycontrolled

fan drives varies accordingto the type of bus. In the transit industry

100percentof the newlymanufacturedbuses are equippedwith thermostatically

controlleddrives,generallyeither hydraulicor on-off. These driveswere

originallyinstalledto preventthe dieselengines,which tend to dissipate

heat well, from becomingovercooled. Only about30 percentof all existing

intercitybuses are presently equipped with thermostatically controlled

fan drives. However, the two largestoperatorsare planningto equip all

of their new buses with wet clutch fans in order to reduce fuel consump-

tion. It is expectedthat a substantialnumber intercitybuses wl]l soon

havethermostaticallycontrolledfans,and eventuallyall will be so equipped.

It has been suggestedthatthe lock-uptest requirementmight discourage

the use of thermostaticallycontrolledfans. Operatorsgenerallyconsider

noise control to be a secondary benefit of thermostaticallycontrolled

fan drives. Since fuel consumption and overcoolingwill continue to be

sourceproblemswith or without the regulation,EPA's requiringfans to be

lockedon during testing is unlikely to discourageoperatorsfrom buying

thermostaticallycontrolledfans.

8-2



Thermostaticallycontrolledfans,when operatingat maximumspeed,emit

no more noise than fixed fans. The samenoise control techniques are neces-

sary to quiet the two types of fans, Therefore, if the requirement to test

with fans locked on is implemented there will be no incentive for manufac-

turers to discontinueinstallingthermostetlcallycontrolled fan drives,

exceptto the extentthatthereare sometestingcostsassociatedwith locking

the drive on.

It has alsobeen suggestedthat there is a potentialfor destructionof

the fan drive calibrations due to the requirement. Most fan drives are

relativelyeasyto lockon. On-offclutchesand wet clutchesare generally

operated throughthe use of springsand air pressure. The air pressureis

usuallycontrolledelectronicallyby sometypeof thermostat.This electronic

circuitry can be deceived, forcing the fan to remain on. Hydraulic and

viscousfan drivesare controlledby the amountof fluid presentbetweenthe

input disc and the output disc or housing. This fluid is supplied from an

external source in the case of hydraulic drl,es. It is quite easy to stop the

flow out of the drive by activating an electronic control or by installing a

simple valve. The supply of fluid in a viscous fan drive is internal. The

bimetal coil thermostat is attached directly to the spring which controls the

fluid valve. These systems might be difficult to keep locked on during

testing. However, a careful mechanic can remove the coil, allowing the spr_,,g

to open the feed valve fully and replace it after the test without affecting

the calibration, a relatively simple procedure.

Docket commenters state that the requirement should be deleted because

it is inconsistent with the EPA truck regulation. The only buses which are

similar to medium trucks are conventional design front engine buses,
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such as those commonly used by school districts. However, school buses

have been exemptedfromthe lock up requirement.

It is importantto considerthe impactof fan noiseon the noise levelof

the bus. FigureB-I showshow the requirementcould affectthe noiselevelof

the bus duringpassby accelerations. If the regulationrequiresthermosta-

tlcallycontrolledfans to be lockedon duringtestingthen the noiseemitted

during full throttleaccelerationof the bus is likelyto be somewhatless

than the regulatedlevelduring the timeswhen the fan is off. If the re-

quirementis deletedand buses are allowedto be testedwith thermostatlcally

controlledfansin the off mode then the noise emittedduringfull throttle

accelerationis likelyto exceedthe regulatedlevelduringthe timesthatthe

fan is on. Since the regulation might cause transit and Intercitybus

manufacturersto encountersmallerenginecompartments,they may beginusing

smaller, faster,and therefore,noisier fans. This would cause the fan-on

noise level to exceed the regulatorylevelby a greateramount. Since the

testingprocedureis designedto testthe bus in its worst (loudest)operating

mode, it seemsreasonableto requirethe fan,which can he a significantnoise

emittingsource,to be lockedon.

It is important to examine the effect of the fan noise on average

sound levels (Leq) emitted by transit and intercity buses. In order to

meet a 77 dB (A-welghted)regulationbuses will have to be quietedto an

A-weighted levelof 75 dB. Based on data measured, the differencein the

noise levelsof a regulatedbus with the fan-onrequirementretainedversusa

regulatedbus with the fan-onrequirementdeleted is 4.1 dB. In otherwords,

the noise levelof a regulatedbus with the requirementretainedis 75 dB,

whereas the noiselevelof a regulatedbus with the requirementdeletedwill

be 79.1 dB whenthe fan is on. The expectedfan-ontime for transitbuses is
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FIGURE B-]
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16.5 percent in an average ambient temperature. In warmer climates the

percentfan-ontime will be higher,and in coolerclimatesthe percentfan-on

time will be lower. For intercity buses the fan-on time is 15.6 percent on a

GMC intercitybus. These data were used in a parametricmodel to determine

the impact of deleting the fan-on requirement on the Leq of the bus. The

results showedthat the deletionof the requirementwould raise the Leq by

more thani dB, assumingaverageambienttemperatures.

The resultsof the parametricmodel demonstrateddifferentresultsfor

a conventionalfront engineschoolbus. To meet a 77 dB regulationschool

buses will have to be quietedto 75 dB to meet a 77 dB regulation.Basedon

measured data, the difference in the noise level of regulated buses with the

fan-onrequirementdeletedis 1.2 dB. The noise levelof a regulatedbus with

the requirementretainedis 75 dB whereasthe noise ]eve]of a regulatedbus

with the requirement deleted will be 76.1 dB when the fan is on. A GM/

Schwitzertest shewedthe annualaverageoperatingtime (above2500 rpm)for a

viscousfan in a conventionalfront enginebus operatingin Indianapolisto be

2.3 percent. The model resultsshowedthat deletionof the requirementfor

these buses would raise the Leq of the bus by less than a tenth of I dB

(a very small change).

In order to estimatethe significanceof the increasedLeq for transit

and intercitybuses it isusefulto examineits impactuponhealthand welfare

calculations.The differencebetweenbenefitsderived in2010from regulating

transitand intercitybusesto anA-welghtedsound levelof 77 dB in 1987with

the fan lock-onrequirementretained,and the benefitsderivedin 2010 from

regulatingtransitand intercitybuses to 77 dB in 1987 withthe fan lock-on

requirementdeletedwere found by using the National RoadwayTraffic Noise
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ExposureModel. The model showedthe deletionof the fan lock-onrequirement

lowers the benefits (for purposes of this analysis in terms of potential

singleevent sleepdisruptions)derivedfromregulatingto 77 dB by 30 percent

for transit buses and 5.3 percent for intercitybuses for the statistically

averagecase. Similarnegativechangeswere found using other singleevent

activityinterferencemeasures.

Although the fan noise emitted by buses varies widely, there is a

clear separation between the impact of fans on the average noise level

of transit and intercitybuses and the impactof fans on the averageuoise

levelof conventionalfrontenginebuses.

The impactof retainingthe requirementon transit buses would be to

lowerthe averagenoiseemissions. Manufacturerswould probablybe forcedto

installeffectivefan shroudsat some expense. They would neither increase

nor decreasethe use of thermostaticallycontrolledfans significantlybecause

of this requirement. The same is also true for the intercitybus industry.

The impactof retainingthe requirementfor conventionalfront engine

buses is somewhat different. Two of the docket comments are directed

primarilytowardthe impositionof this requirementupon schoolbus manufac-

turers. Conventionalfrontenginebus chassisare builton the same linesas

medium trucks. In addition,the type of fan drive which is the hardestto

lockup, the viscousdrive,is mostoften appliedto conventionalfront engine

buses. The fans on these buses are much less aggressivethan transit and

_i Intercltybus fans, and they tend to be about 5 dg quieter. Also, in their
?!

typicaloperationas schoolbuses,they do not operateas frequentlyin the

summer,whenthe fan-ontimewould be the greatest. Theybenefitfrom the ram

air effect because of their front mounted radiators,allowingthe fan to
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remain off much of the time. If diesel engine usage for such buses increase,

as a fuel economy measure, the fan-on time should decrease further. Because

conventional front engine buses are less expensive than other buses, the

additional noise abatement equipment necessary to quiet the fan is a greater

proportion of the total cost of the bus.

Present purchasers of thermostatical]y controlled fan drives on con-

ventional front engine buses buy them because of the fuel economy benefits.

The imposition of this requirement will neither encourage nor discourage

potential purchasers from insta]ling thermostatically controlled fans.

However, the deletion of the requirement wi]l probably further encourage

conventional front engine bus manfacturers to install thermostatically

controlled fan drives on all of their models. For bus purchasers an initial

capital cost for the thermostatical]y controlled fan wil] be incurred which

will be offset by the fuel savings.

The impact of deleting the requirement is different for transit and

Intercity bus manufacturers than it is for conventional front engine bus

manufacturers. Since integral manufacturers are likely to encounter smaller

engine compartments,they may be expected to installsmaller, faster and,

therefore, noisier fans if the requirement is deleted. Conventional front

engine bus engine compartments, on the other hand, are generally spacious by

comparison. Unlike transit bus manufacturers, there is no incentive for

conventional front engine bus manufacturers to install smaller, noisier fans,

even wlth the requirement deleted. Most conventional front engine buses are

not, at this time, being ordered with thermostatically controlled fans,

therefore, de]eting the requirement will encourage the use of such fuel saving

units in conventional front engine buses,
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APPENDIX C

FRACTIONALIMPACTPROCEDURE

An integral element of an environmental noise assessment is to determine

or estimate the distributionof the exposedpopulationto given levels of

noise for given lengths of time. Thus, before implementinga project or

action, one should first characterize the existing noise exposure distribution

of the populationin tilearea affectedby estimatingthe numberof people

exposed to different magnitudes of noise as described by metrics such as the

Day-Night Sound Level (Ldn). Next, the distribution of people who may be

exposedto noise anticipatedas a resultof adoptingvariousprojectedalter-

natives should be predicted or estimated. We can Judge the environmental

impact by simply comparing these successive population exposure distributions.

This concept is illustrated in Figure C-I which compares the estimated distri-

bution of exposure for tilepopulation prior to inception of a hypothetical

project (CurveA) with the populationdistributionafter implementationof

the project (CurveB). For each statisticaldistribution,numbersof people

are simply plotted against noise exposure,where Li representsa specific

exposurein decibelsto an arbitraryunit of noise. A measureof noiseimpact

is ascertainedby examiningthe shift in distributionof populationexposure

attributableeither to increase or lessened project-relatednoise. Such

comparisonsof populationexposuredistributionsallowus to determinethe

extentof noise impactin terms of changesin the numberof peopleexposedto

differentlevelsof noise.

Adapted, in part, from Goldsteln,J., "Assessingthe Impactof Transporta-
tion Noise: Human Response Measures,"Proceedln_sof the 1977National
Conferenceon Noise.Contro!Engineerin.q,G.'C. Maling (ed.),NASA Langley
ResearchCenter,Hampton,Virginia,17-19Octoberigll,pp. 79-98.
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Magnitude or Level of Exposure, Li in dB

FIGUREC-1

EXAMPLEILLUSTRATIONOF THENOISEDISTRIBUTIONOF
POPULATIONAS A FUNCTIONOFNOISEEXPOSURE
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The intensityof severityof a noise exposuremay be evaluatedby the

use of suitablenoise effects criteria,which exist in the form of dose-

responseor cause-effectrelationships.Using thesecriteria,the probability

or magnitudeof an anticipatedeffect can be statisticallypredictedfrom

knowledge of the noise exposure incurred. Illustrative examples of the

differentforms of noise effectscriteriaare graphicallydisplayedin Figure

C-2. In general,dose-responsefunctionsare statisticallyderivedfromnoise

effectsinformationand exhibitedas linearor curvilinearrelationships,or

combinationsthereof. Althoughthese relationsgenerallyrepresenta statis-

tical "average"response,they may also be definedfor any given population

percentile.The statisticalprobabilityor anticipatedmagnitudeof an effect

at a given noise exposure can be estimated using the appropriate function.

For example, as shown in Figure C-2 using the linear function, if it is

establishedthat a numberof peopleare exposedto a given value of Li, the

incidenceof a specificresponseoccurringwithin that populationwould be

statisticallypredictedat 50 percent.
i

A more comprehensiveassessmentof environmentalnoisemay be performed

by cross-tabulatingboth indicesof extent (numberof people exposed)and

intensity(severity)of impact. To performsuch an assessmentwe must first

statisticallyestimatethe anticipatedmagnitudeof impactupon each individ-

ual exposed at each given level, Li, by applying suitable noise effects

criteria. At each level, Li, the impact upon all people exposed is then

obtainedby simplycomparingthe number of peopleexposedwith the magnitude

or probabilityof the anticipatedresponse. As illustratedin FigureC-I,

i the extentof a noise impactis functionallydescribedas a distributionof

i_! exposures. Thus, the total impactof all exposures is a distributionof

_ peoplewho are affectedto varyingdegrees. Thismay be expressedby using
,L

!

i_ C-3
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an array or matrix in which the severityof impactat each LI is plotted

against the number of people exposed at that level. Table C-I presents a

hypotheticalexampleof suchan array.

TABLE C-I

EXAMPLEOF IMPACTMATRIXPeR A HYPOTHETICALSITUATION

Exposure Numberof people .-- of Response In percent

Li 1,200,000 4

Lie 1 900,000 10

Lie Z 200,000 25

LI+3 50,000 50

Lie n 2,000 8B

An environmentalnoise assessmentusuallyinvolvesanalysis,evaluation

and comparisonof many differentplanningalternatives.Obviously,comparing

multiple arrays of populationimpact informationis quite cumbersome,and

subsequentlyevaluatingthe relativeeffectivenessof eachof the alternatives

generallytendsto becomerathercomplexand confusing. Thesecomparisonscan

be simplifiedby resortingto a singlenumberinterpretationor descriptorof

the noise environmentwhich incorporates both attributes of extent and

intensity of impact. Accordingly, the National Academyof Sciences, Committee
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on Bioacousticsand Biomechanics(CHABA),has recommendeda procedureFor

assessingenvironmentalnoise impactwhich mathematicallytakes into account

bothextentend intensityof impact(Ref.9).* Thisprocedure,the fractional

impact method, computes total noise impact by simply counting the number of

people exposed to noise at different levels and statistleally weighting each

personby the intensityof responseto the noise exposure. The result is a

single number value which representsthe overall magnitudeof the impact.

The purposeof thefractionalImpactanalysismethodis to quantitatively

define the impact of noise upon the population exposed. This, in turn,

facilitatestrade-offstudiesand comparisonsof the impactbetweendifferent

projects or alternativesolutions. To accomplishan objectivecomparative

environmentalanalysis,the fractionalimpact method defines a series of

"partialnoise impacts"within a numberof neighborhoodsor groups,each of

which is exposedto a differentlevelof noise. The partialnoise impactof

each neighborhoodis determinedby multiplyingthe numberof peopleresiding

within the neighborhood by the "fractional impact" of that neighborhood, i.e.,

the statistical probability or magnitude of an anticipated response as func-

tionallyderived from relevantnoise effectscriteria. The total community

impact is then determined by slmply summing the partial impacts of all

neighborhoods (Ref. 9).

It is quite possible,and in some cases veryprobable,that much of the

noiseimpactmay be found in subneighborhoodsexposedto noise levelsof only

moderate value. Although people living in proximity to a noise source are

generallymore severelyimpactedthan those people livingfurtheraway, this

does not implythat the lattershouldbe totallyexcludedfrom an assessment

where the purpose is to fully evaluate the magnitude of a noise impact.

* Reference is listed at the end of Section 6.
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People exposed to lower levels of noise may still experience an adverse

impact,even though that impactmay be sma]l in magnitude. The fractional

impactmethod considersthe total impact upon all people exposed to noise

recognizingthat some individualsincura significantlygreaternoise exposure

than others. The procedure duly ascribes more importance to the more

severelyaffectedpopulation.

As discussed previously,any procedurewhich evaluatesthe impact of

noise upon people or the environment,as well as the health and behavioral

consequencesof noise exposureand resultantcommunityreactions,must encom-

pass two basic elementsof the impactassessment.The impactof noisemay be

intensive(l.e.,it may severelyaffecta few people)or extensive(i.e.,it

may affecta largerpopulationless severely}. Implicitin the fractional-

Izatlonconceptis that the magnitudeof human responsevariescommensurately

with the degreeof noise exposure,i.e.,the greaterthe exposure,the more

significantthe response. Anothermajor assumptionis that a moderatenoise

exposurefor a largepopulationhas approximatelythe same noise impactupon

the entirecommunityas would a greaternoise exposureupon a smallernumber

of people. Although this may be conceptually envisioned as a trade-off

between the intensityand extent of noise Impact,it would be a misapplica-

tion of the procedureto disregardthose persons severelyimpactedby noise

in order to enhancethe environmentof a significantlylargernumberof people

who are affectedto a lesserextent. The factremains,however,that exposing

many peopleto noise of a lower level would have roughlythe same impact as

exposinga fewernumberof peopleto a greaterlevelof noisewhen considering

the impactupon the communityor populationas a whole. Thus, information
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regardingthe distributionof the populationas a functionof noiseexposure

should always be developed and presented in conjunction with use of the

fractionalimpactmethod.

Because noise is an extremelypervasive pollutant,it may adversely

affect people in a number of different ways. Certain effects are well

documented.Noise can:

o caused_age to the ear resultingin permanenthearingloss

o interferewith spokencommunication

o disruptor preventsleep

o be as sourceof annoyance.

Other effectsof noise are lesswell documentedbut may becomeincreasingly

important as more informationis gathered. They include the nonauditory

healthaspectsaswell as performanceand learningeffects.

It is importantto note, however,that quantitativelydocumentedcause-

effect relationshipswhich may functionallycharacterizeany of these noise

effectsmay be appliedwithina fractionalizationprocedure.The functionfor

weighting the intensityof noise impact with respect to general adverse

reaction (annoyance)is displayed In Figure C-3 (Ref. g). The nonlinear

weightingfunction is normalizedto unity at Ldn = 75 dB. For convenience

of calculation,the weighting function may be expressed as representing

percentagesof impactin accordancewiththe followingequation:

W(Ldn) , [3.364x lO.'6].[10O'!O3Ldn] (C-I)

[0.23[loO'03Ldn] + [I,43x i0"4] [lo0"OBLdn]

A simple linearapproximationthat can be used with reasonableaccuracyin

cases where day-night sound levels range between 55 and 80 dB is shownas the

dashed ltne in Figure C-3, and is defined as:
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W(Ldn)=i 0.05 (Ldn-55) for Ldn _ 55 (C-2)

[ 0 forLdn<55

Using the fractional impact concept, an index referred to as the

Level-Weighted Populatlon (LWP)* may be derived by multlplylng the number of

peopleexposedto a given levelof trafficnoiseby the fractionalor weighted

impactassociatedwith that levelas follows:

LWPi= W{Ldni)X Pi (C-3)

where LWPi is the magnitude of the impact on the population exposed at

Ldni, W(Ldni) is the fractionalweightingassociatedwith a noise exposure

of Ldni, and Pi is the numberof peopleexposedto Ldni.

Becausethe extentof noise impactis characterizedby a distributionof

people all exposedto differentlevels of noise,the magnitudeof the total

impactmay be computedby determiningthe partial impactat each level and

summingover eachof the levels. This may be expressedas:

LWP = _LWP i =_ W(Ldni)X Pi (C-4)i i

The averageseverityof impactover the entirepopulationmay be derived

from the Noise ImpactIndex (NIl)as follows:
LWP

NIl = Ptotal'" (C-5)

In this case,NIl representsthe normalizedpercentageof the totalpopulatlon

who describe themselvesas highly annoyed. Anotherconcept,the Relative

Change in Impact{RCI}is usefulfor comparingthe relativedifferencebetween

two alternatives. This concepttakes the formexpressedas a percentchange

in impact:

LWPI- LWPj (C-6)

RCI = LWPi

where LWPi and L_Pjare the calculatedimpactsundertwo differentconditions.

•Terms such'as_f'Ca"[e-nt-Population(Peq),and EquivalentNoiseImpact(ENI),hay,'
often been used InterchangeablywithLWP. The otherindicesareconceptuallyiden" -'.
to the LWP notation.
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An exampleof the fractional tmpact calculation procedure is presented

in TableC-2,

Similarly, using relevant criteria, the fractional impact procedure

maybe employedto calculate relative changesin hearing damagerisk, sleep

disruption, andspeechinterference.

)

_j
_F
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TABLEC-2

EXAMPLEOF FRACTIONALIMPACTCALCULATION
FOR GENERALADVERSERESPONSE

(1) _2) ... (3) (4) _(5) (6) (7) ___

Exposure Exposure LWPI LWPi

Range Median Pi W(Ldn) W(Ldn) (Curvillnear) (Linear)

(Ldn) (Ldn) (Curvilinear) (Linearapprox.) (Column(3)x(4)) (Column(3)x (5)

55-60 57.5 1,200,000 0.173 0.125 207,600 150,000
60"65 62.5 _0,000 0.314 0.375 282,600 337,500
65-70 67.5 200,000 0.528 0.625 105,600 125,000
70-75 72.5 50,000 0.822 0.875 41,000 43,750

75.0 .s 1.202 112s
D

LWP {Curvillnear)= 640,920
LWP -=(Linear)667,500
NIl (Curvillnear)= 640,920÷ 2,360,000= 0.27
NIl (Linear)= 667_500_ 2,360,000= 0,28



APPENDIX D

NATIONALROADWAYTRAFFICNOISEEXPOSUREMOnEL

This appendix contains a detailed discussion of the Natlonal Roadway

Traffic Noise Exposure Model. The discussion encompassesthe data, the

calculations,and the assumptionsthatunderliethe model. Focus is on those

details relevantto considerationsof noise emission standardsfor buses.

This detailed discussionshows the interrelationof the data groups

presented,inTable6-2. This interrelationcentersaroundpeople,and how all

personsare distributedthroughoutthe UnitedStates. Briefly,eachpersonis

assignedto one of the 33 pop/density"cel]s"of Table6-2. These ceilsare

definedby (I) the total populationin the city/townareawhere that person

lives,and (El the populationdensity in his neighborhoodwithin his city/

town/area. Then eachperson is matchedto al_lthe roadwayswithin his own

pop/densitycell, and his total noise from these roadways is predicted.

The discussionthat fo]lowsis basedon Figures6-10 through6-13which

can be found in the maln text. The logicflow proceedsfrom vehicles,to

i roadways,to propagation,to the noise levelexperiencedat each residential
y

locationin the UnitedStates. The analysiscontinueswiththe sortingof a]l
L

person/noise pairs,and the conversion fromnoise levels to impactestimates.

These impactestimatesare then sun_nedintototal,nationwideimpact.

Full details and references to thls discussion are included in the

single volume documentationreport of the National Roadway Traffic Noise

i_ Exposure Model (Reference42).*

C_

;i *Referencesare listedat the end of Section6.
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Detailsof Vehicles(Figures6-10 and 6-11,Key I_ ).

The mode] contains14 vehicletypes,listedin Tab]e 6-2. For eachof

these vehicletypes,the model uses For computationa set of noise emission

]eve]s IELs) that reflect operating modes, speed, and selected years.

Noise emissionlevelsmay also be enteredfor the regulatedvehicleof inter-

est (orother vehicletypes,if appropriate).

A vehlc]e's emission level is a measure of its total noise output.

Technical]y,it is the noiselevelmeasuredat a positionperpendicularto the

sideof the vehicleand at a distanceof 50 feet.

The vehicleemission]eve]is a functionof vehicletype,operatingmode,

and vehic]e speed.

Emissionlevels-!(_i2e_e, o!eratT:gmode, (D-I)

_'_5 Chase year ÷ 4 user-chosen years

Equation D-1 shows the functional relationship between emission levels

and the parameters upon which emissions depend. In other words, the noise

emissions vary for each of the 14 vehicle types; for each vehicle type, noise

varies for each of the 4 operating modes; and for each mode, notse varies for

each of the 5 grouped speeds. Since the Idle modehas on]y one speed (zero),

this functionalrelationshipyields16 emissionlevelsfor each vehicletype,

for a totalof 224 emissionlevels.

These 224 emfsslonlevelsare used to describethe averageemissionsof

each typeof vehlcleoperatingon roadwaysin specifiedyears.
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The completesetof emissionlevelsused withinthis regulatoryanalysis

appearin Table D-1 (Reference54). Eachof the noiseemissionvaluesin this

table representsan energy-averagelevel. The energy average representsa

time average of the tlme-varyingemissionsfor vehicles acceleratingand

decelerating. In addition,eachenergyaverageemissionlevelis derivedfrom

a level-averageemissionleveland a standarddeviation,(_,of the levelabout

that average. It is assumedthatthe scatterof levelsamongall the vehicles

of each vehicletype is Gaussian,and thus the energy-averageemissionlevel

is computedas (Reference49):

Energy-average EL = Level-averageEL + 0.115 0"2 (O-2)

Again, as indicatedinequation0-i, sixteenemissionlevelsare definedfor

each vehiclefor eachof four selectedyears.

The future-yearemissionlevelsfor buses as a functionof regulatory

option, speed,and modeappear in TablesD-2 to D-4. In theseTables,base-

line accelerationdata are taken from References2 and 16, and are adjusted

using equation D-2. Conversionsto differentmodes and speed rangesare

accomplishedfollowlngthe procedurespresentedin Reference54.

In each year of interest,the modeladds new vehiclesalesto the vehi-

cles alreadyon the road, and depletesthe generalpopulationof vehiclesby

those that retire from service. Only the new vehiclesaddedeach year are

built to the reducedemissionstandard. For example,new busesadded for the

years 1975 through 1980will have current-valuenoise emissions,while those

introducedduring 1981to 1987 will havereducednoise emissionsas shownin

Tables D-2 to 0-4. In other words, all new vehicle sales conformto the

regulatedlimitin effectduringthe year of sale.
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TABLEB-1

BASELINE VEHICLENOIS£ EMISSIONDATA*
(Source_ Reference54)

Type I: Car/B-CyIInder/Automat|c Type 2: Car/5-Cyilnder/Automatlc

I

AcceleratlonMode AceeIeratlonMode
i

'....--......................... ..... .......... ..... .e I ..... ...... ........ ..... ...... ..--....... ....... .....I

' years> ' 1974 ' + ' ' Years> 1974
I .....-............ ..... .-. ....... ...... ..... .......a I....._. ....... ..... ....... ......_............... ....

' 0-20 MPB ' 59.60 ' f P ! ' 0-20 MPH ' 60.80

0-30 ' 61.50 ' ' : 0-30 62.50 ,'' 0-40 ' 63.10 ' 0-40 63,90 '
0-50 ' 64,90 ' 0-50 65,50 '

' 0-60 ' 67 i0 ' ' ' ' '
' 0-60 ' 66.80 ' ' ' ' ,................_...................................,
i i

' DecelerationMode OeeelerationMode

' Years_ ' 1974 ' _ Years> 1974

m ' 20-0 MPH ' 50.50 ' ' 20-0 MPH' 50.50 '
=" 30-0 ' 56.10 ' ' ' ' 30-0 ' 56.10 ' ' '

' 40-0 ' 60.10 ' ' ' ' 40-0 ' 60.10 ' ' '
' 50-0 ' 63.20 ' ' ' 50-0 ' 53.20 ' '

i J' 60-0 ' 65.80 ' ' ' ' 60-0 ' 65.80 ' ' ' '

I

Cruise Mode ' Cruise Mode '
i ti I

<E5 MPH _ B9.80 ' <25 MPH ' 59.80 '
' 25-34 ' 62.40 ' ' 25-34 ' 62.40 ' '
' 35-44 ' 66,40 ' ' 35-44 ' 66.40 ' '
o 45-54 ' 69,50 ' ' ' ' ' 45-54 ' 69.50 ' ' ' ' '
' >55 ' 72.00 ' ' ' ' ' ' >550 ' 72.00 ' ' ' ' '

i I

' Idle Mode IdleMode
j I

f.............. ...... ..........-..........-..-. ..... u *... ...... . ...... ......_..........-.............. ....

' Years> ' 1974 ' ' Years> 1974 '

' ' 46,00 ' ' 46.00 ' ,

*Levels at 50 feet from vehicle



TABLE0-1 (cont.)

Type 3: Car/6-Cyllnder/Manual Type 4: Car and Lfght Truck/4-Cylinder/AutomaLlu

Acceleration Mode Acceleratfon Mode

J years> _ 1974 , , Years) , 1974

' 0-20 MPM ' 60.30 ' ' ' 0-20 MPH ' 62.90 '
0-30 ' 52.50 ' 0-30 ' 64.30 ' ' '

B
0-40 ' 64.00 ' ' 0-40 ' 65.40 ' ' '

' 0-50 ' 65,60 ' ' ' ' ' 0-50 ' 66.60 ' ' ' '
' 0-60 ' 67.20 ' ' ' ' ' ' 0-60 ' 68,00 ' ' ' '

I

DecelerationMade ' DeceleratloeMode
o J u

6 fears> ' 1974 ' ' Years> ' I974 ' '

' 20-0 MPH ' 50.50 ' 20-0 MPH ' 50,50 ' '
_" 30-0 ' 56,10 ' ' ' 30-0 ' 56,10 ' ' ' '

' 40-0 ' 60.10 ' ' ' 40-0 60.10 '
' 50-0 o 63.20 ' ' _ ' 50-0 ' 63,20 ' ' ' ' '
' 60-0 ' 65.80 ' ' ' ' ' ' 60-0 ' 65,80 ' ' _ '

l I I

' Cruise Node ' Cruise Mode
0 o
J 0

<25 MPH ' 59,80 ' <25 MPH ' 59,80 ' '
25-34 ' 62,40 ' ' ' ' 25-34 ' 62.40 ' ' '
35-44 ' 66.40 ' ' ' ' 35-44 ' 66,40 ' '
45-54 ' 69.50 ' ' ' ' 45-54 ' 69.50 ' ' '
>55 ' 72.00 ' ' >550 ' 72,00 ' ' ' ' '

p

Idle Mode Idle Mode '
ei e

' fears> ' 1974 ' ' ' Years> ' 1974 ' '

' ' 45.00 ' ' ' 46.00 ' ' '



TAflLED-I (cont.)

Type5: Car and Ltght Truck/4-Cy]tnder/Monua] T.vpe6: Light Truck/6-Cy|lnder

' Acceleratfon Mode ' ' Acceleration Mode

a._...... ..... ....._........... .................... .I ,_...............--....... ..... . ........ .............. I

' Years> , 1974 , Years) 1974 ,
e i i i

' 0-20MPH ' 62.60' ' 0-20MPH ' 63.30 ' '
' 0-30 ' 64.60 ' ' ' 0-30 55.10 '

e I i' 0-40 ' 55,90' ' 0-40 56.50 '
ia 0-50 ' 51.30 ' ' ' 0-50 68.20 '

i i ' 0-60 ' 69 90 ' ' ' ' '
' 0-50 ' 68.70' ,.....................................................,

' Deceleration Mode ' Oeceleratton Mode '
e I i

i i M

' years> , 1974 ' , , , Years) , 1974 ' ,

' 20-OMPH ' 51.70 ' ' 20-0MPH ' 53.40 ' '
' 30-0 ' 57,30 ' ' ' ' ' 30-0 ' 59,00 ' ' ' '?

m ' 40-0 ' 51,30' ' ' ' ' 40-0 ' 63.00 ' ' '
' 50-0 ' 64.40' ' ' ' ' ' 50-0 ' 66.10 ' ' '
i 60-0 i 67.00 ' ' ' ' ' ' 60-0 ' 68.70 ' ' ' ' '

I

' Cruise Mode ' ' Cruise Mode
ii I

' Years> ' 29?4 ' ' ' Years> ' 1974
e

' <25MPH ' 51.00' ' ' <25MPH ' 62.70 ' '
' 25-34 ' 63.60 ' ' ' ' ' ' 25-34 ' 65.30 ' ' '
' 35-44 ' 67.60 ' ' ' 35-44 ' 69.30 ' ' ' '

I' 45-54 ' ?0.70 ' ' ' ' 45-54 ' /2.40 ' ' '
' >55 ' 73.20' ' ' >550 ' 74.90 ' ' ' '

' IdleMode ' IdleMode
i r o

'......................................... ....... ...a I

' Years) , 1974 , Years) , 1974 '

' '45,00' ' ' 46.00 ' ' '



TABLED-1 (cont.)

Type 7: Car and Light Truck/Bless! Type 8: Nedtum Trucks

Acceleration Node _ Acceleration Node '
w

' Years> ' 1974 * ' ' Years> ' 1974 2978 ' 1982 '
i i i

' O-20HPH J 65.30 ' ' 0-20 NPH * 75.10 ' 75.10 ' 74.B0 '
' 0,30 ' 66.70 ' ' * ' 0-30 ' 75.60 ' 75.60 * 75.30 ' *

p J I' 0-40 _ 6?.50 ' 0-40 ' 76.20 ' 76,20 ' ?5.90 * '
i' 0-50 ' 68.40 ' * 0-50 ' 76.00 ' 76.80 ' 76.50 '

' 0-60 ' 69.40 ' * ' 0-60 ' 77.70 ' 77.70 ' 77.50 ' ' '
'--..................--.--.............................' t................. ....... .............................'
J i

Deceleration Node geceleratfon Mode
a i i

' Years> ' 1974 Years> ' _974 ' 1978 ' 19B2

' 20-0 MPH ' 52.30 ' ' 20-ONPH ' 65.80 ' 65.80 ' B5.BO '
' 30-0 * 57.90 ' ' 30-0 lO.OO ' ?O.OO ' 69.80 ' ' '

i i i' 40-0 ' 61.90 ' ' _ ' ' 40-0 73.00 * 73.00 ' 72,?0 '
50-0 ' BB.0O ' ' ' _ ' 50-0 75.10 ' 75.10 ' 74.90 '

' 60-0 ' 67.60 ' * ' ' ' ' 60-0 ' 76.80 ' ?6.80 ' 76.70 ' ' '

I

' Cruise Mode ' Cruise Node '
= Ji t

Years> ' 1974 * Years> 1974 1978 1982 '

<25 NPH _ 61,60 ' <25 NPH ' 77.20 ' ??.ZO ' ?6,90 '
25-34 ' 64.20 _ t . . ' ' Z5-34 77.B0 ' 77.20 ' 76.90 '
35-44 _ 68.20 ' ' ' ' ' 35-44 78,.10 ' 78.10 ' 77.90 ' ' '

r i
45.54 , 7[.30 _ , , 45.54 , 80.t 0 , 80,20 , 80.00 ,

>55 ' 73.80 ' ' ' ' >55 ' BI.70 ' BI.70 ' 81.6Q '

I

Idle Node Idle Node '
i i B

' Years> ' 1974 ' J ' Years> * 1974 ' 1978 1982 ' '

' 46.00 ' ' 54.00 ' 54,00 ' 54.00 _ '



TABLEB-1 (cent,)

Type 9: Heavy Trucks Type 10: Interctty Buses

I

' Acceleration Mode Acceleration Mode
i i

* Years> * 1974 ' 1978 + 1982 ' ' Years> 1974 ' '

0-20 MPH ' 02.70 ' 78,90 ' 75.B0 ' _ ' 0-20 MPH * 81.60 '
0-30 ' 82.80 ' 79.10 ' 76.30 ' 0-30 ' 82.00 '
0-40 ' 83.00 ' 79.60 ' 77,10 ' ' 0-40 ' 82.30 '
.0-50 ' 83.40 ' 80.40 ' 78.40 ' ' ' 0-50 ' 82,60 ' ' '

0-60 ' 84,00 ' 81.50 ' 80,10 ' ' , ' 0-60 ' 82.80 '

Deceleration Mode Oeceluration Made
i i i

Years> ' 1914 ' 1978 ' 1982 ' ' Years> ' 1974 '
................................... ..... ...... ..... t ,.............................................._........,

20-0 MPH ' 73,90 ' 70.20 ' 67,50 ' ' ' 20-0MPH ' 68.10

7 30-0 ' 77,30 ' 13.90 ' 71.40 ' 30-O ' /1.40
m 40-0 ' 79,60 ' 76,50 ' 74.40 _ ' 40-0 _ 73.80 '

50-0 ' 81.40 ' 78,60 ' /l.O0 ' ' ' 50-0 ' 75.60 ' ' '
60-0 ' 82.70 ' 80.40 ' 79.10 ' ' ' ' 60-0 ' 17.10 ' ' ' '

I

CruiseMode Cruise Mode
i i

Years> ' 1974 ' 1978 ' 1882 _ ' Years> ' 1974

' <25 MPH ' 83.60 ' 79.80 ' /7.00 ' <25 MPPt' 76.00 '
' 25-34 ' 83.40 ' a0.00 ' 77.70 ' ' 85M34 16.00 '

i' 35-44 ' 84,20 ' 81.50 ' 79.90 ' 35-44 ' 78.40 ' ' ' '
' 45-54 ' 65.70 ' 83,70 ' 82.60 ' 4S-54 ' 60,20 ' ' ' '

>55 ' 86.80 ' 85.60 ' 85.00 ' ' ' >55 81.70

I

Idle Mode Idle Mode
i i i

' Years ' 1974 ' 1978 ' 1982 ' Years> 1974

' ' 63,00 ' 60,00 ' 57.00 ' ' 62.00 '



TABLE0-1 (cent,)

Type 1]: Transtt Buses T_vpe12: Scheel Buses
... .......... ......... ....... ...... ..... . .............

Acceleration Mode Acceleratien Mode '

' Years> ' 1974 ' ' Years> 1974 '

' 0-20 MPH ' 81.00 ' ' 0-20 MPH ' 77,60 '
' 0-30 ' 81,00 ' 0-30 76.10 ' ' '

I' 0-40 ' 81.10 ' ' 0-40 ' 76,40 ' '
i i' 0-50 ' al._O ' ' ' o-so 78.90 ' '

' 0-60 ' 81.50 ' ' ' ' ' 0-60 ' 79.40 ' '

' Oeceleration Mode Deceleration Mode '
Ii

' Years> ' 1974 ' ' Years> ' 1974

' 20-0 MPH ' 63.70 ' ' 20-0 MPH ' 63.70
30-0 ' 67.80 ' 30-0 ' 67.80 '
40-0 ' 70.60 ' ' ' 40-0 ' 70,60 ' '

I' 50-0 ' 72.90 ' ' ' 50-0 ' 72.90 ' '
60-0 ' 74.70 ' ' ' ' ' 60-0 ' 74.70 '

' Cruise Mode ' Cruise Mode
I i

Years> ' 1974 ' Years> 1974 '
I _ I I •

' <25 MPH ' 73.00 ' ' <25 MPH ' 73,00 ' ' '
' 25-34 ' 73.00 ' ' ' 25-34 73.00 '

e' 35-44 ' 75.80 ' ' ' 35-44 75.80 ' ' ' '
' 45-54 t 78,]0 ' ' ' _ ' 45-54 78.10 ' ' '

>55 ' 79.90 ' ' ' ' >55 79,90 ' ' ' '

J i

' Id]e Mode Idle Mode
e i i e

Years> o 1974 t , Years) , 1074 , ,

' 58.00 ' ' 58,00 '



TABLE0-1 (cont.)

Type 13: Unmodified Motorcyc]es Type 14: Modified Motorcycles

Acceleration Mode Acceleration Mode '

Years> ' 1974 ' 1981 ' 1983 ' 1986 ' ' Years> 1974

0-20 MPH ' 73,30 ' 71.50 ' 88.50 ' 66.80 ' 0-20 MPH ' 87.60 '
0-30 ' 74,90 ' 73.10 ' 70.10 ' 68,10 ' 0-30 09.10 '
0_40 ' 75.40 ' 73,60 ' 70,60 ' 68.60 ' 0-40 ' 89,60 '
0-50 ' 75.70 ' 73.90 ' 70,90 ' 68.90 ' 0-50 ' 89,90 ' *

00_60 ' 75.90 ' 74,10 ' 71.i0 ' 69.10 ' ' 0-60 ' 90,10 '

DecelerationMode ' DecelerationMode
i

Years> ' 1974 ' 1981 _ 1983 ' 1986 ' Years> ' 1974

20-0 HPH ' 61.50 ' 59.70 ' 56,70 ' 54,70 ' ' 20-0 MPH ' 75,70 '
30-0 ' 65,90 ' 64.10 ' 61.10 ' 59.10 ' 30-0 ' 80.10 ' '
40-0 ' 69.00 ' 67.20 ' 64.20 ' 62.20 ' 40-0 ' 83,20 '
50-0 ' 71,40 ' 69,60 ' 66,60 ' 64.60 ' 50-0 ' 85.60 '

i60-0 ' 73.40 ' 71.60 ' 68.60 ' 66.60 ' ' ' 60-0 ' 87.60 ' ' '

I i

CruiseMode ' CruiseMode
i i

Years> ' 1974 ' 1581 ' 1983 ' 1988 ' Years> ' 1974

<25 HPH ' 66,90 ' 65,10 ' 62,10 ' 60.10 ' <25 MPH ' 81.10 '
25-34 ' 71,30 ' 69,50 ' 66.50 ' 64,50 ' 25-34 ' 85.50 '
35-44 ' 74,40 ' 72.60 ' 69,60 ' 67.60 ' 35-44 ' 88.60 '
45-54 ' 76,90 ' 75.10 ' 72.10 ' 70.10 ' ' ' 45-54 ' 91.10 ' ' _ '
>55 ' 78,90 ' 77.10 ' 74.10 ' 72.10 ' ' ' >55 ' 93.10 ' ' ' ' '

Idle Mode _ ' Idle Mode '
a i

' Years> ' 1974 ' 1981 ' 1903 ' 1986 ' ' Years> ' 1974

' 58.90 ' 58.20 ' 55.20 ' 53,20 ' ' 72.00 ' '



TABLE D-2

NOISE LEVELS FOR TRANSIT BUSES UNDER
REGULATORY ALTERNATIVES

ACCELERATIONMODE

REGULATORY
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

(A-Weighted)

Speed Range
0-20MPH 81.00 81.00 78.20 75.20 73.20 63.20
0-30 81.00 81.00 78.20 75.30 73.30 63.30
0-40 81.10 81,10 78.40 75.60 73.B0 63.80
0-50 81.20 81.20 78.70 76.20 74.70 64.70
0-60 81.50 81.50 79.20 77,10 75.90 65.90

DECELERATIONMODE

REGULATORY
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

(A-Welghted)

SpeedRange
20-0MPH 63.70 63.70 61.30 58.90 57.60 47.60
30-0 67.80 67.80 65.60 63,80 62.80 52.80
40-0 70.60 70.60 68.90 67.50 66.80 56.80
50-0 72.90 72.90 71.50 70.50 70.10 60.I0
60-0 74.70 74.70 73.70 73.10 72.90 62.90

CRUISEMODE

REGULATORY
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

(A-Weighted)

SpeedRange
<25 MPH 73.00 73.00 70.40 67.80 63.40 53.40
25-34 73.00 73.00 71.10 69.60 68.90 58.90
35-44 75.80 75.80 74.50 73.60 73.10 63.10
45-54 78.10 78.10 77.30 76,80 76.60 66.60
>55 79.90 79.90 79.60 79.50 79.50 69.50

IDLEMODE

REGULATORY
LEVELS BASELINE B3 dB 80 dB 77 dB 75 dB 65 dB

(A-Weighted)

58.00 58.00 55.00 53.00 53.00 43.00
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TABLED-3

NOISE LEVELSFOR INTERCITYBUSESUNDER
REGULATORYALTERNATIVES

ACCELERATIONMODE

REGULATORY
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

(A-Weighted)

SpeedRange
0-20MPH 81.60 77.80 74.80 71,80 69.80 59.80
0-30 82,00 78.30 75.30 72.40 70.50 60.60
0-40 62.30 78.60 75.80 73.20 71.60 61.60
0-50 82,60 79.00 76.50 74.30 73.00 63,00
0-60 82.80 79.60 77.40 75.60 74.70 64.70

DECELERATIONMODE

REGULATOR Y
LEVELS BASELINE 83 dB _ dB 77 dB 75 dB 65 dB

(A'Welghted,)

SpeedRange
20-0 MPH 68.10 64.50 61.80 59.30 5/.90 47.90

30-0 71,40 68.10 65.70 63.80 62.80 52.80
40-0 73,80 70.80 68.90 67.40 66.80 56.80
50-0 75.50 73.00 71.50 70.50 70.10 60.10
60-0 ., 77.10 75.00 73.90 73.20 7.2.90 62.90

CRUISEMODE

REBULATORY '"
LEVELS BASELINE 83 dB _ dB 77 dB 75 dB 65 dB

(A-Weighted) .....

SpeedRange
425 MPM 76.00 72.40 69.60 67.10 65.60 55.60
25-34 76.00 ?3.00 71.00 69.60 68.90 58.90
35-44 78.40 75.90 74.50 73.50 73.10 62.10
45-54 80.20 78.30 77.40 76.80 76.60 66.60

,. >55 81.70 80.50 80.00 79.70 79,.60 69.60

IDLEMODE

REGU'LATORY ....... -"
LEVELS BASELINE 83 dB 80 dB 77 d8 75 dB 65 dB

(A-Wet9hted) ....................

62.00 58.00 56.00 53.00 53.00 43.00
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TABLE 0-4

NOISE LEVELSFOR SCHOOLBUSES UNDER
REGULATORYALTERNATIVES

ACCELERATIONMODE

---'-R-_i_'CCA'_-O-R_--
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

__.._A-We|ghted)

SpeedRange
0-20MPH 77.50 77.50 74.80 71.80 69.80 59.80
0-30 78.10 76.I0 75.30 72.40 70.60 60.60
0-40 78.40 78.40 75.80 73.20 71.60 61.60
0-50 78.g0 76,90 76.50 74.30 73.00 63.00
0-60 79.40 79.40 77.40 75.60 74.70 64.70

DECELERATIONMODE

LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

-- (A-Welghted)

Speed Range
20-0 MPH 63.70 63.70 61.30 58,90 57.60 47.50

30-0 67.80 67.80 65.60 63.80 62,80 52.80
40-0 70.60 70.60 68.90 67,50 66.B0 56.80
50-0 72.90 72.90 71.50 70,50 70.10 60.10
60-0 74.70 74.70 73.70 73.10 72.90 62.90

CRUISEMODE

R_BULATORY
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

__ (A:_elghted)

SpeedRange
<25 MPH 73.00 73.00 70.40 67.80 65.20 55.20
25-34 73,00 73.00 71.10 69.60 68.90 58,g0
35-44 75.80 75.80 74.50 73.50 73.10 63.10
45-54 78.10 78.10 77.30 76.80 76.60 66.60

.. >55 79.90 ._ 7g,90 79.60 79.50 - 7g.50 69.50

IDLEMODE

REGULAY_RY
LEVELS BASELINE 83 dB 80 dB 77 dB 75 dB 65 dB

(A-Weighted}

_.... 58.00 ..... 58.00 55.00 53.00 53.00 43.00
f
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The sales rate and the vehicle depletion rate are discussed further in

the following subsection.

In addition to noise emission levels, the model considers the fraction

of time each vehicle spends in each of the four operating modes. These mode

fractions dependalso upon the roadway type,as shown in equation D-3

Fraction of I _only 1O [ b4=f(vehicle type, perating mode, (D-3)

time in mode _oadwaytype}
!
( _only 2

It should be noted that the mode fraction does not vary for all 14

vehicle types, but is the same for several of them. Similarly, it does not

very for all of the roadway types, but regroups all roadways into two groups

for this purpose.

The functionalrelationshipin equationO-3 yields BO values. These

values are contained in 14 tables, three of which are Included here.as

TableD-5. Specifically,TableO-5 documentsthemode fractionsfor the three

bus vehicletypes. The remainderof the tables are containedin Reference

42. This informationcontainedin all 14 tableswas extrapolatedfrom Refer-

ences52 and 53.

Detailsof Roadway(Fiqures6-1Oand 6.-II_Ke_ _.)

Themodel contains6 roadwaytypes,as listedin Table 6-2. For eachof

these roadway types, the model contains six specific pieces of data:

o Fractionof mileageat eachspeedrange

o Averagedailytraffic

o Trafficmix
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TABLEO-5 (cont.) NodeFraction(Percentof Time) In OperatingMode: IntercityBuses

I _ P I !

' ' OPERATINGMODE ' ' '
I J I I I

Acceleration Oeceleratlon Cruise Id]e Total

Roadway
Type

H=1 M=2 M=3 M=4

1 5.00 5.00 85.00 5.00 100.00

t.-. 2 5.00 5.00 85.00 5.00 100.00
fJn

3 5.00 5.00 85.00 5.00 100.00

4 13.00 17.00 56.00 14.00 I00.00

5 13.00 17.00 56.00 i4.00 100.00

B 13.00 17.00 56.00 14.00 I00.00
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o Lane width

o Numberof lanes

o Clear-zonewidth

In actualfact,eachroadwayhas a largerangeof speedsassociatedwith

it. Althoughvehiclespeedsvary on each roadwayfrommoment to moment,the

programconsidersonly the averagespeedfor any given segmentof roadway. In

other words, within each populationarea the program distributesall the

mileageof a given typeof roadwayintothe fivespeedgroups,basedupon that

mileage'saveragespeed. Resultingis the fractionof roadwaymileage'ineach

of the five speed groupsforeach populationarea.

These fractionsof mi]eagecontainonly those miles that pass through

occupied land areas. Other mileage is excluded before distributioninto

speed groups. This mileage exclusionwas computed using Figure A.2.2 of

Reference42.

Next, the program multiplies these mi]eage fractions by the total

mileages, to obtain the numberof miles of that roadway type in the given

speedgroup on a nationalbasis.

15 r_oad6
Numberof miles in I !
a givenspeed group= f(speedgroup, way type, (D-4)

population, populationdensity) LP4 9

This allocationof roadwaymileageby speedgroup is also a functionof

the two populationgroupsshownin equation9-4. These populatlongroupsare

discussedfurtherbelow.
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In all, this functionalrelationshipyields 216 values for each speed

group,for a total of 1080 values. The completeset of valuesis contained

in a set of 20 tables (Reference42, TableA.3.2),two of whichare included

here in Table D-6,

A partial summaryof these 20 tables appearin Table D-7. There the

total roadway mileage through occupied land is split by population and

roadwaytype. Informationconcerningspeed groupingand groupingby popula-

tlon density is not presented in Table D-7, although included in the 20

tables.

Next, the programcontainsaveragedaily trafficfor each of the roadway

types.

Averagedaily { '_6 l _9
traffic = [ (roadwaytype, placepopulation, (D°S}

| year)
base year + 8 selected years

For the baseline year, this functionalrelationshipyields 54 values

(Reference44). These appearin TableD.B.

Each of these traffic values is then furtherdividedby vehicletype.

The resultlngtrafficmlx appearsin TableD-9 (References2, 51, 55, 56, and

58).

only 8 r P6i I
1974Trafficmix • f(vehlcletype,roadwaytype, (D-6}

J population)
I , bonly 4

These data are sufficient to define vehicle mix for the baseline year

1974, To predictfuture-yeartrafficmixes,however,a breakdownof vehlcles

by their year of productionis carriedout. This breakdownresideswithin

the computerprogram, end appears here as TablesD-IO and D-If (see Figure
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TABLED-6

ROADWAYMILEAGEDATA
AVERAGETRAVELSPEED20 _P}k

ID = I

HIGH POPULATIONDENSITYAREAS

K = I 2 3 4 5 6 All K

I Q 3 16 41 3l 94 191
2 0 1 21 11 11 I/2 342
3 0 1 4 11 12 31 59
4 O 3 17 45 42 119 226
5 O 5 24 58 61 1_9 29F
6 0 5 29 67 69 171 341
7 0 1 6 14 15 33 69
6 O 3. 27 59 63 140 292
9 0 O O 8698 6159 215859 230716

J> 0 28 144 9064 6529 216768 232533

ID " 2

MEDIUMTO HIGHPOPULATIONDENSITYAREAS

K • I 2 3 4 5 8 All K

i 6 78 438 1085 989 2494 5090
2 I 19 59 201 203 491 974
3 1 6 31 84 95 242 459
4 7 69 360 963 885 2514 4799
5 2 23 110 273 283 699 1390
6 1 1B 99 229 233 519 1159
7 1 10 97 210 229 504 1050
8 1 16 154 335 364 804 1675
g O 0 0 0 O 0 O

J> 20 239 1348 3381 3281 8327 16596

. Populationover 2 ml111on (M) K I - InterstateHighways

- 1 Hto 2M K 2 • Freeways and ExpreSswaYS

= 500Kto 1M K 3 - MajorArterials

= 20OKto 50OK K A - Minor Arterials

- lOOK to 200K K 5 - Collectors

- 5OKto lOOK K 6 • Local Roadsand Streets

, 25K to 50K

= 5K to 25K

- Rural
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TABLED-7 Distribution of Road Mileage, Average Dally Traffic (AOT) and Daily
Vehicle Miles Traveled (DVMT) by Place Size (J) and Roadway Type (K)

ROADWAYTYPE

P ' OTHER E'WAY ' MAJOR ' MINOR ' '
' INTERSTATE ' & EXP'WAY ' ARTERIALS ' ARTERIALS COLLECTORS ' LOCAL

............ T"_T_.......... i_'; ....... i_i;;';....... _i': ...... _;_;'; ...... _;_;'T ...... _;_;_"
>2M ' ADT _ 74,866 ' 66,470 ' 18,768 ' 9,315 ' 3,783 ' 1,129

' DVMT ' 149,552,268' 116,256,030' 165,071,248' 131,369,445' 45,626,682 ' 95,114,563
.... ...°.. ......... ..... ...... ......... ........ .°.......*.......=°......°....°.. ..... ... ........... . I

IM ' Miles 1,869 ' 1,527 ' 5,156 ' 10,219 ' I0,30@ ' 64.678 '
tO _ ADT ' 60,225 ' 32,548 ' 17,397 ' 6,898 ' 3,496 ' 656 '
2M ' DVHT ' 112,566,132' 49,700,796 ' 89,698,932 ' 70,490,662' 36,036,758 ' 42,423,768 '

..................... ....... .°* .............. ...... ....... ..... ............ .........................'

500K ' Mfles 1,47/ ' 73R ' 4,034 ' 6,320 ' 7,190 ' 47,466
¢o ' ABT 46,997 ' 34j036 ' 16,359 ' 6,045 ' 3,760 ' 67_ '
IM ' DVMT ' 69,414,569 ' 25,152,604 ' 65,992,206 ' 50,844,400 ' 27,034,400 ' 33,89/,152 '

m 200K ' Miles 1,743 ' 1,076 ' 5.566 ' 8t559 ' 7.89l ' 58,252 '
_- _ to ' ADT ' 40,36/ ' 28.8]2 ' 16,02g ' 8,470 ' 3,512 ' 839 '

500K ' DVMT ' 70,359,681' 31,001,712' 89,Z1/,414 ' 75,579,430' 30,103,364 ' 48,873,428 '
J

100K ' Miles ' 854 ' 803 ' 3,851 ' 5,502 ' 5,714 ' 36,697 '
tO ' ADT ' 32,190 ' 22,984 ' 14,984 ' 7,301 ' 3,287 ' 649 '

200K ' DVMT _ 21,490,260 ' 18,455,I52 ' 57,352,R43 ' 40,170,102 ' 18,781,918 ' 23,816,353 '

50K ' Miles 512 ' 600 ' 3,335 ' 4,445 ' 4,534 ' 29,284 '
¢0 ' APT ' 21,913 ' I9,971 ' 12,376 ' 5,057 ' 2.917 ' 645 '

lOOK ' DVNT ' 11_219,456 ' 11,98Z,600 ' 41,273,960 ' 26,923,365 ' 13,225.678' 18,888,180
'..................................................................... ..... ..........................'

25N ' Miles ' 397 ' 447 ' 4,282 ' 5,317 ' 5,828 ' 33,454 '
to ' ADT ' 23,25l ' I6,875 ' 11,384 ' 5,430 ' 2,484 _ 631 '
50K * DVMT ' 9,230,647 ' 7,543,125 ' 48,746,298 ' 29,197,110 ' 14,476,752 _ 21,209,479 '

' Miles ' 599 ' 1.099 ' 9,65Z ' 12,1Z4 ' 13.130 _ 75,431 '
_0 ' /LOT ' 18,206 ' 13,244 ' 8_92_ ' 4,255 ' 1.946 _ 495 '

25K ' DVHT ' 16,367,144 ' 13,343,016 ' 86,115,144 ' 61,587,620 ' 25,550,980 ' 37,338,345 '

' Miles ' 31 744 ' 85 716 ' 155 547 ' 435 51/ ' 307 911 ' 1.942 733 '
I i i t i I I IRural AOT 13,700 4,523 2,523 899 370 98

' DVMT ' 434,892,800 ' 396,255,068 ' 392,445,081 ' 387,174,613 ' 113,929,290 _ 190,387,834 1

Note: ADT-DVMT/MIIeS Is the derived quality,



TABLED-8

AverageDailyTraffic(ADT)
By RoadwayType (K) and PlaceSize (J)

Baseline Year 1974

K-1 2 3 4 5 6

J=l 74866 66470 18768 9315 3783 1129

2 60228 32548 17397 6898 3496 656

3 46997 34036 16359 8045 3760 672

4 40357 28812 16029 8470 3812 839

5 32190 22984 14984 7301 3287 649

6 21913 19971 12376 6057 2917 645

7 23251 16876 11384 5430 2484 63l

8 18206 13224 8922 4255 1946 495

9 13700 4623 2523 889 370 98
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TABLED-9

PercentageVehic]eMix In TrafficFlowby P]aceSize
and FunctionalRoadwayClassificationBaselineConditions

URBANPLACESSIZES: 0ver2M; IM-RM;500K-IM

VEHICLETYPE ROADWAYTYPE(INDEXK)

LightVehlc]es 87.62 87.62 91,82 90,52 90.51 95.76

MediumTrucks 2.11 2.11 3,05 4.31 3,61 1,16

HeavyTrucks g,17 g.17 4,03 3.11 3.82 0,99

IntercltyBuses 0.03 0.03 0.03 0.00 O.DO O.OO

TransitBuses 0,08 0.08 0.08 0.54 0,54 0.54

SchoolBuses 0,00 O.O0 O.O0 0.02 0.02 0.08

Unmodified
Motorcycles 0,88 0.88 0.8B 1,32 1.32 1.32

Modified
Motorcycles 0.12 0.12 0.12 0.18 0.18 0.18

I00,00 I00.00 I00.00 lO0.O0 lOO.O0 lO0.O0

URBANPLACESSIZES: Over200K-5OOK;lOOK-BOOK;5DK-IOOK

VEHICLETYPE ROADWAYTYPE (INDEXK)

I 2 3 4 5 6

LightVehicles 87,64 87.64 91.84 90.71 90.70 95,98

MediumTrucks 2,11 2.11 3.05 4.31 3.61 1.16

HeavyTrucks 9,17 9.17 4.03 3.11 3.82 0.99

Interctty Buses 0.04 0,04 0,04 0.04 0.04 0.04

Transit Buses 0.04 0.04 0,04 0,30 0.30 0,30

School Buses O,OO O,OO 0.00 0.08 0.08 0.08

Unmodified
Motorcycles 0.88 O,BB 0.88 1,32 1.32 1.32

Modified
_ Motorcycles 0.12 0.12 0.12 O.lB 0.18 0,18

IUU,UU 1UU,UU T'UO.OU 1UO,UU IUU.UU IUU.UO

_! NOTE: Somecolumnsdo not addup to exactly 100 becauseof rounding

K I • "I'nte_s'tateHighways K 4 • MinorArterlale
K 2 Freeways andExpressways K 5 • Collectors
K 3 : MajorArterlals K 6 - LocaZRoadsend Streets

ii;
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TABLED-9 (cont.)

PercentageVehicleMlx in TrafficFlow
by PlaceSize and FunctionalRoadway

URBANPLACESSIZES: 25K-50K;5K-25K

VEHICLETYPE ROADWAYTYPE {INDEXK)

: I 2 3 4 5 6

Light Vehicles 87.67 87,67 91,67 90.34 90.33 95.51

MedtumTrucks 2,11 2,11 3,05 4.31 3,61 1,16

Heavy Trucks 9.17 9.17 4.03 3.11 3.82 0.99

IntercityBuses 0.03 0,03 0,03 0,00 0.00 O,OO

TransitBuses 0.05 0.05 0.05 0.21 0,21 0,21

School Buses O.OO 0.00 O.O0 0.52 0.52 0.52

Unmodified
Motorcycles 0.88 0.88 0.88 1.32 1.32 1.32

Modified
Motorcycles 0.12 0.12 0.12 0.18 0.18 0,18

lOO.O0 I00.00 lOO.OO 100.00 lOO.OU 100.00

RURALAREAS
ROADWAY TYPE (INDEX K)

1 2 3 4 5 6

Light Vehicles 79.67 79.67 85.78 88.27 93.33 96.74

MediumTrucks 2,74 2.74 3.80 4.39 0.56 0.41

Heavy Trucks 16.16 16.16 8.99 5.14 3.91 0.65

Interctty Buses 0.24 0.24 0.24 0,00 O.O0 0.00

TransitBuses 0.00 O,O0 O.O0 0.00 0,00 0.00

School BuSeS 0.19 0.19 0,19 0.70 0,70 0.70

Unmodified
Motorcycles 0.88 0.88 0.88 1.32 1,32 1.32

Modifted
Motorcycles 0.12 0.12 0,12 0.18 0,18 0.18

loo.oo T00T0_ _ 1_o.oo TCOT0_ TCOT_

NOTE: Somecolumnsdo not add up to exactly lO0 because of rounding
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TABLED-]B

Baseline Year (1974) Vehtcle Population
by Model Year and Vehtcle Category

Model Light Intercity Transit School
Year Vehtcles Trucks Buses Buses Buses Motorcycles

1974 13,959,524 447,5/6 1,479 12,571 58,226 518,315

1973 14,599,524 457,770 2,246 6,706 47,511 579,97]

1972 13,145,920 387,705 1,886 4,819 38,378 522,226

1971 11,107,210 281,879 1,084 3,319 28,263 443,740

1970 11,003,084 274,759 13,905" 42,057* 184,460* 437,103

1969 11,161,141 291,911 443,380

1968 10,274,987 229,451 408,177

1967 8,581,706 211,166 340,911

1966 8,461,220 211,814 " 336,125

1965 7,397,576 185,276 293,871

1964 5,151,096 152,266 204,629
I.

1963 3.558,626 121,684 145,340

1962 2,348,827 97,573" - 93,308

!::; 1961 1,167.288 69,094 - 46,317

1960 883,563 70,227 - 35,063

1959 506,559 59,871 - " 20,129

i_ 1958 2,100,082" 370,391" 83,436*

L!

*Population Includes all vehicles in thts model year and older.
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TABLED-11

Distributionof VehiclePopulationby VehicleType
for Model Years 1974and Earlier

Vehicle* Fractionof VehlcleCategoryPopulatlon

Type I 0,4673
Type2 0.1420
Type3 0.0167
Type4 0.0168
Type 5 0.1603
Type6 0.1514
Type 7 0.0005

Total

Type8 0.6146
Type 9 0.3854

Total l.ObO0

TypeI0 l.OOOO
Type II 1.0000
Type 12 l.OOO0

Type IB 0.8800
Type14 0.1200

Total

* See Table D-I
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A-4,2 of Reference 42, derived from References 55 and 56). Table 0-10 pro-

vtdes vehicle information in six vehicle groups, while Table 0-11 further

subdivides these groups into the total of 14 as illustrated tn equation

 ,14 i ,,17
1974 vehicle mix = f(vehJcle type, modelyear) (D-7)

The average daf]y traffic is also derived for future years. First *e

account for new vehfc]es so]d each year that increase the average daily

traffic.

[,onl,4Vehicle sales - f(vehiele type, ) (D-B)

This functionalrelationshipi11ustratedby equationD-8 represents

growthfactorsrelativeto salesin 1974(seeFigureA-4.2of Reference42 for

growthfactorsof vehiclesotherthan buses,derivedfromReferences55 and

56).

The projectednumberof bus sales used In this regulatoryhealthand

welfareanalyslsare discussedinSection3.

For futureyears,the.averagedailytrafficis alsodepletedas shownby

equationD-9 by thosevehiclesthat retirefromservice(References55 and

56).

Percentage of _ '_on_y 2 /_'_20
vehicles retiring = f(vehtcle type, vehicle age) (D-g1

Examplesof this depletion rate are contained in Appendix G of Reference 42.

Table D-12 presentsvehlc]epopulationby type for eachyear. This table

takesinto accountvehicle salesanddepletionrates.

In summary,averagedally trafficflow plus vehiclemix startsat the

1974 values(baseline)foreach roadway(equationsD-S,O-6,and D-7). gaily
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traffic flow grows accordingto new-vehiclesales (equationD-B), and is

depleted by the numberof vehiclesretiring (equationD-g). As the traffic

changes in thls manner, all new-vehlclesales consist of nolse-regulated

vehicles-- wheresuch vehicleshave been specified(equationD-I).

For the Single Event Response part of the model, the average daily

traffic flow and vehiclemix is used in the same manneras above. However,

the noise impactfromonlyone vehicletype at a time is computed.

The basic roadway configurationappears in FigureD-l, A roadway Is

shownto the left,with the adjacentland extendingto the right.

Each roadway type consistsof a definite number of travel lanes,of

definite width, then a clear zone of definite width, and then occupied

land.

only 2
I

Lanewidth = f(ro_dwaytype) (D-IO)

Humberof _only

2

travellanes= f(roadwaytype) (D-It)

_6 _n

1 [ ""
Clear-zonewidth= f(roadwaytype, populationsize, (D-12)

population density)

Lane widths are 15 feet for interstateroadways and 12 feet for all

other roadways. The numberof travellanes is two for all localroadwaysand

four for all other roadways. The clear-zonewidths are more complicated

functions,as indicatedin equationD-12. The clear-zonewidthsused in the

model appear in Table D-13. The definitionof the clear-zonedistance Is

based upon the best informationcurrentlyavailable (References44, 46,

5g).
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TABLE D-12

VEHICLE POPULATION BY TYPE

.....
Cylinders' 0 6 6_0 4 4 ' 6&8

I d

Engine ' Gas ' Gas Gas Gas Gas ' Gas Diesel'
I l

Trans- _ Auto- ' Auto- Man- Auto- Man- ' ...... ' ................. - ---
mission ' marl{ ' merle ual matio ual

'VEHoType>' PC PC PC PC&LT PC&LT ' LT TRK' PC&LT 'MEOTRK'HVYTRK' IC BUS' TN BUS'SCHBUS_UMMTCY'MOMTCY'
I I

' UNIT ' MILLIONS ' TENS OF THOUSANDS MILLIONS '
........... ...................................... .. ............................................. .......... ..... ... ...... . ....... ......o I

= Year '

3974 58.68 17,83 2.10 7.76 20.13 10,01 0.06 2.41 ' 1.51 2.05 6.95 ' 35.58' 4,36 0,59 [34.89

1980 65.13 21.41 2,69 11.16 22.74 26,85 0.11 2.87 ' 1.50 1,63 B.98 ' 49.14 ' 4,44 0.61 160.41

1985 57.21 28,03 3.69 23,04 25.74 32.23 0116 3,38 ' 2.12 2.10 12.34 62.58 ' 5.76 0.79 182.91

1990 ' 45.60 35.84 4.78 37.58 29.48 34.84 0.19 -3.78 ' 2.37 2.43 14.16 67,43 7.80 1.05 204.17

1995 ' 42,44 41.92 ' 5.60 47.13 33.21 41.35 0.23 4.18 ' 2.62 2.72 15.37 70.13 9,40 1.15 226,43
J

2000 ' 45,73 46,60 ' 6,22 52.82 33.Z1 41,35 0,23 4,51 2,89 3,01 16.42 72,81 10.53 1.44 250.10

2005 ' 50.45 51.44 ' 6,57 58.31 ' 40.57 45.64 0.25 5,09 3,19 3.31 17.48 75.50 11.30 1.54 275,62

2010 ' 55.59 56.78 ' 7,58 64,37 ' 44.78 50,37 0.28 5.62 3.52 3.50 ' 18.54 78.19 11.61 1.58 303.18



FIGURE D-]

ROAD|_AYTRAFFIC NOISE EXPOSURE OF LAND AREA

_._...._. SOUN D LEVEL AT EDGE OF CLEAR ZONE

SOUND LEVEL ATTENUATION

l - VWlTH DISTANCE

dBRAND/TI - ___.___
. /-
0 f# i f

e'_X,.'"A? / J
,._,_,_ ¢_.o÷-/ , _,.o_ / ,_o

/I/y ," %,_,, ,g

_I /__/__ / _J
DISTANCEFROMROADWAY

NOTE: LAND AREA AND POPULATION IS UNIFORMLY DISTRIBUTED ON BOTH SIDES OF ROADWAY.



Clear-zonesconsist of the area betweenthe roadway pavement and the

adjacent, occupied land. These clear-zones include parking lanes, and

sidewalks. In all but the rural populationgroup,clear-zonesalso include

Front yards of residences -- but only along arterials, collectors, and

local roadways. For interstates and freeways, clear-zones include the

right-of-wayadjacentto the roadwaypavement.

Detailsof Propagation(Figures6-10and 6-11_Key (2_

Propagationof bus noise fromthe roadwayintothe adjacentoccupiedland

is influenced,in part,by:

o Distance

o Groundeffects

o Shlelding

For personscloseby a roadway,the roadwayappearsrelativelystraight.

The roadwayalso appears"infinitelylong" to nearby persons. Both these

approximations are made for a11 roadway propagationcalculations in the i

model. Therefore,the only geometricquantityof concern is the perpendl-

cular distancebetweenthe personand the roadway.

The model utilizes a random process to determine the perpendicular

distancesbetweenall roadwaysand a11 persons.In essence,the modeldistri-

butes peoplerandomlyover a well-definedlandarea (lyingwholly outsidethe

clear-zonesfor each roadway), and then the distributionof perpendicular

• distances is calculated. The detalls of this distance calculatlon are

" presentedinthe followingsubsection.

Once the distancebetweenany personand roadwayis determined,then the

noise propagationcan be measured in terms of this distance,the attenuation

characteristicsof the interveningground(theclear-zone},and the shielding

providedby interveningbuildings.
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TABLE D-13

CLEAR ZONE DISTANCES (IN FEET) BY ROADWAY TYPE (K),
POPULATIONDENSITYCATEGORY(ID),AND POPULATIONPLACESIZE (J)*

.... m...........................-.....................-.......

' PopulationPlaceSize, IndexJ

"''_'':'m_;"T....;......i......;......;......;......;......_......;......;.....
mm. .m... m . . mm... . .mm .m.mm.l.ml.m....--..................--.... .... .

i ' ALL i 50. 50, 50. 50, 50. 50, 50. 50. 50,
.mmm .mum m .m. m .m ..._ ................--..--...........--.. --.......m....m..

2 ' ALL ' 30. 30, 3B, 40. 40. 40. 40, 40. 40.

.Tm;mm.7..;..m;;_....;G_....;;2....;_:....;G_....i_:....i;_....i;_....;_2....
' 2 ' 15. 15. 15. 20, 2D. 20. 20, 20. 40.
l 3 ' 20. 20. 20. 30. 30. 30. 30. 30, 40.
' 4 ' 30. 30. 30, 40. 40, 40, 40• 40. 40.

' 2 I 15, 15. IB, 20. 20, 20. 20. 20, 40.
i 3 i 20. 20, 20. 30, 30. 30. 30, 30. 40.
' 4 ' 30. 30. 30. 40, 40. 40. 40. 40. 40.

5 0 ! = 5. 5, 5. 10, 10. I0, 10. 10, 40.
0 2 ' 10. I0, 10. 20, 20. 20, 20. 20. 40,
' 3 ' 15, 15o 15, 30. 30. 30. 30, 30. 40,
' 4 ' 20. 20. 20. 40. 40. 40. 40. 40. 40.

6 ' I ' 5. 5. 5. 10. 10. 10. 10. 10. 40. '
' 2 ' lO. 10, 10. 20. 20. 20. 20, 20. 40. '
' 3 L 15, 15, 15, 30. 30. 30. 30. 30. 40. '
' 4 ' 20. 20. 20. 40, 40. 40. 40. 40. 40. '

._ mm m . ._..m .m..mm..mm .m.. mmm._mmm, m.. ....m -- mm

Index K denotes highway type; Index ID denotes population density category,

*SeeTable 6-2 for roadwaytype, populatlonplace sizeand population
density groups
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To determine ground attenuation the model assumesa noise divergence of

3 dB per distance doubling from the roadway (line sources), and 6 dB per

distancedoubling for individualvehiclesas they pass by, In addition,the

model assumes an excess ground attenuationof 1.5 dB per distancedoubling

over absorptiveclear-zones.

F-_nly 2 _only 2
Ground attenuation= f(roadwaytype, populationgroups) (g-13)

Such excessattenuationis assumedfor:

o Interstateroadwaysplus freeways and expresswaysfor place popula-

tion groupsover 25,000people

o Major and minor arterlals plus collectorsand local roadways,for

placepopulationsover 500,000people

Average shleldingdue to interveningbuildingsis assumed to depend only

the width of the clear-zone,and the populationdensity as lllustratedin

equationD-14.

F '_4
Building shielding = f(clear-zone width, (D-14)

pppulationdensity)

L_.
The building shieldingand groundattenuationfactorsare combinedwith

the 3 dg or 6 dg per distancedoubling. The resultingpropagationcurvesare

providedin Figuresg-2 and 0-3. FigureD-2 appliesto roadwayllne sources

(wherethe source is made up of a streamof vehicles),and is used In the

Genera] Adverse Response part of the model. FigureD-3 is for individual

vehiclepoint sources,and is used in the SingleEvent Responsepart of the

mode]. Attenuation values extracted from these curves are used by the

' computerto calculatethe propagationof the noiseIntooccupiedland,start-

,: lng at the edge of the clear-zone. (See References 42, 57 and 60 for more

_: detailed discussions of the propagation rates used.) 1
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The SingleEvent part of the model accountsfor buildingattenuationso

that indoor noise can be predicted. To estimateindoornoise levelsfrom

outside noise sources,the sound attenuationofferedby buildingwalls and

windows is calculated. Althoughdwellingwalls effectivelyattenuatesound,

windows generallyprovide poorersound insulationfrom exteriornoise.When

windowsare open the differencebetweenindoorand outdoornoisevariesfrom8

to 25 dB; with windowsclosed,the attenuationvariesfrom 19 to 34 dB, and

with double-glazedwindows, noise may be reducedas much as 45 dB. Average

differencesbetweenvaluesfor open windowand closedwindowconditionsare 15

dB and 25 dB respectively(Reference4B).

The analysls assumes an attenuationvalue of 15 dB for the suburban

single-famllydetachedand the suburbanduplexdwellingareas (assumingwindow

open conditions),and e value of 20 dB for otherdwellingsto accountfor the

attenuationof outdoornoise by the exteriorshellof the house (assuminga

mixture of windowsopen and closed). These attenuationvaluesrepresentan

averagebetweensummerand winter,and new constructionand old construction.

Buildingnoise I _9 ( P4
isolation = f(population, populationdensity) (D-IS)

The buildingnoise Insulatlonvaluesused in the computeranalysisare

presentedin TableD-14.

D.etails of Receivers (Figures 6-10 and 6_11, Key Q)

First_ each person in the United States is assigned to one of the 33

pop/denslty"cells"of Table 6.2. These cells aredefined by (1) the total

populationin the citytownarea where that personlives,end (Z) the popula-

tion densityin his neighborhoodwithinhis clty/town/area.Theseassignments

to pop/densltycells residewithin the computerprogram,and appear here in

Table D-15. The land areas of each of these pop/densitycellsalso appearin
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NO E0 FT, CLEAR ZONE NO 50 FT. CLEAR ZONE

<; _i <_ 5_¢ 5 40 FT. CLEAR ZONE __ O 40 FT. CLEAR ZONE__

30 FT. CLEAR Z(3NE _'(J

B lo _ lo-

_ e

i 20- z" 2O

_o _- MEDIUM POPULATION DENSITY
HIGH POPULATION DENSITY _" AREAS

;_ 25 m AR Z_ 25 POPULATION DENSITIES
BETWEEN 6,500 AND 13,000uJ

13,000 PEOPLE PER SQUARE MILE PEOPLE PER SQUARE MILE

DISTANCE FROM EDGE OF PAVEMENT, FEET DISTANCE FROM EDGE OF PAVEMENT, FEET

=,
L)

1( --

80 F
30 FT. CLEAR ZONE

m EO FT, CLEAR ZONE "_
. "0,2o-

Z

25
-- LOW POPULATION DENSITY AREAS

UJ POPULATION DENSITY LESS THAN

3000 PEOPLE PER SQUARE MILE

DISTANCE FROM EDGE OF PAVEMENT. FEET

FIGURE D-2. SOUND LEVEL ATTENUATION CURVES: LINE SOURCE
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TABLE D-15

DISTRIBUTION OF POPULATION AND LAND AREA BY PLACE SIZE
(INDEX a) AND POPULATION DENSITY CATEGORY(INDEX ID)

' 1 ' 2 3 4 5 6 ' 7 8 ' 9

i IN 5OOK 2OOK lOOK i 50K 25K 5K Urban i
' Parat_eter ' >2M ' -2M ' -IN _ -SO0K ' -200K ' -I08K ' -50K ' -25K ' Total ' Rural

J . . . ... I i i • ..i - .I ......... I .... ..I ...... I . ..I.....*.....I ........ ...I

' 1 _ Population ' 5.61 2.10 0.36 1.61 1.16 ' 1.07 0.47 1.85 ' 14.23 64.18" '
Area 134.2 272 53 ' 215 ' 279 329 58 220 ' 1570.2 ' 3,476,938 '

' p* ' 64 711 _ 13 451 ' 9 368 ' 9 368 J 5631 ' 13 091 ' 13.091 ' 16.988 ' - ' 18.0 '

' 2 ' Population ' 22.28 ' 4.08 _ 2.04 ' 10.43 ' 2.93 ' 2.12 ' 2.98 ' 4.97 ' 51.83 _ 0.0 '
i _ Area ' 3576 ' 775 ' 488 ' 4558 ' 1385 ' 1115 ' 8.95 ' 1261 D 13970.0 _ 0.0 '
, 4 o* ' 12 638 ' 9 Og2 ' 6.967 ' 3697.0 ' 3.384 ' 2.863 ' 8.506 ' 10,681 ' - ' '

_1 i r i I I i 6 I i I i ..I..... ...... I

x' 3 ' Population ' 21 89 t 11.I3 ' 8.40 ' 6.75 ' 6.84 ' 4.53 ' 3.51 ' 0.46 ' 71.20 ' O.O '
=_' Area 83_8 ' 5D80 4426 5790 5266 4195 2230 i 4527 i 39872.0 0.0 i
_' ' p* ' 6 107 ' 5014 ' 3,642 ' 2 264 ' 2 011 ' 1612.0 ' 4,698 ' 5,271 _ - ' '

i i i i i t i I I I

' 4 ' Population ' 8.0 ' 5.35 ' 5.30 ' O.O ' 8.0 ' O.O ' 1.92 ' 2.70 ' 15.27 ' 0.0 '
_ Area O.O ' 4089 4584 0.8 i 8.0 8.0 _ 2769 5820 17262.0 ' 0.0 '

_" ' ' o* ' - ' 2,505 ' 2,336 ' - . - ' - ' 2,147 ' 1,673 _ . a. i

• I

i i I I i i I i I 6 $ 6

i Total Population ' 49.46 i 22.66 ' 16.09 18.78 10.93 7.71 8.88 i 17.98 152.52 ' 64.18 i
' Total Area ' 12064.2 ' 10215.0 ' 9561.0 ' 10563.0 ' 6850.0 5639.0 _ 5953.0 ' 11828.0 ' 72674.2 ' 3476938 '

.............................. .......... ......*. ......... .. ......... .........° ........... ............. ..... .......................................

Total population - 216.70 million
Total land area ° 3 549 612,2 square miles
p* - Populatlon/(Area) (Area Factor , Adjusted Population Density in People per Square Mtle



the table. The model distributesthe 1974 U.S. popu]ationof 216.7 million

peopleOver 3.549mil]ionsquaremiles.

In Table D-I5, populationdensitieshave been computedby divldlngthe

populationby occupied land area. This occupiedlandarea excludesbodiesof

water, airports,roadways themselves(includingtheir clear-zones),parking

areas, and open spaces. The conversionfrom total area to occupiedarea is

termedthe "area factor"withinthe model. It is the fractionof total land

area that is occupied. By this distribution,the averagepopulationdensity

is 2,099 people per square mile for urban environmentsand 18 people per

squaremile for ruralenvironments(seeFigureA.?.2of Reference42).

The data in Table D-I5 are based upon 1974 populations. For future

years the populationdensitiesare assumed to increaseas populationgrows.

Population ! _g _9growth Factors = f(p pulation, year) (D-16)

The functionalrelationshipof equationD-16 yields the 81 growth factors,

presentedin Table D-16. Growth factorswere derived from the Bureau of

Census'(SeriesI) assumptionof an Immigrationand fertilityrate basedupon

historicaltrends.

. As discussedabove, each person is assignedto one of 33 population/
T

densitycells. Each cell also containsa definitemileagevalue for eachof

the six roadwaytypes (seeTablesD-6 and D-7). The totalmileagewithineach

cell is used to compute the noise level to which persons in that cell are
'"-L

exposed.
)

: To compute thls noise level, the distancebetween people and roadways

must be estimated. This estimationis done statistically,since the precise

distancedistributionsare not known.
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TABLE D-I6

Population GrowthFactors by Place Size

| { 'AREA TYP_ ,J

I [ l l l l l
t l {. | z 3 _' I s l 1 I 7 { 8 9 ALl.a

J _ ..... l L___-. { .__J __ 1- .....
I I. l l I l I
[ PLACE SIZEo I OVE_, I LO00- 5_¢- 200- 1 loo- I '_0- I 25- I 5-
I TrF,,JSANO$ l 2000 [ 2000 1000 500 I 200 I tOO I 50 I 25 RU/_AL
l ......... .l....... L....................... .L.... I ..... _....... i ..........
I I I
| YEAR I VAR|AILE | PUPIYEAICI/P[JP([IASEL(NEI

.1. ..L. ......... 1.......................................................................

197_ 1.00 1.00 1,al 1,00 l.OC 1,0o 1.0o 1,DO 1.00

c_ 1980 1,0_ l.O? 1,07 1.02 1.02 l,OZ l.OZ 1,e2 1,12

1e,-5 1o1_ 1.14 1._ 1.01 1.0,_ 1,0:, 1.0_ 1,04 1,2Z

1990 l,,_Z 1.22 1.22 1,0t 1.15 1.0_ 1.05 1,05 " 1,31

1995 1,29 l.Z_ 1°_9 1,07 1.07 _.07 1.07 {.o? 1,39

200U L*_b _. J6 1.J6 1,01 1.08 1,09 1,0_ 1,D9 1._a

ZOOS l,_J 1._,, 1.4_ l.lO I.IO 1.10 I.IO 1,10 1._7

2010 1._0 1,51 1.51 1.12 1.12 1,12 1,12 1.12 1,b9

201_ 1.5_ I.S6 1.56 1o13 1,1) 1.1_ 1.1_ 1°11 1,TO



First the cell's occupied land area is dividedby the roadwaymileage

within that ceil to determinethe area allottedto each roadwaymile. This

area is then split in half and placed on each side of a one mile lengthof

roadway,beyondthe clear-zone. The far edgeof this portionof landareais

shown as the cutoffdistancein FigureD-I.

All persons within the cell are then randomly assigneda particular

roadwaymile. Theyare then distributeduniformlyon both sidesof thatone

mile of roadway,betweenthe edge of the clear-zoneand the cutoffdistance.

This assignmentdetermineseach person's"primary"roadway-- in essence,the

roadwayclosestto that person_splaceof residence.

Statistically,this random distributionof all persons,over a well-

defined area, determines each person's dlstance to his primary roadway.

Each person is also affected by noise from other roadwayswithinhis

cell. These are called"secondary"roadways. To computesecondary-roadway

noise exposurethe distance betweenthe receiverand these roadwaysis also

determlnedstatistically.

The assumptionis made that each secondary-roadwaydistanceis greater

than the cutoffdistancecomputedforthe "primary"roadway. In otherwords,

_. it is assumedthat each person is withinthe cutoffdistancefor one and only

_: one roadway,his "primary"roadway. All othersare furtheraway. Thiscutoff
:L

_ distance then provides a minimum distance for the random dJstrlbutlonof
:

'i personsecondary.roadwaycombinations.

The maximumdistance between persons and roadways obviously depends upon

' the shape of the land area that comprises that person's cell. If the cell is

near-clrcularin shape, then the maximumdistancesare not extreme, On the

other hand, if the shape is very longand narrow,then the maximumdistances

could be huge. Thus the approximateshape is assumedto be rectangular,and
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is bisectedby the secondaryroadwayof interest. The lengthof the rectan-

gular area is equal to the tote] lengthof the secondaryroadway in that

ceil. The rectangle'swidth is the cell's area dividedby the rectangle's

length,so that the totalcel]'sarea is Includedin the rectangle.

With this cell shape,then, all personsare distributedrandomlywithin

the rectangle, outside the cutoff distance. Statistically, this random

distribution of all persons, over a well-defined area, determines each

person'sdistanceto each secondaryroadwayand considersthe total mileage

for each roadwaytype withinthe cell.

The rectangle mathematics are then repeated for all other secondary

roadway types, until distancesto all of them are determinedin this random

manner.

Out of this statistlcal process comes a full list of each person's

distancesto all roadwaysIn his cell. His distanceto his closestroadway

is less than the cutoff dlstance,while his distancesto all other roadways

is largerthan thiscutoffdistance.

Consequently,what Is computedis the Joint probabilitydistributionof

the set of all distancesbetweeneach receiverand all roadwayswithinhis

pep/densitycell. For computationalefficiency,the computerdeterminesthe

noise level distributioninsteadof the distancedistribution.And it deter-

mines this in 3-decibelincrements,ratherthan in infinitesimalIncrements.

For the GeneralAdverseResponsepart of the model,the averageoutdoor

day-night noise level, Ldn, is the measure of noise exposure. This is

ca]culatedfor each person athis place of residence. On the other hand,for

the Single Event Response part of the model, severaldifferentnoise level

values are calculated,as presentedin Figure 5-11. These measures are:
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Single-eventequtvalent noise level, Leq(T):

o Indoors,day and night

o Outdoors,day

Soundexposurelevel,LS:

o Indoors,day and night

The single-eventequivalentnoise level, Leq(T), is used to measure

speech communicationinterference. The sound exposure level, LS, is used

to measure sleep interference. To relate these noise levelsto potential

impact for a typical 24 hour day a person's activitiesover that 24 hours

most also be a11ocatedbetweenindoorsand outdoors,and separatelyfor day

and night as illustratedin equationD-17.

F-3 ,21,6Fractionof I
activity times = f(location, time of day, activity) (D-17)

This activity allocation is addressed at Key 3 in Figure 6-11 and it is

detailed in Table D-17. Persons are located away from home, or at home

outdoors,or at home indoors. Then separatelyby day and night,each person

spendshis time at the activitiesshown to the rightof the Table.

Separately,then, by these activitygroups, the averageperson'stime

has been fractionedas in FigureD-4. (SeeAppendixB of Reference42 for a

more detailed discussion.) These activity fractions are a composite of

separate fractions for distinct groups of persons within the U,S.: (1)

employedmen, (2) employed women, (3) housepersons,and (4) other persons

(personsyoungerthan 17, personsolder than 66 and not employed,personsin

institutions,and unemployedpersons).

As Figure D-4 indicates,even during the daytime a small portlon of

the population is sleeping. This potentialdaytime sleep interferenceis

accountedfor in the impactestimates.
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TABLE D-l/

ACTIVITYGROUPSFOR THE SINGLEEVENTRESPONSE

PERSON's TIMEOF
LOCATION BAY ACTIVITYGROUP

Away fromhome Day and Night Working

Travelling

At home, outdoors Day Walking

Outslde-homeleisure
activities

At home, indoors Day SIeeplng

Other indooractivities
such as TV viewing.
enjoyingother media,
other leisureor semi-
]eisureactivities,
home and family type
activities,and eating

Night Sleeping

Other indooractivities
such as TV viewing,
enjoyingothermdia,
other leisureor semi-
leisureactlvlteso
home-and-family-type
activities,and eating

NOTE: Day ts the period between ? am and 10 pm.
Night is the remainder of the _4.hours, 10 pm to 7 am
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AVERAGEDAILY ACTIVITIES OF
THE UNITED STATESPOPULATION
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FIGURED*4. AVERAGEACTIVITY PATTERNFORTHE U.S.POPULATION
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SomeEquationsof Importance

The discussion above focused upon the data that are used in the noise

exposurecalculations. Presented here are some equations (simplifications of

those that appear in Reference 42) of importance in this noise prediction with

somefurther assumptionsconcerning their use within the model.

The General Adverse Response part of the model yields the day-night

_otse level, Ldn, at each person's home=

= _-_.F10Ldn/10] (D-18)Total i0Ldn/lO all roads_ r
r

.chroad10Ldn,10 110Ldo'1_A]IO

= L- 10

allRlanes J_

Each lane zoLdn/lO=('_) [i O](at clear- T_ oLeq/1 d
zoneedge) daytime

hoursd

night
hours n

or nt_ht hour 10

280 vehicle tms
combinations

t_ mts

whereLdn• day-nightnoiselevel,indeclbels

Leq- hourlyequlvaIentnoiselevel,in decibels

A - buildlngattenuation+ distanceattenuation,
fromedgeof clearzoneto receiver,indecibels -
llnesource

Dp = distancefromtravel-lanecenterllneto edge
of pavement,ft

Dc - distancefromtravel-lanecenterllneto edge
of clearzone,ft

t - indexover14 vehicletypos

m - indexover4 operationalmodes

s - indexover5 vehiclespeedranges

(for14x4x5=280vehiclecomblnatlQns)
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N = numberof vehic]esper hour for each
i combination
L

{ S = speedfor eachcombination,milesper hour
!

L° = energy-averageemissionlevel(at 50 ft) foreach combination, in decibels

= groundattenuationconstantfor clear zone
! "_' = 0 for hard groundr(
._ = 0.5 for absorptiveground

The Single EventResponsepart of the model yields two measuresof the

noise at each person'S home. The first of these is the sound exposure

level,Ls:

Sin91e-event

IoLs/IO= F4260__C ]Y I_] LQ/IO-A/tO

10 10 (D-19)

where Ls = soundexposurelevel,in decibels

A i sameas for 0-18 (also linesource)

Dp = sameas for D-18

Dc = same as for O-18

5 = speedfor thisvehicle,milesper hour

• sameas for D-18

The secondmeasureof single-eventnoise is the single-eventequivalent

sound levelLeq(T):

!!' Slngle-event

loL_q(T)/IO= loLS/I0 (0-20)

where Leq(T) = single-eventequivalentsoundleveloverdurationT, in decibels

_ T = durationof event,between10 dB-down
_ points

_ D = totaldistancefrom travel llne to
receiver,..ft
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S = speed for a vehicle,miles per hour

Ls = soundexposurelevel,in decibels

The input data to these equationsare detailed in the sectionsabove.

In addition,the followingassumptionsare inherentin the structureof these

equationsthemselves:

o Each person sees each roadway as indefinitely long and straight.

o The distance between vehicles is the same for acceleration,dec-

elerationand cruiseoperationalmodes.

o A single average speed for each roadway segment is sufficient to

predictthatroadway'snoiselevels.

o 87 percentof the total trafficpassesduringthe daytime(7 am through

10 pm), and the remaining13 percentpassesduringnight -- for the

GeneralAdverseResponseonly.

o Trafficis distributedequallyamongall trafficlanes.

o Roadwaymedianwidths are minimal,comparedto the totalwidth of the

roadway.

o The single-eventnoise is computedwithinthe 10 dB downpoints,during

the passbyof eachvehicle.

o Single events are counted in the analysisonly if the maximum noise

levelduring the vehicle'spassby exceeds the backgroundnoise, To

avoid underestimatingintrusion,this backgroundnoise is assumedto

be very low: 55 dB (A-weighted)outdoors and 45 dB (A-weighted)

indoors. Essentially,these backgroundlevels are very long range

goals in urban areas, and are far below the levelsthat now exist.

However,they do reflectthe desiresof statesand municipalitiesfor

a quieter environment,and they assume that ambientlevelswill, in
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the future,be loweredby coordinatedfederal,stateand localefforts.

To a first approximation, this background noise is that due to noise

sources other than transportation sources -- for example, building

ventilationnoise,both indoorsand outdoors.

Detailsof Noise-levelSortin9 (Figures6-12 and 6-13_Key

As a result of the noise level predictions, all persons in the United

States are paired with their respectivenoise levels. These person/noise

pairs are then sorted by noise level. The sorting is done concurrently

with the prediction procedure.

Detailsof ConversionfromNoise Level to Impact(Figures6-12 and6-13_Key

Exposure to a particularnoise level does not necessarilymean that

person is fully impactedby that noise (althoughmay be partiallyimpacted).

Therefore,the numberof persons exposedat each noise level is multiplied

by certain"impactfractions"or weightings.Thesefractionsare closeto zero

for low noise levels,and then increasewith noiselevel, until they reach

unity.

For particulareffectsof noise on people,the weightingsdiffer. The

fractionsresult from a large number of attitudinalsurveysand laboratory

studiesof the effectsof noise on people.

For the GeneralAdverseResponse portionof the model, the fractional

weightingis derivedfromequation7, which is an approximationto a quadratic

equationthat is the bestfit to a largenumberof attitudinalsurveyresults.

The weightingvalues along with noise level and populationinformationare

used in equation8 by the model to computeLevelWeightedPopulationwithin

each noise levelband.

D-4g
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For the Single Event Responseportion of the model, the most current

estimates of weighting values are presented in equations 11 and 12 (for sleep

interference) and Figures 6-5 and 6-6 (for speech interference). These

weightings are also used in equation 8 along with noise level and population

information.

For speech interference, the noise descriptor is the single-event

equivalent sound level, Leq(T). For sleep interference, it is the sound

exposure level, LS.

D_eta.!Isof Total NationwideImpact(Figures6-12 and 6-131Ke_ _'_

After impact is estimatedfor each noise level separately,then the

total nationwide impact is added over all noise levels.This process is

overviewedin Figures6-12 and 6-13,and is detailedhere.

The GeneralAdverseResponsedependsupon a full year'sworthof noise

at the person'shome. It is assessedfrom the predictionof yearly-average

Ldn at the residencesof all personsIn the U.S.

The SingleEvent Responsedependsupon an averageda__worth of noise,

and the numberof intrusivesingleeventsthat potentiallyoccurduringthe

day or night. It also dependsuponthe activitiesof peopleduringthe day

and night,indoorsand outdoors.(SeeTableD-If).

The estimationswithinthe mode]do not accountfor personswhen they are

away from their homes (firstgroup inTable D-17). Omittedare 20.53percent

of the populationduringthe daytime(7 am through10 pm) whilethesepeople

are travelingor workingaway from home. Similarlyomittedare 3.06percent

of the populationduring the nighttime(See Appendix B of Reference42).
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As shown in Table D-l@ the model estimates speech interference while the

average person is outdoors, or is indoors but not sleeping, It estimates the

two typesof sleep interferencewhilethe averageperson is indoorssleeping.

One activity group in Table D-17 is unique -- the group for people

outdoors walking, For these "pedestrians,"speech interference is not

evaluatedat their residences,but rather is evaluatedat the edge of the

clear-zonefor eachpedestrian'sprimaryroadway. In essence,thisrepresents

speechinterferencewhile that personis walking along streets in his neigh-

borhood. Speech interferenceis alsoestimatedoutdoors during a person's

outsideleisureactivitiesaroundhis home.
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TABLE 0-18

LOCATIONSOF ACTIVITIES

Sleep Interference

Disruption PeopleIndoorsat llome
day/nlght

Awakening PeopleIndoorsat home
day/nlght

SpeechInterference

Indoors Peopleindoorsat home
not sleeping

Outdoors Peopleoutdoorsat home

Pedestrians Walkingoutdoorsat the
edgeof a clearzone
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APPENDIX E

DATA ON INTERIOR NOISE LEVELS

TABLE E-I

InteriorBus A-WeightedNoiseLevelsNearthe Driverby Bus Type
and OperationalMode

Not-to-Exceed Level of 86 dB

InteriorNoiseLevelsNearDriver Level
Decel.and Cruise -----_reet --w'-H'T'_Tw_'t'r'eet"et--'&_

Bus Type Acceleration 30 mph 55 mph Idle * * Hi_hwa}s**

Transit 79 74 78 60 74.4 77.8 75.2

School 80 75 7g 61 72.9 7B.8 74.5
(Gas)

School 80 68 72 58 70.5 72.9 71.0
(Diesel)

Inter- 74 72 74 60 7l.8 73,8 73.7
City

* Basedon percentageof time spent in eachoperationalmode (Table6-5).
** Basedon percentageof timespent in eachroadwaytype (Table6-6).
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TABLE E-2

InteriorBus A-WelghtedNoise LevelsNearthe RearSeat by Bus Type
and Operational Mode

Not-to-Exceed Level 86 dB

_ergy Average
InteriorNoiseLevelsNearRearSeat Level

Decel.and Cruise _-__-&--'-"
Bus Type Acceleratlen30 mph 55 mph Idle * * MlghwaE**

Transit 80 79 88 68 77.6 79.8 78.0

School
(Gas) 80 79 BO 73 76.5 79.8 77.2

School
{Diesel) 80 68 59 58 70.5 70,g 70.6

Inter- 7g 73 75 68 74.1 75.2 75.1
City

* Basedon percentageof time spentin eachoperationalmode (Table6-5).
** Basedon percentageof tlme spentin eachroadwaytype (Table6-6).

i
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TABLEE-3

InteriorBus A-WeightedNoiseLevelsNearthe Driverby
Bus Type andOperationalMode

Not-to-Exceed Level of 83 dB

InteriorNoiseLevelsNear Driver Level
Oecel.and Cruise _ St'_e-'_t---lTFg'h-way-y---_'_"-

BuE T_pe Acceleration30 mph 55 mph Idle * ___* - Hlghwa_**

Transit 77 72 76 58 72.4 75.8 73.2

School
(Gas) 77 72 7B 58 70.0 75.8 71.5

School
(Diesel) 77 65 69 55 67.5 69.g 68.0

Inter- 74 72 74 60 71.8 73.8 73.7
City

* Based onpercentageof tlme spent In eachoperatlona]mode (Table6-B).
** Based onpercentageof timespent In eachroadwaytype (Table6-6).

i
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TABLEE-4

InteriorBus A-WeightedNoise Levelshear the RearSeat by Bus Type
and OperationalMode

hot-to-ExceedLevel 83 dB

[nergyA_erag_-
InteriorNoiseLevelsNear RearSeat Level

DeceI.and Cruise --_et Highway Street&
Bus Type Acceleration 30 mph 55 mph Idle * * Highway**

Transit 77 76 77 62 74.6 76.8 75.0

School
(Gas) 77 76 77 70 73.5 76.8 74.2

School
(Diesel) 77 65 66 B5 67.5 67.9 67.6

Inter- 77 71 73 66 72.1 73.2 73.1
City

• Basedon percentageof timespent Ineach operationalmode (Table6-5).
•* Basedon percentageof time spent ineach roadwaytype (TableB-6).
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TABLEE-5

Interior Bus A-Weighted Noise Levels Near the Driver by Bus Type
and OperationalMode

Not-to-ExceedLevel80 dB

Interior Noise Levels Near Driver Level
gecel, and Cruise Street Hlg_ay StreW6&

Bus T_pe Acceleration 70 mph '_5 mph Idle * * Highway**

Transit 74 69 73 55 69.4 72.8 70.2

School
(Gas) 74 6g 73 55 66.9 72.8 68.5

School
(Diesel) 74 62 66 52 64.5 66.9 65.0

Inter- 74 72 74 60 71.8 73.8 73.7
City

* Basedon percentageof timespent in each operationalmode (Table6-5).
** Basedon percentageof timespent in each roadwaytype {Table6-6).
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TABLEE-6

InteriorBus A-WelghtedNoiseLevelsNear the Rear Seat by Bus Type
and OperationalMode

Not-to-ExceedLevel80 dB

En_e'6"gyAverage
InteriorNoise LevelsNearRear Seat Level

Decel.and Cruise --_'t-reetHighway Street--_---
Bus Type Acceleration 30 mph 55 mph Idle * _.* Highway**

Transit 74 73 74 5g 71.6 73.8 72.0

School
(Gas) 74 73 74 67 70.5 73.8 71.2

School
(Diesel) 74 62 63 B2 64.5 64.9 64.6

Inter- 74 68 70 63 69,1 70.2 70.1
City

* Basedon percentageof time spent in each operationalmode (Table6-5).
** Basedon percentageof time spent in each roadwaytype (TableB-B).
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TABLEE-7

Interior Bus A-Weighted Noise Levels Near the Driver by Bus Type
and Operational Mode

Not-to-Exceed Level 78 dB

........... .....
Interior Noise Levels Near Driver Level

Dace]. and Cruise Street' _'way 5treat &
BUSType Acceleration 3'0mph _5 mph' Idle * .. * .... Highway**

Transit 72 67 71 53 67,4 70.8 68.2

Scho0]
(Gas) 72 67 71 53 64.9 70.8 66.5

6choo]
(Olesel) 72 60 64 50 62.5 64.9 63.0

Inter- 72 70 72 58 69,8 71.8 71.7
City

• Based on percentage of time spent tn each operational mode (Table 8-5).
• * Based on percentage of time spent in each roadway type (Table 6-6).
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TABLEE-B

InteriorBus A-WeightedNoise LevelsNear the RearSeat by Bus Type
and Operational Mode

Not-to-Exceed Level 78 dB

_7_verage
InteriorNoise LevelsNear RearSeat Level

Oecel.and Cruise ---3"t_-_6ay Street&-'-
Bus T_pe Acceleration 30 mph 55 mph Idle * * Hl_hwa_**

Transit 72 71 72 57 69.6 71.8 70.0

School
(gas) 72 71 72 65 68.5 71.B 69.2

School
(Diesel) 72 60 61 SO 62.5 62.9 62.6

Inter- 72 66 68 61 67.1 6B.2 68.1
City

* Basedon percentageof time spent ineach operationalmode (Table6-5).
** Basedon percentageof tlme spent Ineach roadwaytype (Table6-6).
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TABLEE-9

InteriorBus A-WeightedNoiseLevelsNear the Driverby Bus Type
and OperationalMode

Not-to-ExceedLevel68 dB

--_nergyAverage
InteriorNoiseLevelsNearDriver Level

Decel.and Cruise Street Highway Street&
Bus Type Acceleration 30 mph 55 mph Idle * * Highway**

Transit 59 54 5B 40 54.4 57.8 55.2

School
(Gas) 59 54 58 40 51.9 57.8 53.5

School
(Diesel) 59 47 51 37 49.5 51.9 50.0

Inter- 59 57 5g 45 56.8 58.8 58.7
City

* Basedon percentageof time spentin each operationalmode (Table5-5).
** Basedon percentageof time spentin each roadwaytype (Table6-5).
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TABLEE-IO

InteriorBus A-WelghtedNoiseLevelsNear the Rear Seatby BusType
and Operational Mode

Not-to-ExceedLevel65 dB

Energ_-A-qeF_ge
InteriorNoise LevelsNearRear Seat Level

Decel.and Cruise Street--H-l'g-h'wayStreet&
Bus T_pe Acceleration 30 mph 55 mph Idle * * Highway**

Transit 59 58 59 44 56.6 58.8 57.0

School
(Gas) 59 58 59 52 55.5 58.8 56.2

$¢h001
(Diesel) 59 47 48 37 49.5 49.9 49.6

Inter- 59 53 55 48 54.1 55.2 55.1
City

* Based on percentageof timespent in eachoperationalmode (TableE-5).
w, Based on percentageof time spentin eachroadwaytype (TableE-6).
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TABLEF-1. POPULATIONEXPOSEDABOVELdn=ESdB - BASELINE

PEXP NOISERANGE

OB 91. 88. 85. 82. 79. 76. 73. 70. 67. 64. 61. 58. _
RANGE 88.- 85.- 82.- 79.- 7B.- 73.- 70.- 67.- 64.- 61.- 58,- 55.- TOTAL _

YEAR MILLIONSOFPEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11.06 16.02 23.13 30.73 93.12 _i

1985 0.0 0.00 0.00 0.19 0.58 1.49 3.35 6.49 11.16 16.66 24.59 33.00 97.50

1990 0.0 0.00 0.00 0.19 0.58 1.46 3.29 6.48 11.25 17.34 26.22 35.48 102.31

1995 0.0 0.00 0.01 0.22 0.66 1.63 3,58 7.00 12.12 18.78 28.78 38.64 111.43

2000 0.0 0.00 0.03 0.29 0.78 1.93 4.11 7.88 13.48 20.74 31.96 42.09 123.29 _

2010 0.0 0.00 0.08 0.43 1.09 2.63 5.38 9.89 16.37 25.00 38.63 48.60 148.11



TABLE F-2. POPULATIONEXPOSEDABOVELdn=55dB - OptionI

PEXP NOISERANOE

DB 91. 88. 85. 82. 79. 76. 73. 70. 51. 64. 61. 58.
RANGE 88.- 85.- 82.- 79.- 76.- 73.- 70.- 67.- 64.- 61.- 58. - 56.- TOTAL

YEAR MILLIONSOF PEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11.06 16.02 23.13 30.74 93.12

1985 0.0 0.00 0.00 0.19 0.57 1.49 3.35 6.49 11.16 16.65 24.59 33.00 97.50

1990 0.0 0.00 0.00 0.19 0.58 1.46 3.29 6.48 11.25 17.34 26.22 35.47 102.29

1995 O.O 0.00 0.01 0.22 0.66 1.63 3.58 7.00 12.12 18.77 28.78 38.63 111.91

2000 0.0 0.00 0.03 0.29 0.78 1.93 4.11 7,G8 13.48 20.74 31.96 42.08 123.26

2010 0,0 0.00 0.08 0.43 1.08 2.63 5.38 9.89 16.37 25.00 38.62 48.59 148.09
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TABLE F-3. POPULATIONEXPOSEDABOVE Ldn=55dB - Option2

PEXP NOISERANGE

DB 91. 88. 85. 82. 79. 76. 73. 70. 67. 54. 61. 58.
RANGE 88.- 85.- 82.- 79.- 76.- 73.- 70.- 67.- 64.- 61.- 58.- 55.- TOTAL

YEAR MILLIONSOF PEOPLE

1980 0.0 O.OO 0.00 0.19 0.57 1.52 3.39 6.48 11.06 16.01 23.13 30.74 93,12

1985 0.0 O.OO O,O0 0.19 0,57 1,49 3.35 6.49 11.15 16.64 24.56 32.97 97,41

1990 0.0 O.OO 0.00 0.19 0.58 1.46 3.28 6.45 11.20 17.24 26.04 35.29 101.74

1995 0,0 O.OO 0.01 0.22 0.66 1.62 3.57 6,95 12.02 18.59 28.47 38,34 110,44
-rl

i

2000 O.O O.OO 0.03 0.28 0.78 1.92 4.08 7,81 13.36 20.51 31.57 41.79 122.14

2010 0.0 O.O0 O.OB 0.43 1.08 2.63 5.34 9.80 I6.24 24.70 38.22 48,33 146.85



TABLEF-4. POPULATIONEXPOSEDABOVELdn=S5dB - Option 2A

PEXP NOISERANGE

DB 91. 88. 85. 82. 79. 76. 73. 70. 67. 64. 61. 58.
RANGE 88.- 85°- 82.- 79.- 76.- 73.- 70.- 67.- 64.- 61.- 58.-- 55,- TOTAL

YEAR MILLIONSOFPEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.3g 6.48 11.06 16.02 23.13 30.74 93.12

1985 O.O 0.00 O.OO 0.19 0.87 1.49 3.35 6.49 11.15 16.64 24.56 32.97 97.42

1990 0.0 0.00 0.00 0.19 0.58 1.46 3.28 6.45 11.20 17.24 25.04 35,29 101.74

1996 0.0 0.00 0.01 0.22 0.66 1.62 3.57 6.95 12.02 18.59 28.47 38.34 110.44

'_ 2000 O.O 0.00 0.03 0.28 0.78 1.92 4.08 7.81 13.36 20.51 31.57 41.79 122.14

2010 0.0 0.00 0.08 0_43 1.08 2.63 5.34 9.80 16.24 24.70 38.22 48.33 146.85
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TABLEF-5. POPULATIONEXPOSEDABOVELdn=55dB - Option 3

PEXP NOISE RANGE

DB 91. 88. 85. 82. 79. 76. 73. 70. 67. 64. 61. 58.
RANGE 88.- 85.- 82,- 79.- 76.- 73.- 70.- 67.- 64,- 61.- 58.- 55.- TOTAL

YEAR MILLI0NSOF PEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11.06 16.02 23.13 30.74 93.12

1985 0.0 O.O0 0.00 0.19 0.57 1.49 3.35 6.49 11.15 16.64 24.56 32.97 97.41

1990 0.0 0.00 0.00 0.19 0.58 1.46 3.28 6.44 11.17 17.21 25.97 35.22 101.53

-_ 1995 0.0 0.00 0.01 0.22 0.65 1.62 3.56 6.92 11.97 18.51 28.32 38.19 109.98
I

2000 0.0 0.00 0.03 0.28 0.7D 1.92 4.07 7.77 13.30 20,39 31.37 41.63 121.54

2010 0.0 O.O0 0.08 0.43 1.08 2.62 5.32 9.75 16.17 24.54 38.00 48.18 146.18



TABLEF-6, POPULATIONEXPOSEDABOVELdn=55dB - Option 3A

PEXP NOISERANGE

00 91. 88, 85. 82, 79, 76, 73. 70. 67. 64. 61. 58.
RANGE 88,- 85.- 82.- 79.- 76.- 73.- 70.- 67.- 64.- 61.- 58.- 55.- TOTAL

YEAR.... H/LLIONSOF PEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11o06 ]6.02 23.13 30.74 93.12

1985 0.0 0.00 0.00 0.19 0.57 1.49 3.35 6,49 11.15 16.64 24.56 32.97 97,42

1990 0.0 0o00 0,00 0,19 0,58 1,46 3.28 6.44 11.18 17.21 25.97 35.22 101.53

•.n 1995 0.0 0.00 0.01 0.22 0.56 1.62 3.56 6.92 11.97 18.51 28.32 38.19 109.98
&

2000 0.0 0.00 0.03 0.28 0.78 1.92 4.07 7.77 13.30 20.39 31.37 41.63 121.54

2010 0.0 0,00 0.08 0.43 1.08 2.62 5.32 9.75 15.17 24.54 38.00 48,18 146.18



TABLE F-7. POPULATIONEXPOSEDABOVELdn=55dB - Option3B

PEXP NOISERANGE

DB 91. 88. 85. 82. 79. 76. 73. 70. 57. 64. 61. 58.
RANGE 88.-- B5.- 82.- 79,- 76.- 73.- 70.-- 57.-- 64.- 61.- 5B.- 55.-- TOTAL

YEAR MILLIONSOF PEOPLE

1980 0.0 0,00 O.OO 0.19 0.57 1.52 3.39 6.48 11.06 16.02 23.13 30.74 93.12

1985 0.0 0.00 0.00 0.19 0.58 1.49 3.35 6.49 11.16 15.66 24.59 33.00 97.50

1990 0.0 O.OO O.OO 0.19 0.58 1.46 3.28 6.45 11.19 17.24 25.03 35.28 101.71

1995 0.0 0.00 0.01 0.22 0.66 1.62 3.56 6.93 11.95 18.53 28.35 38.23 110.09

2000 0.0 O.OO 0.03 0,28 0,78 1.92 4.07 7.78 13.30 20.40 31.38 41.64 121.57

2010 0,0 0.00 0,08 0.43 1.08 2.62 5.32 9.75 16.17 24.54 38.00 48.18 146.18



TABLEF-8. POPULATIONEXPOSEDABOVELdn=55dB - Option 4

PEXP NOISERANGE

DB 91. 88. 85. 82. 79. 76. 73. 70. 67. 64. 61. 58.
RANGE 88.- 85.- 82.- 79.- 76.- 73.- 70.- 67.- 64.- 61.- 58.- 55.- TOTAL

YEAR HILLIONSOF PEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11.05 16.02 23.13 30.74 93.12

1985 0.0 0.00 0.00 0.19 0.57 1.49 3.35 6.49 11.15 16.64 24.56 32.97 97.41

1990 0.0 O.OO O.O0 0.19 0.58 1.46 3.28 6.44 11.17 17.20 25.95 35.20 101.47

1995 0.0 O.OO 0.01 0.22 0.65 1.62 3.55 6.91 11.95 18.48 28.27 38.14 109.81
-n

¢ 2000 0.0 0.00 0.03 0.28 0.78 1.92 4.06 7.76 13.27 20.34 31.29 41.57 121.31

2010 0.0 0.00 0.08 0,43 1.08 2.62 5.31 9.73 16.15 24.48 37.91 48.13 145.92



TABLE F-9. POPULATIONEXPOSEDABOVE Ldn=B5dB - Option5

PEXP NOISERANGE

DB 91. 88. 85. 82. 79. 76. 73. 70. 67. 64. 61. 58.
RANGE 88.- 85.- B2.-- 79.- 76.- 73.- 70.- 67.- 64.- 61.- 58.- 55. TOTAL

YEAR MILLIONSOF PEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11.06 16.02 23,13 30.74 93.12

1985 0.0 0.00 0.00 0.19 0.57 1.49 3.35 6.49 11.15 16.64 24.56 32,97 97.40

1990 0.0 0.00 0.00 0.19 0.58 1.46 3.28 6,44 11.18 17.21 25.97 35.23 101.54

1995 0.0 0.00 0.01 0.22 0.65 1.62 3.56 6.92 11.97 18.51 28.33 38.21 110.04

2000 0.0 0.00 0.03 0.28 0.78 1.92 4.07 7.77 13.30 20.40 31.38 41.65 121.58

2010 0.0 0.00 0.08 0.43 1.08 2.62 5.32 9.75 16.18 24.55 38.01 48.20 146.22



TABLEF-10. POPULATIONEXPOSEDABOVE Ldn=55dB - OptionQ

PEXP NOISE RANGE

D8 91. 88. 85. 82. 79. 76. 73. 70. 67.' 64. 61. 58.
R_GE 88.-- 85.- 82.- 79.- 76.- 73.- 70.- 67.-- 64.- 61.- 58.- 55.- TOTAL

YEAR MILLIONSOF PEOPLE

1980 0.0 0.00 0.00 0.19 0.57 1.52 3.39 6.48 11.06 16.02 23.13 30.74 93.12

1985 0.0 0.00 0.00 0.19 0.57 1.49 3.33 6.44 11.07 16.51 24.28 32.67 96.54

1990 0.0 0.00 0,00 0.19 0.58 1.45 3.26 6.38 11.07 17.02 25.61 34.84 100.40

1996 0.0 0.00 0.01 0.22 0.65 1.62 3.54 6,86 11.87 18.32 28.00 37.07 108.96
"11
|

c_ 2000 0.0 0.00 0.03 0.28 0.77 1.92 4.05 7.72 13.21 20.22 31.08 41.39 120.67

2010 0.0 0.00 0.08 0.43 1.08 2.52 5.29 9.69 16.08 24.33 37.70 47.99 145.29



TABLEF-11

SLEEPDISRUPTIONIMPACT- TRANSIT BUSES

YEARS REGULATORYOPTIONS, LEVEL WEIGHTEDPOPULATION(LWP in Millions)

• .Basel.tne Option 1 Option 2 Optton 2A Option 3 Option 3A Optton 38 Option 4 Option 5. Option q

1980 39.25 39.25 39.25 39.25 39.25 39.25 39.25 39.25 39.25 39.25

1985 56.72 56.54 54.53 54.65 54.53 54.70 56.72 54.53 54.53 27.4?

1990 68.37 68.15, 55.83 55.61 49.52 49.67 53.64 46.91 49.52 10.50

1995 77_81 77.69 56,08 55.6| 41.95 42.02 44.60 34.93 41.95 1.23

2000 87.00 87.00 59.87 59.06 40.30 40.30 40.98 29.89 40.30 0.03

2010 107.0 107.0 73_,37 72.,36 48.71 48,71 48.71 35.16 48.71 0.02



TABLEF-12

SLEEPDISRUPTIONIRPACT- INTERC]TYBUSES

YEARS REGULATORYOPTIONS,LEVELMEIGHTEDPOPULATION(LHP tn Hfl]tons)

Basellne Optton 1 Optton 2 Optton 2A Option 3 Option 3A Optton 3B Optton 4 Optton 5 Optton q

1980 8.48 8.48 8.48 8.48 8.48 8.48 8.48 8.48 8.48 8.48

1985 11.48 9.14 8.91 10.76 8.91 10.76 11.48 8.91 8.91 5.53

1990 13.92 9.28 7.83 9.33 7.30 8.78 10.21 7.14 7.29 2.04

1995 16.29, 10.03 7.48 8.12 6.24 6.87 7.79 5.85 6.24 0.23

2000 18.78 11.47 8.21 8.28 6.45 6.50 6.73 5.86 6.45 0.01

2010 24.33 14.88 10.63 10,63 8.30 8.30 8.30 7.51 8.30 0.01



TABLEF-13

SLEEPDISRUPTIONIMPACT- SCHOOLBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions)

Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5 Optionq

1980 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

1986 1.18 1.16 1.14 1.13 1.14 1.14 1.18 1.14 1.14 0.61

I990 1.31 1.31 1.03 1.01 0.09 0.89 0.98 0.84 1.02 0.22

1996 1.39 1.39 0.92 0.90 0.62 0.62 0.68 0.50 0.92 0.02

2000 1.48 1.48 0.91 0.89 0.52 0.52 0.51 0.35 0.91 <0.01

2010 1.66 1.66 1.02 1.00 0.57 0.57 0.57 0.37 1.02 <0.01



TABLE F-14
SLEEPDISRUPTIONIMPACT- TRANSITBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCI ___ RCI* (Millions) RCI RCI* (Millions) RCI RCI*

Baseline 56.72 -44,51 O.00 68.37 -74.19 O.O0 107.00 -172,61 0.00

1 56.54 -44.D5 0.32 68.15 -73.63 0.32 107.00 -172.61 0.00

2 54.53 -38.93 3.B6 55.83 -42.24 18.34 73.37 -86.93 31.43

2A 54.65 -39.24 3.65 55.61 -41.68 18.56 72.36 -84.36 32.37

3 54.53 -38.93 3.86 49.52 -26.17 27.57 48.71 -24.10 54.48
I

_" 3A 54.70 -39.36 3.56 49.67 -26.55 27.35 48.71 -24.10 54.48

3B 56.72 -44.51 0.00 53.64 -36.56 21.54 48.71 -24.10 54.48

4 54.53 -38.93 3.86 46,91 -19.52 31.39 35.16 10,42 67.14

5 54.53 -38.93 3.86 49.52 -26.17 27.57 48.71 -24.10 54,48

q 27.47 30.01 51.36 ]0.50 73.24 84,64 0.02 -99.94 99.98

RCI - Benefit in percentreductionof impactin the year-of-interest(withregulation)
relativeto the impactin IgBOwithno regulation.

RCI* = Benefitin percentreductionof impactrelativein the year-of-interest(with
regulation)relativeto the sameyear,withoutregulation.



TABLE F-15
SLEEPDISRUPTIONIMPACT- INTERCITYBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Mlllions) RCI RCI* (Milllons) RCI RCI*. (Milllons) RCI RCI*

Baseline 11.48 -35.36 0.00 13.92 -64.13 O.O0 24.33 -186.88 O.O0

1 9.14 -7.76 20.39 9.27 -9.24 33.44 14.88 -75.45 38.84

2 8.91 -5.03 22.40 7.83 7.63 43.72 10.63 -25.34 56.31

2A 10.76 -26.87 6.27 9.33 -10.01 32.96 10.63 2.16 65.89

m 3 8.91 -5.03 22.40 7.29 14.09 447.65 8.30 2.16 65.89

3A 10.76 -26.87 6.27 8.78 -3.57 36.90 8.30 2.16 65.89-

3B 11.48 -35.36 O.O0 10.21 -20.39 26.65 8.30 2.16 65.89

4 8.91 -5.03 22.40 7.14 15.76 48.68 7.51 11.50 69.15

5 8.91 -5.58 22.40 7.29 14.08 47.65 8.30 2.16 65.89

q 5.53 3.4.78 51.82 2..04 75.95 85.34 0.006 99.93 99.,98

RCI = Benefitinpercentreductionof impactin the year-of-interest
(withregulation)relativeto the impactin 1980with no regulation.

RCI* = Benefitinpercentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear,withoutregulation.



TABLEF-16
SLEEP DISRUPTIONIMPACT- SCHOOLBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Mi111ons) RCI RCI* (Millions) RCI RCI* (M1111ons) RCI RCI*

Baseline 1.18 -30.71 0.00 1.31 -44.40 0.00 1.56 -83.82 0.00

1 1.18 -30.71 0.00 1.31 -44.40 0.00 1.56 -83.82 0.00

2 1.14 -25,52 3.97 1.03 -13.38 21.48 1.02 -13.05 38.50

2A 1.]4 -25.63 3.89 1.01 -12.06 22.40 1.00 -10.25 40.02

3 1.14 -25.52 3.97 0.89 1.85 32.03 0.57 37.61 56,05
_q

I

'- 3A 1.14 -25.63 3.89 0.89 1.79 31.99 0.57 37.51 66,06

3B 1.18 -30.71 0.00 0.98 -8.Og 25.15 0.57 37.51 56,05

4 1.14 -25.52 3.97 0.84 6.86 35.50 0.37 59.56 78.00

5 1.14 -25.52 3.97 1.03 -13.38 21.48 1.02 -13.05 38.50

q 0.61 32.55 48.47 0.22 75.71 83.18 .000004 99.99 gg.g9

RCI = Benefit tn percent reduction of impact in the year-of-interest
(with regulation) relative to the impact in lg80 with no regulation.

RCI*= Benefitin percentreductionof impactin theyear-of-lnterest
(withregulation)relativeto the sameyear,withoutregulation.



TABLEF-17

SLEEPAWAKENINGIMPACTS- TRANSITBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMi]llons)

Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5 Optionq

1980 20.75 20.75 20.75 20.75 20.75 20.75 20.75 20.75 20.75 20.75

1985 30.07 30.01 28.93 28.96 28.93 28.99 30.07 28.93 28.93 14.52

1990 36.29 36.24 29.44 29.30 26.04 26.09 28.24 24.66 26.04 5,55

1995 41.31 41.28 29.37 29.07 21.73 21.76 23.16 18.01 21.73 0.65

2000 46.15 46.15 31.24 30,82 20.65 20.66 21.02 15.16 20.65 O.O1

2010 56.63 56.63 38.27 37.75 24.91 24.91 24.91 17.81 24.91 0.0]



TABLEF-18

SLEEPAWAKENINGIMPACTS- SCHOOLBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions)

Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5 Optionq

1980 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0,47

1985 0.61 0.61 0.58 0,58 0.58 0.58 0,61 0.58 0.58 0.31

1990 0.67 0.67 0.52 0,52 0.45 0.45 0,50 0,43 0.52 0,11

1995 0.72 0.72 0.47 0.46 0.31 0.31 0.34 0.25 0.47 0.01

2000 0.76 0.76 0.48 0.45 0.24 0.26 0.26 0.17 0.45 <0.01

2010 0.86 0.86 0.52 0.50 0.28 0.28 0.28 0.18 0.52 <0.01

........ _L,, ji



TABLEF-19

SLEEPAWAKENINGIMPACTS- INTERCITYBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPInMillions)

.. Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 OptionB Optionq

1980 4.43 4.43 4.43 4.43 4.43 4.43 4.43 4.43 4.43 4.43

1986 5.99 4.73 4.61 5.60 4.61 5.60 5.99 4.61 4.61 2.89

1990 7.26 4.75 4.01 4.81 3.73 4.53 5.29 3.66 3.73 1.06

1995 8.49 5.13 3.80 4.14 3.16 3.60 3.99 2.97 3.16 0.12

2000 9.79 5.87 4.16 4.19 3.26 3.28 3.41 2.96 3.26 <0.01

2010 12.69 7.61 5.40 5.40 4.19 4.19 4.19 3.79 4.19 <0.01



TABLEF-20
SLEEP AWAKENING IMPACT - TRANSIT BUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCI RCI* (Millions) RCI RCI* (Millions) RCI RCI*

Baseline 30.07 -44.92 0.00 36.29 -74.89 0.00 56.63 -172.92 0.00

1 30.01 -44.63 0,20 36.24 -74.65 0.14 56.63 -172.92 0.00

2 28.93 -39.42 3.79 29.44 -41.88 18.88 38.27 -84.43 32.42

2A 28,96 -39.56 3.69 29.30 -41.20 19.26 37.75 -81.92 33.33

c_ 3 28.93 -39.42 3.79 26.04 -25.49 28.24 24.91 -20.05 56.01

3A 28.99 -39.71 3.59 26.09 -25.73 28.11 24.9t -20.05 56.01

38 30.07 -44.92 0.00 28.24 -36.10 22.18 24.91 -20.05 56.01

4 28.93 -39.42 3.79 24.86 -18.84 32.05 17.81 14.17 68.55

5 28.93 -39.42 3.79 28.04 -25.49 28.24 24.91 -20.05 58.01

q 14.52 30.02 51.71 5.55 73.25 84.70 0.01 4.82 99.98

RCI • Benefit in percent reduction of impact in the year-of-interest (with
regulation) relative to the impact in 1980 with no regulation.

RCI* - Benefitinpercentreductionof impactin the year-of-interest(with
regulatlonrelativeto the sameyear, withoutregulation.



TABLE F-21
SLEEPAWAKENINGIMPACT- INTERCITYBUSES

1985 1990 2010
_vFION LWP LWP LWP

(Millions) RCI RCI* (Millions) RCI RCI* (Mil]ions) RCI RCI*

Baseline 5.99 -35.59 0.00 7.26 -63.98 0.00 12.69 -186.78 0.00

i 4.73 -6.80 21.06 4.76 -7.50 34.44 7.61 -72.00 _0.02

-n 2 4.61 -4.09 23.07 4.01 9.29 44.6B 5.40 -21.94 57.48

2A 5.60 -26.60 6,43 4.81 -8.77 33.67 5.40 -21.94 57.48

3 4.61 -4.09 23.07 3.73 15,64 48.55 4.19 5.22 66.95

3A 5.60 -26.60 6,43 4.53 -2.42 37.54 4,19 5.22 66.95

3B 5.99 -35,30 0.00 5.29 -19.59 27.07 4.19 5.22 66.95

4 4.61 -4.09 23.07 3.66 17.29 49.56 3.79 14.26 70.10

5 4.61 -4.09 23.07 3.73 15.64 48.55 4.19 5.22 66.95

q 2.89 34.67 51.71 1.05 75.95 85.34 0.003 99.93 99.98

RCI - Benefitinpercentreductionof impactin theyear-of-interest(with
regulation)relativeto the impactin 1980with no regulation.

RCI* - Benefitinpercentreductionof impactinthe year-of-interest(with
regulationrelativeto the sameyear,withoutregulation.



TABLE F-22
SLEEPAWAKENINGIMPACTS- SCHOOLBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCl RCI* (Millions) RCI RCI* (Millions) RCI RCI*

Baseline 0.61 -30.70 0.00 0.67 -44.41 0.00 0.86 -83.80 O.O0

1 0.61 -30.57 0.10 0.67 -44.28 0.09 0.86 -83.80 0.00

2 0.5B -25.30 4.14 0.52 -12.23 22.28 0.52 -10.66 39.79
-I1

I
2A 0.58 -24.43 4.79 0.51 -9.41 24.23 0.50 -7.27 41.63

3 0.58 -25.30 4.14 0.45 2.94 32.79 0.28 39.88 67.29

3A 0.58 -25.42 4.04 0.45 2.85 32.73 0.28 39.88 67.29

3B 0.61 -30.70 0.00 O.BO -7.40 25.63 0.28 39.88 67.29

4 0.58 -25.30 4.14 0.43 7.81 36.16 0.18 61.25 78.92

5 0.58 -25,30 4.14 0.52 -12.23 22.28 0.52 -10.66 39.79

q 0.31 33,49 49.11 0.12 75.31 82.90 0.000002 99.99 99.99

RCI = Benefit in percentreductionof impactIn the year-of-lnterest(with
regulation)relativeto the impactin 1980 with no regulation.

RCI* = Benefit inpercentreductionof impactin the year-of-interest(with
regulationrelativeto the sameyear,withoutregulation.



TABLEF-23

INDOORSPEECHINTERFERENCEIMPACTS- TRANSITBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions)

Baseline OptionI. Option2 Option2A Option3 Option3A Option38 Option4 Option5 OptionL

1980 1.87 1.8/ 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87

1985 2.72 2.72 2.60 2.61 2.60 2.61 2.72 2.60 2.60 1.32

1990 3.29 3.28 2.55 2.55 2.24 2.25 2.48 2.15 2.25 0.51

1995 3.75 3.74 2.46 2.45 1.76 1,77 1.92 1.50 1.76 0.07

2000 4.20 4.20 2.57 2.57 1.61 1.61 1.55 1.22 1.51 0.01

2010 5.17 5.17 3.16 3.14 1.94 1.94 1.94 1.43 1.94 0.01



TABLEF-24

INDOORSPEECHINTERFERENCEIMPACTS- INTERCITYBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPin Milllons)

__ Baseline OptionI Option2 Option2A Option3 Option3A__Option38 Option4 Option5 Optionq

1080 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

1985 0.20 0.16 0.15 0.19 0.15 0.19 0.20 0.15 0.15 0.10
"11

I

lggO 0.24 0.16 0.13 0.16 0.13 0.15 0.18 0.12 0.13 0.04

1995 0.28 0.17 0.13 0.14 0.11 0.12 0.14 0.11 0.11 0.01

2000 0.33 0.19 0.14 0.14 0.12 0.12 0.12 0.11 0.12 <0.01

2010 0.43 0.25 0.18 0.18 0.15 0.15 0.15 0.14 0.15 <0.01

,,i,,, , ,,, , _ _ .....



TABLEF-25

INDOORSPEECHINTERFERENCEIMPACT- SCHOOLBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions)

Baseline OptionI Option2 Option2A .Option3 Option3A Option3B Option4 Option5 Optionq

1980 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

1985 0.17 0.17 0,16 0.16 0.16 0.16 0.17 0.16 0.16 0.09

1990 0.19 0.19 0.14 0.14 0.12 0.12 0.14 0.12 0.14 0.03

1995 0.20 0.20 0,12 0.12 0.08 0.08 0.09 0.07 0.12 <0.01

2000 0.21 0.21 0.11 0.11 0.07 0.07 0.07 O.OS 0.11 <0.01

2010 0.24 0.24 0.13 0,13 , 0.07 0.07 0.07 0.05 _0.13 <0.01

,Y



TABLEF-26

OUTDOORSPEECHINTERFERENCEIMPACTS- TRANSITBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions

Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5 Optionq

1980 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

"11
I

"_ 1985 1.75 1.75 1.68 1.68 1.68 1.68 1.15 1.6B 1.6B 0.86

1990 2.12 2.12 1.70 1.70 1.51 1.51 1.64 1.44 1.51 0.36

1995 2.43 2.42 1.69 1,67 1.25 1.25 1.34 1.0B 1.25 0,08

2000, 2.72 2.72 1.80 1.80 1.19 1.19 1.21 9.35 1.19 0.05

2010 3.36 3.36 2.23 2.22 1.45 1.45 1.45 1.12 1.45 0.07



TABLE F-27

OUTDOORSPEECHINTERFERENCEIMPACTS- INT£RCITYBUSES

YEARS REGULATORYOPTIONS,LEVELNEIGHTEOPOPULATION(LWPinM_lllons)

Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Optlon5 Optlonq

1980 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

1985 0.12 0.09 0.09 0.11 0.09 0.11 0.12 0.09 0.09 0.06

1990 0.14 0.09 0.08 0.10 0.08 0.09 0.11 0.08 0.08 0.02

1995 0.17 O.lO 0.08 0.09 0.07 0.08 . 0.08 0.07 0.07 <0.01

2000 0.19 0.12 0.09 0.09 0.07 0.07 0.08 O.Ol 0.07 <0.01

2010 0._5 0.15 0.12 0.12 0.10 0.10 0.10 0.10 0,10 <0.01



TABLEF-2B

OUTDOORSPEECHINTERFERENCEIMPACTS- SCHOOLBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions)

Base]ine Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5 Optionq

1980 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

1985 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04

1990 0.09 0.09 0.07 0.07 0.07 0.07 0.07 0.06 0.07 O.Og

1995 0.10 0.10 0.06 0.06 0.05 0.05 0.05 0.04 0.08 <0.01

2000 0.11 0.11 0.06 0.06 0.04 0.04 0.04 0.03 0.06 <0.01

2010 0.12 0.12 0.07 0.07 0.05 0.05 0.05 D.04 0.07 <0.01



TABLEF-29

PEDESTRIANSPEECHINTERFERENCEIMPACTS- TRANSITBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEOPOPULATION(LWPIn Millions)

Baseline OptionI Option2 Option2A Option3 Option3A _Option35 Option4 Option5 OptionQ

1980 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24

1985 4.71 4.71 4.62 4.61 4.62 4.62 4.71 4.62 4.62 2.38

1990 5.71 5.71 5.11 5.08 4.70 4.70 4.89 4.47 4.70 1.08

1995 6.52 6.52 5.47 5.42 4.93 4.53 4.66 3.93 4.93 .- 0.37 I

kO

2000 7.32 7.32 5.99 5.93 4.69 4.69 4.72 3.80 4.69 0.31

2010 .9.06 _.9.06 7.40 6,60 5.75 5.75 5.75 4.59 5.75 0.38



TableF-30

PEDESTRIANSPEECHINTERFERENCEIMPACTS- INTERCITYBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPin Mililons)

Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 OptionS Optionq

1980 0.29 0.29 0.29 0.29 0,29 0.29 0.29 0.29 0.29 0.29

198S 0.40 0.34 0.33 0.38 0.33 0.38 0.40 0,34 0.34 0.20

1990 0.49 0.37 0.33 0.37 0.31 0.35 0.39 0.31 0.31 0.09

1995 0.58 0.41 0.34 0.36 0.30 0.32 0.35 0.29 0.31 0.03

2000 0.87 0.48 0.38 0.38 0.33 0.33 0.34 0.31 0.33 •0.03

2010 0.89 0.63 0.50 0.54 0.44 0.44 0.44 0.41 0.44 0.04



TABLEF-31

PEDESTRIANSPEECHINTERFERENCEIMPACTS- SCHOOLBUSES

YEARS REGULATORYOPTIONS,LEVELWEIGHTEDPOPULATION(LWPinMillions)

Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5 Optionq

1980 0.30 0.30 0.30 0.30 0.30 0.30 0.30 D.30 0.30 0.30

1985 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.21

1990 0.45 0.45 0.38 0,40 0.35 0.35 0.37 0.34 0.38 0.09

1995 0.48 0.48 0.37 0.37 0.30 0.30 0.32 0.27 0.37 0.02

2000 0.52 0.52 0.38 0.38 0.29 0.29 0.30 0.25 0.38 0.02

2010 0.60 0,60 0.45 0.44 0.34 0.34 0,34 0.28 0.45 0.02



TABLEF-32
INDOORSPEECHINTERFERENCEIMPACT- TRANSITBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCI RCI* (Millions) RCI RCI* (Millions) RCI RCI*

Baseline 2.72 -45.23 0.00 3.29 -75.31 0.00 5.17 -175.63 0._00

1 2.72 -45.07 0.11 3.28 -74.99 0.18 5.17 -175.63 0.00

2 2.60 -38.93 4.33 2.55 -36.11 22.36 3.16 -68.48 38.87

2A 2.60 -39.04 4.26 2.54 -35.84 22.51 3.14 -67.36 39.28
PO

3 2.60 -38.93 4.33 2.24 -19.73 31.70 1.94 -3.52 62.44

3A 2.42 -29.28 10.98 2.24 -19.89 31.61 1.94 -3.52 62.44

3B 2.72 -45.23 0.00 2.48 -32.32 24.52 1,94 -3.52 62.44

4 2.60 -38.93 4.33 2.15 -14.56 34.65 1.43 23.52 72.25

5 2.50 -38.93 4.33 2.24 -19,73 31.70 1,94 -3.52 62.44

q 1.32 29.55 51.56 0.51 72,80 84.48 O.Ol 99.47 99.81

RCI , Benefitin percentreductionof impactin the year-of-interest
(withregulatlon)relativeto the impactin 1980with no regulation.

RCI*• Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear,withoutregulation.



TABLEF-33
INDOORSPEECHINTERFERENCEIMPACT- INTERCITYBUSES

1885 1990 2010
OPTION LWP LWP LWP

- (Millions) RCI RCI* (Millions) RCI RCI* (Millions) RCI RCI*

Baseline 0.20 -35.37 0.00 0.24 -64.80 0.00 0.43 -189.79 O.OO

1 0.16 -6.12 21.61 0.16 -5.44 35.95 0.25 -68.02 42.02

2 0.15 -3.40 23.62 0.13 9.52 44.04 0.18 -23.81 57.28

2A 0.19 -26.53 6.53 0.16 -9.52 33.47 0.18 -23.31 57.28

3 0.15 -3.40 23.62 0.13 14.29 47.93 0.15 -1.36 85.03
'11

I
fwJ

3A 0.19 -26.53 6,53 0.15 -4.76 36.36 0.15 -1.36 65.03

3B 0.20 -35.37 0.00 . 0.18 -21.09 26.45 0.15 -1.36 65.03

4 0.15 -3.40 23.62 0.12 -15.65 48.76 0.14 5.44 67.37

5 0.15 -3.40 23.82 0.13 14.29 47.93 0.15 -1.36 65.03

q 0.10 34.69 51.74. 0.04 75,51 85.12 0.002 -98.64 99.53

RCI • Benefitin percentreductionof impactin the year-of-interest
(withregulation}relativeto the impactin 1980with no regulatlon.

RCI*• Benefitin percentreductionof impactin the year-of-interest
(withregulation)relatlveto the sameyear, withoutregulation.



TABLE F-34
IND0ORSPEECHINTERFERENCEIMPACT- SCHOOLBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCI RCI* (Millions) RCl RCI* (Millions) RCI RCI*

Baseline 0.17 -30.88 0.00 0.18 -44.75 O.O0 0.24 -85.11. 0.00

1 0.17 -30.80 0.06 0.18 -44.67 0.05 0.24 -85.11 0.00

2 0.16 -24.69 4.73 0.14 -7.37 25.83 0.13 0.24 46.10

2A 0.16 -24.22 4.79 0.14 -6.25 26,49 0.13 1.56 46.61

3 0,16 -24.69 4.73 0.12 5.33 34.60 0.07 43.03 69.22

3A 0.16 -24,76 4.67 0.12 5.33 34.60 0.07 43.03 69.22

38 0,17 -30.88 0.00 0.14 -6.58 26.37 0.07 43.03 69.22

4 0.16 -24.69 4.73 0.12 9.33 37.36 0.05 .60.67 78.76

5 0.16 -24.69 4.73 0.13 -7.37 25.83 0.13 0.24 46.10

. Q, 0,09 32.81 48.50 0.03 24.22 83.24 .0001 84.38 99.96

RCI = Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the impactin 1980withno regulation.

RCI*= Benefitin percentreductionof impactin theyear-of-interest
(withregulatlon)relativeto the sameyear, withoutregulatlon.



TABLE F-35
OUTDOORSPEECHINTERFERENCEIMPACT- TRANSITBUSES

1985 1990 2010
OPTION LWP LWP LNP

(Mllllons) RCI RCI* (Mi111ons) RCI RCI* (Millions) RCI RCI*

Baseline 1.75 -45.71 0.00 2.12 -78.60 O.OO 3.36 -180.18 O.O0

i 1.74 -45.30 0.29 2.12 -76.27 0.iB 3.36 -180.18 0.00

2 1.68 -39.80 4.06 1.70 -41.63 19.80 2.23 -85.60 33.76

2A 1.6_ -39.88 4.00 1.70 -41.54 19.84 2.22 -122.38 34.02
-n

i
3 1.68 -39.80 4.06 1.50 -25.31 29.04 1.45 -20.65 56.94

3A 1.68 -40.13 3.83 1.51 -25.65 28.85 1.45 -20.65 50.94

3B 1.75 -45.71 0.00 1.64 -36.64 22.63 1.45 -20.85 56.94

4 1.88 -39.80 4.06 1.44 -19.98 32.06 1.12 7.08 66.84

fi 1.88 -39.80 4.06 1.50 -25.31 29.04 1,45 -20.65 56.94

ll q 0"86 28"39 50"86 0.36 70.02 83.02 0,06 95.00 98.21

RCI " Benefit in percent reduction of impact tn the year-of-interest (with
regulatlon}relativeto the impactin 1980 with no regulation.

RCI*• Benefitin percentreductionof impactin the year-of-interest(with
regulationrelatlveto the sameyear, withoutregulatlon.



TABLEF-36
OUTDOORSPEECHINTERFERENCEIMPACT- INTERCITYBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Mlllions)RCI RCI* (Millions)RCI RCI* (Millions) RCI RCI*

Baseline 0.11 -36.9D 0.00 0.14 -66.67 O.O0 0.25 -197.62 O.OO

1 0.09 -8.33 20.87 o.og -9.52 34.29 0.15 -79.76 39.60

2 0.09 -6.59 21.83 0.08 4.76 42.86 0.12 -37.20 53.66

2A 0.12 -28.57 6.09 0.10 -14.28 31.43 0.11 -38.09 54.00
O_

3 0.09 -5.95 22.61 0.08 9.52 45.71 0.10 -14.29 61.60

3A 0,11 -28.67 6.09 O.Og -8.33 35.00 0.10 -14.29 61.20

38 0.11 -36.90 0.00 0.10 -25.00 25.00 0.10 -14.29 61.60

4 0.09 -5.95 22.61 0.07 10.71 46.43 0.09 -7.14 61.60

5 0.09 -5.95 22.61 0.08 9.52 46.71 0.10 -14.29 64.00

.q 0.06 32.14 50.43 0.02 72.61 83.57 0.01 92.85 97.60

RCI - Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the impactIn IgBOwith no regulation.

RCI* - Benefitin percentreductionof impactin theyear-of-lnterest
(withregulation)relativeto the sameyear, withoutregulation.



TABLE F-37
OUTDOORSPEECHINTERFERENCEIMPACT- SCHOOLBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCI RCI* (Millions) RCI HCI* (Millions) RCI RCI*

Baseline 0.09 -31.22 0.00 o.og -45.57 0.00 0.12 -88.03 O.OO

I 0.08 -31.04 0.14 0.09 -45.39 0.13 0.12 -88.03 0.00

2 0.08 -25.62 4.27 0.07 -12.51 22.71 0.07 -12.16 40.35

2A 0.08 -26.15 3.52 0.07 -7.69 26.31 0.07 -10.76 40.98
I

"_ 3 0.08 -25.62 4.27 0.07 -1.32 30.40 0.05 25.77 80.52

3A O.OB -25.79 4.14 0.07 -1.47 30.29 0.05 25.77 60.52

3B 0.09 -31.22 0.00 0.07 -11.99 23.07 0.05 25.77 60.52

4 0.08 -25.62 4.27 0.06 2.38 32.94 0.04 42.06 69.18

5 0.08 -25.62 4.27 0.07 -12.51 22.71 0.07 -12.16 40.35

4. 0.04 32.30 48.23 0.02 73.84 82.10 0.00 98.46 99.18

RCI - Benefitin percentreductionof impactin the year-of-interest(with
regulation)relativeto the impactin 19B0with no regulation.

RCI* - Benefitin percentreductionof impactin theyear-of-interest(with
regulation relattve to the sameyear, without regulation.



TABLE F-38
PEDESTRIANSPEECHINTERFERENCEIMPACT- TRANSITBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Mlllions).RCI RCI* (Millions) RCI . RCI* (Millions)RCI RCI*

Baseline 4.71 -45.52 0.00 5.71 -76.31 0.00 9.06 -179.68 O.OO

1 4.71 -45.46 0.04 5.71 -76.25 0.04 9.06 -179.68 0.00

2 4.62 -42.59 2.02 5.11 -57.75 10.53 7.40 -128.63 18,25

2A 4.6l -42.50 2.08 5.08 -56.92 11.00 6.60 -103.83 27.12

3 4.62 -42.59 2.02 4.70 -45.03 17.74 5.75 -77.51 36.50

3A 4.62 -42.62 1.99 4.70 -45.06 17.73 5.75 -77.61 36.59

38 4.71 -45.52 0.00 4.8g -50.90 14.42 5.75 -77.61 36,50

4 4.62 -42,59 2.02 4.45 -38.23 21.60 4.59 -41,63 49.36

5 4.52 -42.59 2.02 4.70 -45.03 17.74 5.75 -77.61 35.50

_q 2.38 26.50 49.49 1.08 66.74 81.14 0,38 88.26 95.80

RCI • BenefitIn percentreductionof impactin the year-of-interest
(withregulation)relativeto the impactin lgDOwith no regulation.

RCI* , Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear, withoutregulation.



TABLE F-39
PEDESTRIAN SPEECH INTERFERENCE IMPACT - INTERCITY BUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions)RCI RCI* (Millions)RCI RCI* (Millions)RCl RCI*

BaseIlne 0.40 -36.77 0.00 0.49 -67.37 O.O0 0.89 -200.81 0.00

i 0.34 -15.59 15.38 0.37 -25.08 25.15 0.63 -112.20 29.42

2 0.34 -13.56 16.87 0.33 -11.19 33.47 0.50 -69.15 43.74

2A 0.38 -30.17 5.94 0.37 -24.41 25.56 0.54 -82.37 39.35

3 0.34 -13.56 16.87 0.31 -6.44 36.31 0.44 -48.14 50.73

3A 0.38 -30.17 4.71 0.35 -19.66 28.40 0.44 -48.14 50.73

38 0.40 -36.61 O.O0 0.39 -32.88 20.49 0.44 -48.14 50.73

4 0.34 -13.56 16.87 0.31 -4.75 37.32 0.41 -38,64 53.89

5 0.34 -13.56 16.87 0.31 -6.44 36.31 0.44 -48.14 50.73

Q 0.20 31.19 49.63 0.09 69.83 81.95 0.04 87.80 95.94

RCI = BenefitIn percentreductionof impactIn the year-of-interest
(with regulation)relativeto the impactin 1980withno regulation.

RCI* • Benefitin percentreductionof Impactin the year-of-lnterest
(withregulation)relativeto the sameyear,withoutregulation.



TABLE F-40
PEDESTRIANSPEECHINTERFERENCEIMPACT- SCHOOLBUSES

1985 1990 2010
OPTION LWP LWP LWP

(Millions) RCI RCI* (Millions)RCI RCI* (Millions)RCI RCI*

Baseline 0.40 -33.24 0.00 0.45 49.93 0.00 0.60 -102.07 0.00

i 0.40 -33.24 O.O0 0.45 -49.90 0.02 0.60 -102.07 0.00

2 0.39 -29.57 2.76 0.38 -27.26 15.12 0.45 -49.30 26.12

2A 0.38 -29.43 2.76 0.38 -33.44 10.94 0.44 -48.16 26.66

3 0.39 -29.57 2.76 0.35 -16.99 21.97 0.34 -13.38 43,89
J==

3A 0.39 -29,57 2.76 0,35 -16,99 21.97 0.34 -13.38 43.89

3B 0.40 -33.24 0.00 0.37 -24.18 17.18 0.34 -13.38 43.89

4 0.39 -29.57 2.76 0.34 -12.84 24.74 0.28 17.79 59.32

5 0.39 -29.57 2.76 0.38 -27.26 15.12 0.45 -49.30 26.12

q 0.21 29.10 46.73 0.09 70.23 80.01 0.02 92.64 26.16

RCI • Benefit in percent reduction of impact in the year-of-interest
(withregulation)relativeto the impactin 1980withno regulation.

RCI* • Benefitin percentreductionof impactin the year-of-lnterest
(withregulation)relativeto the sameyear, withoutregulation.



Table F-4]

HEARIN6LOSS IMPACT: PASSENGERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 50 LWPH (thousands)

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 302.3 302.3 302.3 302.3 302,3 302.3 302.3 302.3 302.3

1985 410.0 198.2 198.2 322,8 198.2 366.2 410.2 198,2 198.2

1990 464.3 71.1 71.1 161.3 71.1 19B.9 282.0 71.1 71.1

1995 500.6 7.8 7.8 40.1 7.8 58.9 110.0 7.8 7.8

2000 531.2 0.1 0.1 1.4 0.1 3.9 16.4 0,1 0.1

2008 581.9 0.0 0.0 O.O 0.0 0.0 0.0 0,0 0.0



TableF-42

HEARINGLOSS IMPACT: PASSENGERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 60 - RCI

Years Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Optlon5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -35.63 34.44 34.44 -6.78 34.44 -21.14 -35.53 34.44 34.44

1990 -53.59 76.48 76.48 46.64 76.48 34.20 5.72 76.48 76.48

-al

1995 -55.60 97.42 97.42 B6,74 97.42 80.52 63,61 97.42 97.42

2000 -75.72 99.97 99.97 99.54 99.97 98.7] 94,57 99.97 99.97

2008 -92.49 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100,00

RCI = Benefitin percentreductionof impactin the year-of-interest
(withregulation)rela¢Iveto the impactin 1980 withno
regulation.



TableF-43

HEARINGLOSSIMPACT: PASSENGERSFOR TRANSITBUSES WITHNON-BUSNOISE EXPOSURELEVEL OF 60 - RCI*

Years Basel{ne Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 51.7 51.7 21.3 51.7 10.7 0.0 51.7 51.7

1990 0,0 84.7 84.7 65.3 84.7 57.2 39.3 84.7 84.7

1995 0.0 98.4 98.4 92.0 98.4 88.2 7B.0 98.4 98.4

2000 0.0 100.0 100.0 99.7 i00,0 99,3 96.9 100.0 100.0

2008 0.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

, , .,.

RCI*= BenefitIn percentreductionof impactin the year-of-interest
(withregulation)relativeto the sa_ year withoutregulation.



TableF-44

HEARINGLOSS IMPACT: PASSENGERSFOR TRANSITBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 - LWPH (thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 1977.1 1977.1 1977.1 1977.1 1977.1 1977.1 1977.1 1977.1 1977.1

1985 2681.5 1644.1 1590.1 2147.2 1590.1 2413.1 2681,5 1590.1 1590,1

1990 3037.1 1111.0 784.0 1179.6 719.8 1345.7 1855.1 713.1 719.8

1995 3274.3 860,4 316.3 451.5 178.8 429.2 742,0 161.6 178.8

2000 3474.6 8/2.7 223.0 226,4 41.8 60.6 137.2 17.6 41.8

2008 3806.3 955.7 238.8 238.8 33.9 33.9 33.9 6.0 33,9



TableF-45

HEARINGLOSS IMPACT: PASSENGERSFOR TRANSITBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 - RCI

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -35.63 16.84 19.57 -8.60 19.57 -22.05 -35.63 19.57 19.57

1990 -63.61 43.81 60.35 40.34 63.59 31.94 6.17 63.93 63.59

1995 -65.61 56.48 84.00 77.16 90.96 78.29 62.47 91.83 90.96

2000 -75.74 55.86 88.72 88.58 97.89 96.93 93.06 99.11 97.89

2008 92.52 61.66 87.92 87.92 98.29 98.29 98.29 99.70 98.29

RCI = Benefitin percentreductionOF impactin the year-of-interest
(with regulation) relative to the Impact In 1980 with no
regulation.

m L_ ........



TableF-46

HEARINGLOSS IMPACT: PASSENGERSFORTRANSITBUSESWITH NON-BUSNOISE EXPOSURELEVELOF 70 - RCI*

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option38 Optlon4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 38.7 40.7 19.9 40.7 10.0 0.0 40.7 40.7

1990 0.0 63.4 74.2 61.2 76.3 55.7 38.9 76.5 76.3

1995 0.0 73.7 90.3 86,2 94.5 B6.g 77.3 95.1 94.5

2000 0.0 74.9 93.6 93,5 98,8 98.3 96.1 99.5 98.8

2008 0.0 74.9 93.7 93.7 99.1 99.1 99.1 gg.8 99.1

,. , ,,. , ,

RCI*" Benefitin percentreductionof impactin the year-of-interest
(wlthregu]ation)relativeto thesameyear withoutregulation,



TableF-47

HEARINGLOSS IMPACT: PASSENGERSFOR TRANSITBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 80 LWPH (thousands)

Years Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 49919.3 49919.3 49919.3 49919.3 49919.3 49919.3 49919.3 49919.3 49919.3

1985 67703.2 66888.3 66809.0 6680B.0 67455.4 67586.4 67703.2 86809.0 66809.0

19g0 78680.6 75167.7 74687.2 74966.3 74487.7 7497g.4 75449.5 74431.4 74487.7

1995 82670.8 80774.8 79975.3 80065.6 79547.8 79744.4 80033.2 79401.7 79547.8

2000 87728.6 85684.8 84730.3 84730.8 84168.8 84181.6 84252.2 83961.6 84166.8

2008 96102.2 93863.1 92809.6 92809.6 92172.8 92172.8 92172.8 91935.6 92172.8



TableF-4B

HEARINGLOSS IMPACT: PASSENGERSFORTRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - RCI

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -35.63 -33.99 -33.83 -34.64 -33.83 -35.13 -35.63 -33.83 -33.83

1990 -53.61 -50.58 -49.62 -50.17 -49.22 -50.20 -51.14 -49.10 -49.22

1995 -65.61 -61.81 -60.21 -60,39 -59.35 -59.75 -60.33 -59.06 -59.35

2000 -75.54 -71.65 -69.73 -69.74 -68.61 -58.64 -68.78 -68.19 -68.61

2008 -92.52 -88.03 -85.92 -85.92 -84.64 -84.64 -84.64 -84.17 -B4.64

RCI = Benefitin percentreductionof impactIn the year-of-interest
(with regulation)re]atlveto the Impactin 19B0withno
regulation.



TableF-49

HEARINBLOSS IMPACT: PASSENGERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVEL OF 80 - RCI*

YEARS • Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0

1985 0.0 1.2 1.3 0.7 1.3 0.4 0.0 1.3 1.3

1990 0.0 2.0 2.6 2.2 2.9 2.2 1.6 2.9 2.9

1995 0.0 2.3 3.3 3.2 3.8 3.5 3.2 4.0 3.8

2000 0.0 2.3 3.4 3.4 4.I 4.0 4.0 4.3 4.1

2008 0.0 2,3 3.4 3,4 4.1 4.1 4.1 4.3 4.1

RCI* = Benefitin percentreductionof Impactin the year-of-interest
(withregulation)re]atlve'tothe same yearwithoutregulation.



TableF-50

HEARINGLOSS IMPACT: DRIVERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVEL OF 60 LWPH (thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.I O.l 0.1 0.1 0.I 0.1 0.I 0.1 0.1

1985 0.1 0.I 0.1 0.1 0.1 0,1 0.1 0.1 0.1

• _Q

1990 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

1995 0.2 0.2 O.O O.O 0.0 0.0 0,0 0.0 0.0

2000 0,2 0.2 O.O 0.0 0,0 0.0 0.0 0.0 O.O

2008 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 O.O



Table F-51

HEARINGLOSSIMPACT: DRIVERSFOR TRANSITBUSES WITH NON-BUSNOISEEXPOSURELEVELOF 70 LWPH (thousands

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0

1985 9.6 9.6 8.9 8.2 8.9 8.9 9.6 8.9 8.9

1990 11.0 11.0 6.8 6,2 5.5 5.5 6.8 8.4 5.5

1995 11.9 11.9 4.9 4.6 2.1 2.1 3.0 1.9 2.1

2000 12.7 12.7 4.3 4.3 0.6 0.6 0.8 0.2 0.6

2008 14.0 14.0 4.7 4.7 0.5 0.5 0.5 0.1 0.5



Table F-52

HEARINGLOSS IMPACT: DRIVERSFOR TRANSITBUSESWITH NON-BUSNOISEEXP0SURELEVEL OF 70 RCI

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -37.14 -37.14 -27.14 -17.14 -27.14 -27.14 -37.14 -27.14 -27.14

1990 -57.14 -57.14 2.86 11.43 21.43 21.43 2.86 22.86 21.43

1995 -70,00 -70.00 30.00 34.29 70.00 70.00 57.14 72.86 70.00

..

2000 -81,43 -81.43 38.57 38.57 91.43 91,43 88.57 97.14 91.43

.... ,,, , ,,.

20_ -100.0 -100.0 32.86 32.86 92.86 92.86 92.86 98.57 92.86

_ II 1 1 I I 1 I I ....

RCI - Benefitin percentreductionof impactin the year-of-lnterest
(withregulatlon)relativeto the impactin 1980 withno
regulation.



!i! ii!¸ i̧ ;

TableF-53

HEARINGLOSSIMPACT: DRIVERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 70 - RCI*

YEARS Basellne Optioni Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.0 7.1 14.1 7.1 7.1 0.0 7.1 /.1

1990 0.0 0.0 37.g 43.3 49.7 49.7 37.9 50.7 49.7

: 1995 0.0 0.0 58.6 61.1 82.0 82.0 75.2 84.3 82.0

2000 0.0 0.0 65.9 66.2 95.0 95.0 93.4 98.0 95.0

2008 0.0 O,O 66.4 66.4 96.4 96.4 96.4 99.6 96.4

RCI* = Benefitin percentreductionof impactin the year-of-interest
(withregulatlon)re]ativeto the s_e year withoutregulation.



TableF-54

HEARINGLOSS IMPACT: DRIVERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 LNPM(thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 329.9 329,9 329,9 329.9 329.9 329.9 329.9 329.9 329.9

1985 453.4 453.4 452.6 451.7 452.6 452.6 453.4 452.6 452.6

1990 520.5 520.5 515.3 514.6 512.3 512.3 513.9 511.4 515.3

1995 564.9 564.9 556.3 555.9 549.7 549.7 550.7 547.5 556.3

2000 603.6 603.6 593.2 593.2 584.5 584.5 584.5 581.3 593.2

2008 655.8 665.8 654.3 554.3 644.3 644.3 644.3 640.6 654.3



TableF-55

HEARINGLOSS IMPACT: DRIVERSFOR TRANSITBUSESWITH NON-BUSNOISE EXPOSURELEVELOF 80 - RCI

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -37.44 -37.44 -37.19 -36.92 -37.19 -37.19 -37.44 -37.19 -37.19

1990 -57.78 -57.78 -56.20 -55.99 -55.29 -55,29 -85.77 -55.02 -55.29

1995 -71.23 -71.23 -68.63 -68.63 -66.63 -66.63 -66.63 -65.96 -66.63

2000 -82.96 -82.96 -79.81 -79.81 -77.17 -77.17 -77.24 -76.20 -77.17

2008 -101.82 -101.82 -98.33 -98.33 -95.30 -95.30 -95.30 -94.18 -95.30

RCI - Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the impact in 1980 with no
regulation.



TableF-56

HEARINGLOSS IMPACT: DRIVERSFOR TRANSITBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - RCI*

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B OPtion4 Option5

I980 0.0 0,0 0.0 0.0 0.0 O.O O.O 0.0 0,0

1985 0.0 0.0 0.2 0.4 0.2 0.2 O.O 0.2 0.2

iggo O.O O.O 1.0 1.1 1.6 1.6 1.3 1.7 1.6

R
1995 0.0 0.0 1.5 1.6 2.7 2.7 2.5 3.1 2,7

2000 O.O 0.0 1.7 1.7 3.2 3.2 3.1 3.7 3.2

2008 0.0 0.0 1.7 1.7 3.2 3.2 3,2 3.8 3.2

RCI*= BenefitInpercentreductionof impactin the year-of-interest
(withregulatlon)relatlveto the sameyear withoutregulation.



Table F-57

HEARINGLOSS IMPACT: PASSENGERSFOR INTERCITYBUSES WITHNON-BUSNOISEEXPOSURELEVELOF 60 LWPH(thousands)

Years ' Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2008 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Table F-58

HEARINGLOSS IMPACT: PASSENGERSFOR INTERCITYBUSES WITH NON-BUSNOISEEXPOSURELEVELOF 70 - LWPH (thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.9 0.9 O.g 0.9 o.g 0.9 0.9 0.9 0.9

1985 1.4 1.4 1.3 1.2 1.3 1.3 1.4 1.3 1.3

1990 1.9 1,9 1.3 1.3 1.2 1.2 1.4 1.1 1.2

1995 2.4 2.4 1.3 1.3 1.0 1.0 1.1 0.6 1.0

2000 3.0 3.0 1.5 1.5 1.0 1.0 1.0 0.3 1.0

2008 4.2 4.2 2.1 2.1 1.3 1.3 1.3 0.3 1.3



Table F-89

HEARINGLOSSIMPACT: PASSENGERSFOR INTERCITYBUSES WITHNON-BUSNOISEEXPOSURELEVEL OF 70 - RCI

YEARS Baseline Option1 Option2 Option2A Option3 Option3A OptionBB Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -55.58 -55.56 -44.44 -33.33 -44.44 -44.44 -65.66 -44.44 -44.44

1990 -111.11 -111.11 -44.44 -44.44 -33.33 -33.33 -S5.56 -22.22 -33.33

1995 -166.67 -166.67 -44.44 -44.44 -11.ll -11.11 -22.22 -33.33 -11.11

2000 -233.33 -233.33 -68.67 -68.67 -11,11 -11.11 -11.11 66.67 -11.11

. . ,. , ,

2008 -386.67 -366.67 -133.33 -133.33 -44.44 -44.44 -44.44 66,87 -44.44

RCI _ Benefitin percentreductionof impactIn the year-of-interest
(withregulation)relativeto the impactin 1980 with no
regulation.



Table F-60

HEARINGLOSS IMPACT: PASSENGERSFOR INTERCITYBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 - RCI*

YEARS Baseline Option1 Option2 Option 2A Option 3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.0 5.4 10.g 5.4 5.4 0.0 5.4 5.4

1990 0.0 0.0 2g.0 33.1 36.3 36.3 27.4 43.7 36.3

1995 O.O 0.0 44.3 46.1 58.7 58.7 53.8 76.3 58.7

2000 0.0 0.0 49.6 49.8 67.4 67.4 66.3 90.4 67.4

2008 0.0 0.0 4g.g 49.9 68.2 68,2 68.2 g2.5 68.2

RCI* = BenefitInpercentreductionof Impactin the year-of-interest
(withregulation)relativeto the s_e year withoutregulation,



Table F-61

HEARINGLOSS IMPACT_ PASSENGERSFOR INTERCITYBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 LWPH(thousands

Years Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 92877.9 92877.9 92877.9 92877.9 92877.9 92877.9 92877.g 92877.9 92877.9

1985 146608.1 146608:2 146605.6 146603.2 146605.6 146605.6 146608.1 146605.6 146605.6

1990 200740.1 200740.0 200722.1 200719.6 200711.3 200711.3 200717.0 200701.2 200711.3

1995 259625.8 259625.6 2595B9.8 269588.1 259562.4 259562.4 259566.4 259531,5 259562.4

2000 325408.2 325408.2 325357.9 325357.9 325357.5 325316.4 325315.5 325264.8 325315.4

2008 448084.3 448084.3 448014.3 448014.3 447954.0 447954.0 447954,0 447880.9 447954.0

.... , , . ,,,



TableF-62

HEARINGLOSS IMPACT: PASSENGERSFOR INTERCITYBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - RCI

YEARS Baseline OptionI Option2 Option2A Optlon3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -57.85 -57.85 -57.85 -57.85 -57.85 -57.85 -57.85 -57.85 -57.85

1990 -118.13 -116.13 -116.11 -116.11 -116.10 -116.10 -116.11 -116.09 -116.10

1995 -179.53 -179.53 -179.49 -179.49 -179.47 -179.47 -179.47 -179.43 -179.47

2000 -250.36 -250.36 -250.31 -250.31 -250.26 -250.26 -250.26 -250.26 -250.26

2008 -382.44 -382.44 -382.37 -382.37 -382.30 -382.30 -382.30 -382.23 -382.30

• ,, ,,

RCl = Benefit tn percent reduction of impact tn the year-of-interest
(withregulation)relativeto the impactin 1980withno
regulation.



TableF-63

HE_ING LOSS IMPACT: PASSENGERSFOR INTERCITYBUSES WITHNON-BUSNOISEEXPOSURELEVELOF 80 RCI*

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
d

1995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20_ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RCI* = Benefitinpercentreductionof impactin theyear-of-interest
(wlthregulatlon)relativeto the sameyearwithoutregulation.



Table F-64

HE_ING LOSS IMPACT: DRIVERSFOR INTERCITYBUSESWITH NON-BUSNOISEEXPOSURELEVEL OF 60 LWPH (thousands)

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

_08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



TableF°65

HEARI_ LOSS IMPACT: DRIVERSFOR INTERCITYBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 70 LWPH (thousands)

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.7 0.7 0.7 0.7 0.7 0.7 0.7 03 0.7

1985 O.g O.g 0.9 o.g 0.9 0.9 0.9 0.9 0.9

1990 I.I I.I I.I 1.1 i.I 1.1 1.1 o.g I.I

1995 1.2 1.2 I.E 1.2 1.2 1.2 1,2 0.6 1.2

2000 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.4 1.4

2008 1.6 1.6 1.6 1.5 1.6 1.6 1.6 0.4 1.6



Table F-66

HEARINGLOSS IMPACT: DRIVERSFOR INTERCITYBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 RCI

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

1985 -28.57 -2B.57 -28.57 -28.57 -28.5/ -28.87 -28.57 -28.57 -2B.B7

1990 -57.14 -57.14 -57.14 -57.14 -57.14 -57.14 -57.14 -28.57 -57.14

1995 -71.43 -71.48 -71.43 -71.43 -71.43 -71.43 -71.43 14.29 -71.43

2000 -100,0 -100.0 -100,0 -100.0 -100,0 -100.0 -100.0 42.86 -100.0

2008 -128.57 -128.57 -128,57 -128.57 -12B.5/ -128.57 -128.57 42.88 -128.57

RCI • Benefitin percentreductionof impactinthe year-of-interest
(withregu]atlon)relativeto the impactin 1980 with no
regulation.



TableF-67

HEARINGLOSS IMPACT: DRIVERSFOR INTERCITYBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 RCI*

YE_S Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

I980 0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0 0.0

1985 0.0 0.0 0.0 0.0 O.O 0.0 0.0 0.0 0.0

1990 0.0 0.0 0.0 0.0 0.0 0.0 O.O 21.9 0.0

1995 O.O 0.0 0.0 0.0 0.0 0.0 0.0 52.2 0.0

2000 0.0 0.0 0.0 0,0 0,0 0.0 0.0 68.6 0.0

2008 0,0 0.0 0.0 0.0 0.0 0.0 0.0 72.1 0.0

m = ,,,

RCI* • Benefitin percentreductionof impactin the year-of-interest
(withregulatlon)relativeto the s_e yearwithoutregulation.



TableF-68

HEARINGLOSSIMPACT: DRIVERSFOR INTERCITYBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - LWPH (thousands)

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 54.5 54.5 54.5 54.5 54.5 54.5 54.5 54.5 54.5

1985 70.3 70.3 70.3 70.3 70.3 70.3 70.3 70.3 70.3

1990 81.4 81.4 81.4 81.4 81.4 81.4 81.4 81.0 81.4

1995 91.2 91.2 91.2 91.2 91.2 91.2 91.2 90.2 91.2

2000 100.8 lO0.B 100.8 100.8 100.8 100.8 100.8 90,2 91.2

2008 116.7 116,7 116.7 116.7 116.7 116.7 116.7 114.9 118,7



TableF-69

HEARINGLOSSIMPACT: DRIVERSFOR INTERCITYBUSESWITH NON-BUSNOISEEXPOSURELEVEL OF 00 - RCI

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0

1985 -28.99 -28.99 -28.99 -28.99 -28.99 -28.99 -28.99 -28.99 -28.99

1990 -49.36 -49.36 -49.36 -49.36 -49.36 -49.36 -49.36 -48.62 -49.36

1995 -67,34 -67,34 -67.34 -67.34 -67.34 -67.34 -67.34 -65,50 -67.34

2000 -84.95 -84.95 -84.95 -84.95 -84.95 -84,95 -84.95 -82.20 -84.95

2008 -114.13 -114.13 -114.13 -114.13 -114.13 -114.13 -114.13 -110.83 -114.13

RCI • Benefltin percentreductionof impactin the year-of-interest
lwithreguletlon)relativeto the impactin 1980with no
regulation.



TableF-70

HEARINGLOSS IMPACT: DRIVERSFOR INTERCITYBUSESWITHNON-BUSNOISE EXPOSURELEVELOF 80 - RCI*

YE_S Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 O.O 0.0 0.0 O.O 0.0 O.O 0.0 0.0

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0

1990 0.0 0.0 0.0 O.O 0,0 0,0 0.0 0.5 0,0

1995 0.0 0.0 0.0 0.0 0.0 0,0 0.0 1.1 0.0

2000 0.0 0.0 0.0 O.O O.O 0.0 0.0 1.5 0,0

2008 O.O 0.0 0.0 0.0 0.0 0.0 0.0 1.B 0.0

RCI* • Benefitin percentreductionof impactin the year-of-interest
(wiLhregulation)relativeto the sameyear withoutregulation.



Table F-71

HEARINGLOSS IMPACT: PASSENGERSFOR SCHOOLBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 60 LWPH (thousands)

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0,2

1985 0.3 0.1 0,1 0.2 0.1 0.3 0.3 0.1 0.1

1990 0.3 0.0 0.0 0.1 0.0 0.1 0.2 0.0 0.0

1995 0.3 O.O 0.0 0.0 0.0 0.0 0.1 0.0 0.0

2000 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2008 0,3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

m,,imea,i"_ '__Llll ..................



Table F-72

HEARINGLOSSIMPACT: PASSENGERSFORSCHOOLBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 70 LNPH(thousands)

YEARS Baseline Optton 1 Optlon 2 Optfon 2A Optton 3 Option 3A Option 38 Option 4 Option 5

1980 1105.1 1105.1 1105.1 1105.1 1105.1 1105.1 1105.1 1105.1 1105.1

1985 1361.8 887.3 856.7 1107.1 856.7 1234.1 1361.8 855.7 856.7

,, ,, ,,

1990 1418.5 572.8 394.7 568.0 359.3 550.4 868.3 367.1 39¢.7

j,, ........

1995 1424.7 417.8 134.7 191.7 82.5 191.7 332.4 75.9 134.7

2000 1452.8 408.0 81.1 82,3 14.4 22.5 56.5 5.8 81.1

, , , ,, , ......

2008 1510.7 424,2 81.5 81.5 9.8 9.8 9.8 1.5 81.5



Table F-73

HEARINGLOSSIMPACT: PASSENGERSFOR SCHOOLBUSES WITH NON-BUSNOISEEXPOSURELEVELOF 70 - RCI

YEARS Baseline Optioni Option 2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0

1985 -23.23 19.71 22.48 -.18 22.48 -11.67 -23.23 22.48 22.48

1990 -28.36 48.17 64.28 48.60 66.58 41.15 19.80 66.78 64.28

1995 °28.92 62.19 87,81 82.68 92.53 82.65 69.92 93.04 87.81

2000 -31.46 63.08 92.66 92.55 98.70 97.96 94.89 99,38 92.66

2008 36.70 61.61 92.63 92.63 99.11 99.11 99.11 99.86 92.63

RCI• Benefitin percentreductionof impactin the year-of-lnterest
(withregulation)re]ativeto the impactin 1980with no
regulation.



TableF-74

HEARINGLOSS IMPACT: PASSENGERSFOR SCHOOLBUSESWITHNON-BUSNOISE EXPOSURELEVELOF 70 - RCI*

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Optlon3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 34.8 37.1 18.7 37,1 g.4 0.0 37.1 37.1

1990 0.0 5B,6 72.2 60.0 74.0 54.2 37.5 74,1 72,2

J

1995 0.0 70.7 90.5 86.6 94.2 86.5 76.1 g4.6 90,5

2000 0.0 71.9 94.4 94,3 99.0 98.4 96.1 99.5 94.4

2008 0.0 71.9 94.6 g4,6 99.3 99.3 99.3 99,9 94.6

RCI* = Benefit in percentreductionof impactinthe year-of-lnterest
(withregulation)relativeto thesame yearwithoutregulation,



Table F-TS

HEARINGLOSSIMPACT: PASSENGERSFORSCHOOLBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 80 LHPH (thousands}

Years " Gasoline Optton 1 Optton 2 Option 2A Option 3 Optton 3A Option 3B Option 4 Option 5

1980 68192.3 68192,3 68192.3 68192.3 68192.3 68192.3 68192.3 68912,3 68192.3

1985 84031,3 83413.5 83346.8 83646,0 83346.0 83836.0 84031.3 83346.8 83346,8

1990 87529.4 86428.4 86040.3 86243.1 85910.0 86275.9 86632.7 85872.9 86040,3
tJl

1995 87909.8 86598.9 85981.8 86044.6 85714.4 85856.6 86069.4 85622.0 85981.8

2000 89647.8 88287.6 87574.9 87574.9 87233.3 87243.8 87295.2 87107.1 87574,9

2008 93218.0 91803.5 91056.6 91056.6 90689.3 90689.3 90689.3 90550.5 91656.6



Table F-76

HEAR]NGLOSS_NPACT: PASSENGERSFORSCHOOLBUSESHITH NON-BUSNOISEEXPOSURELEVELOF 80 - RCI

YEARS Baseltne Option 1 Option 2 Optton 2A Option 3 Option 3A Option 3B Option 4 Option 5

1980 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 -23.23 -22.32 -22.22 -22.66 -22,22 -22.94 -23.23 -22.22 -22.22

1990 -28,36 -26.74 -26,17 -26.47 -25.9B -26,52 -27.04 -25.93 -26.17

1995 -28.92 -26.99 -26.09 -26.18 -25.70 -25.90 -26.22 -25.56 -26.09

2000 -31.46 -29.47 -28.42 -28.42 -27.92 -27,94 -28.01 -27.74 -28.42

2008 -36.70 -34.62 -33.53 -33.53 -32.99 -32,99 -32.99 -32.79 -33, E3

RC! . Benefit in percent reduction of impact in the year-of-tnterest
(with regulation) relative to the impact in 1580 with no
regulation.



_!_!_,_i_ _ _ _,_.....

TableF-77

HEARIN6LOSS IMPACT: PASSENBERSFOR SCHOOLBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - RCI*

YE_S Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.7 0.8 0.5 O.B 0.2 0.0 0.8 0.8

1990 0.0 1.3 1.7 1,5 1.9 1,4 1.0 1.9 1.7

1995 0.0 1.5 2.2 2.1 2.5 2.3 2.1 2.6 2.2

2000 0.0 1.5 2.3 2.3 2.7 2.7 2.6 2,8 2.3

2008 0.0 1.5 2.3 2.3 2.7 2,7 2.7 2.9 2.3

RCI*= Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyearwithoutregulation.



TableF-7B

HEARINGLOSSIMPACT:DRIVERSFORALLSCHOOLBUSESWITHNON-BUSNOISEEXPOSURELEVELOF 60 - LWPH(thousands)

YEARS Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0,0 0.0 O,O 0.0

1985 O.O 0.0 O.O 0.0 O.O O,O O.O O.O O.O

I 19g0 0.0 O.O 0.0 0.0 O.O O.O O.O 0.0 0.0

1995 0.0 0,0 0,0 O.O O.O O.O 0,0 O.O O.O

2000 0.0 0.0 0.0 0.0 O.O ,O.O O.O O.O O.O

2008 0.0 0.0 0.0 0.0 O.O 0.0 O.O O.O 0.0



TableF-79

HEARINGLOSS IMPACT: ORIVERSFOR SCHOOLBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 70 - LWPH (thousands)

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 22.2 22.2 22.2 22.2 22.2 22.2 22.2 22.2 22.2

1985 28.1 15.7 15.4 22.6 15.4 25.3 28.1 15.4 15,4

1990 30,2 7.4 6.1 11.3 6.0 13.6 18.8 6.0 6.1

1995 31.4 3.3 1.1 3.0 0.9 3.9 7.2 0.9 1.1

2000 32.7 2.9 0.4 0.4 0.1 0.3 1.1 0.0 0.4

2008 34.6 3.0 0.4 0.4 0.0 0.0 0.0 0.0 0.4



Table F-80

HEARINGLOSS IMPACT: DRIVERSFOR SCHOOLBUSESWITH NON-BUSNOISE EXPOSURELEVELOF 70 - RCI

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 O.O O.O 0.0 0.0 0.0 0.0 0.0

1985 -27,73 28.64 30.00 -2,73 30,00 -15.00 -27.73 30.00 30.00

1990 -37.27 55.36 72,27 48,64 72.73 38.18 14.55 72.73 72.27

1995 -42.73 85.00 95.00 86.36 95.91 82.27 67.27 95.91 95.00

2000 -48.64 86.82 98.18 98.18 99.55 98.64 95.00 100.00 98.18

2008 -57.27 86.36 98.18 98.18 100.00 100.00 100.00 100.00 98.18

RCI = Benefitin percentreductionof impactin the year-of-interest
(withregulation)re]at{reto the impactin 1980with no
regulation,



TableF-B1

HEARINGLOSS IMPACT: DRIVERSFOR SCHOOLBUSESWITH NON-BUSNOISEEXPOSURELEVEL OF 70 RCI*

YEARS Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 44.2 44,9 19.6 44.9 9.8 0.0 44.9 44.9

1990 0.0 75.6 79,9 62.7 80.3 55.1 37.7 80.3 79.9

1995 0.0 89,6 96.4 90.5 97.2 87.5 77.1 97.2 96.4

2000 0.0 91.2 98.8 98.6 99.8 99.1 96.7 99.9 98.8

2008 0.0 91.2 98.9 98.9 99.9 99.9 gO.9 100.0 98.9

RCI* = Benefitin percentreductlonof ImpactIn the year-of-lnterest
(withregulation)relativeto the san_year withoutregulation.



TableF-82

HEARINGLOSS IMPACT: DRIVERSFOR SCHOOLBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 - LWPH(thousands)

YEARS Baseline OptionI Option2 Option2A Option 3 Option 3A Option3B Option4 OptionS

1980 1102.8 1102.8 1102.8 1102.8 1102.8 1102.8 1102.8 1102.8 1102.8

1985 1407.2 1387.9 1387.1 1395.9 1387.1 1400.1 1404.2 1387.1 1387.1

1990 1513.1 1483.0 1478,2 1484.6 1476.7 1486.7 1494.6 1476.2 1478.2

1995 1573.9 1536.8 1528.9 1531,2 1525.7 1529.7 1534,6 1524.5 1528.9

2000 1634.2 1595.0 1585.8 1585.8 1581.5 1581.8 1583.0 1579.g 1585.8

2008 1130.8 1689.3 1679.4 1679.4 1679,7 1674.7 1674.7 1672.9 1679.4



Table F-83

HEARINGLOSS IMPACT; DRIVERSFOR SCHOOLBUSES WITHNON-BUSNOISEEXPOSURELEVELOF 80 - RCI

YEARS Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 O.O O.O 0.0 0.0 0.0 O.O 0.0 0.0 0.0

1985 -27.33 -25.85 -25.78 -26.66 -25.78 -26.96 -27.33 -25.78 -25.78

1990 -37.21 -34.48 -34.04 -34.62 -33.90 -34.81 -35.53 -33.86 -34.04

1995 -42.27 -39.35 -38.64 -38.85 -38.35 -38.71 -39.15 -38.24 -38.64

2000 -48.19 -44.63 -43.80 -43.80 -43.41 -43.43 -43.54 -43.26 -43.80

2008 -56.95 -53.18 -52.29 -52.29 -51.86 -51.86 -51.86 -51.70 -52.29

RCl • Benefitin percentreductionof impactin the year-of-interest
(withregulation)re]atlveto the impactin 1980withno
regulation.



TableF-84

HEARINGLOSSIMPACT: DRIVERSFOR SCHOOLBUSESWITH NON-BUSNOISEEXPOSURELEVELOF 80 RCI*

YEARS Baseline Option 1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 O.O 0.0 0,0 0.0 0.0 0.0 0.0

1985 0.0 1.2 1.2 0.6 1.2 0.3 0.0 1.2 1.2

1990 O.O 2.0 2.3 1.g 2.4 1.7 1.2 2.4 2.3

l,,

1995 0.0 2.4 2.9 2.7 3.1 2.8 2.5 3.1 2.9

2000 0.0 2.4 3.0 3.0 3.2 3.2 3.1 3.3 3.0

2008 0.0 2.4 3.0 3.0 3.2 3.2 3.2 3.3 3.0

RCI*• Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the same yearwithoutregulation.



Table F-85

YEAR: 1980
TRANSITBUS (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Baseline Option 1 Option 2 Option 2A Option 3 Option 3A Option 3B Option 4 Option 5

0-25 6901 6901 6901 6901 6901 6901 6901 6901 6901

25-50 3824 3824 3824 3824 3824 3824 6901 6901 3824

50-80 2434 2434 2434 2434 2434 2434 2434 2434 2434

80-100 3825 3825 3825 3825 3825 3825 2434 2434 3825

>lO0 3077 3077 3077 3077 3077 3077 2434 2434 3077



Table F-86

YEAR: 1988
TRANSIT BUSES (THOUSANDS OF PEOPLE)

DISTRIBUTION OF RIDERS BY PERCENT OF YEARLY ALLOWABLE EXPOSURE CONSUMED

Z Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

0-25 9360 11510 12418 12050 12418 10713 9360 12418 12418

25-50 7401 7401 6944 5189 6944 5189 5189 6944 6944

50-80 3302 3302 2952 2603 2952 2952 3302 2952 2952

80-100 5187 2975 2878 4085 2878 4633 5187 2878 2878

>100 4174 2025 2023 3287 2023 3728 4174 Z023 2023



Table F-87

YEAR: 1990
TRANSITBUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 10602 14592 20090 19953 22398 21101 18537 22402 19953

25-50 9621 9996 7213 5878 4875 3576 3575 4906 5878

50-80 3741 3741 1612 1310 1606 I606 2272 1606 1310

80-100 5875 1768 1182 2041 1182 2517 3568 1182 2041

>100 4727 737 728 1642 728 2025 2872 748 1642



Table F-B8

YEAR: 1995
TRANSITBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

g Baseline OptionI Option2 Option2A Option3 Option3A Option30 Option4 Option5

0-25 11430 16431 25579 25641 29211 30006 28431 30537 29211

25-50 6338 11485 6872 5172 1939 1405 1405 1927 1939

50-80 4034 4034 409 339 477 477 886 477 477

80-100 6334 1187 212 SOB 212 746 1391 212 212

>100 5097 96 81 409 81 600 1120 81 81



Table F-89

YEAR_ 2000
TRANSITBUS (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 12130 17521 17471 28482 34962 34924 34538 34979 34962

25-50 6727 12275 6768 6727 265 180 224 248 265

50-80 4281 4281 49 29 32 32 132 32 32

80-100 6721 1173 9 18 9 49 207 9 9

>100 5409 18 1 14 1 40 167 1 1

.......... ,,,, . ,............ ......... 4,__,---.



Table F-90

YEAR: 2008
TRANSITBUS (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF BIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 13288 19194 31248 31248 38618 38618 38618 38637 38618

25-50 7371 13449 7371 7371 19 19 19 0 19

80-80 4691 4691 19 19 0 0 0 0 0

80-100 7363 1285 0 0 0 0 0 0 0

>100 5925 19 0 0 0 0 0 0 0



Table F-91

YEAR: 1980
INTERCITYBUS(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Z Baseline Option 1 Option 2 Option 2A Option 3 Option 3A Option 38 Option 4 Option 5

0-25 1181 1181 1181 1181 1181 1181 1181 1181 1181

25'50 21 21 21 21 21 21 21 21 21

50-B0 2 2 2 2 2 2 2 2 2

00-100 0 0 O 0 0 O 0 O 0

,, , , , ,,

>100 0 0 0 0 0 O 0 O O



Table F-92

YEAR: 1985
INTERCITYBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Z BaseTine OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

0-25 1818 1818 1818 1818 1818 1818 1818 1818 1818

25-50 26 26 26 26 26 26 26 26 26
I
Q

50-80 4 4 4 4 4 4 4 4 4

80-100 0 0 0 0 0 0 0 0 O

>I00 0 0 0 0 0 0 0 0 0

,,,, , , , _,,



Table F-93

YEAR: 1990
INTERCITYBUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 2570 2570 2570 2570 2570 2570 2570 2572 2570

25-50 32 32 32 32 32 32 32 27 32

50-80 4 4 4 4 4 4 4 3 4

80-100 0 0 0 0 0 0 0 0 O

>100 0 0 O O 0 0 0 0 O



Table F-94

YEAR: 1995
INTERCITYBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Baseline Optioni Option2 Option2A Option 3 Option3A Option3B Option4 Option5

0-25 3329 3329 3329 3329 3329 3329 3329 3342 3329

25-50 36 36 36 36 36 36 36 25 36

50-80 5 5 5 5 5 5 5 3 S

80-100 0 0 0 0 0 0 0 0 0

>100 0 0 0 0 0 0 0 0 0



Table F-95

YEAR: 2000
INTERCITYBUS(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 4212 4212 4212 4212 4212 4212 4212 4230 4212

25-50 39 39 39 39 39 39 39 25 39

50-80 6 6 6 6 6 6 6 2 6

80-100 0 0 0 0 0 0 O 0 0

>100 0 0 0 0 0 0 O 0 0



Table F-95

YEAR: 2008
INTERCITYBUS(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBYPERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option 1 Option 2 Option 2A Option 3 Option 3A Option 3B Option 4 Option 5

0-25 5849 5849 5849 5849 5849 5849 5849 5869 5849

25-50 46 46 46 46 46 46 46 30 46

50-80 6 6 6 6 6 6 6 2 6

80-100 0 0 0 0 0 0 O 0 O

>IO0 0 0 0 O 0 0 O 0 0



Table F-97

YEAR: 1980
SCHOOLBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 8468 8468 8468 8468 8468 8468 8468 8468 8468

25-50 14005 14005 14005 14005 14005 14005 14005 14005 14005

50-80 4408 4408 4408 4408 4408 4408 4408 4408 4408

80-100 947 947 947 947 947 947 947 947 947

>100 31 31 31 31 31 31 31 31 31



Table F-9B

YEAR: 1985
SCHOOLBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

¢ Baseline Option 1 Option Z Option 2A Option 3 Option 3A Option 3B Option 4 Option 5

0-25 10440 19038 19540 14951 19540 12704 10440 19540 19540

25-50 17266 11356 10963 14068 10963 15662 17266 10963 10963

50-80 5435 3333 3224 4361 3224 4897 5435 3224 3224

80-100 1168 602 602 937 502 1053 1168 602 602

>100 39 20 20 31 20 35 39 20 20



Table F-99

YEAR: 1990
SCHOOLBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 10881 26215 29138 29550 29568 24472 20291 29568 29138

25-60 17992 7454 5163 7311 4733 B235 11197 4733 5163

50-80 5667 1915 1284 2076 1284 2531 3527 1284 1284

80-100 1218 209 209 446 209 538 758 209 209

>100 40 7 7 15 7 18 25 7 7



Table F-IO0

YEAR: 1995
SCHOOLBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBYPERCENTOF YEARLYALLOWABLEEXPOSURECO_SUHEO

Baseline Option I Option 2 Option 2A Option 3 Option 3A Option 3B Option 4 Option 5

Q-25 10936 29205 33853 32782 34736 32?54 30259 34737 33853

In 26--80 18074 5525 1882 2585 g98 2360 4128 998 1882

50180 5697 1223 220 484 220 706 1301 220 220

80"100 1226 22 22 104 22 280 280 22 22

>100 40 1 1 3 1 9 9 1 1



Table F-IOI

YEAR: 2000
SCHOOLBUSES (THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

% Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

0-25 11155 30120 35187 35463 36616 36469 35865 36616 35187

25-50 18742 5412 1203 1216 73 174 602 73 1203

50-80 5812 1168 t0 17 10 45 190 10 10

80-100 1250 0 0 3 0 10 40 0 0

>100 41 0 0 0 0 0 I 0 0



Table F-102

YEAR: 2008
SCHOOLBUSES(THOUSANDSOF PEOPLE)

DISTRIBUTIONOF RIDERSBY PERCENTOF YEARLYALLOWABLEEXPOSURECONSUMED

Base]the Option 1 Option 2 Option 2A Optfon 3 Optton 3A Option 3B Optton 4 Optton 8

0-25 11603 31334 36960 36960 3B173 38173 3B173 38173 36960

25-60 19180 5626 1214 1214 0 0 0 0 1214

60-80 6047 1214 0 0 0 0 0 O 0

80-100 1300 0 0 0 O 0 0 0 0

>100 43 O 0 0 0 0 0 0 0

J



TableF-I03

SPEECHINTERFERENCE:PASSENGERSFOR TRANSITBUSES

LWPH (THOUSANDS)

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 6093,7 6093.7 6093.7 6093.7 6093.7 6093,7 5093.7 6093.7 6093.7

1985 8264.5 5993.5 5773.0 6891.3 5773.0 7574.5 8264.5 5773.0 5773.0

g
1990 9360.4 5144.0 3807.5 4585.8 3544.3 4914.6 6224.1 3460.3 3544.3

1995 10091,6 4807.5 2583.5 2835.4 2019.6 2567.7 3371.9 1801.5 2019.6

2000 10709.0 5013.1 2357.8 2359.4 1614.6 1656,0 1852.7 1308.3 1614.6

2008 11731.2 5491.0 2560.7 2560.7 1720.7 1720.7 1720.6 1366.7 1720.7



TableF-tO4

SPEECHINTERFERENCE:PASSENGERSFOR TRANSITBUSES

RCI

Years Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 OptionS

1980 0 0 0 0 0 0 0 0 0

1985 -36.52 1.64 5,26 -13.09 5,26 -24.30 -35.62 5.26 5.25

1990 -53.51 15.50 37.52 24.75 41,84 19.35 -2.14 43.22 41.84

1995 -65.61 21.11 57.60 53.47 66,86 57.86 44,67 70.44 66.86

2000 -75.74 17.73 61.03 51.05 73,50 72.82 69.50 78.53 73.50

2008 -92.51 g.8g 57.98 57.98 71.76 71.76 71.76 77.57 71.76

RCl • Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the impactin 1980 withno
regulation.



TableF-105

SPEECHINTERFERENCE:PASSENGERSFOR TRANSITBUSES

RCI*

Years Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 27.5 30.1 15.6 30.1 8.3 0.0 30.1 30.1

b

I 1990 0.0 45.0 59.3 51,0 62.1 47.5 33.5 63,0 62.1

1995 0.0 52.4 74.4 71.9 80.0 74.6 66,6 82.1 80.0

2000 0.0 53.2 78.0 78.0 84.9 84.5 82.7 87.8 84.9

2008 0.0 53.2 78.2 78.2 85.3 85.3 85.3 88.4 85.33

RCI*- Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear without
regulation.



Table F-I06

SPEECHINTERFERENCE:DRIVERSFOR TRANSITBUSES

LWPH (THOUSANDS)

Years Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 OptionB

1980 11.9 11.9 11.9 11.g 11.9 11.9 11.9 11.9 11.9

1985 16.4 16,4 15.8 15.3 15.8 15.8 16.4 15.8 15.8

1990 18.8 18.8 15.4 14.9 13.9 13.9 15.0 13.3 13.9

1995 20.4 20.4 14.7 14.4 11.5 11.5 12.2 10,0 11.5

2000 21.8 21.8 14.9 14.9 10.8 10.8 10.9 8.8 10.8

2008 24.0 24.0 16.4 16.4 11.7 11.7 11.7 9.2 11.7



Table F-107

SPEECHINTERFERENCE:DRIVERSFORTRANSITBUSES

RCI

Years Baseline Option 1 Option 2 Option 2A Option 3 Option 3A Option 3B Option 4 Option 5

1980 0 0 0 0 0 0 0 0 0

1985 -37.82 -37.82 -32.77 -28.57 -32.77 -32.77 -37.82 -32.77 -32.77

1990 -57.98 -57,98 -29.41 -25.21 -16.81 -16.81 -26.05 -11.78 -16.81

1995 -71,43 -71.43 -23.53 -21.01 3.36 3.36 -2.52 15.97 3.36

2000 -83,19 -83,19 -25.21 -25.21 9.24 9.24 8.40 27.73 9.24

200B -101,68 -101.68 -37.82 -37.82 1.68 1.68 1.68 22.69 1,68

RCI • Benefitin percentreductionof impactin the year-of-lnterest
(withregulation)relativeto the impactin 1980with no
regulation.



Table F-108

SPEECHINTERFERENCE:DRIVERSFORTRANSITBUSES

RCI*

Years Baseline Option I Option 2 Option 2A Option 3 Option 3A Option 3B Option 4 Option 5

1980 0.0 0.0 0o0 0.0 0,0 0o0 0.0 0.0 0.0

1985 0.0 0.0 3.4 6.8 3.4 3.4 0o0 3.4 3.4

1990 0.0 0.0 18.2 20.8 25.9 25.9 20.2 29.0 25.9

1995 0.0 0.0 28.1 29.3 43.3 43.3 40.1 50.9 43.3

2000 0.0 0.0 31.6 31.7 50,5 50.5 49,8 60.5 50.5

2008 0.0 0.0 31,8 31.8 51.4 51.4 51.4 61.9 51,4

RCI* -Beneftt in percent reduction of impact tn the year-of-interest
(with regulation) relative to the sameyear wtthout
regulation.

km_ ............



TableF-109

SPEECHINTERFERENCE:PASSENGERSFOR INTERCITYBUSES

LWPH {THOUSANDS)

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 2649.0 2649.0 2649.0 2649.0 2649.0 2649.0 2649.0 2649.0 2649.0

1985 4181.5 4181.5 4103.3 4025.3 4103.3 4103.3 4181.5 4103.3 4103.3

1990 5725.5 5725.5 5154.0 5072.9 4901.3 4901.3 5078.1 4618.5 4901.3

1995 7405.0 7405.0 6275,8 6228,6 5633.6 5633.6 5755.8 4760.7 5633.6

2000 9281.2 9281.2 7696.9 7689.6 6704.9 6704.9 6704.2 5268.8 6704.9

2008 12780.1 12780,1 10583.2 10583.2 9176.5 9176.5 9176.5 7096.1 9176.5



Table F-110

SPEECHINTERFERENCE:PASSENGERSFOR INTERCITYBUSES

RCI

Years Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0 O 0 0 0 0 0 0 0

1985 -5I.BB -57.85 -54.90 -51.96 -54.g0 -54.90 -57.85 -54.90 -54.90

$

o 1990 -116,14 -116,14 -94.56 -91.50 -85.02 -85.02 -91.70 -74.35 -85.02

1995 -179.54 -179.54 -136.91 -135.13 -113.80 -113.80 -117.43 -79.72 -113.80

2000 -250.36 -250.36 -190.56 -190.28 -153.11 -153.11 -154.44 -98.90 -153.11

2008 -382.45 -382.45 -299.52 -299.52 -246.41 -246.41 -246.41 -167.88 -246.41

RCI - Benefitin percentreductionof impactin the year-of-lnteres%
(withregulation)relativeto the impactin 1980withno
regulation.



TableF-111

SPEECHINTERFERENCE:PASSENGERSFOR INTERCITYBUSES

RCI*

Years Baseline Optioni Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 0.0 1.9 3.7 1.9 1.9 0.0 1.9 1.9

1990 0.0 0.0 10.0 11.4 14.4 14.4 11,3 19.3 14.4

1995 0.0 0.0 19.2 15.9 23,9 23.9 22,2 35.7 23.9

2000 0.0 0.0 17,1 17.1 27.8 27.8 27.8 43.8 27.8

2008 0.0 0.0 17.2 17.2 28.2 28.2 28.2 44.5 28.2

RCI* = Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyearwithout
regu]ation.



Table F-112

SPEECHINTERFERENCE:DRIVERSFOR INTERCITYBUSES

LWPH (THOUSANDS)

Years Baseline OptionI Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

1985 2.0 2.0 2,0 2.0 2.0 2.0 2,0 2.0 2.0

1990 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.1 2.3

1995 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.1 2.5

2000 2.8 2.8 ' 2.8 2.8 2.8 2.8 2.8 2.2 2.8

2008 3.3 3.3 3.3 3,3 3.3 3.3 3.3 2,5 3.3



Table F-113

SPEECH INTERFERENCE: DRIVERS FOR INTERCITY BUSES

RCl

Years Baseline Option1 Option 2 Option2A Option3 Option 3A Option3B Option4 Option5

1980 O 0 0 0 0 0 0 0 O

1985 -33.33 -33.33 -33.33 -33.33 -33.33 -33.33 -33.33 -33.33 -33.33

U
1990 -53.33 -53.33 -53.33 -53.33 -53,33 -53.33 -53.33 -40.00 -53.33

1995 -66.67 -66.67 -66.67 -66.67 -66.67 -66.67 -66.67 -40.00 -66.67

2000 -86.67 -86.67 -86.67 -86.67 -86,67 -86.67 -86.67 -46.67 -86.67

2008 -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -66.67 -120.00

RCI • Benefitin percentreductionof impactin the year-of-interest
(with regulation) relative to the impact in 1980 with no
regulatlon.



Table F-114

SPEECH INTERFERENCE: DRIVERS FOR INTERCITV BUSES

RCI*

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I

1990 0.0 O.O 0.0 0.0 0.0 0.0 0.0 S,7 0.0

1995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16,9 0.0

2000 0.0 0,0 0.0 0.0 0.0 0.0 0.0 21.4 0.0

2008 0.0 0.0 0_0 0.0 0,0 0.0 0.0 24.2 0.0

RCI*= BenefitIn percentreductionof impactin the year-of-interest
(withregulation)relativeto the sameyear without
regulation.



Table F-115

SPEECHINTERFERENCE:PASSENGERSFOR SCHOOLBUSES

LWPH (THOUSANDS)

Years Baseline Option1 Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 7162.5 7152.5 7152.5 7152,5 7152.5 7152,5 7152.5 7152.5 7152.5

1985 8813.8 6338.0 6158.7 7446.1 6158,7 8127.8 8813,8 6158.7 6158.7

P
; 1990 9180.8 4768.0 3725.9 4613.8 3491.3 4957,9 6224.7 3406.4 3725.9

1995 9220.6 3966,9 2310.0 2598.2 1828.5 2398.2 3154.2 1617.0 2310.0

2000 9402.9 3951.5 2038.2 2043.1 1422.6 1465.0 1647.6 1134.0 2038.2

2008 9777.4 4108.3 2103.0 2103.0 1441.3 1441.3 1441.3 1123.7 2103.0



TableF-116

SPEECHINTERFERENCE:PASSENGERSFOR SCHOOLBUSES

RCI

Years Baseline Optioni Option2 Option2A Option3 Option3A Option3B Option4 Option5

1980 0.0 0.0 D.O 0.0 0.0 0.0 0.0 0.0 0.0

1985 -23.23 11.39 13.89 -4.10 13.89 -]3.64 -23.23 13.89 13.89

L

1990 -28,36 33.34 47.91 35.49 51.19 30.68 12.97 52.37 47.91

1995 -28.91 44.54 67.70 63.67 74,44 86.47 55.90 77.39 67.70

2000 -31.46 44.75 71.50 71.44 80.11 79.52 76.96 84.16 71.50

2008 -36.70 42.56 70.80 70.60 79.85 79.85 79.85 84.29 70.60

RCI = Benefitin percentreductionof impactIn the year-of-interest
(withregulation)relativeto the impactin 1980with no
regulation.



Table F-117

SPEECHINTERFERENCE:PASSENGERSFOR SCHOOLBUSES

RCI*

Years Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 O.O 0.0 0.0 0.0 O.O 0.0 0.0 0.0 0.0

1985 0.0 28.1 30.1 15,5 30.1 7.8 0.0 30.1 30.1

1990 0.0 48.1 59.4 49.7 62.0 46.0 32.2 62.9 59.4

1995 0.0 57.0 74.9 71.8 80.2 74,0 65.8 82.5 74.9

2000 0.0 58.0 78.3 78.3 84.9 84.4 82.5 87.9 78.3

2008 0,0 58.0 78.5 78.5 85.3 85.3 85.3 88.5 78.5

RCI* = Benefit in percent reduction of impact in the year-of-interest
(withregulation)relativeto the sameyearwithout
regulation.



Table P-118

SPEECH INTERFERENCE: DRIVERS FOR SCHOOL BUSES

LWPH (THOUSANDS)

Years Baseline Option I Option2 Option2A Option3 Option 3A Option3B Option4 Option5

igBO 133.8 133.8 133.8 133.8 133.8 133.8 133.8 133.8 133.8

1985 170.4 107.0 105.6 141.8 105.6 156.0 170,4 105.6 105.6

1990 183.6 66.7 58.5 84.8 55.5 94.3 121.7 54.1 58.5

1995 191.0 46.9 33.3 42.b 26.9 42.5 59.4 23.4 33.3

2000 198.3 45.0 30.1 30.4 21.7 22.9 27.1 16.9 30.1

2008 210.0 48.7 31.7 31.7 22.6 22.6 22.6 17.2 31.7



TableF-I19

SPEECHINTERFERENCE:DRIVERSFOR SCHOOLBUSES

RCI

Years Baseline OptionI Option2 Option2A Option3 Option3A Option38 Option4 Option5

1980 0.0 0.0 0.0 0.0 0,0 0.0 0.0 O.O 0.0

1985 -27,35 19.81 21,08 -5,98 21.08 -16.59 -27.35 21.08 21.08

1990 -37.22 50.15 56.28 36.62 58.52 29.52 9.04 59.57 56.28

1995 -42,75 64.95 75.11 68,15 29.90 68.24 55.61 82.51 75.11

2000 -48.21 65.62 77.50 77.28 83.78 82.88 79.75 87.37 77.50

2008 -56.95 63.60 76.31 76.31 83.11 83.11 83.11 87.14 76.31

RCI = Benefitin percentreductionof impactin the year-of-interest
(withregulation)relativeto the impactin 1980withno
regulation,



TableF-120

SPEECHINTERFERENCE:DRIVERSFOR SCHOOLBUSES

RCI*

Years Baseline OptlonI Option2 Option2A Option3 Option3A Option38 Optlon4 Option5

1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1985 0.0 37.2 38.0 16.8 38.0 8.4 0.0 38.0 38.0

1990 0.0 63.7 68.1 53.8 69.8 48.6 33.7 70.5 68.I

1996 0.0 75.5 82.6 77.7 85.9 77.7 68.9 87.7 82.6

2000 0.0 75.8 84.8 84.6 89.0 88.4 86.3 91.5 84.8

2008 0.0 76.8 84.9 84.9 89.2 89.2 89.2 91.8 84.9

RCI* = Benefit in percent reduction of impact in the year-of-interest
(withregulatlon)relativeto the sameyearwithout
regulation.



APPENDIXG

BUSNOISEABATEMENTCOSTS

Presentedin thisappendixaretheestimatedcostincreases(decreases)

requiredto manufacturebusesquieterthanthosecurrentlyproduced,for the

varioustechnologylevelsdiscussedinSection5. Thisappendixisorganized

as follows:

I. IntPoduction

. Methodology

BusC1assiflcatlon

lh ManufacturingProcess

r,asollnePoweredConventlonelSchoolBus

Oiesel PoweredConventionalSchoolBus

Oiesel PoweredIntegral Mid-EngineSchoolBus

Oiesel PoweredIntegral Rear EngineSchoolBus

Diesel PoweredIntegral Intercity Bus

IIh Estimating Equipment,Operating & MaintenanceCosts, and Fuel Costs

EquipmentCosts

MaintenanceCosts

Fuel Costs

IV. EnforcementCosts

,: Introduction

i_ Methodology

Estimating Costs
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I_INTRODUCTION

METHODOLOGY

Using informationdevelopedby Booz-AllenApplied Research under EPA

contract number 6B-OI-350g,technologypackageswere developed and distri-

buted to bus manufacturers and bus component suppliers. These packages

described study levels of bus noise abatementand recommendedapproaches

to achievethose study levels.

Bus manufacturerswere asked to provide, on a level-by-levelbasis,

cost estimatesto achieve the technologylevelsof bus noise abatement. In

additionto the technologypackageseachmanufacturerreceived:

Cost estimatingforms

Lead time estimatingforms,and

Enforcementscenarios necessaryfor assessingcosts attributableto

compliancetestingby manufacturers

Telephonecontactswere made with all manufacturersreceivingthe tech-

nology packages. In addition,visits were made by EPA personnel and EPA

consultantsto variousmanufacturersin order to gain a betterunderstanding

of the differentmanufacturingprocessesused throughoutthe bus industry.

Component manufacturers were contacted and supplied with a copy of

the technologypackagesthat pertainedto their product. These manufacturers

were asked to furnish cost information for their products based on the

recommendationsin the technologypackage.

Cost informationrequestedfrom the manufacturerswas based on a manu-

facturingtoleranceof 2 i/2 - 3 dB. For example,if the study levelwas 83

dB, the designlevelfor manufacturingwouldbe 80 - B0.5dB.

When submittingcost estimates,the manufacturerswere asked to break

the costsinto:

Productcost

Channelcost

End-usercost
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For each bus category, manufacturers were asked to identify each type

of cost. The differenttypes of costs were used to determinethe impacton

labor, material, Quality control, investment and burden cost. No manufacturer

supplied this informationtotally. A.M. Generalwas the only manufacturer

that providedsome informationon end-usercosts,channelcosts and product

costs for transitbuses.

Quality control and testing procedure costs were not broken out by

any respondingmanufacturer. These costs were includedin their responses.

For the automotlve-truckIndustry, costs related to quallty control and

testingnormallyrepresent5%-B_of productcost. The estimatedcosts inthis

reportincludequalltycontroland testingprocedurecosts.

A.M. Generalwas the only respondingcompanyto indicatethe additional

investmentrequiredto meet the study levelsof noise. On a level-by-level

basis the Investmentrequired3%-21% of total estimatedcost. For the auto-

motlve-truckindustry,every dollar of investmenttypicallygeneratesthree

dollarsof revenue,on an annualbasis. The estimatedcosts in this report

include investment cost.

School bus body builders have equipment and tooling that are hlghly

flexlble. Many operationson differentpart configurationsare possible.

Wayne Corp., by using roll formingequipment,have, to some extent, limited

their flexlbIity.

Integralbus builders(Inbercity,transit, and school)have flexibility

in their assembly process. No information was supplied by any integral

bus manufacturerson the impactof engineencapsulationon bus design.

Estimated operating and maintenance costs were based on interviews

with end-users,industrysuppliedinformationand componentsvendors.

Estimatedcosts in this reportare associatedwith levelsof bus noise

abatement, By initiatingthe actions outlinedin the technologystudy,the
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correspondinglevel of noise was assumed to be achieved. The first study

level for each bus type is designatedas Level X, the secondstudy level is

Level2, etc. Levelsdo not correspondto years.

The development of the EPA estimated costs was based, as much as

possible,on manufacturers'knowledgeof the industry,cost structureand

technology. Componentscosts receivedfrom vendorswere used to cross-check

manufacturers'date and to providea basisfor estimatingcostswhen requlred.

Guidelines followed In the constructionof EPA cost estimateswere:

Manufacturers'datawas used as much as posslble,

An hourlyrate of $18 per hour was used to coverdirectlaborand all

burdenscharges.

Laborhour changeswere estimates.

Responseto requestsfor cost estimateswere slow with varyinglevelsof

participation by the companies. Firms that chose not to respond at all

were:

ChryslerCorporation

Detroit,Michigan

BlueBird BodyCompany

FortValley,Georgia

ThomasBuiltBuses,Inc.

High Point,NorthCarolina

GilllgBrothers

Hayward,California

Ward SchoolBus Manufacturing,Inc.

Conwey,Arkansas

All othercompaniesprovidedsomeinformation.
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BUS CLASSIFICATION

i Busesare normallyclassifiedinto threemajorcategories:

School Buses

Transit Buses

Intercity Buses

Withineach categoryvariousconfigurationsof buses are possible. To

estimate the cost impactof bus noise abatement,buses were classifiedas

follows:

GasollnePoweredConventionalSchoolBuses

DieselPoweredConventionalSchoolBuses

ForwardEngineForwardControlSchoolBuses

DieselPoweredIntegralUrbanTransitBuses

DieselPoweredIntegralMid-EngineSchoolBuses

DieselPoweredIntegralRear-EngineSchoolBuses

DieselPoweredIntegralIntercltyBuses

The definitionof a bus used in this study is an englne-poweredvehicle

with an enclosed passengercompartmentdesignedfor the transportationof

passengerson a streetor a highwayand havinga Gross VehicleWeightNatlng

(GVWR)in excessof 10,000Ibs. The vehicle'sprimarydesignis to transport

passengers,not material,driver,etc.

!: II - MANUFACTURINGPROCESS

Gasoline Powered Conventional School Bus

i; A completedconventlonalschool bus is assembledby mounting a body

_ onto a chassis. The chassisand the body are producedby two separatemanu-

facturers. The schoolbus chassisis equippedwith an enginelocatedforward

!; of the driver and passengers,a completeddrive train,a completedsteering
ii
i mechanismand an enginecowl. The chassisitselfis not a completedvehicle,

! per Federalspecifications,that can be drivenon a streetor highway.
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A conventional school bus chassis is similar to a medium duty truck

chassis. As a result, school bus and truck chassis are/can be manufactured on

the sameassembly line utilizing manyof the samecomponentsand manufacturing

equipment. The primary differences between conventional school bus and truck

chassis are the locations of the fuel and air tanks, the chassis rail con-

figurations, the brake systems and the vehicle operator enclosures.

Atyptcal assemblysequence for a bus chassis is:

assembleframe and braces

installfront and rear axles

mount engineand transmission

locatechassiswire

locatefluid lines

bleed and testhydraulicsystemand air check

paint frame

installexhaustsystem

mount tires

hookup chassiswiringto lightsand engine

connect all chassis lines

mount and hook cowls

installradiator

mount frontend and bumper

mount temporarydriverseat

installsteeringwheel

add coolantto radiator

add gas

inspect

deliver to shtpplng lot

Normally the front and rear axles, engine and transmission, tires, cab

trim, and front end are off llne assemblies, Conveyorsystems move these

subassemblies to the main line to match the chassis used.
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This assembly sequence is the same as truck assembly. An Individual

not familiarwith the two chasssis configurationsor standingaway from the

assemblyline cannotdifferentiatebetweenthe two.

After assemblythe chassis is shippedto a body builder. Each chassis

Is accompaniedby an incompletevehicle document which states the Federal

Standardsto which the vehicles comply as built by the chassis builder,

The body builder mounts the body shell to the chassis and completes

the interiorof the shell. Body buildersdo not alteror changethe chassis

as received. Chassisbuildersmaintain servicerepresentativesat the body

builder'slocationto inspect the chassis after the body is mounted and to

makerepairsif required.

A typicalassemblysequencefor body buildersis:

fabricate,buildand mate

- floor

- backend

sideframes
I

roof

interiorsidepanels

exteriorsidepanels

ceiling

undercoat

mount exteriortrim

paintexteriorand interior

Installfloor coverings

mount shell to chassis

install

- seats

i - windows
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lights

- heater, etc,

letter

inspect

roadtest

dellverto shippinglot

Normallysubassemblyoperationsare: seats,lights,flooring,and frames.

Subassemblyoperationsare as closeto the assemblyline as practical.

High flexibilltyIs present due to the variationin bus lengths, in

chassis designsbetweenmanufacturersand in specificationsfrom each buyer.

Normally no two busesare identicalon the assemblyline.

FederalCertificationtags are placedon the completedbus by the body

builder. Chassisbuildersfurnishtags and specificationsheetslistingwhat

standardsthe chassiswillmeet as longas componentsare not changed.

Both chassisand body manufacturershave a high degreeof flexibillty

In their assemblysequence primarilydue to the variousrequirementsfor a

bus. Federal, State sand local governmentsplus each schooldistrict and

schoolhave individualstandardsthat a schoolbusmust meet. These standards

can and do vary fromstate to state,localgovernmentto localgovernmentand

schooldistrictto schooldistrict.

DleselPoweredConventionalSchoolBus

Diesel powered conventional school buses are baslcally the same as

gasoline poweredconventlonalschoolbuses exceptfor the engine. The same

deflnitlonsof conventionalschoolbus,chassisand body assemblymethods can

be used for the dieselbus. For the descriptions,refer to gasolinepowered

conventional school buses.

Diesel and gssollneengine chassis are mixed on the chassis assembly

line, Differencesbetween the two engines normallyimpactthe subassembly
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area of engine and transmission. Work contentmay varyon the assemblyline

but productionlines are balancedto accountfor thesevariations,

Body builders, as in gasoline powered buses, mount the body to the

chassis. The type of enginedoes not impacttheirworkmethods,

Vehicle certificationproceduresare the same as for gasolinepowered

buses.

Forward Engine Forward Control School Bus

Diesel powered forward engine forward control school buses, gasoline

powered forward engine forward control school buses and forward control

buses, gasoline and diesel, are being combined for cost estimating purposes,

These types of buses have many of the same characteristics, construction

methods and technology packages for noise abatement. A primary difference

between these buses is the interior layout of the bus. The layout changes

with the use_ such as a transit coachp school bus_ luxury bus, etc,

These types of buses are not of integral construction. A body shell

is mountedonto a chassiswith two manufacturersinvolved. The buses are

producedby companiesthat manufactureschoolbuses. For descriptionsof the

assemblysequence,refer to the gasoline poweredconventionalschool bus.

This type of bus is normallybuilt on the samebody assemblylineas the

conventionalschoolbus, Extra work requiredis performedoff the assembly

; llne, Flexibilityis presentin the assemblyprocess,

_ Federal Certificationproceduresare the same as for the conventional
i

' school bus,

Manufacturersmust meet not only Federalrequirementsbut alsoState and

localgovernmentsand schooldistrictrequirements.State and local govern-

ments and schooldistrictrequirementscan and oftendo vary amongthemselves,
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Dlesel PoweredIntegral Urban Transit Bus

Transit busesdiffer from conventional school buses in their manufacture.

While conventional school buses are manufactured in a two-stage process (body

on chassis)by two separatemanufacturers,transitbusesare manufacturedby a

singlemanufacturerwho performsthe entireassembly.For transitbusesthe

floor,sides,ends and roof are Joinedintoa one-plececonstructfonto form

the bus shell, The advantageto this typeof constructionis moreefficient

use of materialsand space. Intercitybusesand rearand mid-enginediesel

schoolbuses alsoemploythis type of construction.

Atypicalassemblysequencefor an integraltransitbus is:

fabricateendassemble

understructure

rightand leftsides

frontandback end

roof

. Join sections together

assembleexteriorskin

assembleinteriorfloorbase and rubbercovering

install interiorwires,controls,etc,

mountundercarriageitems

point interiorandexterior

mountwheels

Install windowsand doors

test forwater leaks

complete interior

Seats

lights !

- controls

- floorlng

- trim,etc.

G-IO

I



installengine,transmissionand drivetrain

, - heatingandcoolingsystem

gas lines

air and hydrauliclines,etc.

inspectbus

road test

deliver to shipping lot

Typicalsubassemblyoperationsare: seats,windows,engineand trans-

mission,front and rear axles,lights and air conditioners.The assembly

sequence can overlap and many components not listedabove are installed

throughoutthe process. These proceduresapply to the "New look" buses

which are no longerproducedin the UnitedStates. With the introductionof

AdvancedDesignBusesboth manufacturershaveintroducedsomenew manufactur-

ing techniques. In general, though, the procedurementionedabove still

applies.

High flexibilityis presentin the assemblyprocess. Everybus order

representsthe specificationsof that purchaser. As with the schoolbuses,

transitbusesmustmeet Federal,State and localgovernmentstandards.These

standardscan and do vary from state to stateand localgovernmentto local

government.

DieselPoweredIntegralMid-EngineSchoolBuses

Dieselpoweredintegralmid-engineschoolbusesare constructedunderthe

same principlesas the urbantransit bus. The entirebus supportsthe bus

weightand providesstrength.
r

A typicalassemblysequencefor this typeof bus is:

i Chassisassembly
I

J - drillside railst

- weldcrossbars to the siderails

mountfrontend and front axle
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mountrear axle and rear suspension

installengine,transmission,exhaust,controls,coolingsystem,

electrical system, etc.

Body assembly

- buildroof, both exteriorand interior

- buildleft side

- buildright side

bulldrearend

. mate bodyand chassis

weld outriggers

assembleexteriorskinon all sides

run engine

paint

completeinterior

skin

seats

floors

windows

- steering

- lights,etc.

. completemechanicalhookup

final inspect

road test

deliverto shippinglot

Typical subassembliesare: seats, windows, engine and transmission,

axles, and lights.

Flexibility is present in the assembly process, Each bus order is

builtto the Indlvidualstateand/orlocalschooldistrictspecifications.In

a11 cases Federal specifications must be met.
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,,_DieselPoweredIntegralRearEnqineSchoolBuses

Dieselpowered Integralrear engine schoolbuses have the same type

':ii:i!i'ofconstructionas urbantransitbuses. The floor,sides,endsand roofare

Joinedtogetherintoa one piececonstruction.

As withthe urbantransitbus, the advantageto thistypeof construction

iSmoreefficientuse of materialand space.

.... A typicalassemblysequenceforthis typeof bus is:

assemble side rails and cross members

_! assembleto frameassembly

, - frontand rearaxles

- suspension

- side rails

- flrewall

- air piping

- engine and transmission

- radiator and fan

mount front platform for driver

Install long half sections across frame

install flooring

mount side posts

assembleroof

assemble slde panels

hook up connections

- from engine

- electrical

- gauges

undercoat

removetemporarytiresandmountpermanent
i

tl paintbus

instal l
J
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- windows

- finished floors

- seats

- finaltrim,etc.

final inspection

road test

deliveryto shippinglot

Typical subassembliesare: seats, windows, engine and transmissions,

roof exteriorand interior,axlesand lights.

F1exibillty is present in the assembly process. Each bus order is

built to the Federal,State and localgovernmentspecifications.The speci-

fications can and do vary from state to state and locality to locality.

In addition,each school districtcan and does have their own additional

specifications.

DieselPoweredIntegralIntercit_Bus

Diesel poweredintegral intercltybuses utilize the same type of con-

struction as the dieselpoweredintegralurban transit buses. The complete

structureis load bearingand is a more efficientuse of materlaland space

comparedto a conventionalschoolbus.

A typlcalassemblysequencefor integralIntercitybuses is:

fabricatecomponentparts

assemblefloorstructure

assemblefrontand backends

assemblesides

assembleroof

Joint floor,ends,sides and roof

installair lines,electricalinterior

tnsta11 insulation
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paint

letter
!

completeinteriorof bus

- lavatory

- insidesidepanels

insideroofpanels

installfrontand rear axles

installair conditioning

installcoolingsystem

completesteering

completeinstrumentation

installengineand transmisslon

installseats

- installwindows

completeair and electricalhookups

inspect

road test

deliveryto shippinglot

Typical subassembliesare: seats, windows, engine and transmission,

roofexteriorand interior,axlesand lights.

Quality control checks are maintained throughout the manufacturing

T process. Before a bus is moved to the next work station,the production

foremanand inspectormust signa checklist.

Flexibility is present in the assembly process. Each bus is indl-

vldualiyorderedand uniqueto thatpurchaser. The typesof assembly

lines employed lend themselvesto varietyin productionand changesin mid-

production.
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III - ESTIMATEDEQUIPMENT,OPERATING& MAINTENANCECOSTS

EQUIPMENTCOSTS

The following series of tables present cost estimates for achieving

various technology study levels. The tables are paired Into sections, with

each sectionrepresentingone noise level. Within each section, the first

table (suffixA) summarizesthe cost estimatesfor each bus type, while the

secondtable (suffixB) presentsdetailedmaterialand laborcost estimates.

Costs estimates for each individual noise abatement feature are presented in

lg/6dollars, Thesecostsestimatesare aggregatedin a latersectionof this

appendixto form the basis of representativecosts for the varioustechnology

levels. Thosecosts are presentedin 1978dollars.

The costs presentedhere were developedfrom informationsupplied by

chassismanufacturers,body builders,and componentvendorsas describedin

the introduction.

Reflnementsof these costs were developedfrom the co_nentspresented

at the Public Hearings,recenttechnologicalchanges,and revisedestimates

reflecting sound engineering Judgment.

The costs presented are average costs. Since there are variations

among the manufacturersand assemblersin types of equipmentused (engine,

transmlSslon,etc.) and also on the techniquesof manufacturing,i.e,, roll

forming versuspress brake,welding versus riveting,etc,, the cost differ-

entialcannotbe peggedto one manufactureror assemblymethod.

Noise levels examined are as follows:

TablesIA, lB 83 dB exterior, 86 dB interior

2A, 2B 80 " " 83 " "

3A, 3B 77 " " 80 " "

4A, 3g 75 " " 78 " "
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School buses are divided into five categories, one gasoline and four

diesel. The costs for dtesel buses in Section 7 are a weighted average

of the four costs, with the weights equal to each dlese1'sshare of total

dtesel sales. These weights are .485 for diesel, .386 for front engine

forwardcontrol,.099for mld engine,and .030for rearengine.

i
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TABLE G-IA

COST OF NOISEABATEMENTEQUIPMENT

(1976dollars)

ExteriorB3 dB

Interior86 dB

SchoolBuses

Gasoline $ 52*

Diesel 316"

Front EngineForwardControl 290

Mid Engine 227

RearEngine **

UrbanTransitBus 354

IntercityBus 526

ADB **

Source: Table 6-1B

Notes: *If thermostatically controlled fans ire not installed,
the costs to reach an 83/86 ]eve] would be $25 and $290
respectively.

**Buses meet thts regulatory ]evelo
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TABLEG-1B

BUS TYPE NOISECONTROLFEATURES COST
83E/B61(addedto CurrentBuses)(1976dollars) Labor4 Mat'l Source

ConventionalGasollne Bestavailablemufflers
PoweredSchoolBus
14,000-30,200lb.GVWR Installthermostaticallycontrolled

fandrive $52

Improvefan shroud -' 25 Shroudestimate

Reducefen speed

ConventionalDiesel- Blockand oilpan covers,valvecover
PoweredSchoolBus or intakemanifoldisolation,cross-
20,0D0-27,250Ib.GVWR overs,dampingon covers $ 10 176 Estimatedroomcatalog

information

Lineengine 5 25 Letter- laborestimate

Advanceddoublewrappedmufflerand 3 45 Est.mat'l
mayberesonator & comments/hearing

Installthermostatlcallycontrolled
fandrive 52

Improvedfan shroud 1 25 Estimate

Reducefan speed

Front-EngineForward Sameas conventlonalgasoilneand
Control diesel-powered school buses 19 271

Mid-Engine SchoolBus Oampedengine and otl pan covers,
20,000-27,000Ib,GVW treatedenginecompartment(3) 12 137 Estimate

• Advanceddoublewallmufflerand
resonator 3 75 Vendorestimate

• Optimizecoolingairflow

• Reducefan speed

Rear-EnglneSchoolBus , Busesmeetthisdesignlevel
20,000-27,000 lb. GVg



IAULt _-_o

BUS TYPE NOISECONTROLFEATURES COST
83E/861(addedto CurrentBuses)(1916dollars) Labor4 Mat'l Source

UrbanTransitBus . Dampedrockerarm covers $2 $81 Estimatedvendorinfo
20,000-27,000lb.GVWR

Transmissionlosstreatmenton Interior 3 35 Estimatedvendordiscussion

Sealenginecompartment

Designradiatorgrillto prevent]Ine Letterestimate
of sighttransmissionto sound I 35

Advanceddoublewrappedmufflers
(onlyfor naturallyaspiratedengines) Z 20 VendorInfo/laborest.

Reducefan speed 3 125 Vendorinfo/mfginfo

Bestavailableair cleanerwith
carefulsealing 2 45 Vendorinfo/laborest.

IntercltyBus SameasUrbanTransitBus except
20,342-28,800lb. 8VWB useturbocharger 13 341

Exhaustwithtallpipesreroutedto
existat roofllne 5 7B Vendorest/laborest.

• MCl busesmay not needas extensive
coolingsystemtreatment 3 50 Estimate

Dampingof bulkheadpanels 4 35 Met'l/laborestimates

ADB . Busesmeet this regulatory level

Cost references
1. Motor-Parts & Time Guide, 1976, 1977, 1978.
2. Vendorinformation(vendorestimate).
3. Manufacturerspriceltsts (manufacturer).
4. A.T. Kearney estimates (material and labor).

__-- .......................... _ , ,,, ,,,,, , .... -



TABLE G-2A

COST OF NOISEABATEMENTEQUIPMENT

(1976dollars)

Exterior80 dB

Interior83 dB

SchoolBuses

Gasollne $153"

Diesel 335*

FrontEngineForwardControl 410

Mid-Engine 344

Rear Engine 378

UrbanTransitBus 849

IntercltyBus 1016

ADB 594

Source: Table G-2B

Note: *Gasoline school bus costs will be $215 and diesel school bus
cost will be $410 if thermostaticallycontrolledfanshave not
been installed.
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TABLEG-2B

BUS TYPE NOISE CONTROL FEATURES COST

BOE/831 (addedto CurrentBuses)(lg76dollars) Labor 4 Mat'] Source

Coventional Gasoline- Line engine hood $ 5 $ 35 Sound insula&ion,mastic, labor
Powered School Bus

• Acoustical barrier betweenengine 5 25 Acoustical mat'] & labor
compartmentand driver

• Seal ffrewall penetrations I0 5 Caulking mat'l & labor

• Double muffler volume,optimize 5 45 $25 basic muffler, $20 double
muffler location wrap

Vibration isolate exhaustsystem 3 15 3 vibrator mounts @ $5 each

Increaseradiator and fan size 5 57 Switzer-vendorinfo

Conventional Diesel-Powered. Engine side shields (24 ft2) 5 174 Letter & Vendor info - labor
School Bus estimate

Engine underpan from radiatorto bell 3 35 Vendor Info & labor estimate
housing

Turbochargeor experimentaltruck mufflers 2 95 Vendorestimate

Increase radiator and fan size 3 72

Improve intake filterfor silencing i 20 Estimate

Front-Englne Forward Same as conventionalgasoline and 14 396
Control School Bus diesel-powered school buses

Nid-Englne School Bus Engine compartment underpart 2 72 Vendor info and estimate

• Add large resonator to non-turbocharged S 140 Vendor info and estimate
exhaust systems

Seal all exhaust leaks 3 50 Caulklng, Insulation,labor

Improveengine mounts I 36 4 mounts at Sg each

Reduce fan speed $ 35 Estimate



TABLEG-2B

BUS TYPE NOISECONTROLFEATURES COST
80E/83I(addedto CurrentBuses)(1976dollars) Labor4 Mat'l Source

Rear-EngineSchoolBus Turbochargingor largeresonator $ 3 $100 Vendorest./labor

Sealexhaustleaks 2 20 Caulking,flashing& labor

Optimizefan shroudandfan coverage, 3 250 Vendorest.,hearing&
adjustfan to radiatordistance comments

• Reduce fan speed

UrbanTransitBus Completeengineunderpan B 455 Vendor,mfg, Info& est

Dampedrockerarmcovers 2 81 Mgfinformation

Transmissionlosstreatmenton interior 3 32 VendorInfo& estimate
of existingenginecompartment

Sealenginecompartmentnoise 2 Estimate

Substitute turbocharged six for V-eight 4 80 Vendor tnfo & estimate
or add resonator,doublewallmuffler
end gas-tight Joints

Contoured shroudwith optimized 5 130 Vendor and mfg info
clearance and coverage

Reducefan speed 50 Estimate

Interctty Bus Sameas UrbanTransit Bus 21 828

MCIwill use acoustic treatment on 3 82 Estimate
ducts to radiator

Dampingof panels 4 78 Mat'l& laborest.

ADB Full engine underpan 5 455 Mgf estimate

• Turbocharge 4 80 Mgf estimate

• Reducefan speed 50



TABLEG-3A

COST OFNOISEABATEMENTEQUIPMENT

(1976dollars)

Exterior77 dB

Interior80 dB

SchoolBuses

Gasoline $ 331"

Diesel 1,250"

Front EngineForwardControl Io250

Mid Engine 1,587

RearEngine 1,898

UrbanTransitBus 1,809

IntercltyBus 2,528

ADB 1,460

Source: TableG-Dg

Note: *Gasoline school bus cost will $224 and diesel school bus cost
will $1,040 if thermostaticallycontrolled fans have been
installed.
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TABLE G-3B

BUS TYPE NOISE CONTROLFEATURES COST

77E/801 (added to Current Buses)(1976 dollars) Labor 4 Mat'1 Source

Conventional Gasoline- Engine side shields (20 ft2) 5 190 Mfg. estimate and labor
Powered School Bus

Dual exhaust with mufflers 4 80 Level i $60 plus $20 for 2
resonators ($I0 each)
Donaldson/StormCo.

Increaseradiator and fan size i 51 Vendor estimate
(50% fan speed reduction)

Improved fan shroud Switzer

Conventional Diesel- Side shields with underpan or flow- 3 664 Mgf estimate
Powered School Bus through engine enclosure with specie|

_unts

Isolateengine or body from chassis 2 10 4 shock isolatorsat $2.50

Turbochargeor experimentaltruck 3 125 Mfg estimate
mufflers

Wrap exhaust pipes 2 Estimate

Increaseradiator and fan size

Reduce fan speed

Improved fan shroud 4 198 Vendor & mf9 est.

Air intake silencer 2 30 Estimate

Careful body design to minimize radiatlon
from body panels Including damping and
stiffening

Isolatebody from chassis 3 64 4 shock isolatorsat $16

• Double flooring 5 125 Estimate

• Interiortreatments if necessary: 10 Labor est.-mat'1include
carpeting, roof, padding above



TABLE G-35

BUS TYPE NOISE CONTROLFEATURES COST

..77E/801(added to.CurrentBuses)(Ig76dollars) Labor 4 "'atI Source

Front-EngineForward Same as conventionalgasoline and 34 1,216
Control School Bus diesel-poweredschool bus

Mid-Engine School Bus Add turbochargerand resonator 5 520 Mfg / vendor estimate

Enlarge radiator 10% and use 25 Estimate
contoured shroud

Reducefanspeed 152 Estimate

Careful body design as above

Possibly double flooring 25 860 Mfg / vendor estimate

Rear-Engine School Bus Add turbochargerand resonatoror 5 330 Vendor / mfg estimate
manifold muffler

Muffler with stack silencer I 35 Vendor estimate

Sealed belly pan with acoustically 2 450 Estlmate-vendor& mfg info
treatedexit duct

• Line-of-sightshieldbetween engine 3
and fan

• Enlarge radiator by 10% and use 3 420 Vendorestimate
contoured shield

Replace fan to deliver greatertotal 2 175 Mfg estimate
head

Improved enginemounts 3

Carefulbody design 15 450 Vendor estimate

Absorption treatmenton insideof body 4

Urban Transit Bus Completeengine underpans i0 455 Mfg / vendor estimate

Line-of-sightshieldingbetweenengine 2 155 Mfg / vendor estimate
and radiator



TABLE6-3B

BUS TYPE NOISECONTROLFEATURES COST
7/E/8Ol(addedto CurrentBuses)(Ig76dollars) Labor4 Mat'l Source

UrbanTransitBus (cont'd) Acousticallytreatedductexitor louvers 4 125 Mfg andvendorestimate

Sealdriveshaftopeningand otheropenings2 15 Mat'l& laborestimate

Auxiliaryenginecompartmentventilation 2 89 Additionalfan labor

Substituteturboohargedsix for V-eight 3 380 Vendorestimate
or add double-wallmuffler,resonator,
and gas-tightJoints

Largerfan and radiatoror replacefan to 2 530 Mfg & vendorestimate
increasepressurerlse

. Transmissionlosstreatmentof engine 3 32 Mat'l& laborestimate
compartment

Interctty Bus , Sameas Urban Transit Bus 2B 17B1

I . Eaglebusesmillneedshieldbetween 3 40 Vendorestimate
engineand alr-conditlonercondenser
opening

. Dampingof bulkhead 2 30 Labor& mot'lestimate

Redesignengine mounts 2 35 Est engine mountcost

Dampingof bodypanels 4 70 Labor& mat'imasterspring

Sandwichconstructionflooring 3 Igo Vendorestimate

Isolationof rearbody 5 58 Labor& material

Soundabsorbing11nlngon inside 5 272 Vendorestimate

ADB Completeengine enclosure 5 540

Substituteturbochargesix for V-B 3 3BO

Remoteradiatorwlthincrease 2 530
coolingcapacity



TABLE G-4A

COSTOF NOISE ABATEMENTEQUIPMENT

(1976dollars)

Exterior75 dB

Interior7B dg

SchoolBuses

Gasoline $ 78g

Diesel 1,697

FrontEngineForwardControl 1,697

Mid-Engine 6,390

Rear-Engine 6,390

UrbanTransit 3,327

IntercityBus 3,654

ADB 2,315

Source: Table G-4B
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TABLEG-4B

BUSTYPE NOISECONTROLFEATURES COST
75E/78I (addedto Current Buses)(lg76 dollars) Labor 4 Mat'l Source

Conventional Gasoline- Enginestde shields and underpanbetween $10 $ 375 355 (shroud) plus 20
PoweredSchool Bus radiator andbell housing (flow restrtc- (Switzer fan est)

tion may require increase in fan speed)

Dual exhaustwith mufflers and resonators 3 125 Donaldson(105) &
StamCo. (20)

Increasecoolingcapacity 2 34 GM

Isolateengineor body 5 20 4 stockisolators$20

Stiffenor dampbodypanels 15 35 Spraycoatlng

Doubleflooring 5 150 Carpenter

Interior soundabsorption 10

_convonttonol Diesel- Turbocharge engine
PoweredSchool Bus Sealed tunnel-type flow-through 5 752 Estimate4

engine enclosure

• Manifold mufflers or advanceddouble- 5 185 1 4
waileddualmufflers,double-wall
exhaustpiping,and plpeJointseals

• Optimize cooling systemincrease 3 225 Estimate4
capacityandredesignlayout

Isolateengineor body 5 20 Estimate2 4

Stiffenor dampbodypanels

Sandwichconstruction flooring 22 475 Vendor & ATKest.

Interiorsoundabsorption
Front-Engine Forward Sameas conventional gasoline and
Control School Bus diesel-powered school buses



TABLEG-4B

BUS TYPE NOISECONTROLFEATURES COST
75E/lBI(addedto CurrentBuses)(1916dollars) Labor4 Mat'l Source

Mid-EnglneSchoolBus Sealedtunnel-typeflow-through 5 1,505 1 2 4
engineenclosure

Advancedexhaustsystemor turbocharglng 3 l/O 2 4

increasecoolingcapacity;watercooling 10 1,490 I 2 4
exhaustmanifoldsmay berequired

Low noisetransmissiongears 2 235 3 4

Isolateengineand body 4 860 2 4

Interiorsoundabsorption 10 861 2 4

SandwichconstructionfIoorlng 5 E50 2 4

Stiffen or dampbod_ panels 5 375 2 4

Rear-EnglneSchoolBus Sameas MJd-EnglneSchoolBus

UrbanTransltBus Sealedtunnel-typeflow-through 10 go0 2 4
engine enclosure

• Turbochargeengine or double-wall- 3 330 2 4
muffler,resonatorand gas-tightJoints

Water-cooledmanifolds 1 275 2 4

Optimizeairflom,may requlrecentrl- 4 823 2 4
fugalfans

Engine andbody isolation S 362 2 4

Stiffen or dampbody panels 5 609 2 4

Interior soundabsorption



TABLEG-4B

BUS TYPE NOISECONTROLFEATURES COST
75E/781(addedto CurrentBuses)(1975dollarsI Labor4 Mat'l Source

IntercityBus Sealedtunnel-typeflow-through 5 900 2 4
engineenclosure

Transmissionenclosure 3 600 2 4

Enclosuresmay needfansto circulateair g 823 2 4

Turbochargeengineor double-wallmuffler, 5 350 2 4
resonatorand gas-tlghtjoints

Watercooledmanifolds 2 250 2

Optimizeair flow,may requirecentrifugal 2 4
fans

Engine and body isolation 5 4

Stiffenor dampbodypanels 5 362 4

t Interiorsoundabsorption 5

ADO Completeengineenclosure i0 go0

Turbochargedengine 3 330

Remoteradiatorwithincrease 2 530
coolingcapacity

Watercooledmanifolds i 275

• Acousticallouvers 4 125

• Enclosed cooling system 5 130

Cost References

I Motor-Parts& TimeGuide,1976,1977,1978.

2 VendorInformation(vendorestimate)

3 Manufacturerspricelists(manufacturer)

4 A.T.Kearneyestimates(materialandlabor)



Maintenance Costs

Changes in maintenance costs will undoubtedly occur with the addition of

the noise abatement requirements previously discussed for school buses.

The complexityof maintenancewill increasewith each level of noise

abatement,where additionalshielding,pan covers,shrouds,sealing,and such

are required. Routinemaintenancewhich requiresremovalof the noise control

featuresto allow access,adds an additionallaborelementto this function.

School Buses

The dollar amount of bus maintenancecosts is determinedboth by the

type of maintenanceprogram and bus usage. It is difflcuItto predict even

an averagefiguresinceeach bus system'scostvariesfromothers,The follow-

ing costs,in TableG-5 are based primarilyon user, manufacturer,and inter-

views.

TABLEG-5

ESTIMATEDCOSTOF MAINTENANCE
FOR SCHOOLBUSES DUE TO

NOISEABATEMENTREQUIREMENTS

(1976Dollarsper Bus)

EPA EstimatedCostPer Year ($)

Level A* B* C D E

i $ 12 $ 0 $ 20 $100 $100

Z $ 26 $ 30 $155 $305 $305

3 $183 $ 46 $215 $520 $520

4 $195 $515 $450 $830 $830

* Maintenancecosts are given in1978 dollarsand reflectmaintenance
expenditurefrommediumand heavytruck (chassis)backgrounddocument.
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A. GasolinePoweredConventionalSchoolBus

B. DieselPoweredConventionalSchoolBus

C. ForwardEngineForwardControlSchoolBus

D. DieselPoweredIntegralMid-EngineSchoolBus

E. DieselPoweredIntegralRear-EngineSchoolBus

Urban Transit Buses

Impact on maintenancecosts will result from changesproposedfor the

technologystudy levels. These changes include increasedlabor and some

addltionalparts. The transitbus, becauseof its unitizedconstruction,will

be more affectedby a lackof accesslbilityfor maintenance.The resultwill

be more labor costs for maintenance,compared to the conventionalschool

bus,

As prevlouslystated,the cost of maintenancewill vary betweentransit

companies. Maintenancefunctions,and their related costs,will also vary

among the bus designsof each manufacturer. The techniquesand approaches

undertakenby each manufacturerwill be sufflcientlydifferentto preventa

standard,acrossthe board,cost estimate from being applicable. The costs

presentedare averages for bus maintenanceimpactsdue to noise abatement

requirements.

TABLEG-6

AVERAGEMAINTENANCECOSTFORDIESEL
POWEREDINTEGRALURBAN TRANSITBUSES

(1976Dollarsper Bus)

Exterior Interior Estimated
Level dB dg Costs

1 83 86 $ 140

2 80 83 $ 305

_ 3 77 80 $ 520

4 75 78 $ 830
!,
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Intercity Buses

It has been estimated that mafntenance costs due to nofse abatement

requirements will be stmilar to those developed for the diesel powered

integral urban transit buses.

ADB's

The types of designs presently being developed, may limit accessibility

for maintenance,Addingthe impactof the noise abatementrequirements,there

may be additionalconstraintsimposed on maintenance. Within the engine

compartment,additionalventilationmay be required. Since sound deadening

acoustic material prevents natural heat withdrawal, exhaust fans may be

needed.

TABLE G-7

AVERAGEMAINTENANCECOST
FORAOBBUSESDUETO

NOISEABATEMENTREQUIREMENTS

(1976Dollarsper Bus)

Exterior Interior Estimated
Level dB dB Costs

1 83 86 *

2 BO 83 $255

3 77 80 $475

4 75 78 $785

* Buses met this design level.
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Estimationof Impactson Fuel EconomyCosts

Each noise abatementfeaturerecommendedby Booz-Allenand Hamiltonwas

summarizedin Tables i through5 in their report, "The Impactof Bus Noise

EmissionReductionon Fuel Consumption."datedApril 28, 1978.(Ref.2) This

report, prepared under EPA ContractNo. 68-01-3609,evaluatedeach of the

noise abatement features in terms of weight penalty, increased cooling

requirements,andfuel economyimprovementsthatmight be produced.

M_thodolog_

Since the major impact imposedby the noise abatementregulationson

buses is the additionalweight added by these features,the effect of the

addedweighton fuelconsumptionmust be determined.

In some casesnoise abatementtechniquesare alsoenergy_efficient.The

range of fuel economy improvementis also determined. GeneralMotors sug-

gested,in their DocketPresentation,ONAC Docket#74-2,April10, 1974,that

increasedfuel consumptioncouldbe evaluatedby the formulas:

DieselFuelConsumption= 4.9 Gallons per 10,000vehiclemiles
100 lb. weight

Gasoline FuelConsumption- 7.6 Gallons per 10,000vehiclemiles
100 lb. weight

The averagevehiclemiles used in the calculationare presentedbelow.(Ref.i)

Bus Industry AnnualVehicleMiles

TransitBus 37,608

IntercityBus 55,858

SchoolBus 8,939
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With the mix withineach industrysegmentof dieseland gasolinefuel

engines,an averageof the two formulaswas taken to calculatefueleconomy

impacts.The finalformulausedwas:

6.25Gallons per 10,000vehiclemiles,
FuelConsumption= 100 lb.weight

at 60 centsper Gallonfuel cost.

= Dollarcostper vehiclemiles.

The sixtycentspergallonof fuelcostwas an averagefigureof boththe

dieselfueland gasolinefuel pricesat fleetcost standards.The majorityof

bus companiesnegotiatefleet rateswlththeirfuel suppliersthusenabllnga

lowerratethanthe consumerincurs. Due to constantlyrisingfuelcosts,the

discussionhereconcentrateson percentincreases.

Estimationof FuelCostImpact

Based upon the weight penaltiesdevelopedby Boez-Allen(Ref.2), the

bus industrydata and the formulaspresentedin the previoussection,Metho-

dology,the cost impactestimatesare presentedin the followingfigures

roundedto the nearest5 dollars.

The tableson the followingpagespresentthe rangeof fuelcost impact

imposedby the additlonalweightresultingfrom the noiseabatementrequire-

ments. The figuresdo not presentwhat the net additionalcostmay be due to

the noise abatementfeatures. Certaintypes of noise abatementequipment,

such as thermostaticallycontrolledfans,turbochargersor modifiedmufflers

may affectsbuses' fuel economydue to a change in engineperformancein

additionto the weightchange. Theseperformancebenefitsare alsopresented.

(1) Conventionaland ForwardControlGasollne-PoweredSchoolBuses

83 dB ExteriorNoiseLevel
Average Cost

Per Bus Per Year

Wei9htPenalty: PerformanceBenefit: (1g7Bdollars)

Negligible 0-5 percent $ O
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The fuel economyimprovement of up to five percent will result from Im-

provements in cooling system optimization or the substitution of a fan clutch.

80 dB Exterior Noise Level
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978 dollars)

50 Ibs. 0-5 percent $ 0

Overall, the penalty is insignificant.Coolingsystemoptimizationwill

contributeto performancebenefits. Comparedto the bus meeting the 83 dB

regulated level, this benefit may not be realized as the cooling system

will alreadybe optlmized.

77 dS ExteriorNoiseLevel
AverageCost

Per Bus Per Year

WeightPenalty: PerformanceBenefit: (1978 dollars)

230 lbs. 2-5 percent $10

Buses will benefit from use of largerfans operatingat lower speeds

Or the use of fan clutches. The weight penalty will reduce fuel economy

about one percentfor the smaller buses (14,000GVWR) and one-half of one

percent for the largerbuses.

75 dB Exterior Noise Level
Average Cost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978 dollars)

925 lbs. 4-7 percent $30

The flow through engine enclosure could offset a11 benefit gained from

Optimizing cooling system flow. However, the viscous fan drive wtll still

increase performance. The large weight penalty, due to extensive acoustic

treatmont, will reduce fuel economyby three to seven percent. At this level,

I larger cooling system capacity might be needed to handle extra heat load due

to enc)osure.
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(Z) Conventionaland Front-EngineForwardControlDiesel-PoweredSchool Buses

83 dBExterior Noise Level
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

75 Ibs. 3-7 percent $5

Principalweight gain is from largerdouble-wrappedmufflerand engine

covers, Sincedieselpoweredschoolbusesrangefrom20,200to 27,250Ibs.in

grossweight,the effecton fueleconomywill not be measurable.The perfor-

mance benefits are from reduced fan horsepower and reduced fan-on time,

BO dB Exterior Noise Level
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

200 lbs. 0-6 percent $B

The use of turbochargedengine Is optionalat this noise level. The

benefitsfrom turbocharglngalone, if used,would be of the order of five

percent. The weightpenaltywillreducethe performancebenefitsby aboutone

percent.

77 dB ExteriorNoiseLevel
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

go0 lbs. 0-6 percent $30

Turbochargingis likelyto be utilizedbecauseof emissionsrequirements,

The largeweightpenalty is due to the use of doublefloorln9and interior

acoustictreatments. Reductionin fuel economydue to this weightcouldbe

about 4.5 percent for local operation.

75 dB Exterior Noise Level
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

925 lbs. 4-6 percent $30

The principal benefits wtll be derived from use of a viscous fan drive

and turbocharging,The largeweightpenalty,due to the extensiveacoustic

treatment,will reduce fuel economyby threeto five percent. Even with a

variablefan speed,a largerradiatorand fan wlllprobablybe needed.
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(3) Mid-Engine SchoolBuses

B3 dB Exterior Noise Level
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

75 lbs. 2-4 percent $5

Mid-engineschoolbuses will benefitfrom coolingsystemoptimization,

but the optimizationwill be more difficultdue to spacerestrictions.The

weightpenaltyis insignificant.

BO dB ExteriorNoiseLevel
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

100 Ibs. 2-4percent $5

The weightpenaltyis from the enginecompartmentbellypan and larger

exhaustsystem. Performancebenefitswith respectto the 83 dB bus are not

significant.

77 dB ExteriorNoiseLevel
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

BOO lbs. O-B percent $15

Weightponaltyis fromdoubleflooringand strengtheningthe body. This

will reducefuelecono_ by an estimatedtwo percentIn localand short-haul

service. Principalperformancebenefitis from adding a turbochargerand

Increasingradiatorsize. Becauseof spacerestrictionsand increasedengine i

compartmentcooling demands, the benefitmight be difficult to realize.

75 dB ExteriorNoiseLevel
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

975 lbs. 4-7 percent $35

For all buses at thislevel,the principalbenefitswill be derivedfrom

viscousor variablespeed fan drive and turbocharging.All buses at this

level will also have a large weight penalty due to the extensive acoustic

treatment. Fuel economyfor this bus may be reduced three to four percent.

Even with variable fen speed, larger radiator and fans might be needed.
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(4) Rear-Enfline School Buses

83 dB Exterior Noise Level
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

O O 0

The busesalreadymeet thislevel.

BO dB Exterior Noise Level
AverageCost

PerBus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

75 lbs. 3-6 percent $5

Optionalturbochargerw111produceaboutfivepercentbenefit. There is

roomfor coollngsystemoptimizationandwith a viscousclutchfan,a minimum

threepercentbenefitIs expectedovercurrentfueleconomy.

77 dB Exterior Noise Level
AverageCost

PerBus Per Year
WeightPenalty: PerformanceBenefit: (1B7Bdollars)

550 ibs. 3-6 percent $20

Weight penalty is due to belly pan, strengthening of body and absorptive

treatment inside the bus. Turbocharging will help fuel economy.

75 dB Exterior Noise Level
Average Cost

PerBus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

975 lbs. 4-7 percent $35

The principal benefits wi]l be derived from viscous fan drives and

turbocharglng.Busesmeetingthis levelwillalsohave a largeweightpenalty

due to extensiveacoustic treatment. Fuel economy for thls bus wi|l be

reducedthree to fourpercent. Even with varlab]efan speed,largerradiator

! end fans might be needed.

! (5) Urban Transit Bus ("New Look" Destgn)
i
_ 83 dB ExteriorNoiseLevel
i AverageCost
,:i Per Bus Per Year
:; WeightPenalty: PerformanceBenefit: (1978dollars)

_ 309 tbs, O-B percent $40
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Fuel economyshould improve if the cooling system ts redesigned. The

weight penalty is from the engine compartmentlining and larger mufflers.

Fuel economy,tll be reduced less than one percent from thts added wetght.

80 d5 Exterfor Notse Level
AverageCost

Per Bus Per Year
Wetght Penalty: PerformanceBenefit: (1978 dollars)

250 lbs. 0-5 percent $35

Turbochargedengtne, tf utilized, will produce a beneftt of close to ftve

percent (5). The larger wetght penaltywtl] result if the turbocharged engine

optton ts not utilized, neutraliz|ng all benefits from cooling system Improve-

ment.

77 dB Exterior Noise Level
AverageCost

Per BusPer Year
Wetght Penalty: PerformanceBeneftt: (1975 dollars)

500 lbs. 0-5 percent $70

Welght penalty ts due to the complete engine enclosure, larger radiator

whtch wtll probably be remote from the engine, and double-walled muffler.

This will result in reduced fuel economyof the order of 1.5 percent.

75 dB Exterior Notse Level
Average Cost

Per Bus Per Year
Weight Penalty: Performance Benefit: (1978 dollars)

775 lbs. 0-5 percent $110

The additional weight penalty at this level, three to four percent, ts

due to body damptng, and tntertor sound absorbing treatments. The turbo-

charger option and vartable speed fan contribute to increased fuel economy.

The complete engine enclosure may offset benefits gatned from optimizing

cooling systemflom.

(6) AdvanceDesign Bus (ADB)

g3 dBExterior Noise Level
Avera9e Cost

Per Bus Per Year
Wetght Penalty: PerformanceBeneftt: (1978 dollars)

0 0 0

,, The buseswill meet thls level without additional noise abatementfeatures.
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BO dB Exterior Noise Level
Average Cost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

320 Ibs. None $45

The engine may need to be enclosed. Fuel economywill sufferby one

percent.

77 dB ExteriorNoiseLevel
AverageCost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978dollars)

560 lbs. None $80

The increasedweightfrom largermufflersbody strengtheninganddamping

will lowerfuel economyby one and one-halfpercent.

75 dB ExteriorNoiseLevel
Average Cost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (1978 dollars)

g00Ibs. None $125

The increasedweightdue to the extensiveacoustictreatmentwill lower

fueleconomyby approximatelythreeandone-halfpercent.

(7) Intercit_Buses

83 dB Exterior Noise Level
Average Cost

PerBusPer Year
WeightPenalty: PerformanceBenefit: (lg7Bdollars)

335 lbs. 0-5 percent $70

The noise controlfeaturesare similarto thosefor urbantransitbuses.

Turbochargingwould he favored. Thiswill resultin somewhatbetterperfor-

manceimprovementthan in the caseof urbantransitbuses.

80 dg ExteriorNoise Level
Average Cost

Per Bus Per Year
WeightPenalty: PerformanceBenefit: (lg/Bdollars)

365 lbs. 0-5 percent $75

The requirementfor dampingof bulkheadresultsin higherweightpenal-

ties comparedto urban transitbuses. Loss of fuel economydue to weight

mll] be less thanone-halfpercentbecauseof the longhaulmodeof operation

of intercitybuses.
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77 dB Extertor Noise Level
Average Cost

Per Bus Per Year
Weight Penalty: PerformanceBenefit: (1978 dollars)

650 lbs. 0-2 percent $135

The larger weight increase comes from double thickness flooring and

additional sound absorption treatment inside the bus. Fuel econonlycould be

reduced by one and one-half to two and one-half percent.

75 dB Exterior Noise Level
Average Cost

Per Bus Per Year
Weight Penalty: Performance Benefit: (1978 dollars)

900 lbs. 0-2 percent $190

The weight penalty is three to four percent. The performance benefit is

derived from the turbocharger option and variable speed fan drive. Even with

variable fan speed, larger radiator and fans might be needed.
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IV - ENFORCEMENT COSTS

INTRODUCTION

Estimated costs for enforcement are included in the cost estimates

presented in the preceding sections. Manufacturers contacted would not

provide detailed informationconcerningenforcementcosts,other than to say

they are includedin their overallcostestimates.

To understandthe potentialcost/Impactof enforcementrequirements,the

bus industry was divided into four segments:

Non-integral school buses with engines enclosed by the body manu-
facturer (These buses are to be tested for exterior noise by the
body manufacturer.)

School bus chassis with engine enclosed by the chassis manufacturer
(These buses are to be tested for exterior noise by the chassis
manufacturer.)

Transitbuses (Thesebusesare to be testedfor interiorand exterior
noise by the integral manufacturer,)

Interclty buses and integrally constructed school buses (These
buses are to be tested for interior and exterior noise by the integral
manufacturer.)

An estimated cost per bus was developed for each segment, Since some

companies produce buses in more than one segment, each segment has been

t_ostedseparately.

METHODOLOGY

The estimatedcostshave beenbasedon the followingpoints:

Test requirementsare based on an EnforcementScenario developed
by EPA, summarized in Table G-8, Each manufacturer is normally
subjectto one SelectiveEnforcementAuditcomprisingof an averageof
13 tests.

Tests are conductedfor compliancetestingonly, and not for gather-
ing engineeringdata.

Constructionof a test facilityis not required.

Cost per test for Product Verification or Selective Enforcement
Auditing is $350 (Table G-g).

G-44



*!T

r::

?

•aaun3_e_nu_mjoadg3_gq_aoJ[_ldg_eqo_Vd3Xqpa3_m_3sa
5_5__d_oaSugJ_q_WOJ_RJg^_gWSJ_Jn_3_Jflu_N"UO_fl6_U03
pup_JOSe_3qo_a=o_pam=ojJadaq_snms_se_uo_eo_aaA_3npoJd

"6u_3_pnv_uame3_o_u3eAi_Oa[eS6u_Jnpsuo_Jn6tjuoo
_sapno[a_oq__Luo_sa3o_paJ_nbe_eq_LLe_eua6LL_sJaJn_3e_nueN

•_Lsnoaug_Lnm_sue_equeosluemaJnseemJo_Ja_xepueJO[JB_UI

'(6-9eIq_)0095s_=ve_Jediso3_uemdtnb3



TABLEG-8

EPA ENFORCEMENTTESTREQUIREMENTSPERMANUFACTURER

IntegralManufacturer ChassisManufacturer Bod_Manufacturer

PV Tests. SEA(l) PV Tests SEA(l) PV Tests SEA(l)

Low High Tests Low High Tests Low High Tests

Non-lntegra]
SchoolBus with - 10 25 13 -
engineenclosedby
chassismanufacturer

Non-lntegral
Scho01Bus with .... 10 25 13
engineenclosedby

(i' manufacturer

TransitBus 8 20 13

IntercltyBus
or Integrally 8 20 13
Constructed
School Bus

(I) This isthe averagenumberof testsrequiredassumingone SelectiveEnforcementAuditper
yearper manufacturer.



TABLEG-9

ESTIMATECOSTPERTEST (EXTERIOROR INTERIOR)
1978 DOLLARS

I. Manpower:

- 2 Technicians@ $150/dayeach $300
- I Engineer@ $300/dayeach 300

$600

II. Time requiredto set up, run,recordand file necessarydata:
4 hours 2 tests per day

III, Average mtles driven: 20 @cost of $2.50/mile, which
includes:

Orlver
Gas andoil
Other expensesrelatedto a test, e.g.,test
site,etc.

IV. Cost per test:

($600 - 2) plus SO - $350

V, Equipment cost $6,000 with a useful life of 10 years
or a cost per year of $600.

Source: Conversations with:

RiverbankAcousticalLab
U.S. TestingCompany
BendixAutomotiveProvingGrounds
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Based on the above points, a weighted average for each segment of the bus

industry was madeto develop an estimated cost per bus for enforcement purposes.

ESTIMATEDCOSTS

Tables G-12, G-14, 6-16, and G-18 show estimatesof production (and

market share) for schoolbus chassis,school bus bodies,transit buses, and

intercltyand integralschoolbuses,respectively. The estimatedcosts per

bus for enforcementfor each of these bus types are shown In Tables G-13,

G-15, B-17, and G-Ig, respectively. These costs shouldbe considered as

typicalfor a bus of that type. Productionand marketsharedata are combined

with enforcementcost data to provideestimatesof enforcementcosts incurred

by manufacturers.

Table G-I0 summarizesthe estimatedcosts for non-lntegra]schoolbuses.

TABLEG-lO

ESTIMATEDENFORCEMENTCOSTS
FOR DIFFERENTBUS TYPES

EPA

Bus T_pe Test £s_imated Cost

Non-Integral School Buseswtth Engines Exterior $ 1.59
Enclosed by Chassis Manufacturer--all
study levels

Non-IntegralSchoolBuseswithEngines Exterior $16.11
Enclosed by Body Manufacturer--all
study levels

Transit Buses--all study levels Exterior $14.41
and Interior

Intercltyand IntegrallyConstructed Exterior $30.72
School Buses--all study levels and Interior

Source:

1. Tables G-11 and G-12,
2. Tables G-13 and G-14,
3. Tables G-15 and G-1B,
4. Tables G-17 and 0-18,
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: TABLEG-11

SCHOOLBUSES- CHASSIS

t

1977Market DomesticUnits(I)
Manufacturer Share Produced

Chevrolet 11.0% 3,335

Ford 24.4% 7,364

GMC 82% 2t4B2

International 50.5% 15,262
Harvester

Others 5.9% It778

Total 100.0% 30,221

(1) Includes Chassis with engines encTosed by body manufacturers,
Chassismanufacturerwill not testthese.

i

Source: Section 3
Section 7,q
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TABLE6-12

ENFORCEMENTTESTCOSTS
SCHOOL BUS CHASSIS

1976DOLLARS

EquipmentSEA PV Cost TotalEstimated
Units CostPer at PV Test. Per Bus SEA Cost(1)

Company Sold Year/Bus High
Low M|d High Low Mid Hlgh Cost/Bus Low Mid HIQh

Chevrolet 3,335 $.18 $4,550$3,500 $6,125 $8,750 $1.05 $1.84 $2.62 $1.36 $2.59 $3.38 $4.16

G.M.C. 2,482 .24 4,550 3,500 6,125 8,750 1.41 2.47 3.53 1.83 3.72 4.54 5.60

Ford 7,364 .08 4,550 3,500 6,125 8,750 .4B .83 1.1g .62 1.18 1.53 1.8g

International 15,262 .04 4,550 3,500 6,125 8,750 .23 .40 .57 .30 .57 .74 .91
Harvester

AverageBasedon MarketShare $1.09 $1.59 $1.g5

(1) Includes equipmentcost, PVand SEATests

Source: Tables G-8, G-g, and B-11



TABLEO-13

SCHOOLBUSES- BODY

Compan_ Units(I)

Blue Bird 800(2)

Superior 800

Thomas 600

Carpenter 600

(I) Estimatesbased upon interviewswith manufacturers. These vehicles
Include large forward control and pusher models as well as smaller
parcel deliverymodels. In some cases, the body manufactureralso
manufacturesthe chassis,

(2) Oatanot available. EPAestimate,
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TABLE G-14

ENFORCEMENTTESTCOSTS
SCHOOLBUSBODIES

1976 DOLLARS

Non-integralSchoolBuseswithEnginesEnclosedby BodyManufacturer

EquipmentSEA PV Cost TotalEstimated
Units CostPer at PV Test Per Bus SEA Cost(1)

:ompany So1d Year/Bus Hloh
Low Mid Hioh Low Mid Hioh Cost/Bus Low Mid Hloh

ilue Btrd 800 $ .75 $4,550 $3,500 $6,125 $8,750 $4.44 $ 7.6G $10.94 $5,69 $10.88 $14.10 $17.38

;uperlor 800 .75 4,550 3,500 G,125 8,750 4.44 7.66 10.94 5.G9 10.88 14.10 17.38

'homas 600 1.00 4,550 3,500 6,125 8,750 5.83 10.21 14.58 7.58 14.41 18.79 23.16

;arpenter 600 1.00 4,550 3,500 5,125 8,750 5.83 10.21 14.58 7.58 14.41 18.79 23.16

_verageBasedon Market Share $ 12.36 $16.11 $19.85

(1) Inc|udes equipmentcosts, PV andSEAtest

Source: Tables G-8, G-9, and G-13



TABLE G-15

TRANSIT BUSES

Company Unfts (1)

General Hotors 1,600

Gtllt9 150

Flxlble 800(2)

Transportation Hanufacturlng 240
Corporation

(1) EPAestimates based upon Interviewing wlth manufacturers,

(2) proJecte_.
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TABLE G-16

ENFORCEMENTTESTCOSTS
TRANSIT BUSES
1976DOLLARS

Equipment SEA PV Cost TotalEstimated
Units Cost Per at PV Test Per Bus SE_A Cost (I)

Company Sold Year/Bus High
Low Mid Hlgh Low Mid Hlgh Cost/Bus Low Mid Hlgh

General Motors 1,600 $ .38 $4,550 $2,800 $4,900 $7,000 $ 1.75 $ 3.06 $ 4.38 $ 2.84 $ 4.97 $ 6.28 $7.60

GtIIIg 150 4.00 4,550 2,800 4,490 7,000 18.67 32.67 46.67 30.33 53.00 66.93 81.00

F1xlble 800 .75 4,550 2,800 4,900 7,000 3.50 6.13 8.75 5.69 9.94 12.57 15.19

Transportation 130 2.50 4,550 2,800 4,900 7,000 11.67 20.42 29.17 18.96 33.13 41.88 50.63
Manufacturing
Corporation

AverageBasedon MarketShare $11.38 $14.41$17.42

(i) IncludesEquipmentCost,PV andSEA Tests

Source: Tables G-8, 6-9, G-15.



TABLE G-17

INTERCITYBUSES AND INTEGRALSCHOOLBUSES

Company Units(I)

CrownCoach 500

Eagle International 200

GeneralMotors 300

Gilllg 250

MotorCoach Industlres 540

Prevost 100

TransportationManufacturing 400
Corporation

(I) These figuresare estimatesbasedupon interviewswith manufacturers.

Some of thesemay be built for Canadianmarket.
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TABLEG-18

ENFORCEMENTTESTCOSTS
INTERCITYBUSES

1975 DOLLARS

IntercltyBusesand IntegrallyConstructedSchoolBuses

EquipmentSEA PV Cost TotalEstimated
Units CostPer at PV Test Per Bus SE._.AA Cost (1)

Company Sold Year/Bus Hlgh
Low Mid High Low Mid High Cost/Bus Low Mid High

Crown 500 $1.2 $4,550$2,800 $4,900 $7,000 $ 5.6 $ 9.8 $14.0 $ 9.1 $15.g $20.1 $24.3

Eagle Int'l 200 3.0 4,550 2,800 4,g00 7,000 14.0 24.5 35.0 22.75 39.75 50.25 60.75

General Motors 300 2.0 4,450 2,B00 4,900 7,000 g.33 15.33 23.33 15.17 26.50 33.50 40.50

Gtlltg 250 2.4 4,550 2,800 4,900 7,000 11.2 19.6 28.0 18.2 31.8 40.20 48.50

Motor Coach
Industries 540 1.11 4,550 2,B00 4,900 7,000 5.19 g.07 12.g8 8.43 14.73 18.81 22.50

Prevost 100 6.0 4,550 2,800 4,900 7,000 28.0 49.00 70.00 45.50 79.50 100.50 121.50

Transportation 400 1.5 4,550 2,800 4,900 7,000 7.0 12.25 17.5 11.38 19.88 25.13 30.38
Manufacturing•
Corporation

AverageBasedonMarketShare 24.30 30.72 37.14

(1) Includes EqufpmentCosts, PVandSEATests

Source: Tables G-8, G-9 and G-14
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APPENOIX H

ESTIMATESOF DEMANDELASTICITIESFOR URBAN
BUS TRANSIT AND INTERCITY BUS TRANSPORTATION

This appendix reviews some of the pertinenteconometricliteratureand

reports estimatesmade of the fare-elasticityof demand for both intra-city

and Intercity bus transit. The estimating model is based on one developed

by Nelson (Ref. 1). The cross-sectionaltest of intra-urbantransitdemandin

a sample of U.S. metropolitan areas used in Nelson's mode] is repeated for

the year 1974. Results are comparedwith Nelson'sestimatesfor the years

1960 and i968, and some tentative exp]anatlons for the observed lower fare

elasticityin 1974 are offered.

For intercity bus travel demand,the same model is applied to time

series of annual aggregate U.S. data. The fits are generally quite satis-

factory, subject to the caveat that the time series samplemay overstate

the significanceof the resultswhen substantialautocorrelatlonis present.

Both time series and cross-sectlonestimates reveal fare-elasticitles

of demand that are of the same order of magnitude, ranging from -0.20 to

-0.80. This range is somewhat above the industry rule-of-thumb of -0.30,

but is by no means contradictory,given the nature of the approximations

and data involved. The data also exhibitpositivecross-elasticitieswith

respect to completing mode (auto and rail), though the precision of the

estimates is not adequate for predictive purposes.

Part I of Appendix H reviews the econometricmodel and describesthe

notation. Parts 2 and 3 record the resultsof the statisticaltests for

urban transit demand and Intercitybus travel demand, respectively. These
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results are applied in Parts 7-A and 7-B of the Economic ImpactAnalysis

(Section 7).

N - I ECONDMETRIC MODEL OF TRANSIT DEMAND

Consider a given geographical area. such as an urban center or the

United States intercityhighwaynetwork. Bus serviceB, definedas vehicle

miles of service provided per year, may be thought of as a factor input

in the productionof transportationservicesto the populationof the given

region. Since passengersare to some extent flexible as to trip schedules

and destination points, but not perfectly so, bus service B encounters

diminishingreturns in the productionof transportationservicesas satur-

ationof the potentialmarketincreases.

Demandg for bus service,definedas revenuepassengermiles of service

obtained per year, depends both upon the quantity B of service provided

and upon other demand characteristicsof the market served: the age and

incomeof the population,the availabilityof auto, rail, and othercompeting

modes of transportation,the fare per mile F charged to revenuepassengers

(and fares on co_petlngmodes), and other exogenousfactorswhich may dif-

ferentlateone urbanizedarea from anotheror which reflectchangesin the

demandfor bus transltovertime.

ERUILIBRIUMIN THE TRANSIt MARKET

Transit firms experience total revenue equal to FO and total costs

equal to CB, where C is the average cost per mile of vehicle operation.

Nelson'spaper (Ref. I) providesevidencethat there are no scale economies
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in the operationsof bus transitfirms,hence that a linearapproximationof

the cost functionduesnot misrepresentthe empiricalevidence.

Since transitfirms operatein a regulatedenvironment,equl]ibriumis

not necessarilydeterminedby the "competitive"conditionthat total revenues

less total costs (FD-CB)yield profitsjust sufficientto give the firm a

competitivereturn on its total investedcapital. Rather, the regulatory

authorityimposeson the transitfirm a constraint,such as a rate of return

criterionor a set ratio of revenuesto costs,and the firm respondsaccord-

ingly. Nelsonsummarizesthe actionof the regulatoryauthorityin termsof

a targetcost-revenueratiok:

k = CB /FD.

If k is treatedas an exogenous,predeterminedcomponentof the model,

then equilibriumis determinedby the conditionCB = kFD.

The fullmodel may be written:

Supply: B = B (POP,AREA, D,C,k)+ u
Demand: g = D (B,POP, F,F',Area,Auto, Hway,GNI)+ v
Equilibrium:CB = kFD

Here POP is the populationof the given geographicalregion,AREA its

area, HWAY its highway capacityper capita,F' the fare per passengermile

on competingmodes of transportation,and GNI the levelof real per capita

income, B (bus servicesupplied),D (ridershipdemanded),and F (fare per

passenger mile) are endogenous, jointly determined variables, while the

remainingquantities,includingC (costper vehiclemile) and k (cost/revenue

criterion),are exogenous (predetermined).The s.ymbolsu and v represent

random,independenterrorterms.
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DETERMINANTSOF THE COST/REVENUERATIOK

Urban bus transit systems have undergonea significantrevolutionin

ownershipand profitabilityduringthe post World War II period,and a gen-

eral perspectiveis useful to understandingthe nature of the regulatory

constraint,k. Tables H-1 and H-2 record some pertinent statistics. As

indicatedin Table H-I, there has been a persistentdecline in the opera-

tional profitabilityof bus transit operations,both at a local level and

in terms of national aggregates. The assumption that k is exogenous to

the transit sytem is at best a crude approximation,since other regulatory

constraintson serviceB and the fareF certainlycome intoplay.

Nelsonfinds that for the 1960 and 1968 cross-sectionsamplesof urban

bus transitsystems,the variablek is better "explained"in terms of regu-

latory variables such as private-versus-publlcownership and the locality

of regulatorycontrol than by the various operatingcharacteristicssuch

as costsof operation,highwaycapacity,etc. His findingJustifiestreatment

of k as exogenous,but it also suggeststhat conclusionsof the empirical

tests may be affectedby the rapid increasein public ownershipof transit

systemsthat has occurredduringthe pasttwo decades(TableH-2).

ESTIMATION OF THE ECONOMETRIC MODEL

The above model is an example of an (over-) identifiedsimultaneous

equationsmodel with endogenousvariablesB.,D, and F, and exogenousvari-

ables POPI HWAY, C, k, AUTO, F', and GNI. The standardtechniquefor esti-

mating such models is two-stage least squares (2SLS), an adaptation of

ordinaryleast squares(OLS) whereincorrelationsbetween Jointlydetermined
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TABLEH-I

TREND OF TRANSITOPERATIONS,1940-1977

Calendar Operating Operating Cost-Revenue
Year Revenue _ Ratio

T FTTT )

1940 $ 737.0 $ 660.7 0.896
1948 1,380.4 1,231.7 0.892
1950 1,452.1 1,385.7 0.954
1955 1,426.4 1,370.7 0.961
1960 1,407.2 1,376.5 0.978
1965 1,443.8 1,454.4 1.007
1966 1,478.5 1,515.6 1.025
1967 1,556.0 1,622.6 1.043
1968 1,562.7 1,723.8 1.103
i959 1,625.6 1,846.1 1.136
1970 1,707.4 1,995.6 1.169
1971 1,740.7 2,152.1 1.236
1972 1,728.5 2,241.6 1.297
1973 1,797.6 2,536.1 1.411
1974 1,939.7 3,239.4 1.670
1975 2,002.4 3,705.9 1.851
1976 2,161.1 4,020.9 1.86
1977 2,280.0 4,304.8 1.89

Note: TableH-I showsoperatingrevenueand expensefor all publictransit
systems(railway,trolleyand bus). Estimatesfor transitbus operations
alone areapproxlmately70% of the figuresshown.

$oure: AmericanPublicTransitAssociation,TransitFact Book '77-'78
Table 4.
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TABLE H-2

PUBLICOWNERSHIPOF U.S.MASSTRANSIT

SYSTEMSt SELECTEDSTATISTICSI 1967-77

Statistics 1967 1969 1971 1973 1975 1977

Numberof Systems 98 (9%) 131(12%) 151 14%) 185 18%) 333 (35%) 455 (45%)

OperatingRevenue(mil) 930 (60%) 1,219(75%) 1,445 83%) 1,581 88%) 1,729(86%) 2,044(90%)

VehlcleMilesOperated(mll) 1,027(51%) 1,239 63%) 1,292 70%) 1,431 78%) 1,706(86%) 1,790(89_)

No. of Employees(thous) 87 (60%) 108 7/%) 118 85%) 126 90%) 138 (85g) N.A.

TotalTransitVehiclesOwned 30,D26(46%) 38,590 63%) 41,301 68%) 47,508 79%) 51,964(83%) 54,662(86%)and Leased

MotorBuses 19,527(39%) 27,110 55%) 29,982 61%) 35,732 74%) 40,583(80%) 43,422(84%)

Subway& Elevated 1,794(95%) 9,343(100%) 9,325(100%) 9,276(100%) 9,608(i00%)

SurfaceRailway 734 (59%) 1,1g0(90%) 1,176(96%) 1,037(96%) 962 (93%)

TrolleyCoaches 971 (78%) 947 (88%) 913 (88%) 1,013(100%) 703 (I00%)

11,240( 99%)*

* All ElectricTransitVehlc]esOwnedand Leased(Subway,Railwayand Trolley)

Note: Percentagesarewlthrespectto estimatedindustrytotal.

Source: _nericanPublicTransitAssociation,TransitFactBook,variousissues.



endogenous variables and the error terms u and v are eliminated prior to

estimation of the structural relationships.

It should be noted, however, that the 2SLS technique is not necessarily

preferable to OLS, particularly where specification error ts involved (Ref.

2). For thts reason both methodsof estimation are reported below.

REVIEW OF RECENT STUDIES OF URBAN TRANSIT DEMAND

Two significantstudieshave examinedurban bus transitdemandwithin

a given locale insteadof for aggregatecross-sectlonor tlme-seriesdata.

Kraft and Domencich(Ref. 3) use an origin-and-destinatlonsurvey from the

Boston area to estimate travel demand elasticities with respect to both

service(time)and fare. What smalleffectstheydeterminefal]mainlyon the

servicevariable,and their estimatesof the Fare elasticityare low,between

-o.og and -0.33. Notably,cross elasticitieswith respect to automobile

oper_t!ngcosts are neglible.

A more recent studyby Schmenner(Ref.4) analyzespatronagedata on a

route-by-routebasis for the citiesof Hartford,New Haven, and Stamford,

Connecticut. Time seriesregressionsfor data providedby a local bus com-

pany indicate an elasticity of demand with respect to fare per mile of

between -0.80 and -1.03. Schmenner attributes his higher estimates of

fare elasticity to reduced error due to aggregation in his sample. His

data also exhibit a positive cross-elasticitywith respect to automobile

operating costs.

The Nelson study {1972) is subject to Schmenner's criticism that the

estimates are probably biased towards zero due to aggregation, since the

unit of observation is the transit system for an entire urbanized area.
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Informationon a cross-sectionof transit systems (e.g.,Table H-3) is

publishedannuallyby the American PublicTransitAssociationin its Transit

OperatinqReport. The sample each year consists of member firms whose

transit operations are devoted solely to bus transportation,without com-

petitionfrom railor trolley. While the total samplesize (numberof firms)

has stayed relativelyconstantover the years, it is subjectto relatively

hlgh turnoverfrom one year to the next, so that cross-sectlonalcomparisons

for differentyears are not strictlyequivalent. The 1974 sample for the

presentstudy contains 19 (of 52) firms that were not present in either

the 1960 or Ig6B (Nelson)samples.

H-II CROSS SECTIONESTIMATESOF URBAN

BUS TRANSITMODEL

Nelson'sresultsfor1960 and 1968 are presentedin TablesH-4 and H-B,

along with parallelregressionresultsfor 1974. Data sourcesfor the 1974

regressionsare reviewedinTablesH-6 and H-7 for the UrbanTrbanTransitBus

model.

SUPPLYEQUATIONESTI_TES

The supplyequationsfor 1974 conform well to Nelson'spreviousesti-

mates, with the significantexceptionof variablesC and k, both relatedto

the cost of operations. As indicatedin Table H-2, the lastdecadehas wit-

nessed a significantincreasein the numberof publiclyowned and subsidized

urban mass transitsystems,particularlyin connectionwith the Urban Mass

TransporatlonAct of 1964twhich subsidizedboth purchasesof new equipment

and conversionof privatetransitfirmsto privateownership.
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TABLE H-3

1974Sampleof Bus Firmsand UrbanizedAreas

Location CompanyName

Akron,OH MetroRegionalTransitAuthority
Albany,NY CapitalDistrictTransportationAuthority
Albuquerque,NM AlbuquerqueTransitSystem
Amarillo,TX AmarilloTransitSystem
Atlanta,GA MetropolitanAtlantaRapid TransitAuthority
Baltimore,MD MarylandDepartmentof TransportationMass

TransitDistrict
Binghamton,NY BroomeCountyTransit
Charleston, SC South Caroline Electric and Gas Company
Charleston,WV KarawhaValleyRegionalTranspnrtatlonAuthority
Charlotte,NC CharlotteCity Coach Lines, Inc.
Chattanooga,TN ChattanoogaArea RegionalTransportation

Authority
Cincinnati, OH Southwest Ohio Regional Transit Authority
Columbia,SC SouthCarolinaElectricand Gas Company
Columbia,OH CentralOhio TransitAuthority
Corpus Christi,TX CorpusChristiTransitSystem
Dallas,TX DallasTransitSystem
Duluth,MN DuluthTransitAuthority
El Paso,TX CountryClubBus Lines,Inc.
FortWorth,TX McDonaldTransit,Inc.dba CITRAN
Greenville,SC GreenvilleCity CoachLines,Inc.
Harrisburg,PA Cumberland-Dauphin-HarrisburgTransitAuthority
Huntington,WV Tri-StateTransitAuthority
Houston,TX HoustonTransitSystem/RapidTransitLines, Inc.
Oacksonville,FL JacksonvilleTransportationAuthority
KansasCity,MO KansasCityAreaTransportationAuthority
Lewlston,ME HudsonBus Lines
Lincoln,NE LincolnTransportationSystem
Madison,WI Cityof MadisonDepartmentof Transportation
Memphis,TN MemphisAreaTransitAuthority
Miami,FL MetropolitanDade CountyTransitAgency
Milwaukee,WI Milwaukee& SuburbanTransportCorporation
Minneapolis-St.Paul,
MN Twin CitiesAreaMetropolitanTransitCommission

Monterey,CA MontereyPeninsulaTransit
Muskegon,MI MuskegonAreaTransitSystem
Nashville,TN MetropolitanTransitAuthority
Norfolk,VA TidewaterMetroTransit
Omaha,NE TransitAuthorityof the Cityof Omaha
Portland,OR Tri-CountyMetropolitanTransportationDistrict

of Oregon
Raleigh,NC RaleighCltyCoachLines,Inc.
Rochester,NY RegionalTransitService,Inc.
St. Louis,MO Bi-StateTransitSystem
San Diego,CA San Diego TransitCorporation
Savannah,BA SavannahTransitAuthority
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TABLEM-3 (Continued)

Location Compan_Name

Springfield, MO City Utilities of Springfield
Stockton, CA Stockton Metropolitan Transit Dtstrtct
Syracuse, NY CMYCentro, Inc.
Toledo, OH Toledo Area Regional Transit Authority
Tulsa, OK Metropolitan Tulsa Transit Authority
Waco, TX WacoTransit System
Wichita,KS WichitaMetropolitanTransitAuthority
Wilmington, DE Delaware Authority for Roglonal Transportatlon
Winston-Salem,NC Winston-SalemTransitAuthority
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,; , TABLE H-4
C

;_ Estimatesof the SupplyEquation
_, For UrbanBus TransitService

il Statistic 1960a 1968a 1974 1974
(2SLS) (2,SLS) (OLS) (2SLS)

DependantVariable in B In B in B in B

IndependentVariable

Constant -i.05 1,42 .448 .359
(t-statistic) (-1.75) (1.4t) (1.68) (1.00)

In POP .055 .24B .193 .406
(0.42) (1.75 (1.54) (1.73)

In AREA .008 .055 .142 .151
(0.13) (0,76) (1.36) (1.14)

In g .927 ,727 .648 -.007
(7.0B) {7,08) (14.13) (-0.03)

In C -.446 -,601 -.043 .490
(-2.70) (-3,66) (-0.26) (3.64)

tn R -.511 -.065 .230 .575
(-2.09) (-0,34) (2.06) (2.03)

R2 .971 ,982 .972 .95B
i Standard Error .133 ,170 .217 .268

Numberof Observations 44 51 52 52

Note: aFrom Gary R. Nelson, "An Econometric Model of Urban Transit
Operations." Table 4.5 of John 0. Wells, et al e Economic
Characteristicsof the UrbanTransportationIndustr_ (_Vashlngton

i:. D.C.: U.S.Governm'entPrintingOffice.19721.

i

!:
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TABLEH-S

Estimatesof the DemandEquation
For Urban Bus TransitService

1960a 1968a 1974 1974
Statistic (2SLS)" (2SLS) (OLS) (2SLS)

DependentVariable In D in D in D in D

Independent Variable

Constant NR NR 7.412 9,485
(t-statistic) (6.94) (3.31)

.(B/POp)"0.3 6.54 8,81 6.81 9,458
(5.84) (4.41) (14.19) (2.91)

F -4.52 -3.06 -,669 -0.183
(-3.70) (-1.91) (-1.25) (-0.20)

in POP 1.11 1.10 1.037 0.974
(17.34) (8.46) (6.51) (4.36)

In AREA .002 .0208 .0809 -.0069
(0.03) (0.19) (0.52) (-0.03)

in AUTOS -.106 -.175 -.175 .0691
(-0.96) (-0.44) (-.51) (0,13)

In HWAY .- .156 .784 1.022
(0.98) (4.12) (2.68)

POURTYb -1.61 -3.02 1.815 -.743
(-1.49) (02.93) (0.65) (-0.22)

INC 15c -0.40 -3.57 .0798 2.393
(-0.33) (-1.81) (0.05) (-0.63)

AGE18d -1.74 -5.95 -4.149 -1.029
(-1.53 (-2.44) (-2.02) (-0.22)

AOC65e (-o.87) ( 8.17)(-0.54) (2.39) (1.33) (1.30)
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TABLE H-5 (Continued)

1960a 1968a 1974 1974

Statistic (2SLS) (2SLS) (OLS) (2SLS)

R2 .986 .976 .974 .954
StandardError .113 .227 .270 .356
Numberof Observations 44 51 52 52

Fare ElasticityEvaluated -0.81 -0.67 -0.20 -0.05
at Mean Fare (-3.70) (-1.91) (-1.25) (0.20)

Notes: aFromGaryR. Nelson,"An EconometricModel of Urban Transit
Operations."Table4.6 of John D. Wells et al, Economic
Characteristicsof the UrbanTransportati_dustr_-t-F_'-_shlngton,
D.C.: U.S.GovernmentPrintingOffice,1972).

bpercentof householdsbelowpovertylevel ($3,000for 1960and
1968).

Cpercent of households with income above $15,000 ($10,000 tn
1960 and 1968).

dpercent of population under 18 years of age.

epercent of population over 65 years of age.
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TABLE H-6

TRENDOF AVERAGEFARE,MOTOR
BUS URBANTRANSITt 1940 - 77

Calendar Average ConsumerPrice • Average
Year Fare Index (1967=10p) RealFare

1940 6.87 42.0 16.36
1945 7.07 53.9 19.12
1950 9.56 72.1 13.26
1955 14.41 80.2 17.97
1960 17.96 88.7 20.25
1965 20.55 94.5 21.75
1956 21.23 97.2 21.84
1967 22.39 100.0 22.39
1968 23.20 104.2 22.26
1969 25.71 109.8 23.42
1970 29.41 116.3 25.29
1971 32.23 121.3 26.57
1972 33.07 125.3 26.39
1973 32.40 133.1 24.34
1974 31.76 147.7 21.50
1975 31.99 161.2 19,84
1976 32.77 170.5 19,22
1977 34.90p 181.5 19.23

Source: AmerlcanPublicTransitAssociation,TransitFactBook '77-78
Table 12. p: preliminary
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;z TABLEH-7

i Cross-Section Urban Transit Regressions:
Definition of Variables and Their Sources

Variable Definition and Source

AGE18 Fraction of Population Under Age 18 years in 1970. U.S.
Censusof Population (1970), Vol. 1 Part 1, Table 66
(Urbanized areas].

AGE65 Fraction of Population over Age 65 years in 1970. U.S.
Censusof Ppulation (1970), Vol. I, Part 1, Table 66
(Urbanized Areasl.

AREA Land Area of Urbanized Area. U.S. Censusof Population
(1970), Vol. [, Part A, Section 1, Table 20.

AUTOS Automobiles per Capita, by County, 1973. RandMcNally & Co.,
CommercialAtlas and Marketing Guide, 107th editton. (New
York, 1976).

B Line Service Bus Mtles. American Public Transit Association,
Transit Operattn9 Report (1974): Section D, Operating
Statistics,Item 3.

CPM OperationExpenseper Total Bus Mile. AmericanPublic
TransitAssociation,TransitOperatingReport{1974):
SectionD, DerivedStatistics,Item2.

D TotalRevenuePassengers.AmericanPublicTransitAssocia-
tion. TransitOperatln9 Report {1974): SectionD, Operating
Statlst_s, Item27.

F Revenueper RevenuePassenger. American Public Transit
Association, Transit Operatfn9 Report (1974): Section D,

: Operating Statistics, Item 2/ and Operating Revenues and
Operating Expenses, Item 1.

HHAY 68 PopulationPer Unit of HighwayCapacity,1968. Highway
capacityestimatedby the formula:

: 8720x + 2500y,
where x ts miles of freeways and expresswaysand y is all
other road miles, Federal HtghwayAdministration, Nattonai
Htghwa_NeedsReport, 1970 (glst Congress). Washtngon-'_'_,_,

.- D.C., u.s. GovernmentPrlnttng Office: 49-840-0.
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TABLE H-7 (Continued)

Variable DefinitionandSource

INC15 FractionofHouseholdswithIncomein Excessof $15,000per
year in 1970. U.S.Censusof Population(1970),Vel. I,
parti, Table 183.

k Ratioof Expensesto Revenues. AmericanPublicTransit
Association,TransitOperatin_Report(1974): SectionD,
IncomeStatement,Items1 and2.

MPH Bus Miles Per Hour (LineService). AmericanPublic
TransitAssociation,TransitOperatin9 Report(1974):
SectionD, DerivedStatistics,Item4.

POP Populationof UrbanizedArea. AmericanPublicTransit
Association,TransitOperatingReport(1974): SectionD,
OperatingStatistics,Item I.

POVRTY Fractionof HouseholdsBelowPovertyLevel in 1970. U.S.
Censusof Population(1970),VoI.I, Part 1, Table 183.

H-16



the cost/revenueratio k is negativelyassociatedwith supplyoF

the reverseappearsto be true in 1974: firmswith greater

B, holding constant population, demand, etc., experience higher ratios

'_f_costto revenue. This changehighlightsthe importanceof the shift from

:i.CI;I_I! ;privateto publicownership.

:_.:.......!_i: I . DEMAND EQUATIONESTIMATES

iii_ The same phenomenon may explain the relatively poor performanceof

the two-stageleastsquaresfits for the demandequationin 1974.Apparently,

Nelson's sophisticatedmodel is misspecifiedas applied to the 1974 urban

setting, and ordinaryleast squaresestimationis probablypreferable(that

is, treating serviceB and averagefare F as exogenous,predeterminedvaria-

bles).

The followingresultsmay be concludedfromTableH-5:

I) Improved service levels B relative to populationPOP hold-

ing constant the fare per mile F and highway capacity per

capita HWAY, attract greater ridership. This result has

been found in virtuallyall empiricalstudiesof urbantransit.

2) Demand D is inelastic with respect to the fare F, and the

fare elasticity has dec]ined in absolute value since 1968,

In part, this decline may be attributed to a fall in the

real fare (Table H-6) relative to rising real wages (which

measurethe opportunitycost of traveltime). In the economic

impactanalysiscoveringtransitbuses (Section7, Part B) an

average(-0.5)of the three 2SLS point estimates(1960,1968,

1974) in Table H-7 was used for the demand (fare)elasticity

estimate.
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3) Bus patronageis unresponsiveto measuresof incomedispersion

(PVRTY and INC157, but Is significantlyincreased in cities

where the population in the 19 to 64 age group Is greater.

Thls result Is consistent with Nelson's finding that bus

transit demand is determinedprimarilyby trips to and from

people'splacesof employment.

47 The coefficientson per-capita automobileownershipare not

significantlydifferentfrom zero, but they are mostlynega-

tive, indicating a very slight positive cross elasticity

with respectto the automobilemode of travel.

N?III TIME.SERIESESTIMATESOF INTERCITY

BUS TRANSPORTATIONDEMAND

Table H-8 records regression coefficients for the demand model as

applled to time series of intercltybus trdf}sportationstatistics. Data

sourcesare reviewedin Table H-9 for the ]ntercityBus Model.

The fits are generallysatisfactory. Due to the presence of signi-

flcant autocorrelationin the residualsof the log-logform of the regres-

slons (Ourbln-Watsonstatistic= 1.317, a flrst-dlfferenceformulationwas

trled withsomewhatbetterresults(Durbln-Watsonstatistic• 1.77).

The followlngresultsare concludedfromTable N-B:

17 Interclty bus patronage D Is responsive to service B, as

with urbantransit.

27 The fare elasticityof intercltybus traveldemand is about

-0.50,holdingconstantthe availabilityand fare on competing

modes {auto and rail). A one percent increasein bus fares

relativeto ral) fares resultsin an additional0.03 percent

decreasein bus patronage.

H-I8



3) The income elastlcityof intercitybus demand is small but

positive (around0.20), indicatingthat distrlbutlonalimpacts

of fare increasesdo not necessarilyaffectonly lowerincome

groups,
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TABLEH-8

ESTIMATES OF THE DEMAND EQUATION
FOR INTERCITY BUS TRANSPORTATION,

1948 - 73

Statistic OLS 2SLS OL.__Sa

DependentVariable In D in D in D

Independent Variable

Constant -16.14 -16.03 .044
(t-statlstlc) (-3.25) (-2.99) (1.72)

In B .953 .959 1.003
(10.95) (6.90) (8.12)

in POP .493 .501 -.143
(2.08) (1.78) (-.13)

inF -.448 -.446 -17.47

{-3.00) (-3.00) (-3.30)

F/FRAIL -.026 -.026 -.030
(-1.14) (-1.13) (-1.48)

In AUTO -.693 -.685 -2.283

(-3.25) (-2.61) (-2.37)

inGNI .207 .201 .332
(1.30) (1.03) (2.34)

IN HWAY -.142 -.135 --

R .985 .9B5 .919

StandardError .015 .015 .017

Durbtn-Watson 1.31 1.31 1,77

Numberof Observations 26 26 25

Note: The 2SLSestimatestreatin B as a Jointlydetermineddependent
variable,identifiedby the excludedvariablesIn C and in K.

A first-dlfferenceform of the demandequation: the constantreflects
a trendcoefficient; In F is replacedby the first differencein F;
F/FRAILis replacedby the firstdifferencesin F/FRAIL;all other
variablesare replacedby the firstdifferencesin naturallogarithms.
The coefficient F impliesa fareelasticityof -0.497,evaluatedat
the mean fare.
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TABLE H-g

INTERCITY BUS TRANSIT TIME SERIES REGRESSIONS:
DEFINITIONOF VARIABLESAND THEIRSOURCES

VARIABLE DEFINITIONAND SOURCE

AUTO PassengerCar and TaxiRegistrations,U.S., per
capita. Department of Transportation, Summar_ of
TransportationStatistics,Table g.

B VehicleMi]esOperated. Regular-RouteIntercity
Service, Class I Carriers. National Association of
MotorBus Owners,FactBook,Table4.

C Costper mileof bus service. RegularRoute Intercity
Service, Class I Carriers. Estimated as: C = CPMB
(E- (TR-R))/B,whereTR is total operatingrevenues,R
is passenger revenues on intercity regular routes, E
is total operating expenses, and B is vehicle mi)es
operated. National Association of Motor Bus Owners,
Fact Book, Tables 3 and 4. Deflated by the Consumer
Price Index (1967-1.00).

CPI ConsumerPriceIndex,1967-1.00.U.S.Department
of Commerce, Bureau of Economic Analysis.

D RevenuePassengerMiles,Regular-RouteIntercity
Service, Class I Carriers. National Association
of Motor Bus Owners, Fact Book, Table 4.

F Revenueper PassengerMile,Regular-RouteIntercity
Service,ClassI Carriers.F=R/D,whereR is passen-
ger revenueon intercityroutesand D isrevenue
passengermiles. NationalAssociationof Motor Bus
Owners,FactBook, TablesB and 4. Def]atedby the
Consumer-!_'rI'Ee-l-ndex(1967,1.00).

FRAIL-FPMR Rail Per PassengerMile. Class I rai],other than
commutation.Departmentof Transportation,Summar_of
TransportationStatistics,Table I.

GNI Real per CapitaU.S.NationalIncome. U.S.Depart-
meritof Commerce,Bureauof EconomicAnalysis.
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TABLEH-9 (Continued)

VARIABLE DEFINITIONANDSOURCE

HWAY U.S. IntercityHighwayMileageper Capita. Depart-
_nt of transportation,Summary,of Transportation
Statistics,Table 8.

k Cost/Revenue,IntercityBuses. RegularRoute Inter-
cityService,Class I Carriers: k = CPMB/RPMB.

POP U.S.Total Populatlon. U.S. Departmentof Commerce,
Bureauof the Census.

RPMB Revenueper Mile, Buses. Regular-routeintercity
service: revenue fromTable 3 of NationalAssocia-
tionof Motor Bus Owners,FactBook,MilesOperated
B.
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APPENDIX I

UNIFORM ANNUALIZED COSTS

OF BUS NOISE ABATEMENT

Intercity Buses - Option ]

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1982

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL _N MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 O.O
1981 O.7107 O.7107 O. 4239 O. 2868
1932 I.4544 2.%&51 0. 8765 O.5779
1983 2. 1915 4.3567 1•3348 O. 8568
198,4 2. 9431 7.2998 1.8114 1•1317
1985 3. 6796 10.9794 2.2892 1•3904
1986 4 •4049 15.3842 2 •7704 1•6345
1987 5. 1437 20.5280 3. 2699 1.8738
1988 5.8725 26.4004 3. 7740 2.0984
1989 6.5987 32.9991 4. 2873 2.3113
1990 7. 3272 40.3264 4. 8120 2. 5143
1991 7.4986 47•8249 4.9273 2 •5712
1992 7. 6495 55. 4744 5.0259 2. 6236
1993 7•811 & 63•2859 5 •1220 2.679E,
1994 7. 9684 71•2543 5.2322 2.7251
1995 S. 1425 79.3977 5.3474 2. 7961
1996 S.2328 87.7315 5.4722 2.8615
1997 S.5196 96.2511 5.5932 2.9264
1998 S.7201 104.9712 5.7245 2,9956
1999 8,9296 113.9007 5.8620 8.0675
2000 9. 1439 123.0446 6. 0027 3. 1412
2001 9. 2621 132, 4077 6.%466 S. 2164
2002 9.5875 14%.9951 6. 2940 2,2935
2003 9.8175 151 •8126 6.4450 3. 3725
2004 IO •0531 161 •8657 6.5997 3. 4534
2005 10. 2943 172. %bOO 6.7530 2. 5263
2006 10, 5411 182.7011 6.9200 S.6211
2007 10. 7942 193.4953 7.0861 .3.7081
2008 %1.0522 204. 5485 7. 2562 S.7970
2009 I I•3185 215.8(:,70 7.4303 3. 8882
2010 11 •5901 227. 4571 7.6086 3.9815

PRESENT VALUE OF ANNUAL COSTS = 49.9041

EQUIVALI-'NT ANNUAL COST = 5,2647 MILLION DOLLARS

I-l



CALENDAR YEARS

;[980 1981 1982 1983 1984 1985 1986 1987
1933 1939 1990 1991 1992 1993 199_ 1995
1996 1997 I998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2003 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTION--BLPOP
1770.0" 1850.0 1975.0 2000,0 2080.0 2085.0 2100.0 2180.0

2200.0 2240.0 2294.0 2349,0 2405,0 2463.0 2522.0 2583.0
2645.0 2703.0 2773.0 2840.0 2903.0 2977.0 3048.0 3122.0
3197.0 3274.0 3352.0 3433,0 3515.0 3600.0 3636.0 0.0

0.0 0.0 0.0
REVISED BASELINE PROOUCTION--BLFOR

0.0 1843,1 1967.7 1992,6 2072.3 2077.3 2092.2 2171.9
2191.B 2231.7 2285.5 _340,3 2396.1 2453.9 2312.6 2573.4
2635.2 269G,0 2762.7 2329.5 2897.2 2966.0 3036.7 3110._
3185.1 3261.9 8329.6 3420.3 3502.0 3586.6 3672.3 0.0

0.0 0.0 0.0
ATTRITION FACTOR--AF
1.000 1,000 1.000 1.000 1.00(I 1.000 1.000 1.000
1.000 1.000 0.0 0.0 0.0 O.O 0.0 0.0
O.O 0.0 0.0 0.0 0.0 0.0 0.0 0,0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 O.O
INCREMENTAL FUEL 303T--DFC
0.0 70.00 70.00 70.00 70.00 70.00 70.00 70.00

70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.00
70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.00
70.00 70.00 70.00 70.00 70.00 70.00 70.00 0.0
0,0 0.0 0.0

INCREMENTAL MAINTENANCE COST--DMC
0.0 160.00 160.00 160.00 160.00 160.00 160.00 160.00

160.00 160.00 160.00 160.00 160.00 160.00 160.00 160.00
160.00 160.00 160.00 160.00 160.00 160.00 160.00 160.00
160.00 160.00 160.00 160. O0 160.00 160.00 160.00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVp
0.0 319.00 3%9.00 819.00 819.00 819.00 319.00 819.00

319.00 819.00 819.00 819.00 819.00 819.00 819.00 819.00
319.00 819,00 319.00 819.00 319.00 819.00 819.00 819=00
819.00 819.00 819.00 819.00 819.00 819.00 319.00 O.O

0.0 0,0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 '-0,_0
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -_.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
1,00 1,00 1.00 1.00 1.00 i. O0 1.00 1.00
t.O0 1.00 1.00 I.O0 1.00 _.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1,00 1.00 1.00 1.00 1.00 1.00 0.0
0.0 0.0 0.0
VEHICLE LIFE--LIFE = 10 BA3E VEHICLE PRICE--BASEP =110385.
RATE OF DISCOUNT--R = 0,10 COST OF CAPITAL RATE --CCRATE = 0.10
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Intercity Buses - Option 2

PROGRAH 1"0 COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0,0 0,0 O.O 0,0
1981 0,7107 0,7107 0,4239 0,2868
1982 1.4544 2,1651 0,8765 0,5779
1983 2,1915 4,3567 1,3348 0,8568
1984 2,9431 7,2998 1,8114 1,1317
1985 5,8917 13,1915 4,2171 1,6746
1986 7,2912 20,4826 5,1013 2,1899
1987 8,7154 29,1980 6,0192 2,6962
1988 10,1205 39,3184 6,9454 3,1750
1989 11,5203 50,8387 7.8886 3,6317
1990 12,9242 63,7629 8,8544 4.0698
1991 13,4149 77,1778 9,0619 4,3529
1992 13,8625 91,0402 9,2402 4,6?.22
1993 14, 3182 105,3584 9,4324 4,88_8
1994 14,7549 120,1133 9,6156 5,1393
1995 15,Q792 135,1924 9,8253 5,2539
1996 15,4816 150, 6239 10,0547 5,8768
1997 15,7758 166,8997 10,2770 5,4987
1998 16,1470 182,5467 10,5183 5, 6287
1999 16,5348 199,0815 10,7709 5, 7639
2000 16,9317 216,0132 11,0294 5,9023
2001 17.3375 233.3507 11.2938 6.0437
2002 17,7531 251,1038 11,5646 6, 1885
2003 18. 1790 269,2825 11,8420 6. 3370
2004 18,6153 287,8975 12,1262 6, 4891
2005 19,0620 306,9592 12.4171 6,6448

2006 19,5189 826,4780 12,7148 6.8041
2007 19,9876 346,4651 13,0201 6,9675
2003 20,4671 366,9319 13.3325 7, 1347

2009 20,9585 387,8901 13,6525 7,3060
2010 21.4618 409,3513 13,9800 7.4813

PRESENT VALUE OF ANNUAL COSTS = 85.0434

EQUIVALENT ANNUAL COST = 8,9718 MILLION DOLLARS
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DATA BASE FOR TRUCK CHASSIS

CALENDAR YEARS

1980 %93% 1982 1988 1984 1985 1986 1987
1988 1989 1990 1991 1992 1993 1994 1995
199_. 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTION--DLPOP
1770.0 1850.0 1975.0 2000.0 20S0.0 2085.0 2100.0 2180.0
2200.0 2240.0 2894.0 2349.0 2405.0 2463,0 2522.0 2583.0
26q5.0 2708,0 2773,0 2840.0 2908.0 2977.0 3048.0 8122,0
3197.0 3274.0 8852.0 $433.0 3515.0 3600.0 3686.0 0.0

O.O 0.0 0.0
REVISED _A_ELINE PRODUCTION--BLFOR

0,0 1843.1 1967.7 1992.6 2072.3 2070.4 2035.3 2164.8
2184.6 8224.3 2278.0 2332.6 2838.2 2445.8 2504.4 2564.9
2626.5 2689.1 2753.6 2820.1 2887.7 2956.2 3026.7 3108.2
3174.6 8251.1 3328.6 3409.0 3490.4 3574.8 3660.2 0.0

O.O 0.0 O.O
ATTRITION FACTOR--AF
I•OOO I.OEtO 1. 000 1.000 1,000 I. O00 1.000 I. 000
1.000 1.000 0.0 0.0 O.O 0.0 0.0 0.0
0.0 0.0 0.0 O.O 0.0 0.0 0.0 0.0
O.O 0.0 0.0 0.0 O.O O.O O.O 0.0
O.O 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 70.00 70.00 70.00 70.00 75.00 75.00 75.00

75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00
75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00
75.00 75.00 75,00 75.00 75,00 75.00 75.00 O.O

0.0 0.0 O.O
INCREMENTAL MAINTENANCE CO_T--DMC
0.0 160.00 I&O.OO l&O.OO 160.0_ 349.00 349.00 349.00

349.00 849.00 349.00 349.00 849.00 349.00 349.00 349.00
849.00 349.00 349.00 349.00 349.00 349.00 849.00 849.00
849.00 849.00 349.00 349.00 349.00 349.00 349.00 O.O
0.0 0.0 0.0

INCREMENTAL EQUIPMENT COST--DVP
0.0 819.00 819.00 819.00 819.00 1544.00 1544.00 1544.00

1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00
1544.00 1544.00 1544.00 1544.00 1544.00 1544,00 _544.00 1544.00
1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 0.0

0.0 0.0 O.O
PRICE ELASTICITy OF DEMAND--PER
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50

-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0,50 -0.50
ELASTICITY FASTOR--EF
1.00 1.00 l,OO 1.00 1.00 0.99 0.99 0,99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0,99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0,99
0.99 0.99 0,99 0.99 0.99 0.99 0.99 O.O
0.0 O.O 0o0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP =1103B5.
RATE OF DISCOUNT--R _ 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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Intercity Buses - Option2A

1

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REOULATORY SCENARIO BEOIHS IN 1985
AND ATTAINS STEAbl 3TATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
OAEO = CUMULATIVE ANNUAL ECON0MIC COST
OPCO _ OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 O.O 0.0 O.O 0.0
1981 0.0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0,0
1983 0.0 0.0 0.0 0.0
1984 0.0 0.0 O.O 0.0
1985 1.4852 1.4852 0.8779 0,&074
1986 2.9492 4.4344 1.7620 1,1872
1987 4.4379 8.8723 2.6799 1.7530
1988 5.9075 14.7798 3.6062 2.3013
1989 7.$718 22,1516 4,5493 2.8225
1990 8.8403 80.9919 5.5151 3,3251
1991 10.3127 41.3046 6.5041 3,8086
1992 11.7891 58.0987 7.5167 4.2723
1993 13.2698 &6,8685 8.5587 4,7161
1994 14.7549 81,11S4 9.6156 5,1393
1995 15.0792 96.1975 9.8253 5.2539
1996 15.4316 111.6290 10.0547 5.376S
1997 15.7758 127.4048 10.2770 5,4987
1998 16.1470 143.5518 10.5108 5.6287
1999 16.5848 160.0866 10.7709 5,7639
2000 16.9817 177,0183 11.0294 5.9023
2001 17.3875 194.3559 11.2988 6.0437
2002 17.7531 212.1089 11.5646 6.1885
2008 18.1790 280.2879 11.8420 6.3370
2004 18.6158 248.9032 12.1262 6.4891

2405 19,0620 2_7.9651 .12.4171 6.6448
2006 19.5189 21_.4886 _2.7148 6.8041
2007 19.9876 _7.4707 18.0201 6.9675
2008 20.4671 327.9375 18.3325 7.1347
2009 20.9585 348.8955 18.6525 7.3060
2010 21.4618 370.3569 13.9800 7.4813

PRESENT VALUE OF ANNUAL COSTS = 64.B056

EQUIVALENT ANNUAL COST = 6.8367 MILLION DOLLARS
I

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

]980 1981 1982 1983 1984 1985 1986 1987
1988 1989 1990 1991 1992 1993 1994 1995
199& 1997 1998 1999 2000 2001 2002 2003
20(:4 2005 2006 _007 2008 2009 2010 2011
2012 2018 2014
BASELINE PRODUOTION--BLPOP
1770.0 1850.0 1975.0 2000.0 2080.0 2085.0 2100.0 2180.0
2200.0 2240.0 2294.8 2849.0 2405.0 2463.0 2522.0 2583.0
2645.0 2708.0 2778.0 2840.0 2908.0 2977.0 8048.0 8122.0
3197.0 8274.0 8852.0 3433.0 8515.0 8600.0 8686.0 0.0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

O.O 0.0 0.0 0.0 0.0 2070.4 2085.3 2164.8
2184.6 2224.8 2278.0 2332.6 2888,2 2445.8 2504.4 2564.9
2626.5 2689.1 2753.6 2820.1 2887.7 2956.2 8026.7 3100.2
8174.6 8251.1 3328.6 8409.0 8490.4 3574.8 8660.2 0.0

0.0 0.0 0.0
ATTRITION FAOTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0
0.0 0.0 0.0 0.0 O,O 0.0 0.0 0.0
0.0 0.0 O.O
INCREMENTAL FUEL COST--OFC
O.O 0.0 0.0 0.0 0.0 75.00 75.00 75.00
75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00
75.00 75.00 75.00 75.00 75,00 75.00 75.00 75.00
75.00 75.00 75.00 75.00 75.00 75.00 75.00 0.0

C).O O.O 0.0
INCREMENTAL MAINTENANCE COST.--DMC
0.0 0.0 0.0 0.0 0.0 349.00 849.00 849.00

349.00 349.00 349.00 549.00 849.00 349.00 849.00 849.00
349.00 349.00 849.00 849.00 849.00 849.00 849,00 849.00
849.00 849.00 349.00 349.00 349.00 849.00 349,00 0.0

O.O 0.0 O.O
INCREMENTAL EQUIPMENT COST--DVP
0.0 0.0 0.0 0.0 0.0 1544.00 1544.00 1544.00

1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00
1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00

1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 1544.00 0.0
0.0 0.0 O.O

PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0,50 -0.50 -0.50 -0.50 -0,50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0 •50
ELASTICITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0,99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 O.O
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP =110385.
RATE OF DISCOUNT--R = 0.10 OOST OF CAPITAL RATE --CCRATE = 0.10
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Intercity Buses - Option 3

PROGRAM 3'0 COMPUT F"COST OF NOISE REGULATION_

REGULATORY SCENARIO BEGINS IN lI_81
AND ATTAINS STEADY STATE IN 1988

AECNR = ANNUAL ECONOMIC _OST OF NOISE REOULATIONS

CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
O'fHER = OTHER COST8
ALL IN MILLIONS OF 1978 _OLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 .0.0 0.0
1981 0.7107 0.7107 0.4239 0.2868
1982 1.45q4 2,1651 0.8765 0.5779
1983 2.1915 4,3567 1.3348 0.8568
1984 2.9481 7,2998 1.8114 1.1317
1985 5.8917 13,1915 4.2171 1.6746
1986 7.2912 20,4826 5.1013 2.1899
1987 13.9420 84.4246 10.3472 3.5949
1988 16.8589 51.2836 11.9258 4.9332
1989 19.7513 71.0349 18.5331 6.2182
1990 22.6874 98,&722 15.1791 7.4583
1991 24.0854 117.7077 15.5191 8.5163
1992 25.3410 148.0487 15.8084 9.5326
1993 26.6361 169.6848 I6.1211 10.5150
1994 27.8761 197.5608 16.4180 11.4581
1995 28._927 226.5535 16.7600 12.2327
1996 30.1208 256.6748 17.1356 12.9852
1997 30.7941 287.4683 17.5145 13.2796
1998 31.5192 318.9871 17.9257 18.5935
1999 32.2762 351.2632 18.3562 13.9200
2000 83.0509 384.3137 18.7968 14._42
2001 33.8431 418.1567 19.2474 14.5958
2002 84.6542 452.8105 19.7088 14.9454
2003 35.4856 488.29&1 20.1816 15._40
2004 36.3372 524.6331 20.6660 15.&713
2005 37.2092 561.8420 21.1618 16.0474
200& 38.1012 599.9431 21.&691 16.4321
2007 39.0160 &38.9590 22.1893 16.82&7
2008 39.9522 678.9109 22.7217 17._304
2009 40.9112 719.8218 28.2670 17._42
2010 41.8930 761.7144 28.8253 18.O&Tb

PRESENT VALUE OF ANNUAL COSTS = 146.2463

EI)UIVALENT ANNUAL COST = 15.4234 MILLION DOLLAR8
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DATA RASE FOR TRUISK _SHASSI_

CALENDAR YEARS

_0 1981 1982 1983 1984 1985 1936 1987
:19:_8 1987 1990 I791 1992 1993 1994 %995
%_?& 1997 I_98 1999 2(:00 2801 2002 2003
200_ _005 2006 2007 2008 200_ 2010 2011
2012 2013 201_
BASELINE PRODU_TION.--BLPQP
1770.0 1850.0 1975.0 2000.0 2030.0 2085.0 2100.0 2180.0
2200.0 2240.0 2294,0 2349.0 _405.0 2463.0 2522.0 2588.0
2645.0 2708.0 _778.0 2340.0 2_08.0 2977.0 3048.0 3122.0
3197.0 3274.0 3352.8 3438.0 3515.0 3600.0 3636.0 0.0

0.0 0.0 0.0
REVISED _ASELINE PRODUCTION--BLFOR

0.0 1843.1 1967.7 1992.6 2072.3 2070.4 2085.3 21_2°R
2162.5 230_.8 2254.9 2308.9 2364.0 3421.3 2479.0 2538,9
2599o9 2661.3 2735.7 2771.5 2853.4 2926,2 _99&.0 3068,7
3142.4 3213.! 3294.8 3374.4 3455.0 3533.6 3&23.1 0°0

0.0 0.0 ¸ 0.0
ATTRIT_3_ FACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
i. O00 1.000 0.0 0.0 0.0 0o0 0.0 0.0
0.0 O.O 0o0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0°0 0°0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL _03T--DFC
0.0 70.00 70°00 70.00 70.00 75.00 75.00 135,00

135o00 135.00 135.00 %35,00 _35.00 %35,00 %35,00 135,00
135.00 185100 135.00 135.00 185.00 135.00 I35°00 135_00
_5°00 135.00 135,00 185.00 135,00 135,00 135.03 0.0
0,0 0.0 0,0
INCREMENTAL MAINTENANCE _83T--_MC
0.0 • 160.00 160,00 160,00 160,00 _49.00 849°00 595,00

5_5.00 595.00 595.00 595.00 595.00 595.00 595.00 595.00
5_5°00 595.00 595,00 595.00 595,00 595,00 595.00 595.00
595.00 595.00 593,00 595,00 595.00 595.00 593,00 0.0 ¸
0.0 0.0 0°0

INCREMENTAL EQUIPMENT COST--DVP
0.0 819.00 817.00 819.00 819.00 1544.00 1544.00 3767.0_

3767.00 3767.00 3767.00 3767.08 3767.00 3767.00 3767.00 3767.00
3767°00 37&7.00 3767.00 3767.08 3767.00 3767.00 3767.00 3767.00
3767.00 3767.00 3767.00 3767.00 3767.00 3767.00 37_7.00 0.0'

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -O °50 -0.50 -0, 50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.58 -0.50 -0° 50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.30 -0.50 -0, 50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 0,99 0°99 0,913
0.9_ 0.98 0.93 0.98 0.93 0.98 0,93 0.91_
0.98 0.98 0.93 0.93 0°90 0.93 0.98 O,?B
0.98 0.98 0.93 0.98 0,78 0.93 0.98 0,0
0.0 0.0 O.O

VEHICLE LIFE--LIFE = 10 BA_E VEHICLE PRICE--BASE_ =110385.

RATE OF DISCOUNT--R = 0, I0 COST OF CAPITAL RATE --CCRRTE m o. IQ
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Intercity Buses - Option 3A

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGIN_ IN I_85
AND ATTAIN8 STEADY STATE IN 1985

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO =OPERATINO COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0,0 0.0
1981 0.0 0.0 0,0 0.0
1982 0.0 0.0 0,0 0.0
1983 0.0 0.0 0.0 0.0
1984 0.0 0.0 O.O 0.0
1985 1.4852 1,4852 0.8779 0.6074
1986 2.9492 4,4344 1.7&20 1.1372
1987 7.2546 11.6890 4.5979 2.6567
1988 10.2360 21,9250 6.1765 4.0595
1989 18.1929 35.1179 7.7838 5.4090
1990 16.1435 51.2614 9.4299 6.7186
1991 19o0873 70.3487 11.1154 7.9720
1992 22.0238 92.8725 12.8411 9.1327
1993 24,9536 117.3260 14.6084 10.8452
1994 27,876I 145.2021 16.4180 11.4581
1995 28,9927 174.1948 16.7600 12.2327
199& 30.1208 204.3157 17.1356 I2.9852 \
1997 80,794I 235.1098 17.5145 13,2796
1998 31.5192 266.6289 17.9257 13.5935

1999 82,2762 298.9050 18.3562 13,9200
2000 83.0509 331.9556 18.7968 14.2542
2001 88.848i 365.7986 19.2474 14.5958
2002 34.6542 400.4524 19.7088 14.9454
2003 35.4856 435.9380 20.1816 15.3040
2004 3&,3372 472,2749 20.6660 15.&713
2005 37,2092 509,4839 _1.1618 16,0474
2006 38.1012 547.5350 _I.6691 16.4321
2007 39.0160 586.6008 22.1893 16.8267
2008 39.9522 626.5527 22.7217 17.2304
2009 40.9112 667.4686 28,2670 17.6442
2010 41.8980 709.3562 23.8253 18.0676

PRESENT VALUE OF ANNUAL COSTS = 120.4&93

EQUIVALENT ANNUAL COST = 12.7091 MILLION DOLLARS

I)ATA BASE FOR TRUCK CHASSIS
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CALENDAR YEAR_

1980 1931 1982 1983 1984 1985 1986 1987
1988 1989 1998 1991 1993 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 3006 2007 2008 2009 8010 2011
2012 2018 _014
BASELINE PRO_UCTION--BLPOP
1770.0 1850o8 1975,0 2088.0 2080,0 2085,0 _I00o0 _180°0
2200.0 2240.8 2394.0 334_.8 2405,8 2463.0 3522.0 2583.0
2645.0 2708.0 2778,0 2848°0 2908.0 2977.0 _048°8 3122.0
8197,0 3274.0 3352°0 343_.0 3515.8 3600,8 _686,0 0.0

0.0 0,8 0.0
REVISED BASELINE PROBUCTION--BLFOR

0.0' 0o0 0.0 0.0 0,0 2070._ _085.3 2142°8
2162.5 2201°8 2254.9 2303°9 2364.0 2431.0 _479,0 25_8,9
2599,9 _661_8 _725.7 2791.5 2858°4 2926.2 39_&°8 3068,7
3143.4 _218.1 8294,8 3374.4 3455°0 3538.6 _623,! 0°8

0.0 0,0 0.0
ATTRITION FACTOR--AF
1.000 1,000 1.00(I 1,800 1,808 1,008 1,000 1,000
1.800 1.000 8,0 0°0 8°0 0.0 0.0 0,0
0°0 0°0 8,0 0,0 0.0 0.0 0o0 0o0
0.0 0.0 0.0 0,0 0.0 0,0 0,0 0,0
0o0 0,0 0.0
INCREMENTAL FUEL C08T--b_C
0,0 0.0 O.O 0.0 0.0 75°00 75.00 135.00

135.00 135o00 135°00 135.00 I_5°00 135.00 135,00 135.00
135,00 I_5°00 135.00 _35,00 I_5.08 I_5°08 135.00 I_5o00
135,00 1_5.00 135.00 I_5.00 I_5.08 135°00 135°00 0,0
0,8 0o0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0°0 0.0 0,8 0.0 0.0 349°88 349°80 595°00

595.00 595°00 595°00 595°00 595.00 595.00 595.00 _95°88
595,00 595.00 595.00 595°00 595.00 595°00 595.00 595°08
595°00 595.00 595°00 595°00 595,00 595.00 595.00 0°0
0°0 0.0 0.0
INCREMENTAL EQUIPMENT COS_--DVP
•0,0 0°0 O.O 0°0 0.0 1544°00 1544°00 87_7.08

_767°80 _767.00 37_7°00 _7&7°00 3767,00 _7_7°00 _767_00 37_7.08
3767°00 _767,08 3767°¢0 8767,00 37_7.00 _767,00 3767,08 8767,00
_767,08 37&7.00 _7_7o00 8767.00 3767°00 _767o80 3767.00 0°0

0,0 0.0 0°0
PRICE ELASTICITY OF DEMAND--PEB
-0,58 -0.50 -0,50 -0°_0 _0,50 -0,50 -0.50 -0,50
-0,50 -0,50 -0°50 -0.50 -0°50 -0.50 -0°50 -0,_0

! -0°50 -0°50 -0,50 -0°50 -0.50 -0,50 -0°_) -0.50
I -0,50 -0°50 -0,50 -0°50 -0°50 -0,50 _0,_0 -0,50

-0.58 -0.50 -0°50

! ELA£TICITY FA_TOR--EF
1,00 I,00 1.08 1.00 1.00 0.99 0°99 0.98

I 0,98 0,98 0°98 0,98 0.98 0.98 0o98 0.98
0,98 0.98 0°98 0._8 0.98 0.98 0o9_ 0.98
0.98 0.98 0,98 0,98 0.98 0.98 0°9_ 0.0
8.8 0°0 0,0

VEHICL_ LIFE--LIF_ = 10 BASE VE_ICL_ PRICE--BASEP =I_03_5,
RATE OF DI$COUNT--R = 0.10 COST OF CAPITAL RA]'E --CC_ATE = 0°18

I-]O
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Interc|ty Buses - Opt|on 38

PROCRAM TO COMPUTE COST OF NOISE REOULATICNS

REGULATORY SCENARIO E_EGINS IN 1987
AN n ATTAINS STEADY STATE IN 198_

AECNR _ ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC: COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AEONR CAEC OP80 OTHER

1980 0,0 0.0 0.0 0.0
1981 0.0 0,0 0.0 0.0
1982 0.0 0.0 0.0 0.0
1983 0,0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0
1985 0,0 0.0 0.0 O.O
1986 0.0 0.0 0.0 0.0
1987 3,0979 3.0979 1.5642 1.5337
1988 &,1435 9.2414 3.1423 8.0007
1989 9.1645 18.4059 4,7501 4.4144
1990 12.1793 30.5852 6.3962 5.7831
1991 15,187@ 45.7726 8.0817 7.1056
1992 18.1879 63.9605 9.8074 8.3006
1993 21.1819 85.1424 11.5747 9.6072
1994 24.1685 I09.3109 13.3843 I0.78_2
1995 27.1485 186.4594 15.2378 11.9i07
1996 80.1208 166,5802 17.1356 12.9852
1997 30.7941 197.3744 17.5145 13.2796
1998 31.5192 228.8936 17.9257 13.5935
1999 32.2762 261.1697 18.3562 13.9200
2000 33.0509 294.2205 18.7968 14.2542
2001 33.8431 _23.0635 19.247_ 14.5958
2002 34.6542 362.7173 19.7088 14.9454
2003 35.4856 399,2026 20.1816 15.3040
2004 36.3372 434.5396 20.6660 15o&713
2005 37.2092 471.7488 21.1618 16.0474
2006 38.1012 509.8499 _1.6691 16.4321
2007 S9.0160 548,8657 22.1893 16.8267
2008 39.9522 588.8176 22.7217 17.2304
2009 40,9112 629,7283 23.2670 17.6442
2010 41,8930 671.6211 23.8253 18.0676

PRESENT VALUE OF ANNUAL COSTS = 105,5038

EQUIVALENT ANNUAL COST = 11.1302 MILLION DOLLARS

DATABASEFOR TRUCKCHASSIS
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CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
1988 1989 1990 i991 1992 1993 1994 1985
1996 1997 1998 1999 2000 2001 2002 2003
2084 8005 2006 2007 21)08 2009 8010 2011
2012 2018 2014
BASELINE PROBUCTION--BLPOP
1770.0 1850.0 1975.0 2000.0 2080.0 2085.0 2100.0 2180.0
2200.0 2248.8 2294.0 2349.0 2405.0 2463. n 2522.0 2583,0
2645.0 2708.0 2778.0 2840.0 2908.0 2977.0 3048.0 3122,0
3197.0 3274.0 3352.0 9493,0 3515.0 3600.0 8686.0 0.0

0.0 0.0 0.0
REVISED BASELINE PROBUCTION--BLFBR

0.0 0.0 0.0 0,0 0.0 0.0 0.0 2142.8
2162.5 2201.8 2254.9 2808,9 2364.0 2421.0 2479.0 2588.9

2599.9 2661.8 2725.? 2791.5 2858.4 2926.2 2996.0 3068.7
8142.4 8218.1 3294.8 8374.4 3455.0 3538.6 3623.1 0,0

0.0 0.0 0.0
ATTRITION FACTOR--AF
1.000 1.000 l.OOO 1.000 1.000 l.OOO 1.000 1.000
1.000 1.000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0,0 0.0 O.O 0.0
0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0
O.O 0.0 0.0
INCREMENTAL FUEL COST--DFC
0,0 0.0 O.O 0.0 0.0 0.0 0.0 155.00

185.00 I35.00 185.00 185.00 135.00 135.00 135.00 135.00
135.00 185.00 135.00 185.00 135,00 185.00 135.00 135.00
135.00 185.00 135.00 135.00 135.00 185.00 135.00 0,0

0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0.0 0.0 0.0 0.0 O.O 0.0 0.0 595.00

595.00 595.00 595.00 595.00 595.00 595.00 595.00 595.00
595.00 595.00 595.00 595.00 595.00 595.00 595.00 595.00
595.00 595.00 595.00 595.00 595.00 595.00 595.00 O.O

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--BVP
0.0 0.0 0.0 0.0 0.0 0.0 0.0 8767.00

3767.00 8767.(:0 3767.00 8767.00 3767.00 3767.00 3767.00 3767.00
3767.00 3767.00 3767.00 3767,00 3767.00 3767.00 3767.00 8767.00

3767.00 8767.00 3767.00 8767.00 8767.00 3767.00 8767.00 0.0
0.0 0.0 0.0

PRICE ELASTICITY OF DEMANB--PED .,
-0.50 -0.50 -0.50 -0,50 -0.50 'Lo.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FASTOR--EF
1.00 1.00 1.00 1.00 1.00 1.00 I.O0 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP =110385.
RATE OF DISCOUN]'--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0.10



Intercity Buses -Option 4

PROGRAM TO COMPUTE COST OF NOISE REOULATIONS

REGULATORY SCENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1939

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING CO_T3
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0,0 0.0
1981 0.7107 0.7107 0,4289 0.2868
$982 1.4544 2.1651 0.8765 0,5779
1983 2.1915 4.3567 1.3348 0.8568
1984 2.9431 7.2998 1,8114 1.1317
1985 5.8917 13.1915 4.2171 1,6746
1986 7.2912 20.4826 5,1013 2,1899
1987 13.9420 34,4246 10.3472 3.5949
1988 24.0169 53.4416 18,6104 5.4066
$989 28.2554 86.6970 21,1068 7.1487
1990 32.4954 119.1924 23.6633 8.832t
1991 34.4998 153,6917 24.1800 10,3L92
1992 36.3673 190.0590 24.6172 11.7501
t998 38.2229 228,2819 25.0905 13.1324
1994 89,9989 268,2808 25.5389 14.4601
1995 41.6612 309,9417 26.0572 15.6040
1996 43,3375 853,2788 26.6277 16.7098
1997 44,5440 397,8225 27.2028 17.3411
1998 45,5925 443,4150 27.8414 i7.7511
1999 46,6875 490.1021 28.5101 18.1774
2000 47.8081 537.9102 29.1944 18.613B
2001 48,9541 586.8640 29.8942 19.0599
2002 50,1273 636.9912 30.6108 19.5164
2003 51.8300 638.3208 31.3453 19.9847
2004 52.5618 740.8826 32.0975 20.4643
2005 53.8231 794.7056 32.867& 80.9554
2006 55.1184 849.8188 33.6555 21.4579
2007 56.4366 906.2551 34.4685 21.9731
2008 57.7908 964.0459 35.2905 22.5004
2009 59.1731 1028.2286 36.1375 23.0406
2010 60.5931 1083.8215 37.0045 23.593&

PRESENT VALUE OF ANNUAL COSTS = 20t.543_

EQUIVALENT ANNUAL COST = 21.2620 MILLION DOLLARS

1-13



_ATA Bg'SE FOR_UCK CHASSIS

CALENDAR YEARS

1980 1_81 1_2 1983 I_8_ 19_5 19_6 1987
1988 1989 1990 I791 1992 1993 199_ 1995
1996 19_7 i_9_ 19_9 _000 2001 2002 2003
2004 2005 200& 2007 2068 2009 2010 2011
2012 2013 2014
BASELinE PRGB_C_I_--£LPOP

1770.0 1850.0 1975.0 2000.0 2080.0 20_5.0 2100.0 2180,0
2200.0 22_0.0 2294.0 2349.0 _405.0 2_6_.0 2522°0 2_83.0
2_45.0 2708.0 2773.0 2840.0 _908.0 2977.0 _O_B°O 3_22_0
3197.0 _27_.0 3352.0 3_33.0 _15.0 3600.0 3686.0 0°0

0.0 0.0 0.0
REVIS_B BASELINE PRO_UGTION-PBLFOR

0.0 _843.1 1967.7 I_92.6 _072.3 2070._ _OB_._ 21_2,_
2150.7 _1_9.8 22_._ 2296.4 2351.1 '2_07,8 2q_.5 2525_I
2585.7 ¸ 2&_7.3 2710.9 2776._ 28_2.9 _910._ 2979.7 _052.1

0.0 0,0 0.0
ATTRITION FACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1,000 0.0 0.0 0.0 0°0 0°0 0.0
0.0 0°0 0.0 0.0 0.0 0.0 0.0 0.0
0°0 0°0 0.0 0.0 0.0 0.0 0°0 0°0
0.0 0,0 0.0
_NCREMENTAL FUEL COST--_FC
0.0 70.00 70.00 70.00 70.00 75.00 75.00 135°00

190,00 190_0 tgO.O0 _90.00 190.00 _90.00 %90,00 190_00
1_0.00 190.00 190.00 190.00 190.00 190.00 190.00 I_0.00
I_0.00 190.00 190.00 _90.00 _90.00 _90.00 190.00 0.0
0°0 0.0 0.0

_NCREMF_TAL MAINTENANCE COST--_MO
0°0 160.00 160.00 160.00 IbO.O0 349.00 3_9.00 595.00

950.00 950.00 950.00 950.00 950.00 9_0.00 950.00 9_0.00
950.00 950.00 95_.00 950,00 950.00 9_0.00 950.00 9_0.00
950.00 950.00 950.00 950.00 950.00 9_0.00 950.00 0.0
0.0 0o0 0.0
_NC_E_ENTAL EQUIPMENT COST-_VP
0°0 819.00 819.00 819.00 819.00 15_.00 15_4.00 _767.00

4946.00 4946.00 494_.00 4946.00 49_.00 494b°00 4946.00 4946.00
49_6.00 494_.00 4_46.00 494_._0 494_°00 49_.00 494_.00 4946,00
4946.00 494b.00 494_.00 4_.00 4_46.00 4_4_.00 494_.00 0°0

0.0 "0.0 0.0
PRICE ELASTICITY OF _EMAN_--P_
_.50 -0._0 -0.50 -0.50 _0.50 -0.50 -0.50 -0.50
-0.50 -0°_0 -0.50 -0.50 -0.50 -C.50 -0°50 -0°5_
-0._0 -0°_0 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0°50 -0._0 -0.50 -0.50 -0.50 -0.50 -0.50 -0°50
-0.50 -0.50 -0.50
ELASTICITY FACTOR_-_F
1.00 1.00 1.00 1._0 1.00 0.99 0°_9 0°98
0.9_ 0.98 0.9_ 0.9_ 0.9_ 0°9_ 0°_8 0°98
0.98 0.98 0.98 0.98 0.98 0°98 0°9_ 0.98
0.98 0.98 0.98 0.98 0.9S 0.9_ 0.98 0.0
0.0 0°0 _.0

VEHICLE L_FE--LIFE _ I0 _A_E VEHICL_ PRIC£--_ASEP =_0385.
RATE O_ D_SCOUNT--R = O. _0 CO_T OF CAPITAL RATE --CCR_ =. 0.I0



Transit Buses - Option 1

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1982

AEONR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLAR8

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0,0 0.0 0,0
1981 I•4515 1.4515 O.9570 O.4946
1982 2.8921 4.8436 1•9289 0.968 ">
1983 4.8215 8.6652 2,9008 1.4208
1984 5.7546 14.4198 8.8976 1.8570
1985 7.1757 21 •5955 4.9044 2,2718
1986 S.5997 30. 1952 5•9311 2•6685
1987 10,0108 40. 2060 6.9679 8.0480
19E_8 II.4240 51,6300 8.0245 8.8995

1989 12.8387 64_ 4687 9. 1011 3.7376
1990 14.2892 78. 7079 10. 1876 4.0516
1991 14.4841 93. 1420 10.3272 4.1069
1992 14.6480 107. 7850 10.4767 4,1663
1993 14. 8581 122. 6481 10.6812 4.2269
1994 15. 0518 137. 6948 10. 7708 4.2810
1995 15.2594 152. 9543 I0,9208 4.3392
1996 15.4615 168. 4158 1I.0652 4,3968
1997 15.6705 184. 0868 11•2156 4,4550
1993 15.8745 199. 9608 11•3617 4,5129
1999 16.0736 216. 0344 11.5086 4,5700
2000 16.2810 232.8154 11•651B 4•6292
2001 16,4966 248. 8120 11•8063 4.6904
2002 16.7084 265. 5203 11•9574 4.7510
2008 16.9228 282. 4431 12.1108 4.8125
2004 17•1526 299. 5955 12•2752 4•8775
2005 17.3791 316. 9744 12. 4373 4.9419

2006 17.6084 334. 5828 ;_2.6013 5,0071
2007 17.8407 852. 4231 12,7676 5.0731
2008 18.0761 870. 4990 12.9861 5. 1400
2009 18.8148 38_. 8135 13. 1069 r 5.2079
2010 18.5567 407.8696 18.2800 5.2767

PRESENT VALUE OF ANNUAL COSTS = 93.4397

EQUIVALENT ANNUAL COST = 9.8575 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEAR8

1980 1981 1982 1983 1984 1985 1986 1987
1988 1989 1990 1991 1992 1998 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PROBUCTION--BLPOP

4700.0 4800.0 4850.0 4900.0 5000.0 5050.0 5150.0 5200.0
5300.0 5400.0 5450.0 5500.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6033.0 6112.0 6198.0 6275.0 6358.0 6442.0
6527.0 6613.0 6700.0 6788.0 6878.0 6969.0 7061.0 0.0

0.0 0.0 O.O
REVISED BASELINE PRODUQTION--BLFOR

0.0 4734.8 4884.6 4884.5 4984.2 5084.0 5133.7 5183.5
5283.2 5382.9 5432.7 5482.6 5582.3 5657.0 5681.9 5781.6
5858.4 5935.1 6013.9 6092.6 6173.4 6255.1 6337,9 6421.6

6506.3 6592.0 6678.8 6766.5 6856.2 6946.9 7038.6 0.0
0.0 0.0 0.0

ATTRITION FADTOR--AF

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC

0.0 40.00 40.00 40.00 40.00 40.00 40.00 40.00
40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
40.00 40.00 40.00 40,00 40.00 40.00 40.00 40.00
40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0.0 160.00 160.00 160.00 160.00 160.00 160.00 160.00

160.00 160.00 160.00 160.00 160.00 160.00 160.00 160.00
160.00 160.00 160.00 160.00 160.00 160.00 160.00 160.00
160.00 160.00 160.00 160.00 160.00 160.00 160.00 0.0
0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVP

0.0 544.00 544.00 544.00 544.00 544.00 544.00 544.00
544.00 544.00 544.00 544.00 544.00 544.00 544.00 544.00
544.00 544.00 544.00 544.00 544.00 544.00 544.00 544.00
544.00 544.00 544.00 544.00 544.00 544.00 544.00 0.0
0.0 0.0 0.0
PRISE ELASTICITY OF DEMANO--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FAOTOR--EF

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
I,O0 1. O0 1.O0 1.O0 1.00 I•O0 I•O0 I •O0
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.0
0,0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP = 35855.
RAIE OF DISGOUNT--R n 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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Transit Buses - Option

PROGRAM TO COMPUTE COST OF NOISE REOULATIONS

REOULATORY SCENARIO BEGINS IN 198%
AN_ ATTAINS STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATION_
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0,0 0.0 0.0 0.0
1981 1•4515 I.4515 O.9570 O.4946
1982 2. 8921 4.3436 1.9239 O.9682
1983 4.3215 8.6652 2.9008 1•4208
1984 5.7546 14.4198 8.8976 1.8570
1985 12. 3726 26. 7924 9,4082 2.9643
1986 15.4030 42. 1953 II•3712 4.0338
1987 18,3993 &O. 5947 18,3531 5.0462
1988 21 •392t 81. 9867 15.3732 6.0188
1989 24. 3799 106. 3667 17.4314 6.9485
1990 "_7•3306 133. 6972 19,5087 7.8219
1991 28, 1717 161o8690 19.7677 8.4041
1992 29. 0100 190. 8789 20. 0456 8,9643
1998 29. 8287 220 •7076 20. 3830 9.4957
1994 80, 5746 251 •2823 20. 5917 9,9830
1995 30. 9961 282. 2781 20. 8775 IO. 1186

1996 31. 4064 818. 6843 21. 1546 10.2518
1997 31,8307 345.5146 21.4420 I0.3887
1998 32. 2450 377,7595 21.7214 10.5237
1999 32. 6497 410. 4092 21. 9928 10. 6569
2000 38. 0709 448. 4797 22. 2760 10.7950
2001 33. 5090 476. 9885 22.5714 10,9876
2002 33 •9393 510. 9275 22 •$603 II.0790
2008 84. 3751 545 •8022 23.1526 11.2225
2004 34.8417 580.1438 23.4678 II.3739

2005 35. 3017 615. 4451 58. 7777 11.5240
2006 35, 7674 651 •2124 _4. 0914 11•6761
2007 36. 2393 687. 4514 24. 4093 11,8801
2008 86.7 i75 724.1689 24.7818 II,9862
2009 37. 2024 761 •8711 25. 058O 12. 1445
2010 37. 6936 799. 0645 25. 3888 12, 3048

PRESENT VALUE OF ANNUAL COSTS = 172,1281

EQUIVALENT ANNUAL C08T = 18.1589 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS

I-]7



CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
198:B 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2012 201_ 2014
8A_:ELINE pRODUCTION--BLPOP

4700.0 4800.0 4850.0 4900.0 5000.0 5050.0 5150.0 5200.0
5300.0 5400.0 5450.0 5500.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6038.0 6112.0 6193.0 6275.0 6858,0 6442.0
6527.0 6613.0 6700.0 6788.0 6878.0 6969.0 7061.0 0.0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.0 4784.8 4834.6 4884.5 4984.2 5012.5 5111.8 5161.4
5260.7 5359.9 5409.6 5459.2 5558.4 5632,9 5657.7 5757°0
5833.4 5909.8 5988.2 6066.6 6147.1 6220.4 6810.8 &394.2
6478.6 6563.9 6650.3 6737.6 6827.0 6917.3 7008.6 0.0

0.0 0.0 0.0
ATTRITION FACTOR--AF
1 •000 1•000 1•000 1,000 1•000 I•000 1•000 I•000
1.000 1.000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 40.00 40.00 40.00 40.00 35.00 35.00 35.00

35.00 35,00 35.00 35.00 35.00 35.00 85.00 35.00
35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00
85.00 35.00 35.00 35.00 35.00 85.00 35.00 0.0

0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0.0 160.00 160.00 160.00 160.00 349.00 349.00 849.00

349.00 849.00 349.00 349.00 349.00 349.00 349.00 349.00
349.00 849.00 349.00 849.00 349.00 349.00 349.00 349.00
349.00 349.00 849.00 349.00 349.00 349.00 349.00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVP

0.0 544.00 544.00 544.00 544.00 1274.00 1274.00 1274.00
1274.00 1274.00 1274.00 1274.00 1274.00 1274.00 1274.00 1274.00
1274.00 1274,00 1274.00 1274.00 1274.00 1274.00 1274.00 1274.00
1274.00 1274.00 1274.00 1274.00 1274.00 1274.00 1274.00 0.0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--FED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 0,99 0.99 0.99
0,99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
0.99 0.99 O,99 0.99 0.99 0 •99 0 •99 O. 99
O. 99 0.99 O. 99 0 • 99 O. 99 O. 99 0 • 99 O. 0
0.0 0.0 0.0

VEHICLE LIFE--LIFE : 10 BASE VEHICLE FRICE--BASEP : 85855.
RATE OF DISCOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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Transit Buses - Option 2A

PROGRAM TO COMPUTE C8ST OF NSISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1985
AND ATTAINS STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REOULAIIDNS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
GPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 O.O
1981 ' O.O O.O O.O O.O
1982 0.0 O.O 0.0 O.O
1983 0.0 O.O O.O O.O
1984 0,0 0.0 O.O O.O
1985 3.1881 3.1381 1.9248 1.2133
198b 6.2746 9.4127 8.8877 2.3868
1987 9.3769 18.7896 5.8697 3,5072
1988 12.4757 31.2653 7.8898 4.5859
1989 15.5696 46.8349 9.9480 5.62i5
1990 18,6262 65.4611 12.0258 6.6009
1991 21.6451 87.1062 14.1216 7.5234
1992 24.6565 111.7626 16.2561 8.4004
1993 27.6436 139.4063 18.4191 9.2245
1994 30.5746 169.9809 20.5917 9.9830
1995 30.9961 200.9770 20.8775 10.1186

1996 31.4064 232.3834 21.1546 10.2518
1997 31.8307 264.2141 21.4420 10.3887
1998 32.2450 296.4590 21.7214 au.O_7
1999 82.6497 329.1084 21.9928 10.6569
2000 33.0709 362.1790 22.2760 10.7950
2001 83,5090 895.6877 22.5714 10.9376
2002 33.9393 429.6267 22.8608 11.0790
2003 34,3751 464.0015 23.1526 11.2225
2004 34.8417 498.8430 28.4678 11.3739
2005 35.3017 534.1448 28.7777 11.5240
2006 85.7674 569.9116 _4.0914 11.6761
2007 36.2393 606.1509 24,4098 11.8301
2008 86.7175 642.8682 24.7313 11.9862
2009 37.2024 &SO.07O8 25.0580 12.1445 :
2010 37.6986 717.7637 25.3888 12.3048

PRESENT VALUE OF ANNUAL COSTS = 130.1647
J

EQUIVALENT ANNUAL COST = 18.7319 MILLIDN DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDr_R YEARS

9_0 !%9 L !982 198_ I_4 !985 !_6 !9_7

19_6 19"27 1998 1_9_ 2000 2001 2002 200_
2004 2005 2006 2007 200_ 200_ o010 2011
_012 2013 201_
BASELINE PRODUCTI_N--_LPOP

4700,0 _;_00.0 4850.0 4900.0 5000 •0 50_0.0 5150 •0 5200 o0
5300, 0 _00.0 5450.0 5500.0 5600, 0 5675, 0 5700, 0 _00, 0
5_77.0 595_, 0 6033, 0 _I12.0 6+193.0 &275.0 63_3, 0 6442°0
6,527,0 6_,1_,0 &700.O 67_8.0 6878,0 6969,0 7061,0 0°0

0.0 0.0 0°0
REVISED BASELINE PRODUCTION--BLFOR
0,0 0o0 0.0 0.0 0,0 5012.5 5111,B 5161,4

5260o 7 5359.9' 5409, 6 545_. _ 555_. _; 5632, _ 5657, 7 5757, 0
5_33, # 5_0_o 8 5_9. _ 606&. 6 _! 47, ! &22_, _ _310.8 6394,
6#7_+_ 65b_,9 6650,3 _737.6 _27+ 0 b917o3 7008,6 0o0

0,0 0.0 0,0
AT'[RITI ON FACTOR--AF
I,000 I,000 1.000 1•000 I.000 I,000 1•000 1o000
1.000 1,000 0,0 0.0 0.0 0,0 0.0 0.0
0,0 0°0 0,0 0.0 0.0 0,0 0.0 0,0
0,0 0,0 0,0 0,0 0.0 0.0 0.0 0.0
0o0 0,0 0.0
INCREMENTAL FUEL COST--DFC
0o0 0,0 0,0 0,0 0°0 _5,00 _5,00 _5°00

35,00 _5.00 35,00 35+00 :35,00 35,00 _5.00 _5.00
_5, 00 _5. O0 35, O0 _5, O0 _5, O0 35, O0 _5, O0 _, O0
35, Of} _5. O0 35, O0 _5° O0 _5, O0 _5, O0 35. O0 O, 0
0,0 0,0 0o0

INCREMENTAL MAINTENANCE CO_T--I_M_
0,0 0,0 0o0 0,0 0,0 349,00 3_9, O0 349,00

°_49,00 349,00 349,00 349,00 3_9,00 3_,00 3_9,00 349,00
_4_, O0 349',O0 349, O0 349, O0 349, O0 3q9, O0 349, O0 349, O0
349,00 3_9° O0 349,00 349,00 _49°00 349,00 34_, O0 0_0
0°0 0,0 0,0
INCREMENTALEQUIPMENT COST--I_VP
0°0 0o0 0o0 0,0 0,0 1274,00 I_74o00 1274+00

1_74,00 I_74,O0 1274,00 1274,00 1274o00 1274,00 1274,00 1274,00
1274,00 1274.00 1274,_0 1274,00 I_74,00 1274,00 1274,00 1274,00
1274,00 1274,00 I_74,00 1274,00 1274,00 1274,00 1274,00 0°0

0,0 0°0 0,0
PRI_E ELASTICITY OF DEMAND--PE n

-0,50 -0,,50 -0,.50 -0+50 -0,50 -0,50 -0,50 -0,50
-0,50 -0.50 -0,50 -0,50 -0,50 -0,50 -0,50 -0,50
-0,50 -0,50 -0,.50 -0.50 -0,50 -0,50 -0,50 -0,50

-0,_0 -0._0 -0._0 -0,50 -0,50 -0,50 _0,50 -0,50
-0° _0 -0o _50 -0 °_0
_L_+$TI _ITY FA_TOR--_F

!•O0 I•O0 I•O0 I•O0 I•O0 Oo 99 0°99 O* 9_
O,99 0 •99 0 •99 0. _ O, 99 0•99 0 °99 Oo 99
O,99 0.99 O. 99 0.99 O, 99 0 •99 0 o99 0•99
0,99 0 •99 0 •99 0.99 0.99 O, 99 0,99 0 •0
0,0 0o0 0.0

VI_ICLE L_F_--LIFE = _0 BA_ _H_LE F'RICE--_A_EP = _5_55o
RA_E OF DISCOUNT-~R = Oo 10 COST OF CAPITAL RATE: --_RATE = 0,10
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IransitBuses - Option 3

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEOINS IN 198I
AND ATTAINS STEADY STATE IN 1988

AECNR = ANNUAL ECONOMIC CO_T OF NOISE REGULATIONS
CAEO = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
UTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 1.4515 1.4515 0.9570 0.49q&
1982 2.8921 4.3436 1.9239 0.9682
1983 4.3215 8.6652 2.9008 1.4208
1984 5.7546 14.4198 3.8976 1.8570
1985 12.3726 26.7924 9.4082 2.9643
1986 15.4030 42.1953 11.3712 4.0318
1987 29.5014 71.6968 23.0962 6.4053
1988 35.2572 106.9540 26.5657 8.6916
1989 40.988& 147.9426 30.1006 10.8881
1990 46.6353 194.5780 33.6682 12.9671
1991 48.7798 243.8578 34.0867 14.6931
1992 50.8851 294.2427 34.5875 16.8477
1998 52.9201 347.1626 35.0042 17.9158
1994 54.7895 401.9517 35.4211 19.3684
1995 56.8015 458.2529 05.8845 20.4170
1996 57.7860 515.9888 36.3323 21,4087
1997 58.5153 574.5042 36.8259 21,6894
1998 59.2769 683.7805 87.8057 21.9712
1999 60.0212 693.8015 87.7718 22.2494
2000 60.7958 754.5972 88.2582 22.5876
2001 61.6010 816.1978 38.7655 22.8354
2002 62.3924 878.5901 39.2617 28.1807
2003 63.1940 941.7839 89.7688 23.4802
2004 64.0514 1005.8352 40.3052 23.7462
2005 64.8971 1070.7319 40.8874 24.0598
2006 &5.7538 1136.4851 _I.8761 24.8772
2007 66.6208 1208.1057 41.9221 24.6987
2008 67.4998 1270,6052 42.4752 25.0246
2009 &8,3918 1338.9963 43.0362 25.8551

2010 69.2942 1408,2908 43.6044 25.6898

PRESENT VALUE OF ANNUAL COST_ = 283.5173

EQUIVALENT ANNUAL COST = 29.9100 MILLION DOLLARS

DATA BASE FOR TRUOK CHASSIS
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CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
1988 1989 199n 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 _05 2(:86 2007 2008 2009 8010 2011
2012 2018 2014
BASELINE PRODUCTION--BLPOP

4700.0 4000.0 4050.0 4900.0 5000.0 5050.0 5150.0 5200.0
5300.0 5400.0 5450.0 5500.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6033.0 6112.0 6193.0 627510 6358.0 6442,0
6527.0 6618.0 6700.0 6788.0 6878.0 6969.0 7061.0 0.0

0.0 0.0 0.0
REVISED BASELINE PROBUCTION--BLFOR

0.0 4784.8 4884.6 4884.5 4984.2 5012.5 5111.8 511B.8
5217.2 5315.7 5864.9 5414.1 5512.5 5586.4 5611.0 5709.4
5785.2 5861.0 5938.8 6016.5 6096.8 6177.0 6258.7 6841.4
6425.1 6509.7 6595.3 6682.0 67?0.6 6860.1 6950.7 0.0

0.0 0,0 0.0
AITRITION FACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 0.0 0.0 0.0 0.0 0.0 0.0
8.0 0,0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 O.O 0.0 0,0 0.0 O.O 0.0
0,0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 40.00 40.00 40.00 40.00 35.00 85.00 70.00

70.00 70.00 70.00 70.00 70,00 70,00 70,00 70.00
70.00 70.00 70.00 70.00 70.00 70.00 70,00 70.00
70.00 70.00 70.00 70.00 70.00 70.00 70.00 0,0
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0.0 160.00 160,00 160.00 160.00 849.00 849.00 595,00

595.00 595.00 595.00 595.00 595.00 595.00 595°00 595,00
b95.00 595.00 595.00 595.00 595.00 595.00 595.00 595,0Q
595.00 595.00 595.00 595.00 595.00 595.00 595.00 0.0
0.0 0.0 0.0

INCREMENTAL EQUIPMENT C08T--DVP
0.0 544.00 544.00 544.00 544.00 1274.00 1274.00 2682,00

2682.00 2682.00 2682.00 2682.00 2682.00 2682.00 2682.00 2682,00
2689.00 2682°00 2682.00 2682.00 2682.00 2682.00 2682.00 2682.00
_682,00 2682°00 2682.00 2682.00 2682.00 2682.00 9682.00 0,0

O.O 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0,50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0, 50 -0.50 -0.50 -0 °50 -O. 50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0, 50
-0.50 -0.50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50
-0,50 -0.50 -0,50
ELASTICITY FACTOR--EF
1.00 1.00 l.O0 1.00 1.00 0.99 0.99 0.98
0.98 0.98 0.98 0,98 0.98 0.98 0.98 0.98
0,98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.0
0.0 0.0 O.O

VEHIOLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP = 85855.
RA'[B OF DISCOUNT--R = 0. I0 COST OF CAPITAL RATE --CCRATE = O. lO
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Transit Buses - Option 3A

1

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1985
AND ATTAINS STEADY STATE IN 1988

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.0 0.0 0.0 0.0
1982 O.O 0.0 0.0 0.0
1983 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0
1985 3.1381 3.1881 1.9248 1.2133
1986 6.2746 9.4127 3.8877 2.3868
1987 15.0029 24.4156 10.1367 4.8663
1988 20.8647 45.2803 13.6061 7.2586
1989 26.7021 71.9824 17.1410 9.5611
1990 32.4548 104.4378 20.7086 11.7462
1991 38,1215 142.5588 24.3090 13.8125
1992 43.7585 186.8173 27.9748 15.7837
1993 49.3345 235.6518 31.6898 17.6447
1994 54.7895 290.4409 35.4211 19.3684
1995 56.3015 346.7422 35.8845 20.4170
1996 57.7360 404.4780 36.3823 21.4037
1997 58.5153 462.9932 36.8259 21.6894
1998 59.2769 522.2698 37.3057 21.9712
1999 60.0212 582.2908 37.7718 22.2494
2000 60,7958 643.0864 38.2582 22._376.
2001 61.6010 704.6870 38.7655 22.8354
2002 62.3924 767.0793 39.2617 2"3.1307
2003 ; 68.1940 830,2732 39,7638 23.4302
2004 64.0514 894.3245 40.3052 23.7462
2005 64.8971 959.2212 40.8374 24.0598
2006 65.7583 1024.9741 _1.3761 24.3772
2007 66.6208 1091.5950 41.9221 24.6987
2008 67.4998 1159.0945 42.4752 25.0246
2009 68.3913 1227.4856 43.0362 25.3551
2010 69.2942 1296.7793 43.6044 25.6898

PRESENT VALUE OF ANNUAL COSTS = 229.0185

EQUIVALENT ANNUAL COST = 24.1606 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

19:::0 i;,.,I 1982 1983 1984 1985 1986 1987
14'88 1989 1990 1991 1992 1998 1994 19")5
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2666 2007 2008 2669 2010 2011
2012 2013 2014
BASELINE PRODUCTION--BLPOP

4700.0 4800.0 4850.O 4900,0 5000.0 5050.0 5150.0 5200.0
5300.0 5400.0 5450.0 5500.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6088.0 6112.0 6,193.0 6275.0 6358.0 6442.0
6527.0 6618.0 6700.0 6788°0 6878.0 6969.0 7061.0 0.0

0,0 0.0 0,0
REVI':;ED BASELINE PRODUCTION--BLFOR

0.0 O.O 0.0 0.0 0.0 5012.5 5111.8 5118.8
5217,2 5315.7 5364.9 5414,1 5512.5 5586.4 5611.0 5709.4
5785.2 5861.0 5938.8 6016.5 6096.8 6177.0 6258.7 6341.4
6425.1 6509.7 6595.8 6682.0 6770.6 6860.1 6950.7 O.O

0.0 0.0 0,0
ATTRITI0N FACTOR--AF
1,000 i.000 1,000 1.000 1. OOO 1.OOO 1.000 1.000
1,000 1.000 O.O 0,0 0.0 0.0 0.0 O.O
0,0 0.0 O.O 0.0 0.0 0,0 O.O 0.0
0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0
0.0 O.O 0.0
IN_'REMENTAL FUEL COST--OFC
0.0 O.O O.O 0.0 0.0 35.00 85.00 70.00
70.00 70. O0 70. O0 70 •O0 70.00 70. O0 70. O0 70. O0
70.00 70. O0 70. O0 70. O0 70. O0 70. O0 70. O0 70. O0
70.60 70. O0 70 • O0 70. O0 70. O0 70. O0 70. O0 O, 0

0.0 O.O O.O
INCREMENTAL MAINTENANCE COST--EMC
0.0 O.O O.O 0.0 0.0 849.00 349.00 595.00

_,',,5,00 595. O0 595. O0 595 •O0 595 •00 595. O0 595. O0 595. O0
,95,O0 595. O0 595. O0 595. O0 595. O0 595.00 595. O0 595. O0
:.95,00 595. O0 595. OO 595 •O0 595. O0 595. O0 595. O0 O. 0

0.0 O. 0 0 • O
INCREMENTAL EOUIPMENT COgT--DVP
0.0 0.0 0.0 0.0 0.0 1"274.00 1274.00 2682.00

.:,b82, O0 2682. O0 2682. O0 2682. O0 2682. O0 2682. O0 2682.00 2682. O0
L_:::2.O0 2682. O0 2682, O0 2682. O0 2682 •O0 2682. OO 2682 •OO 2682. O0
2582, O0 2682. CO 2682 °O0 2682. O0 2682. O0 2682 •O0 2682 •O0 O. 0

0.0 O.O 0,0
PRICE ELASTICITY OF DEMAND--pEn ;'_
-0,50 -0.50 -0.50 -0.50 -O. 50 -0.50 -0.50 -0.50
-0,50 -O. 50 -0.50 -0.50 -0.50 -0.50 -0.50 -O •50
-0° 50 -0.50 -0.50 -0.50 -O. 50 -0, 50 -0.50 -0.50
-0, 50 -0.50 -0 •50 -0.50 -0 •50 -0 •50 -0 •50 -O •50
-0,50 -0.50 -O. 50
ELASTICITY FASTOR--EF
I,00 I•O0 I •00 I•O0 I. O0 0•99 O. 99 O. 98
O,98 0.98 O. 98 0•98 0 •98 O.98 0.98 0•98
0,98 O. 98 0 •98 0.98 O. 98 O.98 0 •98 0 •98
0,98 O. 98 0.98 O. 98 0.98 0;98 O. 98 O.O
0,0 0.0 O.O

VEHICLE LIFE--LIFE = 10 BASE VEHICLE F'RICE--BASEP = 85855.
RATE OF DI$COUNT--R " 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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T_nslt Buses - Optlon 38

PROGRAM TO C0MPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS iN 19E:7
ANO ATTAIN3 STEADY _:TATE IN 1988

AECNR = ANNUAL ECONOMIC COST OF NOISE REGOLATIONS
CAEC _ CUMULATIVE ANNUAL ECONOMIC COST
OPCO _ OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCQ OTHER

1980 0.0 0.0 0,0 0.0
1981 0.0 0.0 0.0 0.0
1982 0.0 0,0 0.0 0-0
1983 0.0 0.0 0,0 0.0
1984 0.0 O.O 0.0 0.0
1985 0.0 0.0 O.O 0.0
1986 0.0 0.0 O,O 0-0
1987 6.0124 b.0124 3.4040 2.6084
1988 12.0082 $S.0156 6.8734 5o1297
1989 17,9696 _5.985$ 10,4083 7.5613
1990 23.8518 59.8864 13.9760 9.8753
1991 29.6469 89.4888 17.5763 12.0706
1992 35.412_ 124.89_8 21,2422 14.1708
1998 41.1178 16&.0141 24.9571 lb. 1&07
1994 46.7018 212.7160 28.6884 I@.0184
1995 52.2509 26_.9668 32.4851 19.7658
1996 57.7360 822.7026 96.8323 21.4037
1997 5_,5158 981.2180 36,_259 21,6894
1998 59.2769 440.4944 37.3057 21,9712
1999 60,0212 500.5154 37.7718 22,2494
2000 60.7958 561.8110 38,2582 22,587&

200t 61.6010 622.9116 38°7655 22.8354
2002 62.3924 685.3040 39.2617 23,1307
200_ 63.1940 748,¢978 39,7638 23.4302
200@ 64,0514 812.5_91 40.3052 23,7462
2005 64,8971 877.4458 40.8374 24.059B
2006 65.7538 943.1990 _1.3761 24.3772
2007 66.6208 1009.8196 41.9221 24.6987

200@ 67.4998 1077.8191 42.4752 25,024&
2009 68.8918 1145.7102 48.0362 25.3551
2010 69.2942 1215.0042 43,6044 25,6898

PRESENT VALUE OF ANNUAL COSTS = 19b.6509

EQUIVALENT ANNUAL COST = 20.7459 MILLION bOLLAR8

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

19_;0 1981 1982 1983 1984 1985 1986 1987
1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2082 2008
2004 2005 2006 8007 2008 2009 2010 2011
2U12 2013 2014
BASELINE PRODUCTION--BLPSP

4700.0 4800.0 4850.0 4900.0 5000.0 5050.0 5150.0 5200.0
53:00.0 5400.0 5450.0 5508.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6083.0 6112.0 6198.0 6875.0 6858.0 6442.0
6527.0 6618.0 6700.0 6788.0 6878.0 6969.0 7061.0 8.0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.8 0.0 0.0 0.0 0.0 O.O 0.0 5118.8
5217.2 5315.7 5864.9 5414.1 5512.5 5586.4 5611.0 5709.4
5735.2 5861.0 5938.8 6016.5 6096.3 6177.0 6258.7 6341.4
6425.1 6509.7 6595.8 6682.0 6770.6 6860.1 6950.7 0.0

0.0 0.0 O.O
ATTRITION FACTOR--AF
I.000 I.000 1•000 t.000 I.000 1.000 I.000 1•000
1.000 l.OOO 0.0 0.0 0.0 0.0 O.O O.O
0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 O.O 0.0
INCREMENTAL FUEL COST--DFC

0.0 0.0 O.O O.O 0.0 O.O 0.0 70.00
70.00 70,00 70.00 70.00 70.00 70.00 70.00 70.00
70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.00
70.00 70.00 70.00 70.00 70.00 70.00 70.00 0.0

8.0 O.O 0.0
INCREMENTAL MAINTENANCE COST--DMC

O.O O.O O.O O.O 0.0 O.O 0.0 595.00
595.00 595.00 595.00 595.00 595.00 595.00 595.00 595.00
595.00 595.00 595.00 595.00 595.00 595.00 595.00 595.00
595.00 595.00 595.00 595.00 595.00 595.00 595.00 0.0

0.0 0.0 0.0.
INCREMENTAL EQUIPMENT COST--DVP
0.0 O.O 0.0 0.0 0.0 0.0 0.0 2682.00

2682.00 2682.00 2682.00 2682.00 2682.00 2682.00 2652.00. 2682.00
2682.00 2682.00 2682.00 2682.00 2682.00 2682.00 2682.00 2632,00
2682.00 2682.00 2682.00 2688.00 2682.00 2682,00 2682.00 0*0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50 -0,50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITy FACTOR--EF
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98
0.98 0.98 0.98 0,98 0.98 0.98 0.98 0.98
0.93 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0,98 0.98 0.98 0.98 0.98 0.98 O.O
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP = 85855.
RATE OF DISCOUNT--R = 0.10 CO_T OF CAPITAL RATE --CCRATE = 0.10
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Translt Buses -Optton 4

PROORAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 19_1
AND ATTAINS STEADY STATE IN 1989

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING CO_TS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0,0 0,0 0.0
1981 I•4515 1,4515 O.9570 O.4946
1982 2,8921 4,3436 1,9239 O.9682
1983 4.3215 8.6652 2.9008 1,4208
1984 5,7546 14.4198 3,8976 1.8570
1985 12,3726 26.7924 ?•4082 2•9643
1986 15.4030 42. 1953 11•3712 4°0318
1987 29, 5014 71. 6968 23.0962 &,4053
1988 53. I193 124,81& I 42. 2720 10,8473
1989 62, 9588 187.7749 47. 8319 15,1269
1990 72, 6369 _60.411 & 53,4433 19,1936
1991 76, 8454 837. 2568 54 •0343 22, 8111
1992 80, 9553 418.2117 54. 6754 26, 2799
1993 84. 9140 503, 1255 55,3_10 29° 5730
1994 88. 5658 591. 6909 55, 9266 32, 6392
1995 91 •8052 ¢$83,4958 56, 5851 35,2201
1996 94. S&SS 778. 9594 57,2176 37. 6461
1997 97. I_89 875,5581 57, 9220 39,2769
1998 98, 4&38 974 *0217 58 •6767 39.7Q70
1999 99, 7007 1073, 7222 59, 4098 40. 2909
2000 I00,9876 1174, 7097 z'O,1748 40. 8128
2001 102,3249 1277.0342 60, 9728 41,3521
2002 103.6400 1380, 6738 61•7582 41•8868
2003 104. 9722 1485.6460 62. 5429 42. 4292
2004 106. 3959 1592.0415 63. 3944 43,0015
2005 107, 8007 1699 •8423 64.2315 43, 5692
2006 109.2229 1809.0649 _. 0789 44, 1440
2007 110.6639 1919.72_5 65, 9376 44, 7263
2008 112. 1241 2031.8525 66, 8076 45. 3165
2009 II_,604.9 2145, 4575 67,. 6900 45.9149
2010 115, 1048 2260, 5618 68, 5837 46,521 !

PRESENT VALUE OF ANNUAL COSTS = 431.5691

EQUIVALENT ANNUAL COST = 45.5809 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

1980 1981 1982 1988 1984 1985 1986 1987
1988 1989 1990 , 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 3001 20(:2 2003
2004 2005 2006 20(:7 2008 2009 2010 201 I
2_12 2018 2(:14
BASELINE PRODUOTION--BLPOP
4700.0 4800.0 4050.0 4900.0 5000.0 50_n, 0 5150. _ 52nn. o
5300.0 5400.0 5450.0 5500.0 5600.0 5875.0 5708.0 5800.0
5877.0 5954.0 6038.0 6112.0 6198.0 6275.0 6358.0 6442.0
6527.0 6613.0 6700.0 6788.0 6078.0 6969.0 7061.0 0.0

0.0 0.0 0.0
REVISED BASELINE PHODUCTION--BLFOR

0.0 4784.8 4834.6 4884.5 4984.2 5012.5 5111.8 5118.8
5148.1 5245.2 5293.8 5842.3 5489.5 5512.3 5536.6 5633.7
5708.5 5783.3 5860.1 5936.8 6015.5 6095.1 6175.8 6257.3
6339.9 6428.4 6507.9 6598.4 6680.8 6769.2 6858.6 0.0

0.0 0.0 0.0
ATTRITION PACTOR--AF
I.000 1.000 1.000 1,000 I,000 I.000 1.000 1,00¢
1.000 1.000 0.0 0,0 0,0 0,0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 40.00 40.00 40,00 40.00 85.00 35.00 70.00

110.00 110.00 110.00 110,00 110.00 110.00 110.00 110.00
110.00 110.00 110.00 110.00 110,00 110.00 110.00 110.00
110.00 110.00 110.00 110.00 110.00 110.00 110.00 0.0

0,0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0.0 160.00 160.00 160.00 160.00 349.00 949.00 595.00

950.00 950.00 950.00 950.00 950.00 950.00 950.00 950.00
950,00 950,00 950.00 950.00 950.00 950.00 950.00 950.00
950.00 950.00 950.00 950.00 950.00 950.00 950.00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVP
0,0 544,00 544.00 544.00 544.00 1274.00 1274.00 2682.00

4922.00 4922,00 4922.00 4922.00 4922.00 4922.00 4922,00 4922.00
4922.00 4922.00 4922.00 4922.00 4922.00 4922.00 4922.00 4922,00
q922.00 4922.00 4922.00 4922.00 4923.00 4922.00 4922.00 0.0

0,0 0.0 0.0

PRICE ELASTICITY OF DEMAND--PED .,
-0.50 -0.50 -0.50 -0.50 -0.50 _0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0,50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50
-0,50 -0.50 -0.50 -0,50 -0.50 -0,50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
1.00 1.00 1.00 1,00 1.00 0.99 (1.99 0.98
0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
0,97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
0.97 0.97 0,97 0.97 0.97 0.97 0.97 0,0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP = 85855.
HATE OF DISCOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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Advanced Design Buses - Option 1

PROORAII TO COMPUTE _O8T OF NOISE REOULATION8

REOULATnRY SCENARIO BEOIN8 IN 1981
AND ATTAINS STEADY STATE IN 1982

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COST£
OTHER = OTHER COST8
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0,0 0,0 0.0 0,0
1981 0.0095 0,0095 0,0 0,0095
1982 0,0191 0,0286 0.0 0,0191
1983 0,0289 0,0575 0,0 0,0289
1984 0,0890 0,0965 O,O 0,0390
1985 0,0492 0,1457 0.0 0,0492
1986 0,0591 0,2048 0,0 0,0591
1987 0,0684 0,2732 0,0 0,0684
1988 0,0778 0.3505 0,0 0,0778
3989 0,0857 0,4862 0,0 0,0857
1990 0,0985 0,5297 0,0 0,0935
}991 0,0964 0,6263 0,0 0,0964
1992 0,0989 0,7251 0,0 0,0989
1993 0,1011 0,8261 0,0 0,1011
1994 0.1027 0.9289 0,0 0,1027
1995 0.1041 1,0830 0,0 0,10_1
1996 0,1055 1,1384 0,0 O, 1055
1997 0,1069 1,2453 0,0 0,1069
1998 0,1083 1,8536 0,0 0,1088
1999 0_1096 1,4632 0,0 0,1096
2000 0,1110 1,5742 0,0 0,1110
2003 0,1124 1,6867 0,0 0,1124

2002 0,1189 1,8006 0,0 0,1139
2003 0,1154 1,9159 0,0 0,115T
200_ 0,1169 2,0328 O,O 0,1169
2005 0.1185 2,1518 0,0 0,1185
2006 0.1200 2,2713 0,0 0,1200
2007 0,1216 2,8929 0,0 0.1216
2(108 0,1232 2,5162 O,O 0,1232
200_ 0,1248 2,6410 0,0 0,1248
2010 0,1.265 2,7675 0,0 0,1265

F'RE8|-NFVAI_UE OF ANNUAL COSTS = O,6827

EIi!IJ[VALENTANNUAL CO'-Sr= 0,0667 MILLION DOLLARS
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bATA FJASE FOR TRUCK CHASC31_

CALEH[IAR YEARS

19_0 1981 198_': 19'33 198q 1985 1986 1987
19_8 1989 1970 1991 1992 1993 199'_ 1995
19_6 1997 19_8 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2012 201_ 2014
_A3ELINE PRODUCT ION--BLpOp

3579.0 8834.0 4107.0 4399,0 4712.0 5050.0 5150,0 5200.0
5,_00.0 5400.0 5450.0 5550.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6033.0 6112.0 619°_,0 6275.0 &358.0 6442.0
6527.0 6613.0 6700.0 6788,0 6878.0 6969.0 7061.0 0.0

O.O 0.0 0.0

REgISED BASELINE PRODLJCTION--BLFOR
0.0 _838.8 4106._ 439B. 7 4711.7 5049.7 5149.7 5199.7

5299.7 5399.7 5449.7 5549 •7 5599 •7 5674 •7 5699.7 5799.7
587_>. 7 5953.6 6032.6 6111.6 6192.6 6274. & 6357.6 6441.6
6526.6 6612. b 6699.6 6787.6 6877.6 6958.6 7060.6 0.0

0.0 0.0 0.0
ATTRITION FACTOR-MAF

1. 000 I,000 1•000 I,000 I •000 I•000 I•000 1.000
1.000 1,000 O.O 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
O.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--BFC

0.0 0,0 0.0 0.0 0.0 0.0 0,0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC

0.0 0.0 0.0 0.0 0.0 0.0 0.0 ,0.0
0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0

INCREMENTAL EQUIPMENT CQST--BVP

O. 0 13,00 13. O0 13. O0 13. O0 13.O0 13.00 13.O0
i3.00 13,00 13.00 13.00 13.00 13.00 13.00 13.00 i
15.00 13,00 13.00 13.00 13.00 13.00 13.00 13.00
13.00 13,00 • 13,00 13.00 13.00 13.00 13.00 0.0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED

-0,50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0,50 -0°50 -0.50 -0.50 -0.50
-0,50 -0, 50 -0 •50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0, 50 -0.50 -0.50 -0.50 -0 •50 -0.50 _'0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.0
0.0 0.0 0.0

VEHICLE LIFE--LIFE =_ 10 BASE VEHICLE PRICE--BASEP ==110000.
RATE OF O13COUN'I--R = O. I0 COST OF CAPITAL RATE --CCRATE == Oo 10
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AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATINO COSTS
OTHER = OTHER COSTS

ALL IN MILLIONS OF 1978 DO,LLAR8

YEAR AEONR CAEC OPCG OTHER

1980 O.O 0,0 0.0 0.0
1981 0.0095 O.0095 0,0 O.0095
1982 O.0191 O.0286 O.0 O. 0191
1983 0.0289 0.0575 0.0 0. 0289
1934 0.0390 0.0965 0.0 0 •0390
1985 8.1886 8.2851 7. 4423 O. 74_
1986 IO.&023 18.8874 9.1720 I.4303
1987 13.0018 31 •8892 10.9185 2.08_
1988 15.4104 47. 2996 12.6985 2.7119
1989 17.8275 65. 1272 14.5122 3.3153
1990 20. 2285 85. 3557 16. 8427 3. 8859
1991 21,3403 106.6960 16.9147 4,425_
1992 22. 3432 129. 0392 17.4116 4. 9316
1993 23. 242 t 152, 2813 17. 8352 5. 4069
1994 24. 0056 176.2869 18. 1618 5.8439
1995 24. 3365 200. 6234 I8.4137 5. 9228
1996 24 •6582 225.2816 18•_,579 6.0004
1997 24. 9911 250, 2728 18.9111 6. 0800
1998 25. 3159 275. 5881 19. 1573 6. 1586
1999 25. 6326 301. 2205 19. 3964 6.23bi
2000 25.,9625 827, 1826 19,6460 6.3165
2001 26. 2857 353. 4683 19. 8895 6.39(}2
2002 26. 6230 380.0911 20 •1441 6. 478e
2003 26.9645 407.0554 20.4017 6.5628
2004 27.3307. 48_. 8860 20. &794 6.6513
2005 27.6916 462.0774 20.9525 6.7392
2006 28.0570 490.1340 21.2289 &. 8281
2007 28.4271 518.5608 21.5090 6.9181
2008 28.8022 547.3680 21.7928 7.009 _,
2009 29. 1826 576.5454 22.0806 7. 1020
2010 29.5679 606, 1180 22.8722 7. 1957

PRE'._ENTVALUE OF ANNUAL C08T_ = 121.9753

EQUIVALENT ANNUAL COST = 12.8679 MILLION DOLLARS
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DATA BASE FOI_ ]RLICI:CIIA$SI8

CALENDAR YEARS

I'_;_0 i'P_1 19_2 19C:3 1986 1_J_.5 1986 198'I

I'_,6 I'95*7 I_Jg_ 19_9 2000 2001 2002 2003
_004 2005 200_ 2007 200'3 ";-'009 20 I0 201 J.
2012 201_ 2014
DA8EL It4E F'i_ODUCTION_-_LpOP

357_. 0 883,1.0 4107.0 439?.0 4712.0 5050.0 51_0.0 5200.0
53:40.0 540Q. 0 5450.0 5554.0 5600.0 5675.0 5700.0 5BOO. 0
....7.t 5954.0 6033.0 6112.0 619°_.0 6275.0 635°_.0 6442.0
6527.0 66 I_. 0 6740.0 6788.0 6878.0 6969.0 7061.0 0.0

4.0 0.0 0.0

REVISED BA3EI'-INE PRODU_TTON--BLFOR
_._,. 8 4106.,8 4398.7 -;711.7 5033.0 5J3">.6 5182.5

.,282. i 5381.8 5431.6 5531.0 5581.1 5655.9 5_,°_0.8 5784.4
5_:57.2 5933.9 6012.7 60_1.4 6172.1 6253.8 6336.6 6424.3

6505.0 6590.7 6677.4 6765. I 6854.8 6945.5 7037.2 O. 0
0.0 0.0 0.0

ATTRITION PACTOR--AF
1.000 1.000 1.000 1.040 1.000 1.000 1.000 1.000
1.000 1.000 0.0 0.0 0.0 0.0 4.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0
0.0 O.O 0.0
INCREMENTAL FUEL COST--DFC
0.0 0o0 0.0 0.0 0.0 45.00 45.00 45.40

45.04 45. O0 45.00 45.40 45. O0 45. O0 45.00 45 •O0
45. O0 45. O0 45. O0 45.00 45.00 45.00 45.00 45.00
45.00 45.00 45.00 45.4¢I 45.00 45.00 45.00 0.0
0,0 0.0 0.0

INCREPIENIAL MAINTENANCE COST--DMC
0.0 0.0 0.0 0.0 0.0 292,00 292.00 _'92.O0

2_2.00 292. O0 292. O0 292 •40 292. O0 _'72.OO 292 •00 2_)2,O0
293, 00 292. O0 292. OO 292.40 ' 292 • 00 292 • O0 292. O0 292, O0
292.00 292.00 292.00 292.00 292.00 292.00 292.00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COCT--DVP
0.0 13.00 13.00 10.00 13.00 742.00 742.00 742. O0

742, O0 742. O0 742. O0 742.40 742. O0 742.00 ,742. O0 742. O0
7`12.O0 742. O0 742. O0 742. O0 742.00 742. O0 742. O0 742. O0

74 _', O0 742. O0 ,742. O0 742. O0 742. O0 742. O0 742. O0 O. 0
0.0 O.O 0.0

PRICE ELASTICITY OF DEHAND--PED
•-0•50 -0 •50 -0.50 -0.50 -0.50 -O. 50 70.50 -0 •50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0,50 -0.50 -0.50 -0.50 -4.50 -0.50 -0.50 -0,50
-0, 50 -0.50 "0.50 -0 •50 -0.50 -O. 50 -0.50 -0 •50
-0.50 _0.50 -0.50
ELAGTICITY FACTOR--EF

1 • 00 l. O0 _. O0 1. O0 1• O0 I. 00 1. O0 1. O0
1.00 1. O0 I.O0 I •40 I.O0 1.O0 I.O0 1 •O0
1.00 1. O0 1.00 1.44 1.00 1.00 1.00 1.00
I.00 1. O0 1.O0 I•00 1.00 1. O0 I.O0 O. 0
0.0 0.0 0.0

VEHICLE LIFE--LIFE -- 10 BASE" VEHICLE PRICE--BA_EP =110000.
RATE OF DISCOUNT--R = 0.10 C4_3T OF CAPITAL RATE --CCRATE = 0.10
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Advanced Design Buses - Option 2A

PROGRAM TO COHPUTE COST OF NOISE REGULATION_

REGULATORY'SCENARIO BEGINS IN 1985
AND ATTAINS STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING CO_TS
OTHER = OTHER COSTS

ALL IN MILLIOhI_ OF 1978 DQLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.0 0.0 O.O O.O
1982 0.0 O.O 0.0 0.0
1988 0.0 0.0 0.0 0.0
1984 0.0 O.O 0.0 0.0
1985 2.4057 2.4057 1.6961 0.7095
1986 4.8216 7.2273 3.4258 1.3958
1987 7.2233 14.4505 5.1723 2.0510
1988 9.6342 24.0847 6.9524 2.6818
1989 12.0535 86.1381 8.7660 3.2874
1990 14.4567 50.5948 10.5965 S.8602
1991 16.8672 67.4619 12.4605 4.4067
1992 19,2605 86.7224 14.3414 4.9191
1993 21.&481 108.3705 16.2474 5.4007
1994 24.0056 182.3762 18.1618 5.8489
1995 24.8365 156.7126 18.4137 5.9228
1996 24.6582 181.3709 18.6579 6.0004
1997 24.9911 20&.3620 18.9111 6.0800
1998 25.3159 231.6779 19.1573 6.1586
1999 25.6326 287.3103 19.3964 6.2361

2000 25_9625 283.2725 19.6460 6.3165
2001 26.2857 809.5581 19.8895 6_39&2

2002 28.&28C 336.1809 20.1441 6.4789

2003 2&.9645 363.1453 20.4017 6.5628
2004 27.3307 3_0._758 20.6794 6.6513
2005 27.6916 418.1672 20.9525 6.7392
2006 28.0570 446.2241 21.2289 6.8281
2007 28.4271 474.6509 21.5090 6.9181
2008 28.8022 503.4529 31.7928 7.0096
2009 29.1826 532.6353 22.0806 7.1020
2010 29.5679 562.2081 22.3722 7.1957

PRESENT VALUE OF ANNUAL COSTS = 101.7028

EOUIVALENT ANNUAL COST = 10.7293 MILLION DOLLARS

1-33



_ATA BASE FOR TRUCK CHASSIS

CALENDAR YEARS

;1980 1981 1982 1983 198_ 1985 198& 1987
1988 1989 1990 1991 1992 1993 1994 1995

1996 1997 1998 1999 2000 2001 2002 2003
2004 8005 , 2006 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTION--BLPOP

3579.0 3884.0 4107.0 4399.0 4712,0 5050.0 5150.0 5200.0
5300.0 5400.0 5450.0 5550.0 5600.0 5675.0 5700.0 5800.0
5377.0 5954.0 6033.0 6112.0 6193.0 6275.0 6358.0 6442,0
6527.0 6613.0 6700.0 6788.0 &878.0 6969.0 7061.0 0.0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.0 0,0 0.0 0.0 0.0 5033.0 5132:6 5182.5
5282.1 5381.8 5431.6 5581.3 5581.1 5655.9 5660.8 5780.4
5857.2 5988.9 60!8.7 6091.4 6172.1 6253.8 6336.6 6420.8
6505.0 6590.7 6677.4 6765.1 6854.S 6945,5 7037.2 0.0

0.0 0.0 0.0
ATTRITIDNFACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 0_0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 O.O 0.0
INCREMENTAL FUEL COST--DEC

0.0 0.0 0.0 0.0 0.0 45.00 45.00 45.00
45.00 45.00 45.00 45,00 45.00 45.00 45.00 45.00
45.00 45.00 45.00 45.00 45.00 45.00 45.00 45.00
45.00 45.00 45.00 45.00 45.00 45.00 45.00 0.0

O.O 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC
0.0 0.0 0.0 0._ 0.0 292.00 292.00 292.00

292.00 292,00 292.00 292.00 292.00 292.00 292.00 .292.00
292.00 292.00 292.00 292.00 292.00 292.00 292.00 292.00
292.00 292.00 292.00 292.00 292.00 292.00 292,00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVP

0.0 0.0 0.0 0.0 0,0 742.00 742.00 742.00
742.00 742.00 '742.00 742.00 742.00 742.00 742,00 742.00
742.00 742.00 742.00 742.00 742.00 742.00 742.00 742.00

742.00 742.00 742.00 742.00 742,00 ._42.00 742.00 0.0
0.0 0.0 0.0

PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 .-0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.5_
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0._0
-0.50 -0.50 -0.50
ELASTICITY FA_TOR--EF
1.00 i.O0 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00
Io00 1.00 1.00 1.00 1.00 1.00 1.00 0.0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--SASEP =110000.
_ATE OF DISCOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE _ 0.10
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Advanced Destgn Buses - Option 3

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1988

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUNULA'FIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = o'rHER COSTS
ALL IN NILLIONG OF 1978 DOELARS

YEAR AECNR CAEO OPCO OTHER

1980 0o0 0.0 0.0 O.O
1981 O.0095 O.0095 O.0 O.0095
1982 0o0191 0.0286 O.O 0.0191
1983 O.0289 O.0575 O.0 O.0289
1984 O.0390 O.0965 O.0 O.0390
1985 8.1886 8.2851 7.4423 0.7463
1986 10.6028 18.8874 9. 1720 1.4303
1987 23, 3237 42.2111 20.2013 3.1224
1988 28. 2866 70. 4477 23. 4818 4.7553
1989 83, 150 & 108. 5983 2& •8233 6. 8273
1990 38, 0158 141 •_.141 80. 1962 7.8196
1991 40•4825 182. 0967 31. 2386 9.2439
1992 42 •7277 224. 8243 32.1418 IO.5859

1993 4_. 7624 269. 5867 32.9091 11.8534
1994 46, 5244 316, 1108 83. 4966 13. 0279
1995 47.7498 363.8604 33.9455 13.8048
1996 48.9137 412. 7737 3t;.3799 14.5338
1997 49.5733 462. 3469 34. 8465 14. 7268
1998 50.2171 512.5640 35.3001 14_9170

1999 50.8457 563. 4092 35_7408 15. 1049
2000 51. 5001 614. 9092 36,2006 15.2995
2001 52.1419 &&7, 0508 36. 6493 15. 4926
2002 52.8113 719. 8618 37.1184 15. 6929
2003 53.4892 773, 3508 37. 5931 i5._962
2004 54=2154 827.5659 89. 1049 16. 1105
2005 54.9318 882.4968 38.6080 16.3233
2006 55, 6560 93G. 1528 39.1174 16.5386
2007 56. 8903 994. 5430 89. 6335 16•7568
2008 57. 1343 1051.6770 40. 1565' 16.9779
2009 57 ;8889 1109. 5659 40. 6868 17•2021
2010 58. 6532 1168. 2188 41•2240 17. 4292

PRESENT VALUE OF ANNUAL COSTS = 224.9323

EQUIVALENT ANNUAL COST = 23.7295 MILLION DOLLARS

1-35



CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1957
1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2019. 9013 2014
I_IASELINE PRODUCT ION--BLPOP

8579.0 8834.0 4107.0 4399.0 4712.0 5050.0 5150.0 5200.0
5300.0 5400.0 5450.0 5550.0 5600.0 5675.0 5700.0 5800.0
5877.0 5954.0 6033.0 6112.0 6195.0 6275.0 6358.0 &442.0
6527.0 &618.0 6700.0 6788.0 6878.0 &969.0 70_,I.0 O.O

0.0 0.0 0.0
_EVISED BASELINE PRODUCTIEN--BLFOR

0.0 3883,8 4106.8 4898.7 4711.7 5033.0 5132.'6 5187.S
5256.5 5855.7 5405.8 5504.4 5554.0 5628.4 5655.2 5752.4
5'328.8 5905.1 5988.5 ,,061.8 6142.2 6225.5 6305.8 6?,89.1
6473.4 6558.7 6645.0 6732.8 6821.5 6911.8 7003.0 O.O

O.O 0.0 0.0
ATTRITION FACTOR--AF
1. 000 1. 008 I. 000 I.800 1.000 I.800 1.000 1. 000
1.000 1.000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL C05T--DFC
0.0 0.0 0.0 O.O 0.0 45.00 45.00 80.00

80. O0 80. O0 80. O0 80. O0 80.00 80. O0 80. O0 80.00;
80. O0 80. O0 80.00 80. O0 80.00 80. O0 80. O0 80. O0
80.00 80. O0 80. O0 80. O0 80. O0 80. O0 80. O0 0.0
O.O 0.0 0.0
INCREt'IENTAL MAINTENANCE COST--DMC
0.0 0.0 0.0 0.0 0.0 292.00 292. O0 544.00

544. O0 544. O0 544. O0 544.00 544. O0 544. O0 544. O0 54_,.O0
544.00 544.00 544.00 544.00 544.00 544.00 544.00 544.00
544.00 544.00 544.00 544.00 544.00 544.00 544.00 0.0

0.0 0.0 , 0.0
INCREHENTAL EQUIPMENT COST--DVP
0.0 1.3.00 13.00 18.00 13.00 742.00 742.00 1806o00

1806.00 180&.00 1806.00 1806.00 , 1806.00 1806.00 1806.00 " 1806.00
1806.00 1806:00 1806.00 1806.00 1806.00 . 1806.00 180&.O0 1806.00
1806.00 1806.00 1806.00 180A.00 1806. O0 1806.00 1806.00 0.0

0.0 0.0 0.0
PRICE EL.A_TICITY OF DEMAND--PED
-0.50 -0.50 , -0.50 -0.50 -0.50 -0.50 -0.50. --0.50
-0 •5(3 -0.50 -0 •50 -0.50 -0 •50 -0 •50 -0.50 -0.50
-0.50 -0.50 -0•50 -0•50 -0.50 -0.50 -0.50 .--0•50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 --0.50
-0.50 • -0.50 -0.50
12LAETICITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
0 •99 0 •99 O. 99 0 •99 0 •99 0 •99 O. 99 O. 99
0 •99 0 •99 0.99 0.99 0.99 0•99 O. 99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 £_ASE VEHICLE PRICE--BASEP =110000.
8¢_I'E OF lIIB8.3UNT--R = O. 10 COST OF CAPITAL RATE --CCRATE = O.10
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Advanced Design Buses - Option 3A

PROGRAM TO COMPUI_ COST OF NOISE REGULATIONS

REOULATORY SCENARIO BEGINS IN 1985
ANB ATTAINS STEADY STATE IN 1988

AECNR _ ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL E_ONOMIC COST
OPCO : OPERATING COSTS
OTHER = OTHER COSTS
ALL _N MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 O.O O.O 0.0
1981 0.0 0,0 0.0 O.O
1982 0.0 0.0 0.0 0.0
1983 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0
1985 2.4057 2.4057 1.6961 O. 7095
1986 4.8216 7,2278 3.4258 1.8958
1987 12.6515 19.8788 9.5615 3.0900
1988 17.5667 37,4455 12.8415 4.7252
1989 22.4829 59.9284 1&.1835 6.2994
i990 27.3503 8742787 19.5564 7.7940
1991 82.2160 119,4948 22.9911 9.2249
1992 87.0303 156.5250 26.4568 10.5785
1998 41.8162 198.8412 29.9689 11,8472
1994 46.5244 244.865& 33.4966 13.0279
1995 47.7498 292.&152 33.9455 13.8048
1996 48.9137 841.5288 34.3799 14,58_
1997 49w5738 891.1018 34.8465 14.7268
1998 50.2171 441.3188 35.3001 14.9170
1999 50.8457 492.1648 85.7408 15.1049
2000 51.5001 543.6641 36.2006 15.2995
2001 52.1419 595.8059 36.6498 15.4926
2002 52,8113 648.6169 37.1184 15,6929
2003 58.4892 702.1057 87.5931 1_.8962
2004 54.2154 756.8208 38, I049 16.1105
2005 54.9813 811.2520 38.6030 16.3283
2006 55.6560 866.9077 89.1174 16.5386

20(:7 56.8908 928.2979 39.6385 16.7560
2008 57.1348 980.4319 40.1565 16.9779
2009 57.8889 1038.3208 40.6868 17.2021

2010 58.6582 1096.9786 .41.2240 17.4292

PRESENT VALUE OF ANNUAL COSTS = 193.3491

EQUIVALENT ANNUAL COST = 20,$976 MILLION DOLLAR8
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DATA BASE FOR TRUCK (_14A_SI$

CALENDAR YEARS

I'280 1981 t982 19_3 1984 I785 1786 1987
198'3 !989 19_0 1991 1992 1993 1994 !995
199& 1997 1998 !9_ 2000 2(=01 2002 2003
2004 _005 2006 2007 2008 2007 2010 20 t1
2012 2013 2014
BASELINE PRODUCT ION--BLPOP

_579.0 _83_.0 4107.0 _399° 0 6712.0 5050.0 5150.0 5200.0
5300.0 _00.0 5_50.0 5550.0 5&O0 °0 5675, 0 5700.0 5800.0
5877.0 _5954.0 &033.0 6112.0 &193°0 6275.0 &358.0 6_42,0
b527.0 6613.0 &700.0 6788.0 687_. 0 &_69.0 70&t. 0 0°0
• 0.0 0°0 0.0
REVISED BASELINE PROnUCTION--BLFOR

0.0 0.0 0_0 0.0 0.0 5033.0 5t_2.6 ¸ 5t57.3
525&_5 5355.7 5405.3 5504.4 555_0 5_28° 4 5653.2 5752.4
5828.8 ,5905.1 5983.5 6061.8 _142.2 _223.5 _05._ _389. I
6473=4 6558°7 &6_5.0 6732.3 &8_1.5 6911o8 7003.0 0,0

0.0 0°0 0.0
ATTRITION FACTOR--AF
.000 1•000 I°000 I.000 1.000 1•000 t.000 1•000

t.O00 1.000 0.0 0.0 0°0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0°0 0.0 0°0 0.0
0.0 0.0 0°0 0.0 0.0 0°0 0.0 0°0
0°0 0.0 0,0
I_CREMENTAL FUEL COST--I_FC
0.0 0.0 0.0 0.0 0.0 45,00 45.00 80.00

_0. O0 80 oO0 80 °O0 80, O0 80. O0 80. O0 80. O0 80. O0
80 •O0 80 °O0 _0. O0 80. O0 80. O0 80. O0 80 °O0 80. O0
_0 °O0 80. O0 _0. O0 80 °O0 80, O0 80. O0 80. O0 0.0
0,0 0.0 0.0
INCREMENTAL MAINTENANCE COST--_MC
0.0 0.0 0.0 0.0 0.0 292.00 292.00 5_4.00

5_4. O0 5_.00 5_.00 5_4.00 54_. O0 544.00 5_° O0 5_4.00
5_4° O0 5_4. O0 544.00 5_°00 5_4°00 5_4.00 5_.00 5_4.00
5_4.00 5_4.00 5_4o00 54_. O0 54_.00 54_°00 54_°00 0.0

0.0. 0.0 0.0
IN_REMEN'r_L EQUIPMENT COST--DVP
0.0 0_0 0.0 0,0 0.0 742=00 74_.00 180_o O0

1806. O0 180&. O0 180_° O0 180_° O0 _80_. O0 180&, O0 I_6° O0 180_. O0
1806..00 180_.00 1806.00 180_°00 180_° O0 180_00 180_. O0 1806.00
180_. O0 1_06.00 _80b. O0 1806,00 180_. O0 1806.00 1806.00 0.0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50
-0.50 -0.50 -0.50 -0.50 -0 °50 -0.50 -0.50 _0.50
-0.50 -0.50 -0.50 -0.50 ¸ -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0, 50 -0 °50 -0_ 50 -0.50 -0° 50
-0.50 -0.50 -0.50
ELASTICITY FAC_OR_-EF
1.00 1.00 1.00 t.O0 _.00 I_00 1.00 0.99
0.99 0.99 0,9_ 0.99 0.99 0.99 0.9_ 0.99
0 °99 0 •99 0 °99 0 °9_ 0 °99 O.99 0 •99 0.99
0.99 0.99 0.99 0.99 0.99 0,99 0.99 0.0
0°0 0.0 0.0

VEHICLE LIFE--L_FE = 10 BA_ VEHICLE PRICE--BASEP =110000.
RATE _F DIS_OUNT--R _= O. 10 _O_T OF CAPITAL RA_E --C_RATE _ O_ 10
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Advanced Design Buses - Option 3B

PROGRAM TO COMPUTE COST OF NOISE REOULhTIONS

REGULATORY'SCENARIO _OINS IN 1987
AND ATTAINS STEADY STATE IN 1983

AECNR = ANNUAL ECONOMIC COST OF L'.IOISEREGULATIONS
CAIZC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS

ALl_ IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0,0 0.0 0.0 0.0
198i 0.0 0.0 0.(I 0.0
1982 O, 0 O.O 0.0 O. 0
1983 0,0 0.0 0.0 .0.0
1984 0,0 0.0 0.0 0.0
1985 0,0 0.0 0.0 O.O
198b 0,0 0.0 0.0 0,0
1987 4,9878 4.9878 3.2182 1.7697
1988 9,9785 14. 9663 &.4982 3•4802
1989 14,9701 29.9363 9.8401 5. 1299
1990 19_9129 49•8492 13.2180 6.'6999
1991 24,8540 74. 7033 16. &478 8.2063
1992 29. 7437 104, 4470 20.1135 9. 6302
1993 34, &050 139 •0521 23. 6256 I0•9794
1994 39. 3887 178. 4408 27.1582 12. 2855
1995 44. 1662 222. 6070 SO. 7427 13, 4235
1996 48 • 9187 271 • 5205 34,3799 14. 5338
1997 49 •5733 21. 0935 34. 8465 14 •7168
1998 50,2171 371.8105 35.3001 14.9170
1999 50. 8457 422 •1560 85.7408 15 •1049
2000 51 .,5001 478. 6558 36.2006 15. 2995
2001 52. 1419 525. 7976 36. 6493 15. 492b
2002 52.8113 578. 6084 37. 1184 15.'6929
2083 53. 4892 632. 0974 97. 5931 15. 8962
2004 54. 215_, &86. 8125 38. 1049 16.1105
2_.05 54.9813 741. 2434 33. &080 16. 3233
2006 55. 6560 796. 8994 39.1174 16,538&
2007 56. 3903 853. 2896 39. 6335 16. 7568
2008 57 •1S 43 910.42:36 40.1565 1&•9779
2009 57. 8889 968.81 _5 40. 6868 17,2021
20 i0 58. &582 1026. 9653 41. 2240 17. 4292

PRESENT VALUE OF ANNUAL COST8 = 165.8794

E;_UIVALEb'4_"ANNUAL COST = 17.4996 MILLION COLLARS
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IJ,_1_'/ I)ASE FOR 1RUCI'. _::II_'--';SIS

CALENB_R YEARS

1980 198 ! ! 982 1 _83 1984 1985 198_. 1987
1_:_8 i989 1990 1';'91 19'22 19_3 1994 1995
19_L, 1997 ! 998 J.999 2000 2001 2002 2003

2004 2005 2006 2007 "008 2009 20 ! 0 201 !
20_'-" 2(_13 201"t
BASEL INE PRODUCT I ON--BLPOp

8579°0 8854.0 t1107.0 4399.0 4712.'. 0 5050.0 5150.0 5200.(
_:OC_. (_ 5400.0 5450.0 5550° 0 5600.0 5675.0 57_0.0 5_00. (
5877.0 595_.0 6033.0 6112°0 6193.0 _.275.0 &35_°. 0 64_2o0
_.527.0 6612;. 0 6700,0 6788° 0 6878.0 6969.0 7061 °0 0°0

0o0 0.0. 0.0
REVISED Bf_$ELINE PRODtJE:rIOI_--BLFOR

0.0 0.0 OiO 0.0 0.0 0.0 0°0 5157°_
5256, ,5 5 _.'55.7 5405.3 5504.4 5554.0 5_.8° 4 565_;. 2 5752° 4
5_28.8 5905.1 5983,5 6061.8 &1_t2° E_ 6223.5 6305. _ 6389.1
&47_. zt 6558.7 6645.0 67_2.3 6821.5 &911.8 7003.0 0.0

0.0 0.0 0.0
ATTF_I T ION FA_TOR--AF
!. 060 1. 000 1,000 1•000 1. 000 ! °000 !. 000 1•000
1.000 1o000 0.0 0.0 0.0 0°0 0.0 0°0 .
0.0 0.0 0.0 0°0 (_.0 0.0 0.0 0.0
0.0 0.(i 0.0 0.0 0°0 0°0 0.0 0°0
0.0 0°0 0.0
_NO,RE_IENT/_L FUEL CO_T--DFC
0.0 0.0 0.0 (1.0 0.0 0.0 0.0 80.00

80. O0 80 ° O0 _0. O0 80. O0 80, O0 80. O0 _0. O0 80. O0
80. O0 '_0. O0 80. O0 80. O0 _,0. O0 _0 ° 00 80. O0 80 • O0
_0. O0 80 ° O0 80 ° O0 80. O0 _0, O0 80. O0 80. O0 0 ° 0
0°0 0.0 0.0

INCRr:-I_N'I'AL. MAINTENANCE C08"r--DMC
0.0 0°0 0°0 0°0 0.0 0°0 0.0 54/I. O0

'34_t. OCi 54zt ° O0 5_t° O0 5_t_t. O0 54zl. O0 5_t4.00 544,00 5_t. O0
544.00 54_t_ O0 5z_4.O0 54,_. O0 54_t° O0 544.00 544°00 5_t_. O0
544.00 544.00 5_zt. O0 544°00 544"00 5_tZtoO0 5_t4. O0 0;0

0.0 0.0 0.0
IN_RE_I_NTAL EQUIPMENT COST~-DVP

0°0 0.0 0°0 0.0 0.0 0.0 0.0 180&. O0
1806.00 1806° _)0 1806.00 l_O&. O0 1806.00 180_° O0 180&°00 1806.00
1806 ° O0 ! 806 ° O0 1806. O0 1806. O0 ! 80&. O0 ! 80t_. O0 180&. O0 l_O&° O0
1°_06° O0 1S06° O0 i.80_. O0 1806.00 180&.00 180&° O0 180&.00 0°0

0°0 0°0 0.0
PRICE ELASTICITY OF DE_IAND--PED
-0.50 -0 ° 50 -0.50 -0.50 .-0.50 -0.50 -0o 50 -0 • 50
-0 °50 -0.50 -0 °50 -0.50 -0 °50 -0.50 -0 •50 .-0 •50
-0.50 -0 ° 50 -_:° 50 -0 °50 -0 • ,50 -0.50 -0° 50 -0.50
-0.50 -0 • 50 -0 °50 -0.50 -0.50 -0.50 -0.50 -0 •50
--0.50 -0.50 -0.50
ELA_TISITY FACTOR--EF

!.00 1. O0 1.00 1• O0 1°00 1°00 ! °00 0.99
0.9'2 0.9_ 0.99 0. _,9 0 ° 99 O. 99 O° 99 0 ° 99
0.99 0.99 O. 99 0 ° 99 0.99 O. 99 O. 9_ 0.99
0 ° 9_ 0 • 99 0.99 0. _,_'-_ 0.99 0 ° 99 0 ° 99 0 ° 0
0.0 0.0 0.0

VEHIO, LE L1FE--Llr:E = 10 BAgE VEHICLE PI_ICE--_A_EP -'110000.
RATE OF I)I$COUNT--R _ 0.10 COST OF CAPITAL RATE °-CCRATE = 0°10
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AdvancedDestgnBuses - Option 4

PROGRAM TO COMPUTE COST OF NOISE REGULATION_

REGULATORY SCENARIO BEGINS IN 1981
AND ATTAIN6 _TEADY STATE IN I_89

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS

OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0,0

1981 0.0095 0.0095 0.0 0.0095
1982 0.0191 0.0286 0.0 0.0191
1983 0.0289 0.0575 0.0 0.0289
1984 0.0390 0.0965 0.0 0.0390

1985 8.1886 8.2851 7.4423 0.7463
1986 10.6023 18.8874 9.1720 1,4303
1987 23.3237 42.2111 20.2018 8,1224

1988 44.3485 86.5596 38.5063 5.8422
1989 52.4272 138.9868 43.9628 8.4645
1990 60.4287 199.4155 49.4698 10,9590

1991 64,4991 263.9146 51.1520 13,3471
1992 68.2086 832.1230 52.6053 15,6033
1993 71.5753 408.6980 53.8354 17,7899

1994 74.4976 478.1956 54.7702 19o7274

1995 76.7530 554.9485 55.4771 21,2759 :
1996 78.8903 633.8386 56.1597 22,7306
1997 80.4961 714.8342 56.8949 23.6011
1998 81.5416 795.8757 57.6856 23,9060
1999 82.5621 878.4377 58.3550 24,2071
2000 88.6248 962.0625 59.1053 24,5190

2001 84.6669 1046.7290 59.8384 24.8285
2002 85.'7538 1132.4827 60.6048 25. 1495
2003 86.8545 1219.3372 61.3793 25,4752

2004 88.0338 1307.870& 62.2150 25.8187
2005 89.1962 1396.5667 68.0365 26,1597
2006 90.3729 1486.9392 68.8681 26.5048

2007 91.5652 1578.5042 &4.7108 26,854_
2008 92.7734 1671.2773 65.5647 27,2087
2009 98.9986 1765.2759 66.4306 27,5680

2_10 95.2397 1860.5151 67.3077 27.9320

PRESENT VALUE OF ANNUAL COSTS = 347.3198

E_UIVALENT ANNUAL COST = 36.6409 MILLION DOLLARS
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[rATA BA3E FOR TRUCK CHASSI3

CAt.ENDAR YEARS

1,o0 1981 1982 1983 1984 1985 1986 1987
198_ 1989 _990 1991 1992 1993 1994 1995
19_& 1997 1998 1999 2000 2001 2002 2003
2004 _005 2006 2007 200S 20U9 2010 _011
2012 2018 2014
bA3ELINE PRODUCTION--BLPOP

3579.0 3884.0 4107.0 _399.0 4712.0 5050.0 5150.0 5200.0
5_00.0 5400.0 5_50.0 5550.0 5bO0.O 5675.0 5700.0 5800.0
5877.0 5954.0 &083.0 6112.0 6193.0 6275.0 6358.0 _442.0
6527.0 6613.0 _700.0 6788.0 6S78.0 69_9.0 7061.0 0;0

0.o 0.o Q.O
REVISED BASELINE PRODUCT ION--BLPOR

0.0 8838.8 4106.8 4398.7 4711.7 5083.0 5132.6 5157.3
5229.9 5828.6 5377.9 5476.6 5525.9 5600.0 5624.6 5723.8
5799.8 5875.3 5953.2 &03t.2 6111.1 6192.0 6278.9 6356.9
6440.7 6525.6 6611.4 6698.2 67_7.1 6876._ 6967.6 0.0

0.0 0.0 0.0

ATTRITION FACTOR--AF
1,000 1.000 1.000 1.000 1,000 1.000 1.000 1.000
1.000 1.000 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--OFC

0.0 0;0 O.O 0.0 0.0 45.00 45.00 80.00
125,00 125,00 125.00 125.00 125.00 125.00 125.00 125.00
125.00 125.00 125,00 I25.00 125.00 125.00 125.00 I_5.00
t25.00 125.00 L25.00 125.00 125.00 125.00 125,00 0.0

0.0 0;0 0.0
INCREMENTAL MAINTENANCE COST--D_LC

0.0 0;0 0.0 0.0 0.0 292°00 292.00 54_.00
899.00 899.00 899.00 899.00 899.00 899.00 399,00 899.00
899.00 899,00 399.00 899.00 899.00 899.00 899,00 399.00
899.00 899.00 899.00 399.00 899.00 899.00 _99.00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT 30ST--DVP
0.0 13.00 13.00 13.00 18o00 742.00 742,00 i80_.00

2909.00 2909,00 2909.00 2909.00 2909.00 2909.00 2909.00 2909.00
2909.00 2909.00 2909.00 2909.00 2909.00 2909.00 2909.00 2909.00
2909.00 2909.00 2§09,00 2909.00 2909.00 2909.00 2909.00 0.0

0.0 0,0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50 -0,50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50
-0.50 -0,50 -0.50
ELASTICITY FACTOR--EF
1.00 I.O0 1.00 1.00 1.00 1.00 1.00 0,99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0,99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0_0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 10 BASE VEHICLE PRICE--BASEP =110000.
RATE OF DISCOUNT--R _ 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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Conventional School Buses - Option 1

LIST 584/L UNN CC
PROGRAM TO CONPUTE COST OF NCIISE REGULATIONS

REGIJI_ATORY SCENARIO BEuIN:, IN 1981
AND ATTAIN,C _;Tr'ADySTATE IN IF'8_

AECNF_ = ANNUAL ECONONIC COST OF NOISE REGULATIONS
OAEC = CUMULATIVE ANNUAL ECONO_IIO COGT
0P00 = OPERATING COE_'rs
OTHER --OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

19B0 0.0 0.0 0.0 0.0
1981 0.8628 0.3628 0.0 0.362_
1982 0.8651 0.7279 0.0 0.8651
1983 0.8687 1.0966 0.0 0.3687
1984 0.3728 1.4689 0.0 O._7z_
1985 0.3747 1.8436 0.0 0.3747
1986 0.3770 2.2206 0.0 0.3770
1987 0.3806 2.6012 0.0 0.3806
1988 0.3842 2.9854 0.0 0._84_
1989 0.3966 8.3719 0.0 0._866
1990 0.3889 8.7609 (h,_O 0.38_9
1991 0.3925 4.1533 0.(_ 0.3925
1992 0.3961 4.5494 0.0 0.39_1
1993 0.3984 4.9479 0.0 0.3984
1994 0.4008 5._ " 0.0 0.4008
1995 0.4044 5.75_ 0.0 0.4044
1996 0.4080 &.1610 0.0 _080
1997 0.4108 6.5714 0.0 0.41_o
1998 0.4127 6.9841 0.0 0.4127
1999 0.4163 7.4004 0.0 0.4163
2000 0.4193 7.8197 0.0 0.4193
2001 0.4223 8.2420 0.0 0.4223
2002 0.4254 8.6674 0.0 0.4254
2008 0,4285 9.0959 0.0 0.4285
2004 0.4316 9.5274 0.0 0.4316
2005 0.4347 9.9621 0,0 0.4347
2006 0.4378 10.3999 0.0 0.4878
2007 0.4410 10.8409 0.0 0.4410
2000 0.4442 11.2851 0.0 0.4442
2009 0.4474 11.7325 0.0 0.4474
2010 0.4506 12.1832 0,0 0.4506

PRESENT VALUE OF ANNUAL COSTS = 3.6492

EQUIVALENT ANNUAL COOT = 0.8850 PIILLION DOLLARS
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DATA BASE FOR TRUCf_ CHASSIS

CALENbAR YEARS

1980 19Q1 1702 1983 1984 1985 lg_a 1987
1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2008
2004 2005 2006 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTION--Bt.POP

27270.0 27450.0 27680.0 27900.0 28170.0 28350,0 28530,0 28800,0
29070.0 29250.0 294313,0 29700.0 29970,0 30150.0 30330,0 30600.0
30870.0 31050.0 31230,0 31500,0 31728.0 31957,0 32188,0 82422.0
32656.0 82892.0 88131.0 33870.0 33611.0 33855,0 34100,0 0.0

0.0 0.0 0.0
REVISEB BASELINE PRODUCTION--BLFOR

0.0 27440.6 27620.5 27890.4 28160.3 28340.3 28_0.2 28790. 1
29060.0 29239.9 29419.9 29689.8 29959.7 80139.6 80319,6 30589.5
30859.4 31089,3 31219,3 31489,2 81717.1 81946.0 32176,9 32410.8
32644.8 32880,7 33119,6 38858,5 83599,4 88843.4 84088,3 0.0

0.0 0.0 O,O
ATTRITION FACTOR--AF
1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0,0 0.0 O.O 0,0
0.0 0.0 0.0 0.0 0.0 0.0 O.O O.O
0.0 0.0 0.0 O.O 0.0 0.0 O.O 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0
0,0 0.0 0.0 0.0 0.0 O.O 0,0 0.0
0,0 0.0 0.0 0.0 0.0 0,0 0,0 0.0
0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0

INCREMENTAL MAINTENANCE COST--DMC
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0
0,0 0,0 0.0 0,0 0,0 0,0 0.0 0,0
0.0 0,0 0,0

INCREMENTAL EQUIPMENT COST--DVP
O.O 13.22 13.22 13.22 18.22 13.22 13.22 13.22

18,22 13,22 13,22 18.22 13,22 18,22 13,22 13,22
13.22 18.22 13.22 18.22 18o22 18.22 13.22 13.22
13.22 18.22 13.22 13.22 13.22 18.22 13.22 O.O
0.0 O.O 0.0

PRICE ELASTICITY OF DEMAND--PED
-0.50 -0,50 -0,50 -0.50 -0,50 -0,50 -0,50 -0,50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
--0.50 -0,50 -0,50 -0,50 -0,50 -0,50 -0.50 -0,50
-0,50 -0,50 -0.50 -0.50 -0,50 -0,50 -0.50 -0,50
-0.50 -0.50 -0.50
ELASTICITY PACTOR--EF
1,00 1,00 1.00 1.00 1,00 1,00 1.00 1,00
1.00 1,00 1,00 1.00 1,00 1,00 1,00 1,00
1,00 1.00 1,00 1.00 1,00 1.00 1.00 1,00
1.00 1,00 1,00 1.00 1,00 1,00 1,00 0,0
0.0 0.0 0.0

VEHICLE LIFE-_LIFE = 1 BASE VEHICLE PRICE--BASEP = 19220°
RATE OF DISCOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = O,O
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ConventionalSchool Buses - Option 2

pROGRAM TO COMPUTE COST OF NOI_-]EREGULATIONS

REGULATORY SCENARIO BEOINS IN ISSl
AND ATTAINS FJTEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATINg COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLAR_;

YEAR AEONR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.8628 0.36,28 0.0 0.3628
1982 0.3651 0.7279 0.0 0.3651
1983 0.3687 1.0966 0.0 0.3687
1984 0.3723 1.4689 0.0 0.3723
1985 0.8719 2.3408 0.0 0.8719
1986 0.8775 3.2183 0.0 0.8775
1987 0.8858 4.1040 0.0 0.8858
1988 0.8941 4.9981 0.0 0.8941
1989 0.8996 5.8977 0.0 0.8996
1990 0.9051 6.8028 0.0 0.9051
1991 0.9134 7.7162 0.0 0.9134
1992 0.9217 8.6380 0,0 0.9217
1993 0.9273 9.5652 0.0 0.9273
1994 %9328 10.4980 0.0 0.9328
1995 0.9411 11.4392 0.0 0.9411
1996 0.9494 12.3886 0.0 0.9494
1997 0.9550 13.3435 0.0 0.9550
1998 0.9605 14.3040 0.0 0.9605
1999 0.9638 15.2728 0.0 0.9688
2000 0.9758 16.2486 0.0 0.9758
2001 0.9828 17.2314 0.0 0.9828
2002 0.9900 18.2214 0.0 0.9900
2003 0.9971 19.2185 0.0 0.9971
2004 1.0043 20.2229 0.0 1.0043
2005 1.0116 21.2845 0.0 1.0116
2006 1.0190 22.2534 0.0 1.0190
2007 1.0263 23.2797 0.0 1.0263
2008 1.0337 24.3134 0.0 1.0337
2009 1.0412 25.3546 0.0 1.0412
2010 1.0438 26.4034 0.0 1.0488

PRESENT VALUE OF ANNUAL COSTS = 6.9491

E_UIVALENT ANNUAL CO_F = 0.7331 MILLION DOLLARS
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DATA BA_E FO_ TRUCK CHASSIS

CAI,ENDAR YEARC

1980 1981 1922 1983 19_4 I_ 1986 1987
:L988 1989 1990 1991 1992 1993 1994 1995
199& 1997 1998 1999 2000 2001 2002 2003
2004 2005 200& 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTISN--BLpOP

27270.0 27450.0 27630.0 27900.0 28170.0 28350.0 28530.0 28800.0
29070.0 29250.0 ,29430.0 29700.0 29970,0 80150.0 80380.0 30600.0
30370.0 81050.0 81230.0 31500,0 31728.0 31957.0 82188.0 82422.0
82656,0 32892.8 33131.0 88370.0 38611.0 33855.0 34100.0 0,0

0.0 O,O 0.0
REVISED BASELINE PRODUCTION--BLFOR

O,O 27440.& 27620.5 27890.4 28160.3 28327.3 28507.2 28776.9
29046,7 2922&.6 29406.4 29676.2 29946.0 30125.9 30305.7 30575.5
30845.8 31025.1 31205.0 81474.8 S1702.& 31981.4 32162.2 32396.8
32629.9 32865.7 38104.5 33348.3 33584.1 33827.9 _4072.7 0.0

0.0 0.0 0.0
ATTRITION FACTOR--AF

1.000 0.0 0.0 0.0 D,O O.O 0o0 0.0
0.0 0.0 0.0 0.0 O.O 0.0 0.0 0.0
0.0 0.0 O.O 0.0 O.O 0.0 0.0 0.0
0.0 0.0 0.0 0.0 O.O 0.0 O.O 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
O.O 0,0 0.0 0.0 0.0 0.0 O.O O.O
0.0 0,0 0.0 0.0 0.0 O.O 0.0 0.0
0.0 0,0 0.0 0.0 0.0 0.0 O.O 0.0
0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DNC

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 O.O O.O O.O 0.0
0.0 0.0 0.0 O.O 8.0 O.O 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 O.O

INCREMENTAL EQUIPMENT COST--DVP
O.O 13.22 13.22 13.22 13.32 80.78 30.78 30.78

30.78 30.78 30.7_ 80.78 30.78 30.78 30,78 30.78
30.78 30.78 30.78 30.78 30.78 80,78 30,78 30.78
30.78 30.78 30.78 30.78 30.78 30.78 30,78 0.0
0.0 0.0 0.0

PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0,50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR'--EF
1.00 1.00 1.00 l. OO 1,00 1.00 1,00 l. O0
l. OO 1.00 1.00 1.00 1.00 I.OO 1,00 _.00
1.00 1.00 1.00 l.OO 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1,00 0.0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 1 BASE VEHICLE PRICE--BASEP = _9220.
RATE OF DISCOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0,0
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CQnvention'alSchool Buses - Option 2A

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1985
AND ATTAIN3 STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REOULATION3
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = DPERATINO COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0,0 0.0 0.0 0.0
1981 0.0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0.0
1988 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0
1985 0.8719 0.8719 0.0 0.8719
1986 0.8775 1.7494 0.0 0.8775
1987 0.8858 2.6351 0.0 0.8858
1988 0.8941 3.5292 0.0 0.8941
1989 0.8996 4.4288 0.0 0.8996
1990 0.9051 5.3339 0.0 0.9051
1991 0.9134 6.2473 0.0 0.9134
1992 0.9217 7.1691 O.O 0.9217
1993 0.9273 8.0963 O.O 0.9273
1994 0.9328 9.0292 0.0 0.9328
1995 0.9411 9.9703 0.0 0.9411
1996 0.9494 I0.91_/ 0.0 0.9494
1997 0.9550 11.8746 0.0 0.9550
1998 0.9605 12.8351 0.0 0.9605
1999 0.9688 13.8039 0.0 0.9688
2000 0.9758 14.7797 0,0 0.9758
2001 0.9828 15.7626 0.0 0.9828
2002 0.9900 16.7525 0.0 0.9900
2003 0.9971 17.7496 0.0 0.9971
2004 1.0043 18.7540 0.0 1.0043
2005 1,0116 19.7656 0.0 i.0116
2006 1.0190 20.7845 ' 0.0 1.0190
2007 1.0263 21.8108 0.0 1.0263
2008 1.0337 22.8446 0.0 1.0837
2009 1.0412 23.8858 0,0 1.0412
2010 1.0488 24.9345 0.0 1.0488

PRESENT VALUE OF ANNUAL COSTS = 5.7863

E_UIVALENT ANNUAL COST = 0.6104 MILLION DOLLARS
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DATA BASE FOR TRUCK CHASSIS

CALENDAR YEARS

1980 1981 1902 1903 1984 1905 19S& 1987
19_:8 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
""004 2005 2006 2007 2008 2009 2010 2011
2012 2018 2014
BASEL IN_ PROOUCT _ON--DLPOP

27270.0 27450.0 27630.0 27900.0 28170.0 28350.0 28530.0 28800.0
29070.0 29250.0 29430.0 29700.0 29970.0 30150.0 30330.0 30600.0
8037O.0 31050.0 31230.0 31500.0 3172S.0 31957.0 32188.0 32422.0
32656.0 32892.0 33131.0 33370.0 33611.0 33855.0 34100.0 0.0

0.0 0.0 0.0
REVISED BASELINE PRODUOTION--BLFOR

0.0 0.0 0.0 0.0 0.0 28327.3 28507.2 28776.9
29046.7 29226 •6 29406.4 29676.2 29946.0 30125.9 30305.7 80575.5

30845.3 31025.1 31205.0 31474.8 01702.6 31901.4 32162.2 32390.0
82629.9 32065, 7 33104 • 5 33043. S 33534.1 33827 • 9 34072.7 0.0

0.0 0.0 0.0
ATTRITI0N FACTOR--AF
1.000 0.0 0.0 0.0 0.0 0,0 0.0 0,0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0.0 0,0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--nFG

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0,0 0,0 0.0 0,0
0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
0,0 O,O 0.0 0.0 0.0 0,0 0.0 0.0
0°0 0.0 0.0

INCREMENTAL MAINTENANCE COST--DMC
0.0 0.0 0.0 0.0 0.0 0°0 0.0 0.0
0,0 0.0 0.0 0.0, 0.0 0,0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0
0,0 0.0 0.0 0.0 0.0 0,0 0,0 0,0
0.0 • 0.0 0.0
INCREMENTAL EQUIPMENT C08T--DVP
0.0 0.0 0.0 O.0 O. 0 80.78 30, 78 80* 78

30.7(3 30, 78 30 • 73 30 • 73 30.73 SO. 78 30, 78 30 • 7B
30. ?S 30.78 30 •78 30.70 30.78 30.78 30, 78 30.73
30.78 30.78 30.78 30.70 30.78 30.78 30 •78 0 •0
0.0 0.0 0.0

PRICE ELASTICITY OF DEMAND--PED
-0. SO -0. EO -0.50 -0 •50 -0.50 -0.50 -0,50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50' -0.50 -0.50
--0.SO -0.50 -0,50 -0.50 -0.50 -0,50 -0.50 -0.50
-0 •SO -0 •50 -0 •50 -0.50 -0.50 -0.50 -0.50 -0, 50
-0.50 -0 •50 -0.50
ELASTICITY FAOTOR--EF
1.00 I.00 1.00 1.00 1o00 1.00 I.O0 I,00
I.O0 1•O0 I. O0 1.O0 I.00 I °OCt I•O0 I.O0
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.O0 1•00 1. O0 I.O0 I•O0 1•00 I.O0 O. 0
0.0 0.0 0.0

VEHICLE LIFE--LIFE = " I BASE VEHICLE PRICE--BASEP = 19220.

RATE OF DISCOUNT--R = 0,10 CQ_._BOF CAPITAL RATE --CCRATE == 0.0



ConventionalSchool Buses - Option 3

PROGRAM TO CONFUTE COST OF NOISE REGULATIONS

REOULATORY SCENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1988

AEONR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0,3629 0.3629 0.3629 0.0
1982 0,7282 1.0910 0.7282 0.0
1983 1.0970 2.1880 1.0970 0.0
1984 1,4694 3.6574 1.4694 0.0
1985 4.2938 7.9513 4.2938 0.0
1986 5.1720 13.1232 5.1720 0.0
1987 43.7124 56.8356 39.0533 4.6591
1988 53,8091 110.6447 44.7213 9.0878
1989 58.2309 168.8756 44.9618 13. 2691
1990 62.4027 231.2788 45.2016 17.2010
1991 66.3370 297.6150 45.4404 20.8967
1992 70.0313 367.6460 45.&780 24.3533
1998 73.4688 441.1147 45.9149 27.5539
1994 76.6478 517.7622 46.1511 30.4966
1995 77.2300 594.9917 46.5021 30.7279
1996 77.8156 672.8071 46.8530 30.9625
1997 78.3978 751.2046 47.2040 31.1988
1998 78.9766 830.1807 47.5550 31.4216
1999 79,5588 909.7393 47.9059 GI. 6528 •
2000 80,1294 989.8684 48.2487 31.8807
2001 80.7145 1070.5828 48.6010 32.1135
2002 81.3143 1151.S967 48.9633 32.3510

2003 81.9042. 1283.8005 49.3185 32.5856
2004 82.4844 1316.2847 49.6668 32.8176
2005 83.0813 1399.3655 50.0259 33.0553
2006 88.6954 1483.0605 50.3966 33.2988
2007 84.3009 1567.3611 50.7612 33.5897
2008 84.9106 1652.2717 51.1283 33.7823
2009 85.5252. 1737.7966 51_4984 34.0268
2010 86.1443 1823.9407 51.8712 34.2731

PRESENT VALUE OF ANNUAL COSTS = 357.4780

EQUIVALENT ANNUAL COST = ' 37.7126 MILLION DOLLARS
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DATA BASE FOR TRUCK CHASSIS

CALENDAR YEARS

1980 19'dl 1982 1933 1984 1985 1986 1987
1988 1989 1990 .1991 1992 1993 1994 1995
1996 1997 19_'3 1999 2000 ?001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTION--BLpOP

27270.0 27450.0 27680,0 27900.0 28170.0 28350 •0 28530, 0 28800.0
29070.0 29250.0 29430.0 29700.0 39970.0 30150.0 30330.0 80600.0
30870.0 31050.0 31280.0 31500.0 31728.0 31957, 0 32183, 0 82422.0
82656.0 32892.0 33131.0 33370.0 33611.0 33855,0 34100.0 0.0

0.0 0.0 O.O
REVISED BASELINE PRODUCTION--BLFOR

O. 0 27450, 0 27630 •0 27900. O 28170.0 23350.0 28_30. O 28217 •9
28482.4 28658.8 28835.1 29099.7 29364.2 29540.6 29716.9 29981.5
30246.0 30422.4 30598.7 30868.3 31086.7 31311.0 31537.4 31766.6
31995.9 32227.1 32461.3 32695.5 32931.6 33170.7 33410.7 0.0

0.0 0.0 O.O
ATTRITION FACTOR--AR
I.000 I•000 I•000 1•000 I•000 I•000 1.000 I.000
0.0 O.O 0.0 0.0 0,0 0.0 O.O O.O
0.0 O.O 0.0 O.O O.O 0.0 0.0 0.0
0.0 0.0 O.O 0.0 0.0 0.0 0.0 O.O
O.O 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 0.0 0.0 0.0 0.0 O.O O.O 10,00

10. O0 10.00 I0.00 I0.00 10.00 IO.O0 10.00 10.00
10.00 10.00 I0.00 10.00 10.00 10.00 10.00 10.00
10 •O0 IO. O0 I0. O0 10. O0 I0. O0 I0. OO iO,O0 0.0
0.0 0.0 0.0

INCREMENTAL MAINTENANCE COST--DMC
O.O 18.22 18.22 13,22 18.22 30.78 30,78 189.00

189.00 189.00 189.00 189, O0 189.00 189.00 189.00 189.00
189.00 189.00 189.00 189.00 I89.00 189.00 189.00 189.00
189.00 189.00 189.00 I89.00 189.00 189.00 %89.00 _-.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVp
0.0 0.0 0.0 0.0 0•0 0.0 0.0 777.00

777.08 777. O0 777. O0 777. O0 777, O0 777 •O0 777. OO 777 •O0
777. O0 777, O0 777 •O0 777 •O0 777. O0 777 •O0 777 •O0 777 •O0
777.00 777.00 777.00 777.00 777.00 777.00 777,00 0.0

O.O 0.0 . O.O
PRICE ELASTICITY OF ,DEMAND--PED
-0.50 -0.50 .-0 •50 -0.50 -0,50 -0 •50 -0.50 -0 •50
-0.50 -0.50 -0.50 -0.50 -0, 50 -0.50 -O. 50 -0,50
-0.50 -0 •50 -0.50 -0.50 -0,50 -0.50 -0,50 -0 •50
-0.50 -0,50 -O. 50 -0.50 -0.50 -O. 50 , -Oo 50 -O •50
-0.50 -0 •50 -0.50
ELASTICITY FACTOR--EF
t.O0 1.00 1.00 1,00 1.00 1,00 1.00 0.98
O. 98 O. 98 0.98 0.98 O. 98 O, 98 O.98 O* 98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 O.O
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 8 BASE VEHICLE PRICE--BASEP = 19220.
RATE OF DISCOUNT--R.= O.10 COST OF CAPITAL RATE --CCRATE ,i O.10
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Conventional School Buses - Option 3A

PROGRAM TO COHPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEGINS IN 1985
AND ATTAINS STEADY STATE IN 1938

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATIN8 COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

%980 0.0 0.0 0.0 0.0
1981 0,0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0,0
1983 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0
1985 0.8726 0.8726 0.8726 0.0
1986 1.7508 2.6284 1.7508 0.0
1987 21.0830 28.7063 16.4239 4.6591
1988 31.0088 54.7152 21.9210 9.0878
1989 40.7212 95.4368 27.4521 13. 2691
1990 50.2183 145.6546 83.0173 17.2010
1991 59.5802 205.1848 38.6385 20.8967
1992 68.6541 278.8386 44.3008 24.3533
1993 72.0845 345.9229 44.5306 27. 5539
1994 75.2563 421.1790 44.7596 80.4966
1995 75.8279 497.0068 45.1000 30.7279
1996 76.4029 573.4094 45.4404 80.9625
1997 .76.9746 650.3889 45.7808 31.1938
1998 77.5428 727.9268 46.1212 31.4216
1999 78.1144 806.0408 46.4615 31.6528
2000 78.6747 884.7146 46.7940 31.8807
2001 79.2492 963.9636 47.1357 82.1135
2002 79.8880 1048.8015 47.4870 82.8510
2003 80.4172 1124.2185 47.8815 82.5856
2004 80.9869 1205.2051 48.1693 32.8176
2005 81.5730 1286.7778 48.5176 83.0553
2006 82.1759 1368.9534 48.8771 83.2988
2007 82.7704 1451.7236 49.2307 83.5397
200S 83.3690 1535.0925 49.5368 33.7823
2009 88.9725 1619.0649 49.9457 34.0268
2010 84.5803 1703.6450 50.3072 34.2731

PRESENT VALUE OF ANNUAL COSTS = 309.6837

EQUIVALENT ANNUAL COST = 32.6710 MILLI0N DOLLARS
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DATA _ASE FOR TRUCK CHASSI_

CALENOAR YEARS

_V?_O 1981 19_ 1933 • 1984 1985 198_ 1987
1988 1989 1990 1991 1972 19_3 1994 1995
1996 I_97 1998 1999 2000 2001 2002 2003
200_ 2005 2006 2007 200_ 2009 2010 2011
2012 2018 2014
BASELINE PROBUCTION--BLPOP

27:_70,0 27450.0 27630.0 27900.0 28170.0 23850.0 28530.0 28_00.0
2_070.0 29250.0 29480.0 29700,0 29970.0 30150.0 30330.0 30_00.0
80870.0 31050.0 81230.0 81500.0 31723.0 81957.0 92188.0 32422.0
32656.0 32392.0 38181.0 33370.0 33611.0 33855,0 36100.0 0.0

0.0 0.0 O.O
REVISED BASELINE PRQDUCTION--BLFOR

0.0 O. 0 0.0 0.0 0.0 23350, 0 28530.0 28217.9
28482.4 28658.8 28885.1 29099.7 29364.2 29540.6 29716.9 29981.5
30_46.0 80422.4 30598.7 30863.3 31036.7 31311.0 31537.4 317&6.&
31995.9 32227.1 324&1.3 32695.5 82931.6 33170.7 33410.7 0.0

0.0 O.O 0.0
ATTRITION FACTOR--AF
1.000 l,OOO 1.000 1.000 I°000 I.O00 1.000 l.O00
0.0 O.O O.O 0.0 0.0 0.0 O.O O.O
0.0 O.O 0.0 0.0 0.0 0-0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.O
O.O O.O 0.0
INCREHENTAL FUEL COST--DFC

0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.00
10.00 10.00 I0.00 10.00 10.00 10.00 I0.00 I0.00
10.00 10.00 10.00 10.00 10.00 10.00 10.00 I0.00
10.00 10.00 lOoOO 10.00 10.00 10.00 10.00 0.0

0.0 O.O .O.O
INCREMENTAL MAINTENANCE COST--DHC
0.0 0.0 0.0 0.0 0.0 80.78 30.78 183.00

188.00 183.00 183.00 183.00 183,00 183.00 183.00 183.00
183.00 133.00 183.00 183.00 183.00 183.00 183,00 183.00
183.00 183.00 183.00 183.00 138.00 183.00 183.00 0.0
0,0 0.0 0.0
INCREMENTAL EQUIPMENT CQST--DVP

0.0 O.O 0.0 0.0 0.0 O.O 0.0 777.00
777.00 777.00 777.00 777.00 777.00 777.00 7_.00 777.00
777.00 777.00 777.00 777°00 777.00 777,00 7_.00 777,00
777.00 777.00 777.00 777.00 777°00 777.00 777.00 0,0

0.0 0.0 0.0
PRICE ELASTICITY OF 8EMAND--PED
•-0.50 -0.50 -0.50 -0.50 -0,50 -0.50 _.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 _.50: -0.50
.-0.50 -0.50 -0.50 --0.50 -0.50 -0.50 ' _.50 --0.50
--0150 --0.50 10.50 10150 "0.50 MO.50 _J5_ --OJZO

-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
I. 00 1.00 1. OQ 1.00 1,00 !.00 1.00 0.98
0. _: 0.98 0.9_ 0.98 0.98 O. 98 0•9_ 0.98
0. _: 0.98 0.9_ 0 •9_ 0.98 0.98 O,98 0 •98
''-'_ 0 °98 0.98 0.93 0.98 O. 98 0,98 O. O
'_..i' 0.0 0.0

'i!_IILh LI_E--LIEE = S BASE VEHICLE PRICE--BASEP = 19220.
_'_:L OF II!_.COLINT--R = 0.10 C03T OF CAPITAL RATE _-CCR_TE = 0. i0
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ConventionalSchool Buses - Option 3B

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEOINS IN 1_87
AND ATTAINS STEADY STATE IN 1988

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0.0
1983 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0
1905 0.0 0.0 0.0 0.0
1906 0.0 0.0 0.0 0.0
1987 10.1052 10.1052 5.4460 4.6591
1988 20.0310 30.1361 10.9431 9.0878
1989 29.7488 59.8795 16.4743 13.2691
1990 39.2405 99.1199 22.0394 17.2010
1991 48.5523 147.6723 27.6557 20.89&7
1992 57.6763 205.8486 33.3230 24.3533
1993 66.5782 271.9265 39.0248 27.5539
1994 75.2563 347.1824 44.7596 30.4966
1995 75.8279 423.01(:3 45.1000 80.7279
1996 76.4029 499.4128 45.4404 30.9625
1997 76.9746 576.8872 45.7808 31.1938
1998 77.5428 653.9297 4&.1212 31.4216
1999 78.1144 782.0437 46.4615 31.6528
2000 78°6747 810.7180 46.7940 31.8807
2001 79.2492 889.9670 47.1357 82.1135
2002 79,8880 969.8049 47.4870 82.3510
2008 80.4172 1050.2219 47.8315 32.5856
2004 80.9869 1131.2085 48.1693 32.817&
2005 81.5730 1212,7818 48.5176 83.0553
2006 82.1759 1294.9570 48.8771 38.2988
2007 82,7704 1877.7271 49.2807 33.5397
2008 83,3690 1461.0962 49.5868 33.7823
2009 83,9725 1545.0684 49.9457 34.0268
2010 84_5808 1629.6484 50.8072 84.2731

PRESENT VALUE OF.ANNUAL COSTS = 279.5757

EQUIVALENT ANNUAL COST = 29.4942 MILLION DOLLAR_
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DATA BASE FOR TRUCK CHASSIS

CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
19_8 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTIDN--BLPOP

27270.0 27450.0 27630.0 27900.0 28170.0 28350.0 28530.0 28800.0
29070.0 29250.0 29430.0 29700.0 29970.0 30150.0 80330.0 30600.0
30870.0 31050.0 31280.0 31500.0 31728.0 31957.0 32188.0 82422.0
82656.0 32892.0 33131.0 33370.0 33611.0 83855.0 34100.0 0.0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.0 O.O 0.0 0.0 O.O 0.0 0.0 28217.9
28482.4 28658.8 28835.1 29099.7 29364.2 29540.6 29716.9 29981.5
30246.0 30422.4 30598.7 30863.8 31086.7 31311.0 31537.4 31766.6
81995.9 32227.1 32461.S 32695.5 32931.6 33170.7 33410.7 O.O

0.0 0.0 0.0
ATTRITION FACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 l. OOO 1.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0 O*O
O.O O.O O.O 0.0 0.0 O.O O.O 0.0
O.O O.O 0.0 0.0 O.O 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 O,O O.O 0.0 0.0 0.0 0.0 10,00
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
10.00 10.00 i0.00 10.00 10.00 10.00 10.00 0.0
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DNC

O.O 0.0 O.O 0.0 0.0 0.0 0.0 183.00
183.00 188.00 183.00 183.00 183.00 183.00 188.00 183.00
183.00 183.00 I88.00 183.00 188.00 183.00 183.00 188.00
188.00 183.00 I83.00 183.00 183.00 183.00 183.00 0.0
O.O O.O 0.0
INCREMENTAL EQUIPMENT CO_T--BVP
0.0 O.O O.O O.O 0.0 0.0 0.0 777.00

777.00 777.00 777.00 777.00 777.00 777.00 777.00 777.00
777.00 777.00 777.00 777.00 777.00 777.00 777.00 777.00
777.00 777.00 777.00 777.00 777.00 777.00 777.00 0.0

0.0 O.O 0.0
PRICE ELASTICITY OF DENAND--PEB • '
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98
0.98 0.98 0.98 0.98 0.95 0.98 0.98 0.98
0.98 . 0.98 0.98 0,98 0.98 0.90 0.98 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.0
0.0 0.0 0.0

VEHICLE LIPE--LIF_ = 8 8AS_ VEHICLE PRICE--DASEP = 19220.
RATE OF BISCOUNT-'R = 0. I0 COST OF CAPITAL RATE --CCRATE = 0.10
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Conventional School Buses - Option 4

PROORAM TO COMPUTE COST OF NOISE REGULATIONS

REOULATORY SCENARIO _GIN!'_ IN 1981

AND ATTAINS STEADY STATE IN 1989

AECNR = ANNUAL ECONOMIC COST OF NOISE REbULATION8
CAEC = CUMULATIVE ANNUAL ECONOMIC COST

OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0 •8629 0 •8629 0 •3629 O. 0

1982 0 •7282 I •0910 0 •7282 0 •0
1983 1 •0970 2. 1880 I•0970 O. 0
1984 1.4694 3•6574 1•4694 0•0

1985 4•2988 7°9518 4.2938 0•0
1986 5.1720 18.I282 5.1720 O.O
1987 42 •5849 55 o6581 87. 8758 4 •6591
1988 61.4158 117.0740 50°5117 10o9041
1989 67.5868 184.&108 50.7308 16.8061

1990 73.3112 257.9219 50. 9487 22. 3625
1991 78. 7561 386. 6777 51 .1649 27. 5912
1992 83. 8681 420 •5457 51 .3793 32 .4887

1993 88. 6240 509 • 1694 5 i•5927 87 •O@ 13
1994 93. 0214 602. I904 51 .8049 41 •2165

1995 94.7419 696 •9319 52 •1464 42 •5955
1996 95 •4607 792 •3926 52 •5399 42. 9208
1997 96 • 1749 888. 5671 52 •9335 43° 2414
1998 96. 8842 985, 4512 53. 3270 43° 5572
1999 97 •5983 1083 •0493 53 •7206 43. 8777
2000 98.2986 1181.3477 54, 1050 44. 1936
2001 99. 0166 1280. 3640 54. 5001 44 •5163

2002 99. 7519 1380.1152 54. 9068 44 •8456
2003 IO0 •4754 1480. 5908 55 •3047 45 •1707
2004 101 •1875 1581. 7781 55. 6952 45. 4928
2005 101..9198 1683. 6975 56. 0979 45. 8219
2006 102. 6729 1786. 3701 56.5136 46. 1593

2007 108. 4157 1889. 7856 56. 9224 46. 4983
2008 104. 1637 1993. 9490 57. 3341 46. 8295

2009 104. 9176 2098. 8665 57. 7491 47, 1685
2010 105. 6771 2204. 5435 58. 1671 47. 5099

PRESENT VALUE OF ANNUAL COSTS = 428,6370

EQUIVALENT ANNUAL COST = 44.6921 MILLION DOLLARS
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DATA BA_E FOR TRUI3K CHASSIS

CALENDAR YEARS

1980" i_SI i702 IS'_3 I_ 19:=:5 1986, 1987
1988 i989 1990 1991 1992 1993 1994 t995
199& 1997 1998 199_ 2000 _001 2002 2003
2004 2005 200_ 2007 2008 2009 2010 2011
2012 2013 2014
BASELINE PRODUCTION--I_LPOP

27270.0 27450.0 27&30.0 27900.0 28170°0 28350.0 28530.0 28800._
2_070°0 2_SO.O 29430_0 29700_0 _9_7_0 301_ _._ _

_°_ _._ _._

_._ _._ _°_

_ _°_ _._ _°_ _ _._ _._ _._
_ _._ _°_ _°_ _ _._ _ _._
_°_ _o_ _°_

_°_ _°_ _°_ _ _._ _._ _ _._

_°_ _._ _°_

_9_._ _._ _9_°_ _°_ _?_o_n _°_ _°_ _._

_._ _._ _°_

_°_ _._ _°_

_ _°_ _°_ _ _°_ _._ _°_ _.9_

_°_ _ _°_ _°_ _°_ _°_ _._ _°_

1-56



Integral School Buses - Option 1

PROORAM TO CONPUIE COST OF NOISE REGULATIONS

REGULATORY $CENARIC 8EOINS IN 1981
AND ATTAINS STEADY STATE IN 1982

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
BPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC QPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.3646 0.3646 0.1367 0.2279
1982 0.7181 1.0827 0.2743 0.4438
1983 1.0618 2.1444 0.4132 0.6485
1984 1.3954 3.5398 0.5535 0.8419
1985 1.7176 5.2574 0.&947 1.0229
1986 2.0284 7.2859 0.8368 1.1916
1987 2.3289 9.6147 0.9802 1.3487
1988 2.6188 12.2835 1.1250 1.4939
1989 2.6397 14.8732 1.1339 1.5057
1990 2.6603 17.5335 1.1429 1.5174
1991 2.6811 20.2146 1.1518 1.5293
1992 2.7021 22.9167 1.1608 1.5413
1998 2.7230 25.6397 1.1698 1.5532
1994 2.7436 28.3833 1.1787 1.5649
1995 2.7645 31.1477 1.1877 1.5768
1996 2.7855 33.9332 1.1967 1.5888
1997 2.8063 36.7395 1.2056 1.6007
1998 2.8269 39.5664 1.2146 1.6123
1999 2.8478 42.4142 1.2236 1.6242
2000 2.8682 45.2823 1.2323 1.6359
2001 2.8892 48.1714 1.2413 1.6478
2002 2.9035 51.0749 1.2479 .1.6556
2003 2.9248 53.9997 1.2570 1.6679
2004 2.9459 56.9456 1.2659 1.6801
2005 2.9676 59.9132 1.2751 1.6926
2006 2.9898 62.9030 1.2845 1.7053
2007 3.0118 65.9148 1.2938 1.7179
2008 3.0339 68.9487 1.3032 1.7307
2009 3.0562 72.0049 1.3127 1.7435
2010 3.0837 75.0885 1.3249 1,7588

PRESENT VALUE OF ANNUAL COSTS = 18.6918

EQUIVALENT ANNUAL COST = 1.9719 MILLION DOLLARS
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CALENDAR YEAR8

1980 1981 1982 1988 1984 1985 1986 1987
1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 19_9 2000 2001 2002 2003
2004 2005 _006 2007 2008 2009 20i0 2011
2012 2018 2014
BASELINE PRODUCTION--BLPOP

8030.0 3050.0 8070.0 3100.0 3130.0 3150.0 3170.0 3200.0
8230.0 8250.0 3270.0 8800.0 3330.0 3350.0 3370.0 3400.0
3430.0 3450.0 3470.0 3500.0 3525.0 3551.0 3517.0 3602.0
3629.0 3655.0 8681.0 3708.0 3735.0 3762.0 3789.0 0,0

O.O 0.0 O.O
REVISED BASELINE PRODUCTION--BLFOR

O.O 80S7.7 3057.7 3087.5 3117.4 8137.3 3157.3 3187.1
3217.0 8236.9 3256.9 3286.7 3316.6 3336.5 3356.5 3386.3
8416.2 8436.1 3456.1 3485.9 3510.8 3536,7 3502.9 8587.5
3614.4 3640.3 3666.2 8693.1 3720.0 3746.9 3773.8 0.0

0.0 O.O 0.0
ATTRITION FACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.0 0.0 0.0 0.0 0.0 O.O O.O 0.0
0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0
0.0 0.0 O.O 0.0 0.0 O.O 0.0 0.0
0.0 0.0" 0.0
INCREMENTALFUEL COST--_FC
O.O 5.00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5.00 5.00 5,00 5.80 5.00 5.00 0.0
0,0 O.O 0,0
INCREMENTAL MAINTENANCE COST--DMC

0.0 40.00 40.00 40,00 40.00 40.00 40.00 40.00
40.00 40,OO 40.00 40.00" 40.80 48.00 40.00 40.00
40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
40.00 40.00 40.00 40.00 40.00 40.00 40.00 0.0
0,0 0,0 O.O

fNCR_MENTAL EQUIPMENT CO3T--DVP
OoO 353.00 353.00 353,00 353.00 853.00 853.00 353.00

353.00 853.00 853.00 353.00 353.00 353°00 353.00 353.00
353.00 353.00 353.00 853.00 353.00 353.00 353.00 353.00
353.00 353,00 853.00 353.00 353.00 353.00 353.00 " 0.0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.58 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0,50 -0.50
ELASTICITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00
I.O0 I•O0 I•O0 1 •O0 1•00 1.O0 1. O0 I•O0
1.00 1,00 1. O0 1.00 1.00 1.00 1.00 O.O
0.0 0.0 0.0

VEHICLE LIFE--LIFE = 5 BASE VEHICLE PRICE--SASEP = 48907.
RATE OF DISCOUNT--R = 0.18 COST OF CAPITAL RATE --CCRATE = 0.10
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IntegralSchool Buses- Option 2

PROORAM TO COMPUTE CDST 13F NOISE REGULATIONS

REGULATORY SC:ENARIO BEGINS IN 1981
AND ATTAINS STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REOULATION8
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATIN8 COST8
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 OoO O.O 0.0 0.0
1981 0.33646 O.8646 0. 1367 0.2279
1982 O.7181 I•0827 0•27433 O.443333
1983 1,0618 2. 1444 O.4132 0.6485
1984 I,3954 33.5893 0.5535 0.8419
1985 4,5081 8.0429 ,3.339533 1.1078
1986 5.4458 13.4887 4.0885' I.33569
1987 6.3791 19.8678 4.7890 I.5901
1988 7,3030 27 •1707 5•4957 I•8073
1989 7.4250 34 •5957 5•5385 I•8865
1990 7.5422 42. 1379 5. 58133 1•9609
1991 7 •,5552 49. 79331 5.6240 2,0312
1992 7.7639 57. 5570 5.6668 2.0972
1993 7•332338 65. 338(}33 5.7105 2.11333
1994 7.8835 733.2648 5.7543 2.1292
1995 7.94334 81. 2077 5.7981 2.14533
1996 8.00336 89.2112 5.8418 2. 1617
1997 8.06335 97. 2747 5.8856 2.1779
1998 8.12331 105. 33978 5.92933 2.19338
1999 8. 1830 I133.5808 5.9731 2.2099
2000 8.2416 121. 82233 6.0158 2.2258
2001 8.3018 1330.1241 6.0597 2,2421
2002 8.33445 1338.4686 6.0919 2.2526
20033 8.4054 146. 33740 6. 1361 2.2698
2004 8.4656 155. 3396 6. 1796 2.2859
2005 8.5274 1633.8670 6.2245 2.3029
2006 8.5909 172. 4578 ,6.2707 2.33202
2007 8.65336 181.1114 _16.8162 2.33374
2008 8. 7169 189. 33283 6.3621 2.3548
2009 8.7805 198. 6088 6.40833 2. 33722
2010 8.8608 207. 4696 6.4678 2.3980

PRESENT VALUE OF ANNUAL COSTS = 47.8240

EQUIVALENT ANNUAL COST = 5.0453 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
1988 1989 I_90 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 20Oh 2007 2008 2009 2010 2011
2012 2018 2014
BASELINE PRODUCTION--BLPOP

3080.0 8058.0 8070.0 3100.0 8180.(; 8150.0 3170.0 8280.0
3230.0 3250.0 3270.0 3808.0 3330.0 3350.0 3370.0 3400.0
3430.0 8450.0 3470.0 8500.0 3525.0 3551.0 8517.0 3602.0
3609.0 3655.0 3681,0 8708.0 3735.0 3762.0 3789.0 O. 0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.0 8087.7 3057.7 8087.5 8117.4 8132.7 3152.6 3182.5
3212.8 3232.2 3252.1 3281.9 3311.8 3831.7 3351,5 8381.4
3411.2 8431.1 3451.0 3480.8 3505.7 3531.5 3497.7 3582.3
8609.1 3685.0 8660.8 3687.7 3714.5 3741.4 3768,2 0.0

0.0 O.O 0.0
ATTRITION FAOTOR--AF

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.0 0.0 0.0 0.13 0.0 0.0 0.0 0,0
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0,0
0.0 0.0 0.0 0.0 0.0 O.O 0.0 0.0
0.0 O.O 0.0
INCREMENTAL FUEL COST--DFC

0,0 5.00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5,00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5.00 5.00 5.00 5,00 5.00 5.00 0.0
0.0 O.O 0.0

INCREMENTAL MAINTENANCE COST--DMC

0.0 40.00 40.00 40.00 40.00 215.00 215.00 215.00
215.00 215.00 215.00 215.00 215.00 215.00 215.00 215.00
215.00 215.00 215.00 215.00 215.00 215.00 215.00 215.00
215.00 215.00 215.00 215.00 215.00 215.00 215,00 0.0

O.O O.O O.0
INCREMENTAL EQUIPMENT COST--DVP
0.0 353.00 853.00 353.00 353,00 481.00 481.00 481.00

481,00 481.00 481.00 481.00 481.00 481.00 481.00 481.00
481.00 481.00 481.00 481.00 481.00 481,00 481.00 481,00
481.00 481.00 481.00 481.00 481.00 481.00 481.00 0.0
0.0 0.0 0.0

PRICE ELASTICITY OF DEMAND--PE8
-0.50 -0.50 -0,50 -0.50 -0.50 _ -0.50 -0.50 -0.50
-0.50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50 -0,50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0,50 -0.50 -0.50
ELASTICITY FACTOR--EF

1.00 l.OO 1.00 1.00 1.00 0.99 0.99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0,99
0.99 0,99 0.99 0.99 0.99 0.99 0.99 0.0
0.0 0,0 0.0

VEHICLE LIFE--LIFE = 8 BASE VEHICLE PRICE--BASEP = 43907.
RATE OF DISOOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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Integral School Buses - Option 2A

pROI3RAM TO COMPUTE COST OF NOISE REOULATIONS

REnLILATORY SCENARIO BEGINS IN 19_35
AND ATTAINS STEADY STATE IN 1986

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATIN8 COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0.0
1980 0,0 0.0 0,0 0.0
1984 0.0 0.0 0,0 0.0
1985 1.0094 1.0094 0.6892 0.3202
1986 2.0064 3.0158 1.3828 0.&236
1907 2.99#0 &.0098 2.0029 0.9111
1988 0.9722 9.9820 2.7096 1.1025
1909 4.9374 14.9190 0.5007 1.4366
1990 5.8096 20.8009 4.2162 I.&734
1991 6.8318 27.6407 4.9302 1.8936
1992 7.7689 35.4046 5.6668 2.0972
1993 7.8230 48.2204 5.7105 2.1100
1994 7.8835 51.1119 5.75#0 2.1292
1995 7,9#34 59.0550 5.7981 2.1453
1996 0,0086 67.0588 5.8418 2.1617
1997 8.0635 75.1223 5.8856 2.1779
1998 8.1231 83.2#54 5,9290 2.1938
1999 8.1830 91.4284 5,9701 2,2099
2000 8.2416 99.6699 6.0158 2.2258
2001 8.3018 107.9717 6.0597 2,2421
2002 8.8445 116,3163 6.0919 2.2526
2003 8.4054 124.7216 6.1061 2.2693
200# 8.4656 103.1872 6.1796 2.2859

,: 2005 8.5274 141.7146 ,6.2245 2.3029
s

2006 8.5909 150,3054 _:6.2707 2,3202
2007 8.6536 158.9590 6.3162 2,3374

i 2008 8,7169 167.6759 6,3621 2,3548
2009 8,7805 176.4564 6.4080 2.0722
2010 8.8608 185,3172 6,4678 . 2.3930

PRESENT VALUE OF ANNUAL COSTS = 35.7659

EQUIVALENT ANNUAL COOT = 0.7732 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1936 1987
1988 1989 1990 1991 1992 1993 1994 5995
1996 1997 1998 1999 2000 2001 _002 2003
2004 2005 200b 2007 2008 2009 2010 2051
2012 2018 2014
BASELINE PRODUCTION--BLPOP

3030.0 3058.0 _07_.0 3100.0 _130.0 315_,0 _170.0 3200.0
3_3_.0 3250.0 3270.0 3300.0 3330.0 3350.0 _70.0 3400.0
3430.0 3450.0 3470.0 3500.0 3525.0 2551.0 3517.0 8602,0
3629.0 3655.0 3681.0 _703.0 8735.0 3762.0 8789.0 0.0

0.0 0.0 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.0 0.0 0.0 0.0 0.0 3132.7 _152.6 3132,5
3212.3 3232.2 3253.1 3281.9 3311,8 3331.7 $351.5 3_85o4
3451.2 3431.1 3451.0 8480.8 3505.7 3531.5 3497.7 $532.3
3609.1 3635.0 S&_O.3 3607.7 3714.5 3741,4 8768,2 0o0

0.0 0.0 0.0
_TTRITION FA_TOR--AF

1.008 1.000 1°000 , 1.000 1,000 1.000 1.000 1.000
0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.0
0.0 0,0 0,0 0.0 0.0 0.0 0,0 0.0
0.0 0.0 O,O 0.0 0.0 0.0 0.0 0.0
0.0 0,0 0.0
INCREMENTAL FUEL COST--DFC
0.0 0.0 0.0 0.0 0,0 5.00 5.00 5,00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 5,00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 O.O
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC

0.0 0.0 0.0 O.O 0.0 215.00 215.00 215.00
215.00 215.00 215.00 215.00 215.08 215.00 215.00 215.00
215.00 215.00 215,00 215°00 215.00 215.00 215.00 215.00
215.00 215.00 2_5.00 215.00 215.00 215.00 215.00 0.0

O.O 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVP

0.0 0.0 0.0 0.0 0.0 481.00 481.00 481.00
481.00 481.00 481.00 481.00 481.00 481.00 481.00 48L.OO
485.00 481.00 481,00 481.00 481.00 481.00 481.00 481,00
481.00 481.00 431.00 481,00 481.00 481.00 481.00 0.0

O.O 0.0 0.0
PRICE ELASTICITY OF _EMAND--PED

-0.50 -0.50 -0,50 -0.50 -0,50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 _0.50 -0.50 -0,50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 _0.50 -0,50
ELASTICITY FACTOR--EF

5.00 I.O0 I.O0 !.O0 I•O0 0 •99 O.99 O. 99
0. _,'P 0.99 O. 99 O, 99 0 •99 0 •99 0.99 0.99
O. 99 0 •99 O. 99 0.99 O. 99 O* 99 0,99 O. 99
0._'_ 0.99 0,99 0.99 0,99 0,99 0,99 O.O
O. 0 0.0 0,0

;' V_HLCLE LIFE--LIFE = 8 BASE VEHICLE PRICE--BASEP = 43907,
_; RA_E OF DISCOUNT--R = 0,10 .COST OF CAPITAL RATE --CCRATE = 0, t0

:?
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Integral School Buses - Option 3

PROGRAM TO COMPUTE COST ::rFNOI_;E REF_ULATIONS

REGULATORY SCENARIO BEOINS _N 1981
AND ATTAINS STEADY STATE IN 19'88

AECNR = ANNUAL ECONOMIC COST DF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0,8646 0.3646 0.1367 0.2279
1982 0,7181 1,0827 0.2743 0.4438
1988 1.0618 2,1444 0.4132 0.6485
1984 %.3954 8,5398 0.5535 0.8419
1985 4.5031 8.0429 S,3953 1.1078
1986 5.4458 13,4887 4.0889 1.3569
1987 10.0274 23.5161 7.6028 2,4246
1988 12.1459 35.6619 8.7109 3.4349
I989 13.0257 48,6876 8.7627 4°2630
1990 13.8560 62.5436 8.8143 5,0417
1991 14.6396 77.1832 8.8658 5.7738

: 1992 15.3760 92.5592 8.9171 6°4589
1993 16.0182 108.5778 8.9699 7.0483
1994 1&.6139 J25. JOJ2 9,0226 7,5913
1995 16.7400 141.9312 9.0912 7,6488
1996 16.8671 158.7983 9.1598 7,7072
t997 16.9932 175.7915 9.2284 7.7648
1998 17.1185 192.9101 9.2971 7.8215
1999 17.2447 210.1548 9.8657 7,8791
2000 17.8682 227.5231 9._32& 7.9857
200t 17.4952 245.0183 9,5015 7.9937
2002 17.5832 262.6018 9.5520 8.0313
2008 17.7120 280.3182 9.6212 8.0908
2004 17.8895 298.1526 9.6895 8.1500
2305 17.9704 816.1228 .,9.7598 8.2106

! 2006 18.1046 834.2271 "$9o8322 8.2724

:i; 2007 • 18.2373 352,4641 9.9086 8.3887
2008 18,8712 870.8350 9.9756 8.8956
2009 18.5058 889.3408 I0.0480 8.%577

_ 2010 18.673£ 408.0187 10.1418 8.S317

_ PRESENT VALUE OF ANNUAL COSTS = 85. 1831

{_ EQUIVALENT ANNUAL COST = _.9965 MILLION DOLLARS
:!

i

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

1980 1981 1982 198_ 1984 1985 1986 1987
198_ 1939 1_90 1991 i_2 1993 1994 1995
1996 1997 1998 1999 2080 2001 2002 2003
2004 2805 2006 2007 2008 2009 2010 2011
2012 2813 2014
_A_ELINE PRODUCTION--BLPOP

_U_O_O 3(150,0 _370.0 3100.0 3138,8 3_50,0 3170,0 3203.0
3230.0 3250.0 3270.0 3300.0 _8_0.0 3350,0 3370°0 3400.0
3430°0 3q_O.O 3470.0 3500,0 3525.0 3551,0 _517.0 3602,0
3629.0 3655o0 3_81.8 3708.0 37_5,0 87&2,0 3789.0 O,O

0o0 0.0 0,0
REVI_ED BASELINE PRODUCTION-_BLFOR

0°0 30_7.7 8057°7 3087,5 8117.4 3132.7 3152,8 31_8°_
3166.0 8185,6 3_05,2 3234,6 8264.0 3283,6 3303,2 8332,6
_862°0 _3_I,6 3_01,2 34_0,6 3455.2 3_80,6 _447°3 3530,6
3557,1 3582°6 _603.I 3634.5 3881.0 3687°5 _713,9 O,O

0.0 0°0 0°0
ATTRITION FACTOR--AF

1.008 1,800 1.000 1.000 1,000 1.000 1.000 1.800
0,8 0,0 0.0 0,0 0°0 0,0 0o0 0,0
0°0 0.0 0°0 0.0 0°0 0.0 0°0 0,3
0,0 0,0 0.8 0°0 0,0 0.0 0,0 O°O
0,0 0.0 0.0
INCREMENTAL FUEL COST--DFC

0.0 5°00 5,00 5.08 5.00 5.00 5,00 25°00
25.00 25.00 25,00 25.00 25,00 25.00 25.00 25,00
25,00 25.00 _5.00 2_.00 25,00 25.00 25°00 25.00
25,00 25.00 25.00 25.00 25.00 25,00 25,00 8,0
0.0 0.0 0.0

INCREMENTAL MAINTENANCE COST--_MC

0°0 40.00 40°00 40.00 40°00 215.00 215,00 325,00
_25°00 825.00 _25.00 _25°00 325,00 825.00 _25.00 225,00
325.00 825.00 3_5,00 _25,00 825,00 325.00 _25.00 225.00
_25.00 325°00 3_5.00 _25.00 _25.00 825.00 _25,00 0°0
0.0 0.8 O_O
INCREMENTAL EQUIPMENT COST--DVP

0.0 358,00 358,00 853.00 353.00 481.00 481.08 1748°00
17_0.00 I?_0,00 1740.00 17_0.00 1740o00 1740,00 _740,00 1740.00
1740°00 1740.00 1740.00 1740.00 _740,00 1740,00 1740.08 1740.00
1740°08 1740,00 1740o00 1740.00 1740°00 _740°00 L740°08 0.0 ¸

0°0 0o0 0.0
PRISE ELASTICITY OF _EMAND--PE3

-0.50 -0°58 -0,50 -0.50 -0.58 -0.50 -0.50 -0.50
-0.50 -0°50 -0.50 -0,50 -0.50 -0.50 -0.50 -0.50
-0°_0 -0,50 -0,50 -0.58 -0,50 -0,50 -0.50 -0_50
-0,50 -0°50 -0.50 -0.58 -0.50 ~0,_0 _0,50 -0°_0
-0°50 -0,50 -0°50
ELA3TICITY FACTO_--EF

I°00 I°00 I,00 1.00 1,00 0.99 0,99 0.98
0°98 0.93 0°98 0,_8 0.98 0.93 •0.9_ 0._8
O.gB 0.98 0.98 0.98 0.98 0°9_ 0°98 0°93
0.98 0.98 0.98 0°98 0.93 0°98 0.gB 0°0
0°0 0o3 0_3

VEHISLE LIFE-_LIFE = 8 BASE VEHICLE PRICE--_ASEP = 4_907.
_ATE OF DISCOUNT-_R = 0°I0 COST OF CAPITAL RATE --CO'ATE = 0.10
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Integral School Buses - Option 3A

PROGRAM TO C0MPUTE COST OF NOISE REGULATIONS

REOULATORY 8CENARIO BEGINS IN 1985
AND ATTAINS SII-_DY STATE IN 1938

AECNR = ANNUAL ECONOMIC COST OF NOISE REOULATION'_
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 0.0 0.0 0.0 0.0
1981 0.0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0.0
1983 O.0 O.0 O.0 O.0
1984 0.0 0.0 0.0 0.0

1985 1.0094 1.0094 0.6892 0.8202
1986 2.0064 3.0158 1.3828 0.6236
1987 5.0433 8.0591 3.2977 1.7456
1988 7.2160 15.2750 4.4058 2,8102
1989 9.8339 24.6089 5.5207 3.8182
1990 11.3967 36.0057 6.6426 4.7542
1991 13.4110 49.4166 7.7747 5,6363
1992 15.3760 64.7926 8.9171 6,4589
1993 16.0182 80.81(:8 8.9699 7,0483
1994 16.613_ 97.4247 9.0226 7,5913
1995 16.7400 114.1647 9.0912 7.6488
1996 16.8671 181.0318 9.1598 7,7072
1997 16.9982 148.0250 9.2284 7,7648
1998 17.1185 165.1435 9.2971 7.8215

1999 17.2447 182.3883 9.3657 7.8791
2000 17.3682 199.7565 9.4326 7,9357
2001 17.4952 217.2517 9.5015 7.9937
2002 17.5832 234.8350 9.5520 8.0313
2003 17.7120 252.5470 9,6212 8.0908
2004 17.8895 270.3862 9.6895 8,1500
2005 17.9704 288.3564 9.7598 8,2106
2006 18.1046 306.4607 9.8322 8.2724
2007 18.2378 324.6978 9.9036 8.3337
2008 18.3712 34_.0688 9.9756 8.3956
2009 18.5058 361.5745 10.0480 8.4577
2010 18.6781 380.2473 10.1415 8.5317

PRESENT VALUE OF ANNUAL O0_TS = 70.5947

EQUIVALENT ANNUAL COST = 7.4475 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSI8
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CALENDAR YEARS

1980 1981 1982 1983 1984 1935 1906 1987
198:_: 19_:_' 1990 1991 1992 1998 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 200_ 2006 2007 2008 2009 2010 2011
_012 2013 2014
BASELINE PRO_UCTION--BLPOP
3030.0 3050.8 3070,0 3100.0 3130.0 3150.0 3170.0 3200.0
323:0.0 3250.0 8270.0 3300.0 3330.0 3350.0 3370.0 3400.0
3030.0 3450.0 8470.0 3500.0 3525.0 3551.0 3517.0 3602.0
3629.0 3655.0 3651.0 3708.0 3735.0 3762.0 3789.0 0.0

0.0 0.0 O,O
REVISED BASELINE PRODUCTION--BLFOR

0.0 0.0 0.0 0.0 0.0 3132.7 3152,6 3136;6
3166,0 3185.6 3205.2 3234.& 3264.0 3283.6 9303.2 3332,6
3362.0 3381.6 3401,2 3430.6 8455,2 3480.6 3447.3 3530.6
3557.1 3582.6 3608.1 3634.5 3661.0 3687.5 3713.9 0.0

O.O O.O O.O
ATTRITION FACTOR--AF
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 O.O 0.0
0.0 0.0 O,O 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 0.0 0.0 0.0 0.0 5.00 5,00 25.00

25.00 25.00 25.00 25.00 25.00 25,00 25.00 25.00
25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
25.00 25.00 25.00 25.00 25.00 25.00 25.00 0.0
O.O O.O O.0
INCREMENTAL MAINTENANCE COST--OMC

0.8 0.0 0.0 0.0 0.0 215.00 215.00 825.00
325. O0 ' 325. O0 325.00 325. O0 325.00 325. O0 325.00 32_.00
325.00 325.00 825.00 325.00 325.00 325.00 325.00 325.00
325.00 325.00 325.00 325.00 825.00 325,00 325,00 0,0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--OVP
0.0 0.0 O.O 0.0 O.O 481.00 481.00 1740.00

1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00
1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00
1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 0.0

0.0 0,0 0.0
pRICE ELASTICITy OF OEMAND--PEB
-0.50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 "0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTfCITY FACTOR--EF
1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.98
0.98 0.98 0.98 0.9_ 0.98 0.98 0.98 0.98
O. 98 0,98 0.9_ 0.98 0.9_ 0.98 0.93 0,98
0.90 0.98 0.98 0.93 0.98 0.98 0,98 0.0
O.O ' O.O O.O

VEHICLE LIFE--LIFE = O BASE VEHICLE PRICE--BASEP = 43907.
RATE OF DISCOUNT--R = 0,10 COST OF CAPITAL RATE --CCRATE m 0,10
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Integral School Buses - Option 3B

PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

REGULATORY SCENARIO BEOINS IN 1987
AND ATTAINS OTEADY _TATE IN 1938

AECNR = ANNUAL ECONOMIC COST OF NOISE REOULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL XN MILLIONS OF 1978 DOLLARS

YEAR AECNR CAEC OPCO OTHER

1980 O,0 O.0 O. 0 O.0
1981 0,0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0.0
1983 0,0 0.0 0,0 0.0
1984 0.0 0.0 0.0 0,0
1985 0.0 0.0 0.0 0.0
1986 0.0 0.0 0.0 0,0
1987 2.2576 2.2576 1.0978 1.1593
1988 4.4681 6.7256 2.2059 2.2622
1989 6.6238 13.3494 3.3209 3.3030
1990 8.7244 22.0730 4.4427 4.2017
1991 10.7764 32.8502 5.5748 5.2016
1992 12.7793 45.6295 6.7172 6.0621
1993 14.7252 60'3547 7.8665 6.8588
1994 16.6139 76.9686 . 9.0226 7.5913

1995 16.7400 93.7086 9.0912 7.64881996 16.8671 110,5757 9.1593 7.7072
1997 16.9932 127.5689 9.2284 7.7648
1998 17.1185 144,6874 9.2971 7.8215
1999 17.2447 161.9322 9.3657 7.8791
2000 17.3682 179.3004 9.4326 7.9357
2001 17.4952 196o7956 9.5015 7.9937
2002 17.5832 214.3789 • 9.5520 8.0313
2003 17.7120 232,0909 9.6212 8.0908
2004 17.8395 249.9305 9,6895 8,1500
2005 17.9704 267.9009 9.7598 3.210&
2006 18.1046 286.0051 9.8322 8,2724
2007 18.2373 304.2419 9,903& 8,3337
2008 18,3712 322,6130 9.9756 6.3956
2009 18.5058 341.1189 10.0430 8,4577
2010 18.6731 359.7917 10,1413 3.5317

PRESENT VALUE OF ANNUAL COSTS = 61.8189

EQUIVALENT ANNUAL COST = 6.5217 MILLION DOLLARS

OATA BASE FOR TRUCI',CHACJSIS
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CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
1988 1989 1990 1991 1992 1998 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2003 2009 2010 2011
2012 2013 2014
DA_ELINE PRO[_UCTION--BLPOP

8080.0 8050.0 3070,0 3100.0 3130.0 3150.0 3170.0 3200.0
3230.0 3250.0 3270.0 3300.0 8330.0 3350.0 3870.0 3400.0
8430.0 3450.0 3470.0 3b_O.O 3525.0 3_51.0 8517.0 3602.0
3639.0 3655.0 3631.0 3709.0 3735.0 3763.0 3789.0 0.0

0.0 O.O 0,0
REVISED BASELINE PRODUCTION--BLFOR

O.O 0.0 0.0 O.O 0.0 0.0 " 0.0 3136.6
3166.0 3185,6 3205.2 8234.6 3264.0 3283.6 3303.2 8332.6
8862,0 8381.6 3401.2 3430.6 3455.2 3480.6 3447.3 3530.6
8557.1 3582.6 3608.1 3634.5 8661.0 3687.5 3713.9 0.0

0.0 0.0 0,0
ATTRITION PACTOR--AF
1.000 l.OOO 1.000 1.000 1.000 1.000 1.000 1.000
0.0 0.0 O.O 0.0 0.0 0.0 O.O 0.0
0.0 0.0 O.O 0.0 0.0 0.0 0.0 0.0
0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--BPC
0,0 0,0 O.O 0.0 0.0 0.0 0.0 25.00

25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
25,00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
25,00 25.00 25.00 25.00 25.00 25.00 25.00 0.0
0.0 0.0 0.0
INCREMENTAL MAINTENANCE COST--DMC

O.O 0.0 0.0 0.0 0.0 0.0 0.0 325.00
825.00 325,00 325.00 325.00 325.00 325.00 325.00 325.00
825,00 325.00 325.00 325.00 325,00 325.00 325.00 325.00
325.00 325.00 325.00 325.00 325.00 325.00 325,00 0.0

0.0 0.0 0.0
INCREMENTAL EQUIPMENT COST--DVP
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1740.00

1740.00 1740.00 1740,00 1740.00 1740.00 1740.00 1740.00 1740.00
1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00 1740.00
1740.00 1740.00 1740.00 17_0.00 1740.00 1740.00 1740.00 0.0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PED
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0,50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0,50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50 -0.50 -8.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0.50
ELASTICITY FACTOR--EF
1.00 l.O0 1.00 1.00 1.00 1.00 1.00 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
0.98 0,98 0.98 0.98 0.98 0.98 0,98 0.0
0,0 O,O 0.0

VEHICLE LIFE--LIFE m 8 BASE VEHICLE PRICE--BASEP = 43907.
RATE OF DISCOUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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IntegralSchool Buses - Option 4

PROORAM TO COMPUTE COST OF NOISE REGULATIONS

REOULATORY SCENARIO BEGIN8 IN 1981
AND ATTAINS STEADY STATE IN 1989

AECNR = ANNUAL ECONOMIC COST OF NOISE REGULATIONS
CAEC = CUMULATIVE ANNUAL ECONOMIC COST
OPCO = OPERATING COSTS
OTHER = OTHER COSTS
ALL IN MILLIONS OF 1978 DOLLARS

YEAR AEONR CAEC OPCO OTHER

1980 0,0 0.0 0.0 0.0
1981 0,3&46 0.3646 0.1367 0.2279
1982 0.7181 1.0827 0.2748 0.4438
1983 1o0618 2.1444 0.4182 0.6485
1984 1,3954 3.5898 0.5535 0.8419
1985 4,5031 8.0429 3.3958 1.1078
1986 5.4458 13.4887 4.0889 1.3569
1987 10.0274 28.5161 7.6028 _.4246
1988 20.3134 43.8295 15.8927 4.4207
1989 22.1339 65.9634 15.9512 6.1827
1990 23.8524 89.8158 16.0094 7.8431
1991 25.4742 115.2900 16.0668 9.4073
1992 26.9981 142.2881 16.1237 10.8744
1993 28.3752 170.6684 1&,1831 12.1922
1994 29.6515 200.8149 16,2421 13.4094
1995 30.4197 230.734b 16.3298 14,0900
1996 30.6506 261.8850 16.4580 14.1976
1997 30.8799 292.2649 16.5763 14.S036
1998 81,1076 323.3721 16.6995 [4.4081
1999 31.33&S 354.7085 16.8227 14.5141
2000 31.5613 886.2698 16.9429 14.6184
2001 31.7920 418.0618 17.0668 14.7253
2002 31.9518 450.0134 17.1573 14.7945
2003 32.1859 482.1992 17.2818 14.9041
2004 32.4177 514.6167 17.4044 15.0132
2005 32,6556 547.2720 17.5308 15.1248
200& 32.8994 580.1711 17.6608 15.2386
2007 33.1405 613.3113 17.7890 15.3515
2008 33.3839 646.6951 17.9184 15.4655
2009 33.6285 680.3232 18.0484 15.5801
2010 33.9324 714.2556 18.2160 15.7164

PRESENT VALUE OF ANNUAL COSTS = 140.5720

EGUIVALENT ANNUAL COST = 14.8298 MILLION DOLLARS

DATA BASE FOR TRUCK CHASSIS
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CALENDAR YEARS

1980 1981 1982 1983 1984 1985 1986 1987
1988 1989 1990 1991 1992 1993 1994 1995
1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 _007 2008 208P 2010 2011
2012 2013 2014
BASELINE PRODUCTION--BLPOP

8030.0 3050.0 3070.0 8100.0 3130.0 3150.0 3170.0 8200.0
8230.0 3250.0 3270.0 3300.0 3830.0 3350.0 3870.0 3400.0
8430.0 3450.0 3470.0 8500.0 3525.0 3551.0 3517.0 3602.0
3629.0 3655.0 3681.0 3708.0 3735.0 3762.0 3789.0 0.0

0.0 O.O 0.0
REVISED BASELINE PRODUCTION--BLFOR

0.0 3037.7 3057.7 3087.5 3117.4 3132.7 3152.6 3186.6
3110,0 3129.2 3148.5 3177,4 3206.8 8225.5 3244.8 3273.7
3302.5 3321.8 3341.1 3369.9 3394.0 3419.1 3386.3 3463.2
3494.2 8519.2 3544,2 3570,2 3596.2 3622.2 3648.2 0.0

0,0 0.0 0.0
ATTRITION FACTOR--AF

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 O.O O.O 0.0 0.0 O.O 0.0
0.0 0.0 0.0
INCREMENTAL FUEL COST--DFC
0.0 5.00 5.00 5,00 5.00 5.00 5.00 25.00

30.00 30.00 30.00 30.00 30.00 30.00 30.00 80.00
30.00 30.00 30.00 30.00 30°00 80.00 30.00 30.00
30.00 so.co 30.00 30.00 30.00 30.00 30.00 o.o

i 0.0 o.o o.o
INCREMENTAL MAINTENANCE COST--DMC
0.0 40.00 40.00 40.00 40.00 215.00 215.00 325.00

I 610.00 610.00 610.00 610.00 610.00 610.00 610.00 610.00
610.00 610.00 610.00 610.00 610,00 610.00 blO.O0 610.0O
610.00 610.00 610.00 610.00 610.00 610.00 610.00 0.0

0.0 O.O O.O
INCREMENTAL EQUIPMENT COST--DVP
0.0 358.00 323.00 353.00 353.00 481.00 481.00 1740.00

3263. O0 32&3.00 3263. O0 3263. O0 32&3. O0 3263.00 3263.00 3263.00
3263.00 3263,00 3263.00 3263.00 3263.00 3263.00 3263.00 3263,00
3263.00 3263,00 3263.00 8263.00 3263.00 3263.00 3263.00 0.0

0.0 0.0 0.0
PRICE ELASTICITY OF DEMAND--PEO
-0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0,50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -0,50 -0.50 -0.50 -0.50 -0.50 -0.50
-0.50 -0.50 -O. 50 -0.50 -0.50 -0.50 -0.50 -O. 50
-0.50 -0.50 -0.50
ELASTICITY FACTQR--EF
1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.93
0.96 0.96 0,96 0.96 0.96 0.96 0.96 0.96
0.96 0.96 0,96 0.96 0.96 0.96 0.96 0. S&
0.96 0.96 0.96 0.9b 0.96 0.96 0.96 0.0
0.0 O.O 0.0

VEHICLE LIFE--L_FE = 8 BARE VEHICLE PRICE--BASEP = 43907.
RATE OF DI$COUNT--R = 0.10 COST OF CAPITAL RATE --CCRATE = 0.10
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A. ELEMENTSOF A MODEL ORDINANCE

In view of the previousminimalState and local interestIn regu]ating

the noise emissionsof buses, it is useful to note their possiblefuture

Interestin enforcinga model ordinanceto be developedby EPA specifically

for buses. The questionoftenraisedIs that theremay be difficultiesin the

adoptionof a mode]ordinanceby local governmentswhen the enforcementwill

be directedtowardsthe procurementof addltionalfacilitiesor equipmentof a

clty agency;name]y,the localtransit authority.It Is to be expectedthat

the adoptionwill beresistedIf the enforcementInterferessignificantlywith

the operationof the fleet. This means that the test proceduremust be as

simpleas possible_and yet consistentwith'goodacousticalpractice. Basic-

ally,there are threemethodsavai]able,namely:

o SAE J366bTest--involvinga full throttle accelerationpast a micro-

phone to measurenearmaximumnoise level.

o Statlonar_Test--involvlnga rapid acce]eratlonto governed engine

speed in neutralgear,followedby a rapiddeceleration.

o Pass-B_Test--involvinga measurementof the noiselevel In a highway

situationas the bus passes by operatingunder normal conditions.

In addition to the tests involvingnoise measurements,an effective

method of enforcementcan Involve a careful vehiclemaintenancechecking
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procedure. A statement of the advantages and disadvantages of the four

possiblemethodsof enforcementare given in Table J-1.

In enforcingthe model ordinancefor newly manufacturedbuses,it is not

necessarilyessentialto test every hu_ in a fleet. A sampleof identical

buses is all that is requiredto identifya common factorthat resultsin an

increasein noise with time--apoor mufflerdesign, for example. All other

factorscausingdegradationcan be identifiedby correctvehiclemaintenance

at regular intervals. With this simplification,the optimum enforcement

procedurecan be statedas follows:

o A stationarytest on a sampleof diesel-poweredbuses (mainlytransit

buses).

o A unmodifiedSAE 366b test for gasollne-poweredbuses (mainlyschool

buses).

o A comprehensive procedure for bus maintenance (thts will also be to

the prevention of noise degradation of the older buses in the fleet).

With this background, it is posstble to develop a simple, proposed model

ordinancefor buses.
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TableJ-1

Bus NoiseEnforcementMethodolog_

Procedure Advantages Disadvantages

i. ControlledSAE Test o Suitablefor applicatlonn Large amountof space
to all bus types required

o Fairlyrepeatable o Time consuming

o Well documented

2. StationaryTest o Simple o Difficultfor application
to ungovernedengines

o Quick (schoolbuses)

o Only limitedspace
required

3. UncontrolledPass-By o Simple o Not as accurateas
other methods

o Ewoedlent
o Requiresdrivercooperation

4. VehicleMaintenance o Expedient o Does not provide
Check quantitativeresults

o Strongpossibilityof
adoptionby localagencies
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B. PROPOSEDMODEL ORDINANCE

Applicability

The provisionsof the model ordinanceshall apply to any engine-powered

vehiclewlLh artur_closedpassengercompartmentdesignedfor the transportation

of passengerson a streetor highwayand havinga Gross VehicleWeightRating

(GVWR) in excess of 10,000Ibs., that is manufacturedafter the year___

StandardsFor BusesEquippedWithAn EngineGovernor

No personshalloperatea motor vehicleas deflnedabovethat Jspowered

by an engine with an engine speed governor and emits on A-weightedwhich

generatesa noise level in excessof dB when measuredwithfastresponse

with the vehiclestationaryat a distanceof 50 feet from the vehiclecenter-

llne, on a line perpendicular to the exhaust outlet, when the engine is

acceleratedat full throttle in neutral from idle to the governedengine

speed, i

StandardsFor BusesNot EquippedWithAn EngineGovernor !

No person shall operate a motor vehicle as defined above that is not

equippedwith an enginespeedgovernorand emits an A-weighted noise level in

excessof dB when _asured accordingto the test proceduresdefinedby

the EPA Procedurefor Measurementof the Noise Emissionsof New Buses(modi-

fiedSAE J366b).

Vehicle Maintenance Procedure

(RecommendedPracticeRatherThan Part of An Ordinance)

Regularvehlcle maintenancefor all buses shall include inspectionand

necessaryrepair of the followingequipment in addition to normalrunning

maintenance;
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i. Exhaust Systems

o Mufflers and connecting pipes should be in normal working order,

be free of visible corrosion and external carbon deposits.

o Flexible Joints should be free of carbon deposits and should not

exude smoke, fumes, etc.

o Exhaust manifold belts and gaskets should be checked for tight-

ness and replaced where necessary.

2. Body Work

o All access doors and panels should be checked for proper closure

and weatherstripping.

o Where applicable, engine belly pans should be in place and

correctly fitted.

J
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