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SUMMARY SHEETS
FOR
DRAFT ENVIRONMENTAL IMPACT STATEMENT
Prepared By

OFFICE OF NOISE ABATEMENT AND CONTROL
U.5. ENVIRONMENTAL PROTECTION AGENCY

1. Title of Action: Requlation of Noise Emissions for intercity,
school and urban transit buses. ‘fhis is an Administrative Action.
2. Description of Action: The Environmental Protection Agency's
proposed regulation is intended to reduce the level of noise emitted
from intercity, school and urban transit buses. The regulation is also
intended to establish a uniform national standard for such véhicles dis-
tributed in commerce, thereby eliminating inconsistent state and local
neise aoufce emission regulations that may impose.an»undue burden on
the bus manufacturing industry. The recommended action proposes to
establish noise emission standards for newly manufactured buses and to
eatablish enforcement procedures to ensure that these vehicles comply
with the standard,

. The proposed‘ regulation is based on aﬁticipated health and wel-
fare benefits to the public by reducing noise emission from buses.
In afriving at the proposed regulation, the Environmental Protection
Agency investigated in detail the bus manufacturing industry, noise
‘ontrol technology, noise rr‘measurement methodologies, and costs of
compliance, Three major issues were identified requiring resolution:
(1) identification of vehicles to be regulated, (2) noise measurement

méthodologies to be employed, and ‘(3) noise levels and effective dates.



- All newly manufactured school buses, transit buses and intercity
buses are subject to the proposed regulation. Included are both gascline’
and diesel powered buses.

-Incremental reductions in vehicle noise levels were concluded to
be preferable to a one-step requirement that all vehicles meet the moét: :
stringent levels achievable and desirable. To minimize- market impacts
from substitution of unregulated vehicles, identical effective dates
were set for: all vehicles subject to the,standard.

3. Envxronmental Impact- Compliance with the proposed exterior noise’
standarde for buses. should result in a reduction of approximately 48, 2 -

per:cent in potential speech interference impacts due to buses, a 39.5

’ percent reduction in potentlal sleep awakening impacts due to buses and

a 33.4 percent reduction in potential sleep disturbance impact:s due to
buses by the year 2000.

Compliance with the procosed standetds for interior noise levels
wouldl result in a 42..7 percent' decrease in potential passenger speech
interfecence impacts due to buses, e 92.4 ‘percent decrease in potential
hearing loss risk for passengers exposed to 60 dBA prior to bus transit,
‘a decrease cf 68.8 percent in potential hearing loss risk for p'assengers
exposed toa 70 dBA prior to bus transit and a reduction of 2,6 percent
in potential hearing loss risk foc passengers exposed to an 80 dBA level
prior to ‘bus .traneit. Similar percentage impast reductions will occur
for bus operat:ors.

List price increases to quiet new buses to the most stringent level

(77 dpa) ate est:l.mated to range from 1.8 percent to 8.8 percent, depending

ii



on the bus type and size, The average list price increase for all buses
considered is estimated to be 3.2 percent.

The maximum impact of the proposed regulation on transit and inter-
city bus fares would occur if the total costs of the regulation were to
be Einanced entireiy by fére increases. This is an extreme case since
transit systems and intercity bus carriers typically fry to absorb
costs in order to forestall fare increases. Utilizing such an (worst
case) assumption, the Agency projects a maximum of a 1.0 to 1.7 percent
Fare increase as a result of this requlation,

Annualized costs to users of all buses beginning in 1979 through
the year 2000 are expected to increase nearly $69 million as a result
of bus manufacture cost pass throughs plus normal markups as a result
of meeting the interior and exterior noi_se level limits.

Air quality, water quality, land use, solid waste disposal require~
ments, emploj,nnent, regional eccnomics, foreign trade, national GNP and
energy consumption are not expected‘to be significantly impacted by the
noise levels proposed. ' Fuel {energy) consumption of buses ls expected
to increase by no more than an average of 3% with the implementation of
the proposed levels.

Persons wishing to obtain copies of the Draft Bnvironnental Impact

Statement and the Background Document for the Proposed Bus Noise Emission

‘Regulation or the Propoged Regulation itself may receive them on request

from:

EPA Public Information Center (PM~215)
Roocm M2194D, Waterside Mall

U.5. Environmental Protection Agency
Washington, D.C. 20460,

iii
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Persons wishing to comment on the Draft Environmental Impact
Statement, the Background Document or on the Proposed Regulation,

gshould write to: T

Director, Standards and Regulations Division

Office of Noise Abatement and Control (AW-471)
Attn: Bus Noise Regulation Docket Number ONAC 77-6
U.S. Environmental Protection Agency

Washingten, D.C, 20460, S
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PROPOSED BUS NOISE EMISSICN REGULATION
DRAFT
ENVIRONMENTAL IMPACT STATEMENT

ABSTRACT

This Draft Environmental Impact Statement addresses a proposed noise
emission regulation for buses.. In arriving at the proposed regulation,.
the Agency carried out detailed investigations of bus design and manu-
facturing and assembly processes, bug noise measurement methodologies,
available bus noise control technology, costs attendant to bus noise
control methods, costs to teat vehicles for compliance, costs of record
kgeping, possible economic impacts,due to increased costs, and the poten—
tial environmental and health and welfare benefits associated with the.
application of various noige control measures. Data and information
generated as a result of these investigations are the basis for the
statements made in Part I of thig document. Part I has been designed to
preaent;\ip the simplest form, all relevant information regarding the
environmental impact expected to result from the proposed action. Where
greater detail is required,.the Agency encourages perusal of Part II, the

Background, Document.,



INTRODUCTION

Congress passed the Noise Control Act (NCA) of 1972, in park, as
a result of their findings‘that inadequately controlled noise presents
a growing danger. to the health and welfare of the nation's population,

particularly in urban areas. Por this and other reasons, the Congress
established a national policy to "promote an environment for all Ameri-
cang free from noise that jeopardizes their health or welfare," To

further this*policy,'the NCA'provides for the establishment of Federal

noise emission standards for products distributed in commerce and speci- -

.fied four categories of important noise 'sources for regulation, of which :

surface transportation is one.

" Approximately 93 million Americans are exposed to levels of urban

traffic noise which may jeopardize their health and welfare.- Although:

a small component of the urban noise problem, bus noise is perceived by -
many as'a major concern in comparison with noise from other vehicles: ' '.-
Inasmuch as bus noise is only a part of urban traffic noise, quieting

- buses alone is not sufficieﬁt to reduce traffic noise to a level requisite

to protect health and welfare. Accordingly, noise emissions from medium - -

and heavy duty trucks:have already beeh regulated and noise regulation

levels for motorcycles are currently being developed,

Pursuant to the mandate of the NCA and EPA's approach to ‘the control

bf surface transportation noise, noise emission regulations for medium
and heavy trucks (41 CFR 15538) were promulgated on April 13, 1976,
‘The Agency determined that regqulation of all buses meeting the fol-

lowing definition is reguisite to protect the public health and welfare:
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A bus is defined as any motor vehicle with a Gross Vehicle Weight
Rating (GWWR) in excess of 10,000 lbs, designed for the transportation
of passengers on a street or highway, and includes a partially or fully
enclosed engine compartment, and an enclosed passenger compartment.
Details regarding identification of these vehicles as candidates for
regulation, their design features and functional characteristics are
contained in Sections 1, 2 and 5 of Part II, the Background Documént.

PROPOSED NOISE REGULATION ‘ . o .

This proposed regulation is-intended to reduce the level of noise
emitted from buses. It also establishes a uniform national standard for
these vehicles when they are distributed in commerce, thereby eliminating
differing State and local noise control source emission regulations which
may Impose a burden on the bus manufacturing industry.

. Statutory Basis The proposed action establishes nolse emission stand-

ards for newly manufact_ured buses and enforcement procedures to ensure that
this equipment complies with the standard. fThis propoged rulemaking is
issued under the authority of the Noise Control Act of 1972 (Fub, L. 92-574, i
86 Stat. 1236).

Alternatives Considered The alternatives to the proposed regulation

available to EPA are the proposing of different regulatory levels and
effective dates, taking no regulatory action at all and labeling. The
latter two actions may be taken only if (a) the product does not contribute
to the detriment of the public health and welfare, or (b) in the Adminis—
trator's judgement, regulation is not feasible.

In Tables 6«1 and 6-2 (Section & of Part II the Background Document)

and Tables E-1 and E~2 (Appendix E of Part II, the Background Document)



are presented 15 alternative regulatory actions, for both exterior and
interior bus noise, the Agency considered as possible regulatory levels.
The regulatory alternatives presented for both exterior and interior
bus noise ranged from no action at all (Schedule 1) to a theoretical
maximum action'(Schedule 15). In point of fact, the Agency considered '
many more possible regulatory alternatives, however, detailed information
regarding health and welfare benefite (Section 6) and econcmic impact
(Section 7 and Appendix E} are presented only for the 15 exterior and
15 interior regulatory schedules cutlined in the above tables.

Pursuant to sectlon 5(bj(l) of the Noise Control Act, buses were
identified as major noise sources in May 1975, Subsequent to this
identification, comprehensive studies wereﬁperformed to evaluate bus
noise emission levels requisite to protect the public health and wel-
fare, taking into account the magnitude and condition of use of buses,
the degree of bus noise reduction achievable through application of the
best available technology and the cost of compliance.

Representatives of the Agency carried cur extensive interviews with
key members of firms in the bus industry to gain firsthand knowledge of
the industry and its products and to obtain and verify technological and
firmancial information. Similar interviews were conducted with Key perzons

in intercity bus companieé, transit aﬁthorities, school districts, and

- 'bus industry trade associations as well as officials of various Federal

agencies including the U.S. Department of Transportation.
The results of the above studies show that the regulation of

bus noise is feagible through available technology taking into account
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the cost of compliance. Accordingly, the Act permits no alternative
action to be taken other than regulation.

It should be noted, however, that if information is received during
the Notice of Proposed Rulemaking (NPRM) public comment period which
indicatés'either (1) buses should be regulated to different standards
or (2) buses do not constitute a-méjor source of ﬁoise, then in the
first case the proposed standards should be revised or in the second
case the standards. should not be issued,

Proposed Regulatory Schedules

The proposed.nolse emission standards and effective dates are shown

in Table 1. L,
P ... Table 1
Proposed Noise Emission Standards
Average A-Weighted Sound Level (dBA)
1979 1983 1985
. Exterior Bus Noise 83 80 77
Interdor Bus Noise . 86 83 80

Exterior bus noise levels are measured at a distance
of 50 feet. Interior bus noise levels are measured
at the noisiest seat location nearest the main body of

the engine.

The proposed regulatory levels for exterior bus noise are repre-
sénted by Option 10 in Tables 6-1 and E-1 of Part II, while the proposed
regulatory levels for _1nl:eri|of bus.noise are represented by Option 11
in Tables 6~2 and E~2 of Part II.

l'I’he above staﬁdards are réquired to be met by each product distri-
buted in comerce.' 'I‘o cin:ssure 100% compliance with such not-to-exceed
standards EPA predicts that rnahﬁfactu:ers will design products some two

to three decibels Below the standards.



To eliminate designs which may fail rapidly when in use, the
proposed regulation also requires an acoustical assurance period, a
period over which manufacturers will be held responsible for designing
and building their products such that the sound centrol performance
of the manufactured vehicles will not deteriorate above the applicable
standards, For busges, this period is two years or 200,000 miles,
whichever occurs first.

Enforcement The EPA will use the following two methods to deter-
mine whether huses comply with the acceptable noise emission standard:

o] Production verification - Prior to distribution into commerce

of any bus, as defined in this regulation, a manufacturer
must submit information to EPA which demonstrates that the
product conforms to the standards.

0 Selective enforcement auditing — Pursuant to an administrative

request, a statistical sample of buses may be tested to deter-
mine if the units, as they are produced, meet the standard.

Relationship with Other Federal, State, and Local Government

Agencies The proposed regulation will affect several other government
regulatory efforts. It will also require supplementary actions by State
and local governments.

Federal Government Agencies — The General Services Administratioﬁ
{GSA) currently has set no regulations on maximum sound emission levels
for bus vehicles. With the promulgation of this proposed regulation,
all bus vehicles procured by the Federal Government after the date of

implementation would have to comply with .the standards.



State and Local Govermments - Although the Noise Control Act pro~

hibits any State or political subdivision thereof from adopting or
enforcing any law-or regulation which sets a limit on noise emission
from such new.products, or components of such new products, not iden-
tical to the standard prescribed by the Federal requlation, primary
responsibility for control of noise still rests with State and local
governments.

Nothing in the Act precludes or denies the right of any State or

political subdivision thereof from establishing and enforcing -controls’ ~

on environmental noise through the licensing, regulation or restriction

of the use, operation or: movement of any product or combination of pro-'

ducts.

» The noise controls which are reserved to State and local authority =

include, but are hot limited to, the following:
1. :Controls con.the manner of operations of products..’
T2 Controlé on .the time in which products may be operated,
- 3, . Controls on the places in which products may be operated.
4. Controls on the number of products which may be operated
tbgethef. B 2 s
5. Controls on noise emissions from the property on which
- products atre used.
"6, - Controls on the licensing of products.
‘7. Controls on environmental noise levels.

By use of the noise controls reserved to them, state and local-

governments are able to supplement Federal noise emission standards and:

to effect near-term relief Ffrom traffic noise. 'The EPA has developed a



model ordinance to indicate the form and content of an instrument whereby
state and local governments may control transportation equipment noise -
in the absence of Federal regulation or in the time frame -beforle Federal
requlations become effective. The model.crdinance is contained in Appen—
dix G .of Part II, the "Background Document."”

ENVIRONMENTAL IMPACT

Impact on the Population of the United States

Asgessment of the intrusive nature of bus noise impact led the
Agency. to.a single event passhy noise exposure analysis for assessing
the health and welfare impact of bus noise control for exterior noise
exposure.  Measures of the three indicators of intrusiveness (sleep
awakening, sleep disturbance, and speech interference) were used for
the single event analysis. Compliance with the proposed standards for
exterior bus noise would result in la 39.5 percent. reduction in potential .
sleep awakening impacts due to buses, a 33.4 percent reduction in

potential sleep disturbance impacts due to buses, a 52 percent reduction’

in potential speech interference impacts for people indoors due to buses,
a 39.3 percent reduction in potential pedestrian speech interference
impacts due to buses and a 49.8 percent reduction in potential speech
interference impacts for people outdoors due to buses.

The health and welfare effects from the reduction of interior bus
‘noise were assessed in terms of potential passenger and operator hearing .
loss risk and passenger speech interference. Compliance with the proposed
standards for interior noise levels for buses would result in an average
of a 42.7 percent decrease in potential passenger speech interference

impacts. 1In terms of the reduction of hearing loss risk due to lower
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interior bus noise levels the reductions will range from a 92.4 percent

decrease in potential hearing loss for passengers exposed to 60 dBA prior -

to bus transit to a reduction of 2.6 percent in potential hearing loss
risk for those exposed to an 80 dBA level prior to bus transit. Similar
percentage impact reductions will occur for bus cperators. These reduc-
tions.are percentages taken from present day impacts to those that will -
be .realized in the year 2000,

For a detailed discussion of the analysis employed to assess the
health and welfare benefits due to bus noise regulation refer to Section 6
of Part IT, the Background Document.

Impact on Other Environmental Consideraticns

Enetgy Conservation Additional weight, increased coeling system

capacities and possible greater muffier back pressures are expected to
negatively imi::act the fuel economy of buses by an overall figure of about
3%, Incorporéted into this estimate are the fuel savings expected by the
implementation of viscous fan clutch technology, which will most probably
be used to reduce fan noise on various bus vehicles., The 3% estimate
translates into about a 1800 barrel daily increase in fuel consumption
for all buses as a result of the proposed regulation., This estimate is
based on industry submitted data. The actual impact on bus fuel con-
sumption will be a function of the design changes manufacturers implement
to comply with the standards.

Land Use The proposed regulation will have no adverse impact on
land use.

Water Quality The proposed regulation will have no adverse impact

on water guality or supply.



Alr Quality. The proposed regulation will have no adverse impact

on air quality.
Solid Waste Disposal Requirements ‘The proposed regulation will

have no adverse effects on solid waste disposal requirements.

Wildlife - Although wildlife may possibly benefit from reduced noise
levels of - transportation vehicles, not enough is known to conclude to what
extém: any benefit on wildlife may result from the noise reduction achieved

from the proposed regulation.

~10-
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Summary

The subjects addressed in this document are intended to provide
béckground information on various aspects associated with the develop~
ment of regulations relative to the noise emissions from newly manufac-
tgred buses.

Section 1 - "Prologue." sets forth the legal basis for the regu-
lations which may be promulgated under the Noise Control Act of 1972,
the procedure followed in the promulgation of such regulations, and a
brief Stateément relative to preemption of state and local regulations
by Federal regulations. '

Section 2 ~ éfdehtification of Buses as a Major Source of Noise."
This section addresses the reasons for the classification of buses as a’
major source of ‘noise. .

Section 3'~ "Fhe Bus Industry." This section presénts general
information about the U.$.' Bus Industry. It'covers5industry'grdwth
statistics, descriptions of intercity, transit and school bus systems,
bus classifications, product life cycle estimates and other useful
descriptive material, - '

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

results of exterior and interior bus noise level measurements conducted

" by EPA on school, transit, and intercity buses. Bus noise data from

existing studies and from industry submissions are also presented.
Section 5 - "Noise Abatemént Technology." In order to establish
regulations regtricting bus noise emissions, it was necessary to deter-
mine what constitutes the "best available technology" for bus nolse
reduction. Section 5 reviews the various components of exterior bus
noise: noise radiated from the engine surface, fan, intake, exhaust

. .



gystem and chassis. In addition to the exterior noise generating
components, the interior noise of buses is also discussed along
with the associated technology needed to reduce bus interior noise

levels.

Consideration is given to the total bus noise problem, The tech-..
nology is examined to determine what modifications or redesign work
might be performed on buses. in order to quiet them to levels helow
those which presently exist.

Section 6 - "Potential Impact of Proposed Bus Noise Regulation
Schedules on the Environment." fThis section describes what health and
welfare benefits would accrue from the institution of various regulatory
standards for exterior and interior bus noise, The percentage of the
population affected by noise and the extent of the effect is measured
by the Equivalent Noise Impact (ENI) method. The reduction of potential
equivalent. impacts of sleep disturbances, sleep awakenings, and speech
interferences from the lowering of exterior bus noise are detailed. In
addition, the reduction of potential eguivalent impacts of hearing loss
risk and speech interference effects from a lowering of interior bus

noise are presented,

Section 7 - "Economic Impact of Bus Noise Control." In this section,

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

changes (outlined in Section 5) that are believed to be required to achieve

various levels of interior and exterior bus noise is presented. The econ~

omic impacts on the three main types (intercity, transit, and school} of
bus manufacturers and bus operators are evaluated.
Section 8 ~ "Measurement Me_thodology" This section reviews and

examines the various test procedures that have been used to determine



e s el S L T A e i e = e e

noise levels for buses., The EPA recommended procedures for the measure—
ment of exterior and interior bus noise emissions are presented.

Section 9 - "Enforcement." Enforcement of new product noise emission
standards applicable to buses is discussed in terms of production verifi~
cation testing of vehicle configurations, assembly line testing using sel-
ective enforcement auditing procedures or continuous testing of production
vehicles, and in-use compliance provisions.

Section 10 ~ "Existing Noise Regulations Applicable to Buses." This
section presents existing bus noise regulations, both foreign and domestie,

and the history of such regulations.

Appendix A - "Foreign Technology Buses.” This appendix presents a
description of urban transit buses produced by European bus manufacturers
which are claimed to be considerably quieter than any similar t;:'ansit bus
produced in the United States.

Appendix B - "New Technology Buses." This appendix looks at new
technological designs of quiet buses.

Appendix C - "Bus Noise Abatement Costs," Presented in this appendix
are the estimated cost increases and decreases required to manufacture
quieter buses, as compared to currently produced buses, for the wvarious
technology levels discussed in Section 5, In additien, the lead time
estimates believed necessaty for the industry to comply with the various
technology levels are presented,

Appendix D — "Estimates of Demand Elasticities for Urban Bus Transit
and Intercity Bus Transportation." This appendix reviews some of the
pertinent economic literature and reports estimates made of the fare

elasticity of demand for both transit (intracity) and intercity bus riders,
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Appendix E = "Uniform Annualized Cost of Bus Noise Abatement."
This appendix presents the annualized costs of various bus noise abate--
ment requlatory schedules. The costs are presented in terms of capital -
costs and operating and maintenance costs due to the applicanon of
additional noise abatement equipment to buses, "

appendix F ~ "Additional Supporting .Information for Health and 3
Welfare Analysis (Section 6)." This appendix provides various tables !
and figures in support of the health and welfare analysis presented in .
Section 6.

Appendix G ~ "Model Noise Ordinance."” This appendix provides infor-
mation for State and local governments to aid them in preparing local .

noise ordinances for bus noise abatement. "
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SECTION 1

PROLOGUE

Statutory Basis for Action

Through the Noise Control Act of 1972 (86 Stat. 1234), Ceongress
established a natiocnal policy "to promote an environment for all
Anmericans free from noise that Jjeopardizes their health and welfare,"
In pursuit of that policy, Congress stated, in section 2 of the Act,
"that, while primary responsibility for control of noise rests with
State anc'x" iocal gévernments, Federal action is essential to deal with
major noise sources in commerce, control of whiéh requires national
uniformity of treatlnenl';." As part of that essential Federal action,
subsection 5(b) (1) requires the Administrator, after consultation with
appto'priété'Federai égenciés, to publish a report or series of reports
"{identifying products (or classes of products) which in his judgement
are major sources of noisé."- Further, section 6 of the Act requires
the Administrator to pﬁblish probosed regulations for each product:',
which ig identified or which is part of a product élass identified. as
a major source of noise, where in his judgement noise standards are
feasible and when such products f£all into various categories of which
transportation equipment (including recreational wvehicles and related
equipment} is one.

On May 2§ , 1975, pursuant to subsection 5(b) (1), the Administrator

publisﬁed a report which identified, amng other new products, new buses
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as a major source of noise. As required by section 6, the Administrator
has proposed requlations for buses, which are "requisite to protect

the public health and welfare, taking into account the magnitude and
conditions of use of such product {alone or in combination with other
noise sources), the degree of noise reduction achievable through the

application of the best available technology and the cost of compliance."

Preemption

-Under subsection 6{e} (1) of the Noise Control Act, after the
effective date of a 'regulation under section 6 of noise emissions from
a new product, no State or political subdivision thereof may adopt or
enforce any law or regulation vlvhich sets a limit of noise emiséions
from sucﬁ new product, or components of such new product, which is not
identical to the standard prescribed by the Federal regulation. Sub-
section 6(e) (2), however, provides that nothing in Section 6 precludes
or denies the right of any State or any politicai subdivision thereof
to establish and enforce controls on environmental noise (or one or
more sources thereof) through the licensing, regulation or restriction
of the use, operation or movement of any product or combination of
products. |

The noise controls which are reserved to State and local authority
by .subsection 6(e) (2) include, but are not limited to, the following:

(l)l Controls on the mariner of operation of products.
(2) Controls on the time during which products may be operated,

(3) Controls on the places at which products may be operated

1-2
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{4)

(3)

(6)
(7

Controls on the number of products which may be operated
together.

Controls on noise emissions £rom the property on which pro-’
ducts are used,
Controls on the licensing of products.

Controls on environmental noise levels.

Federal regulations promulgated under section b preempt State or local

regulations which set limits on permissible noise emissions from the

new products covered by the Federal regulations at the time of sale of

such products, if they differ from Federal regulations.

Conversely, State and Local authorities are free to enact regul-

at_ions on new products offered for sale which are identical to Pederal

regulations.

1-3
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SECTION 2

IDENTIFICATION OF BUSES AS A MAJOR SOURCE OF NOISE

In 'puréuit of éubéection 5(b) of the Noise Controi Act'of 1972, the
Administrator has published a report (Federal Reéister. Vol. 40, No. 163}

pp. 23105-7) which identified buses as a major source of noisé.‘

The following paragraphs will briefly describe the basis on which
buses were identified as such a nolse source.

LEGISLATIVE BASIS

Subsecﬁioﬁ 6(&) ‘of the Noise Control Act sat forth fbur"categ‘;orie.s
of ﬁr‘oddéts fot which a noise emission standérd can be ‘proposed for each
product identified as a major source of noise. The categories are: ll

o l. Construction equipment . '

2, ‘Transportation equipment ( including recreational vehicles
- . and related equipment) : ,

3. 2any motor or engine (including any equipment of which
an engine or motor is an integral part)

4, ‘Electrical or electronic equipment
PRICRITY BASIS '
The critei‘ia”'&évelbpe& by EPA to identify pfoduets which are
major sources of noise and for which noise emission standards are requi-
site to protect the public health and welfare_stipulate that at this time
first priority be giﬁen to producté that contribute to community noise
exposure. (Medium and heavy duty trucks have been classified in this

category and have already been regulated.) Community noise exposure is
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that exposure experienced by the comunity as a whole as a result of the
operation of a product as opposed to that exposure experienced solely by
the users of the product. To determine which sources ought to be identi~-
fied for regulation, EPA consideres their functionally weighted noise

impact. This measure includes both the intensity {loudness) and extensity

(population affected) of no:.se source impact.

DAY-NISHT AVERAGE SOUND LEVEL BASIS

'I'ne day-night average sound l_evel, L , has been speci_fically_
deveinped as almeasure of community noiset.in Since it is a cumulative
energy measure, it can be used to identify areas where no_ise sources
oper:ate continuously or where sources operate intermittently but are pre-

sent: enough of the time to emit a substantial amount of sound energy in

a 24 hour pel:lOd-

EPA has identified an outdoor L of 55 dB as the day-night average
dn
sound level requisite to protect the public from all long-term adverse

health and welfare effects in res:.dential areas, and anL (24) of 70 4B

eq
as the threshold of hearing- impairment. :
An abbreviated smm‘nary of the identified levels is given in Table 1.
TABLE 1

NOISElLEVEIS PROTECTIVE OF HEALTH AND WELFARE

Human Response Leg Idn

Hearing ILoss {8 hours) 75 -

" Hearing Loss (24 hours) i 70 -
Outdoor Interference and Annoyance - 55

- 45

Indoor Interference and Annoyance

The fractional impact of a noise enviromment on an individual as

used by EPA is proporticnal to the amount (in decibels) that the noise
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level exceeds the appropriate level identified in the "Levels Document"
as shown ,in Table 1. The fractional impact 1s zero when the noise
level is at or below the identified level. The fractional impact rises
to 1.0 at 20 decibels above the identified level and can exceed unity
in situations in which the noise level exceeds 20 decibels above the
identified level. The range from zero to 20 decibels above the
criterion level represents the range between those noise levels that
are tot:aﬁlly acceptable and those noise levels that are totally |,
unacceptable to the individual in terms of annoyance responses. The
total Equivalent Noise Impact {ENI} is then datermined by summing the
individual fractional impacts for all people affected by the environment.

Thus, . two people exposed to 10 decibels above the identified
level (fractiocnal impact = 0.5) would be equivalent to one person

“exposed. to 20 decibels above the. identified level (fractional impact

=1.0).

OTHER PRE~-REGULATION CONSIDERATIONS

The drawing-up of regulations necessitates other considerations.
Included among these other factors are available noise reduction techno-
logy, voluntary industry noise standards, the interrelationship of
regulations, lead time necessary for the development of a regulatioh,
economic Impact, and the relative availability of data. All these factors
have been considered in the development of the proposed regulatory noise

levels for buses,
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SECTION 3
THE BUS INDUSTRY

GENERAL TNDUSTRY BACKGROUND

Early buses, many of which utilized steam power, were designed

and constructed in Eurcope and America at various times during the,IBOO's.

Although sonn‘of these primitive buses were effective in passenger trans=-

portation, none of them were used fér mote than short periods of time.
Reasons for their lack of success included poor ioads, competitidn from
railroads and stagecoaches, and the unreliable operating characteristics
of the units themselves,

Bus transportation, as it is now perceiﬁed, began to take form in
the early 1900's following the development of the internal combustion
engine. Bus service was started in New York City and on the Pacific |
Coast in 1905. In many cages the vehicles used we:é ordinary passenger
touring cars.

Development and improvement of bus design and construction were
begun early and have continued to the preseht time. Touring car
chassis were elongated to provide somewhat larger passenger carrying
capacity and eventually passenger carrying bodies were mounted on truck
chqssis ta provide the basis for the modern bus. During the middle

1930's, transit and intercity bus manufacturetrs began combining the
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chassis and body, utilizing principles of airplane construction. A&t

the same time, it became common to mount the engine at the rear of the
bus or under the floor instead of the traditicnal underhood mounting at
the front. These developments resulted in greater strength and longer
wear of buses, as well as greater comfort and safety for passengers,
better driving vision, greater passenger capacity, and improved riding
qualities.

The most significant development in the bus industry in recent years
is the Transbus Program. Performance specifications for a revolutionary
transit coach were established by the U.S. Department of Transportation®s
(DOT) Urban Mass Transit Administration. Three different prototypes
were built by AM General, GMC Truck & Coach Division, and Rohr Industries®
Flxible Company. The three buses underwent a year-long series of tests
involving engineering, performance, and public acceptance. Upon comple~
tion and evaluation, a "composite" bus incorporating the most significant
featﬁres of each of the three prototypes was to have been built for
further testing.

. The purpose of the DOT-funded program was to build and evaluate
buges incorporating new design and mechanical features. As a result,
thé present three prototypes are experimental and do not represent the
current state-—of-thg—-art. For example, totally new powertrains and

suspensions are used. In an effort to make the buses more attractive
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to senior citizens, low curb height with the ability to “stoop" to
pick up handicapped people and wheelchairs was included in the specifica-
tions. A floor _heighti of less than 20 inches was achieved by using
gpecially developed low-profile tires, revolutionary suspensions, anci
chassis~mounted differentials with swing axles. Other specifications .
called for noise and odor levels to be 90% below current levels and
emission levels that meet the 1975 California standards.
Given the above historical perspective, the following facts from
the Motor Vehicle l'-lanu'factul."e:rsl Association exanpiify the présent size
of the bus industrfr: . '
-~ 1975 bus régistrétions = 470,000
- 1975 bus sales = 40,530
The general structure of the bus. industry is schematically outlined
in Figure 3~1. 'The figure illustrates: ' g
1. Bus manufacturing ope'rat‘ion's obtain r'awlmate;i'aléfand
components used in the manufacturing process from raw materials suppliers
and component mapufactirers. . , _
‘2. Chalnnelé of dis&ibution differ From integral (transit and
interc_ity) buses and sdhool buses. Integral bus manufacturers deal
directly wiﬁh .énd-users, while the distribution chaqnel for most school
buses is through body and/or chassis distr ibutors,
3. Finished products are sold to school boards, intercity bus

companies, transit authorities, sightseeing bus companies, or airports for
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Figure 3-1

STRUCTURE QF THE BUS INDUSTRY

RAWMATERIALS COMPONENT
‘SUPPLIERS MANUFACTURERS
PRODUCTION )
SCHOOL BUS BODY SCHOOL BUS CHASSIS INTEGRAL BUS
-MANUFACTURERS MANUFACTURERS MANUFACTURERS
DISTRIBUTION ~ l
SCHODL BUS BODY SCHOOL BUS CHASSIS
DISTRIBUTORS DISTRIBUTORS
. ]
- BUYER/OPERATOR :
5 : 1 T 1
' ‘ INTERCITY . SIGHT-
SCHOOL BOARDS . BUS AU‘;FL%“;SI'TTIES SEEING BUS AIRPORTS
. S COMPANSES g . COMPANIES
USER" L r l r
- PUPILS PUBLIC

SOURCE: INDUSTRY INTERVIEWS
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passenger’ transportation.

It should be stressed that Figure 3-1 is an overview of the struc-

ture of the industry and not all buyer/operators of buses are represented,

Most significant of those excluded are government departments and agehcies.

Also, some integrally constructed buses are used as school buses,

THE BUS MARKET

The bus market is comprised of bus users and cperators who provide ‘

multlple passenger transporatmn to the pubhc. The bus market includes

the followmg.
' L “commercial Intercity Class 1, 2 and 3 Carriers
~ Local or Regional Transit Systems
~ School Boards or Administrations
= Churches, private schools and related "organizations

"'~ Pederal, State and Local Govermment Agenmes and
.. - Departments .

= .All Other
o Airports .
0. Hotels .
. © Demand Response Agencies or Organizations
¢ Social Services _
.- A brief overview of the most significant end-users 1s presented

below. In 1974, the.following three market segments, intercity, t;ransit

and school boards, accounted for approximately 75% of the buses in use.
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(a) Commercial Intercity
Class 1, 2, 3 Carriers

The intercity bus operation in the United States is performed by

approximately 950 operating companies utilizing some 20,500 motor coaches
(E‘igure_ 352) .. They provide regularly scheduled service over 270,000 miles
of h;ghway and employ an estimated 46,600 people. Intercity bus oper-
ation‘g service over 15,000 cities and towns and are the only public
intercity ‘t;anspo_r‘tation service available to some 14,000 of them. 1In
1975, an estimated 354 million trips were taken by passengers traveling
a total of 25 6 b11110n passenger miles. '
Operating revenue from intercity bus lines was $1,165 4 mxlllon
in 1975, up 29.3% from the 1970 level. During this same period, mllels‘
operated and the number of revenue passengers declined 7.4% and 1];.7‘!;

respectively. 1In 1976, net operating revenues before income taxes

declined 24.3% of the 1970 figure.

{b) Translt Systems .

Scme 941 transit systems utilized 50,811 buses in 1975. They
transported 4,080.9 million passengers and employed almost 160,000
individuals (See Figure 3-3). Operating revenue attributed to motor
bus operations reached $1,437.7 million in 1975, '

Inspection of the total industry figures indicates that in spite
of continued increases in revenue, transit systems have shown operating
losses through the last six years. These revenues have increased 17.3%
These losses

while losses are 5.9 times larger than they were in 1970.

were $1,703,5 million in 1975 and $288.2 million in 1970.

i ;
Class designations are formed using annual revenue dollars.

Class 1 Carriers have revenues of $1,000,000 or more.
Class 2 Carriers have revenues between $300,000 and §1,000,000.

Class 3 Carriers have revenues less than $300,000.
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Figure 3-2
INTERCITY BUS INDUSTRY OPERATING PROFILE

1970 1971 1972 . 1973 2974 1975

Nutiber of Operating Companies | 1,000‘ 1,000 l,DéO 1,000 950 © 850

Number of Buses . _ 22,000 21,900 21,400 20,800 20,600 20,500

‘tumber of Employees 49,500 50,200 49,100 48,400 49,000 46,600

. Mi;:ea Operated (Mill:ltunis) 1,209 1,202 1,182 1,178 1,187 1,12ﬁ

_Reyenué Pas_aéngexs (Mi11ions) 401 395 393 381 380 " 354
Operating Revenues (§ Milliona) 901, 4 953.2 974.4 1,022,7 1,144.9 1,165;4
L Operaiing Expenses (§ Millions) 812.2 851.8 882,1 937.9  1,062,7  1,097.9

14 Naf,oéera:ing Revenues, Before

" Income Taxes (§ Millions) 89,2 101.4 92,3 84.8 82,2 : 67‘5

Source: Natlonal Association of Motor Bus Owners, Dne-lalf Century of Service to America,. 1976,



Figure 3-3
TRANSIT BUS INDUSTRY OPERATING PROFILE

1970 1971 1972 . 1973 1976 . 1975
Number of Systema Utilizing Buses 1,075 1,059 1,040 N.A, 941, 941
Number of Buses 49,700 49,150 49,075 48,286 48,700 50,811
Number of Employees(l? 138,040 139,120 138,420 140,700 153,100 159,800
' . Pagsenger Vehicle Miles - )
" Operated (Milliona) ) 1,409.3 1,375,5 1,308,0 1,370.4 1,431.,0 1,528.0
. " Revenue Passengers (Mlllions) 4,058.3 3,734.8 3,560.8 3,652.8 3,977.6 4,080,9
Operating Revenues ($ Hllliﬁna) 1,226.3 1,280,2 ‘ 1,230,1 1,262,9 . 1,377,3 1,437.7
. All Transit Systema(l)‘- ’ -
N Qpernting Revenue (3 Millions) 1,707.4 1,740,7 1,728.5 1,797,6 1,939,7. 2,002.4,
;l'; . Operating Expenses (§ Millions) 1,891,7 2,040, 5 2,128.2 2,419,8 3,102, 4 3,534.9
Net Operating Revenue {Loss)($ Milliona) (184.3) (299.8) (399.7) (622,2) (1,162.7) (1,532.,5) -
All Taxes (§ Miiliuns) . 103.9 111.6 113.4 116,3 137.0 171.0
« Net Operating Revenue (Loss) After o " ‘ '
‘Taxes (§ Millions) - - (288.2) (411.4) - (513.1) {738,5) (1,299.7) (1,703,5)

Source: American Public Transit Association, 1975/1076 Transit Fact Book

(1)A11 Transit-Includes 6 Rail and 13 Multimode Systems
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(¢} School Boards or Administrations

Pupil transporation is provided by public school operations for
both public and private school children. These operations of the _
transportation systems are elther assumed by local boards or contracted
to independent operators. 8School bus operations are primarily funded |
with public monies, although certain private schools receive no funding,
Depending on the locél tax base and the area covered by the school
districts, these funds are allocated on a per capita pupil basis or
miles driven by the school bus fleet.

In the 1973/74 school year, 21,969,060 public and noh—public school
children were transported by 267,704 buses at an operating cost of -
$1,858.1 million. Figure 3-4 shows the averége cost of a pupil transpbrtgd
at public expense during the 1973/74 school year to be $87.04. This average
figure reflects a significant upward trend in the cost of pupil transportation
since the 1959/60 school year when the average cost per pupil was $39.78,
DPRODUCT CLASSIFICATION AND CHARACTERISTICS

The most common bus classification is by end use which generally
determines the manufacturing process and the finished product. Four
gene;al classificationg exist:

- Intercity
- Intracity or Transit
-  School

-  Speclal Purpose
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Figure 3-4

WUMBER AND PERCENT OF PUBLIC SCHOOL PUPILS TRANSPORTED
AT PUBLIC EXPENSE, AND CURRENT EXPENDITURES FOR TRANSPORTATION:
UNTTED STATES, 1959-60 TO 1973-74

Pubils transported Expenditure of

at public expense public funds
. . Perecent of Total, excluding Average Cost
Total total capital outlay per pupill

School Year Enrollment Number Enrollment {(in thousands) transported
1959~60 32,477,440 12,225,142 37.6 $ 486,338 $39.78
1961~-62 34,682,340 13,22é,667 8.1 576,361 43,59
1963-64 37,405,058 14,475,778 38.7 673,845 46,55
1965-66 39,154,497 15,536,567 39.7 787,348 50.68
1967-68 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 1,307,830 77.43
1973-74 41,438,054 21,347,039 51.5 1,858,141 87.04

Note: All Enrollment and Pupil Figures are Average Dally Attendance.

Source: U.S, Department of Health, Education and Welfare, Mational Center for Edocation
Statistics, Statistics of State School Systems.
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(a} Intercity Buses

Intercity buses are integrally constructed vehicles combining body
and chassis into & single unit., Size of these vehicles are determined by
practical limitations and state restrictions (Figure 3—5)..

. s shown in Figure 3-6 there: are five principal producers of intsr-
city buses who, combined, offer some fifteen models. The most popular
of these havg‘passenger capacities of 41 or 49 passengers with a domplete
vehicle Qeight of between 20,000 lbs. and 29,000 1lbs. However, large
intercity carriers will generally order buses with reétroozﬁ facilities
which :reduces passenger capacity by six seats. Depending on the size
of the vehicle, two or three éxles are utilized. Intercity buses usually
ha\lré o;he daor for passenger boarding and exit. Product featuresfggnerélly
inélude reélining seats, individual reading lamps, air conditioning, and
adéquate storage space undér the floor of the passenger compattment.

The typicai inter:city.bus is utilized by a company engaged pfima:ily
infproviding péssenger transportation ﬁver regular intercity routes with
regu.lér"‘- til_ne_schedules. Approximately 90 percent of the total bus miles in
I:hé éQuntry are genérated in regular' route service. Charter and spécial
sefvidé &avel- also play an -important part in the industry's operation.

Inladdition,:s”ightseeing bus operations and airports utilize a significant

number of intercity buses.

3-11



Heighr (Ft)
Width (In)

Length (Ft)

-t

Height (FE)

Wwideh (In)

Length (Ft)

Height (Ft)
Width (In)
Length (Ft)

Figure 3-5
SPACE LIMITS ON BUS SIZE
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Figure 3-6
INTERCITY BUS SPECIFICATIONS

Complete
. Vehicle
Standard No. ‘ Weight
Passenger Wheelbase of Length  Width - Dry Engine
Make and Madel } Rating {In.) Axles (Ft.) (In.) {Lbs.) Make and Model
‘Crown. )
RD-426~11 37-41 260 2 5 96 21,000 Detd 6V-7IN
AD-426-11 37-41 -232 2 35 96 21,000 Detd  6-71IN
RD-568-11 | 49 251 3 40 96 - - Detd 8V-71N
A-855-11 37-45 232 2 35 95 . . - . Cum  NHH-250
2A-B55T-11 49 258 3 40 9 - Cum  NHNT-335
eMc 0 :
- PBMZ4L08-A 41 259-1/2 2 35 96 20,342 Detd 8Y-71N
. PBM-4904-A 49 318-35/ 64 E100 Y. 9% 23,027 Derd 8Y-7IN
Mator Coach
) Industries '
! MC-5B{Challenger) 41 261 2 35 9 . 20,500 . Detd BY-TIC
* MC=8 (Crusader) 49 285 3(2) 40 9 26,760  Detd BV-71C
Prevost . ' : : . . : o
TS 47 - 47,49,51 260 342} 40 9 28,300 - Detd  BY~7LH
r LTS 102 47,49,51 280 D 4o w02 . - ‘Detd BV-71N
' Prestige TS 47  47,49,51 280 3(2) 40 96 28,800° Deed BV-71H
Prestige TS 102  47,49,51 280 3¢2) 40- 102 - - Deed BV-7IN
Silver Eagle .
0-5 49 285-1/2 3(2) 40 96 26,500 Detd BV-71N

Abbraviations and Notes:
(1} Optional third axle is air operated retractable single wheel.
{2) Third axle is a single non-drive bogie.

_ Cum = Cummings
Detd - Detroit Diesel .

" silver Eagle 1s manufactured and distyibuted by Eagle International, Inc,
: ‘. Prevost models Prestige TS 47 and Prestige TS 102 are also marketed na aightseeing buses,

Source: -Munufncturar product literature; Commercial Car Journal, October, 1975,
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(b) Intracity or Transit Buses

Intracity or transit buses are similar to intercity buses in that

both are integrally constructed vehicles. Intracity bus vehicle size

- and welght are determined by practical limitation and state restrictions.

In 1975, as shown in Figure 3-7, four domesﬁic manufaéturers produced

- some twenty~six models of transit buses. However, Highway Products has
" ceased manufacturing operations for its Twin Coach line of transit

*and suburban buses. The most popular transit buses seat between 44 and

53 passengers with a complete vehicle weight of between 1.7,500' lbs. and

23,800 lbs. Transit buses generally -have two axles and utilize two doorsi ‘
* for passenger boarding and exit. Product features include seats designed
- for both durability and comfort, and capacity for standing passengers -

;' about equal to seatimg capacity.

The typical intracity bus is utilized by a transit company engaged

Cprimarily in préviding passenger transportation over regular local routes

with regular time schedules. Charter and special service travel play
a :eiai:ively minor role in the total intracity operation,

Sﬁburban buses are very similar to intracity or transit buses in
construction and design, For this reason suburbans are generally not
considered as a separate bus classification. General Motors offers
two models of its suburban bus to the industry (Figure 3-8). As noted

above, Twin Coach suburban bhuses are no longer manufactured. Suburban
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Figure 3~7
TRANSIT BUS SPECIFICATIONS

Complete
; Vehlcle
Standard No, Walght
Passenger Wheelbase of Length  Width Dry Engine
Make and Model Rating ~Lin) Axles (Fe.) {In.) (Lbs.) Make and Model
AM General T
D635-6 44 224~3/4 2 35 96 17,559 Deed  6V-7IN
96135-8 b4 224=3/4 2 35 96 17,994 Detd B8V-71N
10235=-6 44 224=374 2 35 102 18,497 Detd 6V-7IN
10235-8" a4 ' 2244314 2 a5 102 18,932 Detd SV=-71N
96406 53 284-3/4 2 40 96 19,285 Datd 6V-TIN
9640~8 53 284-3/4 2 40 96 19,720 Detd BV-71N
10240-4 53 284-3/4 2 40 102 20,362 Detd 6V-71N
10240-8 53 284-3/4 2 40 102 20,797 Detd 8V-71N
Flxible
35096-6 . 35 175 2 30 96 20,400 Decd 6V~71N
45096~6 45 225 2 a5 96 21,000 Detd 6V~71N
45096~8- 45 225 2 35 96 21,400 Detd 8V-71N
45102-6 45 225 2 35 102 21,700 Datd 6V-71N
) w 45102-8 45 225 2 35 102 22,700 Detd BYV-71N
. J‘ 53096-6 53 285 2 40 96 22,400 Detd 6V=-7IN
- ut 53096~8 ) 53 285 2 40 96 22,800 Detd 8V-71N
53102-~6 53 285 2 40 102 - 23,100 Datd 6V~7LN
53102-8 53 285 2 410 102 23,800 Detd BV-TIN
'GMC : )
T6H=4523=N 45 235 2 35 96 18,331 Daed  6V-7IN
THH=-4523=A 45 235 2 a5 96 19,41F Derd  6V-71H
T6H-5307-N 53 2B4=3/4 2 40 102 19,606 Deed  6V-71H
T6I1-5307-A 53 284-3/4 2 40 102 20,631 Detd 6V-71H
TEBH=-5307-A 53 284-3/4 2 40 102 21,182 Datd BV=T1N
THH-5308-A 53 2B4=-3/4 2 40 96 20,451 Detd 6V-71N
TAU~5308-A 53 284=3/4 2 40 96 20,982 Detd BY-71N
Twin Coach
TC-25-B-T0 21-29 133 2 25 96 11,000 chy  413(1)
T¢-31-B-TO 30-34 169 2 28 96 12,000 petd 4-53m (%)

Abbreviations and Notes:
(1) Gasoline or Diesel englne available,

Chy = Chrysler
Detd = Detroit Diesel

Twin Coach 1s manufactured by Highway Preducts,
Soutce: Manufacturer product literature; Commercial Car Journal, Octaber, 1975,




Flgure 3-8
SUBURBAN BUS SPECIFICATIONS

Complete
Vehicle
Standard No, Weight
Passenger Wheelbase of Length Widch Dry Engine
Make and Model Rating (In,) Axles (Pr.) {In.) (Lbs.) Make and Meodel -
GMC h . .
S8H-5304=A - 53 284-3/4 - 2 40 96 22,788 betd 8V=-7IN
S8H-5304-A 53 284-3/4 2 40 96 22,828 Detd B8V=-71N
Twin Coach - !
TC~25-B-50 21-29 133 2 25 96 10,560 chy 413D
TC-31-B-50 30-34 1869 2° 28 96 12,000 Detd 4-53N¢1)

‘Abbreviations and Notea:

91-¢

(1) Gasnline ot Diesel engine available,

Chy - Chrysler
Detd - Detroit Diesel

Source: Manufacturer product literature; Commercial Car Journal, Octobe
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buses generally have one door for passenger boarding and exit and
utilize many features of any intercity bus, such as Eeclining seats
and underfloor baggage compar tments. 'Ihe.GdC suburban buses currently
being put into service, seat 53 passengers with a complete vehicle
weight of around 22,800 1bs.

| {c} Scfmol Buses

The vast majority of school buses, over 98% in 1974, are manu-
factured in a two stage process. The chassis, which is primarily the
same as a medium~duty truck chassis, is produced by a manufacturer and
then shipped as an incomplete vehicle to another manufacturer who
assembles thé body on it. The chassis manufacturing process utilizes
the assembly line concept, while the body manufacturing and assembly
process utilizes the station or bay system concept.

" Various configurations of two-stage school buses are available.
The xﬁost: popular type, approximately 90% of school bus production in
1974, is the conventional school bus, which has the engine located for-
ward of the driver and passengers. The other two types of two-Stage
school buses are the forward control type which resembles a t:ran'sit
coach in appearance and the parcel delivery type which utilizes a
smaller chassis than does the conventional. Gas or diesel engines are
avallable for the above types of school bus with the exception of the

parcel delivery type school buses which are powered by gasoline engines.
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The remaining small number of school buses are integrally constructed

vehicles., The -floor, sides, ends and roof are joined into a cne-piece

. construction to form the bus shell. These units are powered hy diesel

engines located either at the rear or the mid-point of the bus. Only
two firms, Crown Coach and Gillig Brothers presently offer integrally
constructed school buses.

The size and weight of all schocl buses are limited by state and
local restrictions. In the case of the two-stage vehicles, the chassis
GWWR (Gross Vehicle Weight Rating) is also a determining factor. Figure
3-9 shows representative chassis specifications by manufacturer for the
conventional school bus. The most popular:-school bus models currently
being produced 'utilize chassis with seating capacities of between 30 and
72 passengers and a GWR of between 16,000 1bs. and 30,200 lbs.

Six firms build school bus bodies which are assembled on the chassis.
Bodies are built according to customer specifications, consequently manu-
facturing flexibility is essential. Figure 3-10 presents the various types
of bodies manufactured by the gix companies. Only Carpenter and Superior
have [;roduct offerings in all three types of two-stage school buses.

School bus bodies are designed for occupant safety and for durability.
Typically, there is one door for passenger boarding and exit, with an

emergency door at the rear.

3-18



6TE

Figure 3~9

SCHOOL BUS CHASSIS SPECTFICATIONS

Abbreviations:

G ~ Gas
D -~ Diesel

Sourca:

Manufacturer produet literature; Cemmereial Car Journal, October, 1975,

Cowl to End
(5N Capacity of Frame ‘Overall Length

Make nnd Series Axles Engines (Lb.) (No. of Pupils) (In,) {In,)
Chevrolet

SE 620 4x2 G 19,700=24,000 42 - 48 267-3/4 322-1/4

SE 625 4x2 G 19,700-24,000 48 - 54 294=3/4 349-1/4

SE 628 4x2 G 19,700-24,000 54 - 60 322-3/4 377-1/4

SE 631 X2 G 19,700-24,000 60 - 66 348-3/4 402-1/4
" Dodge .

5600 4%2 c 16,500-24,000 36 - 66 172 ~ 349 236 - 413

s700 4x2 G 19,700-25,500 60 - 72 323 - 349 387 ~ 413
Ford

B~500 42 G 14,0Q0-18,200 36 210-3/4 274-1/2

B~600 4%2 G 16,000-24,000 48 - 60 268-1/4-322-1/4 332 - AB6

B=~700 4X2 G 19,700-27,250 60 - 72 322~1/4=369-1/4 386 - 433 ,

B-750 4X2 G 21,500-27,250 60 ~ 72 322-~1/4-360-174 386 - 433

B-7000 hX2 3] 20,200~27,250 60 -~ 72 322-1/4-369-1/4 386 ~ 433
GMC ' - ;

SE 620 4%2 G 149,700=24,000 A2 - 48 267-3/4 322-1/4

SE 625 4X2 G 19,700-24,000 48 - 54 204=1/4 349=1/4

SE 628 4X2 G 19,700=24,000 34 - 60 322-3/4 377-1/4

SE 631 4X2 G 19,700-24,000 60 - BA 348-3/4 4D3-1/4
International

1603 4%2 G 19,800~26,000 30 -~ &6 221 - 356-1/2 273-1/2 - 409

1702 4X2 G 19,800-27,500 48 - 66 274 - 356-1/2 326-1/2 -~ 409

1803 4X2 G 20,200-30,200 60 - 66 214 - 180 326-1/2-432-1/2

~ Wheelbase
(In.)

189
218
235
254,

157 - 258
240 - 279

156
198-1/2=-242-1/2
242~1/2-280-1/2
242-1/2-280-1/2
242-1/2-280-1/2

189
218
235
254

151 ~ 254
187 - 234
187 - 275



Figure 3-10
SCHOOI. BUS BODIES BY MANUFACTURER AND TYPE

Blue Bird
Carpenter Body
Superior Coach
Thomas

Ward

Wayne

X

X
X
X
X
X

Conventional

Forward Parcel
Control Delivery .
X
X X
X X
X -
X

Source: EPA interviews with sbove manufacturers;
Manufacturer's Product Catalogues,
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(d) ~ Special Purpose Buses

Manufacturers will often custom build a vehicle for an end-user's
spe_eific 'needs, such as airports, hotels, demand response agencies,
emusement parks, or prisons. - These buses can be either two-stage or“" :
integrally constructed From the manufacturer s perspective, such
vehicles are generally treated in the same manner as their standard
units in terms of production and sale statistics. In addition, firms g
not in the bus 1ndustry such as recreational vehicle rnanufacturers
may occasionally convert one of their products to ful£ill an end—-user 5
spet:ific needs. Consequently, for the remainder of this overview of the
industry, with the exception of the section devoted to end use, these
special purpose vehicles will not be treated in a separate and distinct

fashion. o

SIZE ‘AND GRDWPH COF THE INDUSTRY

- " The demand for bus units is a derived demand based upon user/ ’
eperator requmrements. This section will develop the current size-
of the market for buses and identify the growth trends within each
principal segment. '

(a} Geogra_phic Concentration

‘" 1In 1974 there were 446,558 buses registered in the United States
(Figure 3-11). Over fifty percent of these registrations were concen~

trated in eleven states.
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Figure 3-11
U,85. MOTOR BUS REGISTRATIONS BY STATES-1974

Privata and Commercial Total
Commercinl School and Publicly Gunad School Total

State Buges (1) Other (2) Federsl School(3y Buses Bupes
Algbama 1,102 746 15 6,349 - .- 1,005 - 8,212
Alaska 424 a7d 21 18 396 841
Arizona 568 106 ) 213 1,882 1,988 2,789
Arkaneas . - . ©. 393 1,485 - 7 5,460 6,945 7,345
California 9,586 2,859 B9 10,935 13,794 23,469
Colorado 448 . B8 26 3,568 4,386 4,860
Connecticut 1,784 5,350 4 551 5,001 7,689
Delawdra 295 942 - 88 1,030 1,125
Florida K 2,301 1,010 53 11,369 12,379 14,733
Geargia 1,203 2,165 37 8,796 11,161 12,401
Mawaii ] 1,464 326 - 8 81 407 1,859
Idaho . 318 391 141 1,788 © 2,179 - 2,648
Illinois 6,569 B, 47 33 5,723 14,470 21,072
Indiana . . 3,206 4,213 24 5,873 10,086 13,314
Towa i : : a5 ’ 132 B 1,59 8,128 9,231
Kansas 2099 1,005 3 3,650 4,655 4,959
Kentucky . . - 682 . 12 45 .. 4,980 5,752 6,479
Louisiana 1,004 10,177 11 3,445 13,622 14,617
Maine 200 578 6 1,180 1,758 1,964
Maryland - 2,126 5,576 55 2,950 8,526 10,707
Mamaachusettsn 3,330 4,681 4 450 5,131 8,468
Michigan : 2,321 . 3,363 12 8,437 11,800 14,123
Mintesota ¢ : 1,615 3,866 10 8,718 12,584 14,209
Higgieaippl 983 1,829 44 5,018 6,847 7,874
Mingouri . 750 3,155 38 5,449 8,604 9,392
Montana . 323 125 41 643 1,368 1,732
Nebraska 410 479 5 1,915 2,394 2,809
Hevade -5 .- 7.0 159 93 1Y 652 : Th5 948
New Hampshits 253 160 3 203 943 1,219
How Jocsey 3,142 4,217 14 3,497 YL 10,930
Hew Moxico - : 539 2,392 k13 - B4 2,676 3,556
New York 12,077 5,800 % 12,606 18,406 30,522
North Carelina 1,972 6,576 19 15,238 21,814 23,805
Hotrth Dakota 63 543 40 1,167 1,708 1,811
Ohio 4,807 3,465 29 12,951 16,416 21,252
Cklahoma kL1 1,540 62 6,145 7,685 4,102
Oregort 820 1,498 0 3,998 5,496 6,346
Panpaylvania 7,632 10,729 L1 4,240 14,969 22,645
Rhede Island - - " 266 542 "2 118 660 928
South Carolina arzy 1,421 9 6,859 8,280 9,106
South Dakota . 253 401 19 1,320 1,721 2,012
Tennensoe 1,420 1,163 34 5,289 6,452 7,906
Texan 2,799 11,743 119 11,784 21,527 26,445
Utah 0 321 . 40 623 jo2 1,063
Yermont 99 301 L 553 946 1,045
Yirginia 2,101 3o h1 8,724 8,754 10,916
HWashington 3as 3,429 106 6,865 10,294 10,785
Haat Virginia 744 - ] 1,529 1,529 2,279
Wisconsin 1,491 4, B14 T 3,053 7,867 9,363
Wyoming 940 226 2 851 ' 1,079 2,021
pist, of Columbia 2,027 33 132 193 226 %,385

* Total ' 90,072 128,617 2,200 235,658 354,275 446,547

(1) Ipcludes runicipal owned cranait buses, .

(2) 1p some instances church, indusrrial and other peivaze buses are ineluded here; snd in
other instonces privately owned school busas could not be segregnred from commercial
buses, and are included with cho laccer,

{3) This column consists primarily of publicly owned acheol buses but include a few prlvately
owned schoal {nstitutionnl and fnduserial buses registered free or ot a roduced rate.

Sourcae: U.5, Paderal Mighway Adminiscration,
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(b) ., Buses in Service by End Use and
. Product Classification.

End users generally utilize the type of bus that is manufactured
and desighed for a specific application. In other words, intercity
catriers. utilize intercity buses, transit systems utilize transit buses,
and school éistricts, private schools and churches utilize school buses.
However , exceptions do exist and an end user may utilize a type of bus
which is not necessarily designed for the specific application. Accord-
ing to manufacturers, trade associations, and end users, such situations
are rare. 'Thus, for purboses of analysis, Figure 3-12, which is the basis
for the following discussion, treats end use of the three types of bus
according to the traditiopal applications.

o 1. Total Buées. Bus registrations have increased 27% during

the pericd 1968 to 1974. The size of each segment in 1974 was as follows:

Intercity 4. 6%
Transit 10.9%
School 79.4%
Federal Government 0.5%
Others : 4.6%

2. Intercity Buses. Intercity buses are primarily utilized

by Intercity Class 1, 2 or 3 Carriers, sightseeing bus companies, and
fizme providing transportation to and from airport locations. The National
Association of Motor Bus Owners estimates that in 1974, 20,600 intercity

buses were operated by intercity carriers. Robert A, Kay, Director of the
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Figure 3-12
BUSES IN SERVICE BY END USE AND PRODUCT CLASSIFICATION

INTERCITY & TRANSIT BUSES SCiooL BUSES(Z)
Intercity Transportation Transportation .
Clase 1,2,3 Transit w Publie Privata Federal Total
Year carriers Systems  Others Expense Expense Total Govgrnment(a) Buses
1974 20,600 48,700 20,772 267,704 86,930 354,634 2,200 446,906
1973 - 20,800 48,286 20,350 262,579 71,313 333,892 2,159 425,527
1972 21,400 49,075 18,247 260,772 55,649 316,421 1,811 406,954
1971_ 21,900 49,150 17,566 245,608 61,677 307,285 1,682 397,583
1970 22,000 49,700 17,123 244,337 44,413 288,750 1,448 379,021
1969 21,600 49,600 - 17,792 238,103 35,871 273,973 1,317 364,282
1968 21,000 50,000 17,182 219,147 43,000 262,204 1,413 351,799
Notes: (a) The numbers given above are EPA estimates based on estimates by several reliable sources of the huses
in use. Certain inaccuracies must be acknowledged and are listed below:
(1) End users of intercity and tranait buses utilize a very small number of school buses in theix
operations, such vehigles cannot be easily idencified and consequently are ineluded in the
Intercity & Transit columns,
{(2) As was the case in {(a) above, end users of school buses utilize a very small number of intercity
and transit buses which are ineluded in the School Dus columns,
(b) The pnumbars given above are estimates based on state reglatration data., PBuses owned by the Department
. : of Dcfgnse are not included. In 1969, DOD buses were estimated to be 11,289,
Pootnotes: (1) Intercity buses used in sightseeing and afirport operations accounted for an estimated 18,000 units in 1974,
-(2) .Includes Class II school buses which are estimated to account for approximately 10% of the total.
(3) - Includes all typea'uf buses. Only vehicles of the civilian branches of the Federal Government are given,
Sourée: b.S. Department of Transporcation/Federal llighway Administratien, lighway Statiétics, 1968-1974, Table MV-10;

Deparcment of Health, Edoeation, and Welfare, Office of Education, Statistics of State School Systems, 1967-68

to 1973-74; Naclonal Association State Directors of Pupil Transportation Services, Growth of School Transpertation
In the U.S., 19753; Rational Association of Motor Bus Ownera, One-Hnlf Century of Service to America, 19763
American Public Transit Asscciation, Tronsit Fact Book, 1976; Motor Vehlcle Manufacturers Association, Motor
Truck Facts, 1970; Federal Highway Administrarioniﬂurenu of Motor Carrier Safety, Sofe Transport, Intercity Pua
Industry in the U.S., 1975,




Bureau of Motor Carrier Safety, Federal Highway Administration, has
estimated that in 1974, approximately 18,000 buses were operated by
sightseeing and airport bus lines.

The number of intercity buses utilized by Class 1, 2, 3 Carriers
has remained rather stable since 1968. However, a downward t;-end'has‘
developed since 1970 when the population reached 22,000, In 1974, the
population was estimated to be 20,600, while preliminary estimates for
1975 are 20,500, Influencing this downward trend have been a 5% decline
in operating companies, a 7.4% decline in miles operated, and an 11.7%
decline in revenue passengers (refer to Figure 3-2).

3. Transit Buses. -Transit buses accounted for 10.9% of the -
total bus populatidn, in 1974, In the early 1970's, transit bus popu-
lation demonstrated a downward trend which reached a low point in 1973
of 48,286 buses in use. The following two years have seen the transit
bus population on the rise, 48,700 units in 1974 and 50,811 units in
1975. Influencing this growth situation has been a rise in revenue
passengers, 3,560.8 million in 1972 compared with 4,080.9 million in
1975, a growth of some 14,6%. Related to this-growth in revenue pas~
sengers has been a corresponding growth in operating. revenues, from
$1,230.1 million in 1972 to $1,437.7 million in 1975, and increase of:
16,98, Despite these growth factors, net operating losses after taxes
have continued to mount, $288.2 million in 1970 compared to 1,703:5

million in 1975, an increase in losses of 591%.
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4. School Buses. School buses accounted for a significant
number , 79.4%, of total buses in 1974. The majority of scheool buses,
are utilized in transportation of students, the handicapped, etc., at
public expense. The vehicles used in this Function are either owned by
a school district (or other public entities) or by a private company
vwhich operates under contractual arrangement with.a schoel district.

The remaining school buses are privately owned and operated in a variety
of situations without public funding. Common examples of users include
churches, private schools, and related groups or organizations.

The number of school buses in use has increased dramatically since
1968 wﬁen 262,204 vehicles were registered. 1In 1974, total registrations
of school buses had reached 354,634, a growth of some 35% since 1968.

Included within the above school bus figures are vehicles with a
GW of 10,000 1lbs. or less and seating capacity of 16 or less. Such
vehicles are commonly called "Class II* school buses. Generally, Class IT
achool buses are converted vans or cab cut-a-ways. A converted van isa
type of light duty truck which is modified to meet state and local safety
regulations for pupil transport. Modifications include reinforcing the
floor, raising the ceiling, and adding windows. A cab cut-a-way is also
a light duty truck which comes to the body manufacturer with an enclosed

cab and a chassis upon which a =mall school bus body is built according

to required safaty guidelines.
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Station wagons used as school buses along with the above vehicles
accounted for approximately 31,282 units according to 1973-74 estimates
by the Depair tment of Health, Education, and Welfare's Office of Education.
Such vehicles are not included in the scope of this proposed regulation.

According to several manufacturers, these types of school buses have
enjoyed increasing popularity over the last few years. However, data to’
substantiate such opiniona cannot be docunented from existing published
records. -

5. Federal Government.,  Buses used by civilian branches of

the Federal Government represent only 0.5% of the total bus population..
all three types of bus are utilized by this end use segment. A signifi-
cant growth rate of almost 57%, 1,413 units in 1968 compared with 2,200.
units-in 1974, has characterized- this market segment.

6, Others. As discussed earlier in the intercity bus section,
the majority of vehicles in this end use category are buses used in sight-
seeing and airport applications. 'The remaining buses in this category -
have many and varied applications. For example, amusement parks, hotels,
tental car companies, etc., use buses to provide transportation in con-
junction with some other.activity. This general end use category has
grown.alﬁlost 21% to 20,772 vehicle in 1974 from 17,182 in 1968, From
industry interviews with several manufacturers, it can be assumed that

some part of the total 20,772 buses in this segment are smaller than
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16,000 lbs. GWR and seat less than 16 passengers.

(c) New Product Shipments
In 1974 manufacturers of buses shipped 35,729 units.

Figure 3~13

presents a history of these shipments.
1. Intercity Buses. 1In 1974 total shipments of intercity

busies were 1,350 units, 26.9% above shipments of 1970, Intercity bus
shipments show a great deal of variation from year to year.

2, Transit Buses. Transit bus shipments have shown constant

growth through the last five years., 1974 shipments of 4,818 units are

3.3 times greater than shipments in 1970.
3, School Buses. -In 1974 school bus shipments were 29,561

units, which is a. slight decline from the peak level of 30,635 units
in 1972, Although the trend in school bus shipments has been upward

since 1965, the trend has not been constant with cyclical trises and

declines in annual shipments, .

PRODUCT LIFE: CYCLE
- Beyond the end-use industry conditions outlined above, product life

cycle dictates the replacement activity within bus fleets. It is very -
difficult to determine an average producf: life for the three major types
of bus. Product life is contingent on factors such as maintenance rou-
tines and procedures, geographic location, miles traveled, and the
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Figure 3-~13
SHIPMENTS BY YEAR AND BUS CLASSIFICATION BASED ON REGISTRATIONS

Yea? Intercity Transit School
1974 1,350 | 4,818 29,561
1973 1,276 3,200 30,039
1972 1,353 _2,964 30,635
1971 977 2,514 28,358
1970 1,064 ‘L2 27,468
165 Na 2,230 28,064
| 1955 o 2,28 29,015
1967 NA 2,500 28,214
1966 ma 3,100 1 26,419
1965 NA 3,000 24,276

Source: National Assoclation of Motor Bus.
Owners; American Public Transit
Asspciation; Interviews with Gen-
eral Motors and International
Harveaster.
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economic conditions of the end-users. Given this situation, the follow-
i.ng. are estimated ranges for product life with the originél owner :

Intercity - 12 to 15 years

Transit - 10 to 15 years

School - 8 to 12 yéars

Certain factor's 'éan affect these ranges. For example; when a bus

is First put into opérétion it incurs its heaviest utilization. A
tyrical intercity bus w"ill travel 250,000 miles during the first two years
of utilization. 'I'z."ansit buses, depending on the geographic location and the
attendant route size, will travel between 30,000 and 60,000 miles per year.
School buses travel an averager of 38 niles per day, but individual mileage
totals vary substantially around this mean figure.

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
organized according to the three major product segments of Intercity,
Trunsit, and School Buses. '

(a) Intercity Buses

The nature of the intercity bus segment is generally determined by

the following:
1. cChannels of Distribution. The flow of new intercity buses

is incorporated in Figure 3-1. Note that the manufacturer deals directly

with the end-user and that a dealer or distribution network does not exist.
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All intercity bus prices are F.0.B, factory, and delivery of the
vehicle is the responsibility of the end-user. Two alternatives are
primarily utilized: end~user personnel are sent to the factory to
drive the units to their destination, or an independent bus delivery.
company will drive the completed unit from the factory to an end-user
designated location.

2. 8Sales Practices. Manufacturers of intercity buses deal

directly with intercity operators. Generally, bus requirements and
specifipations are determined by the end-user, with custom units madé'
in accordance with a variety of special requirements. Each order is
separately priced in competitive bids.

Certain exceptions to the above exist. For example, the Greyhound
Corporation, the largest Class I Intercity Carrier, purchases its
vehicles from a subsidiary, Motor Coach Industries. Continental
Trailways, another large end-user, hag maintained a purchase agreement
with Eagle International. »

4 3. Prieing. The variety of end-user bus requirements and

specifications makes the determination of an average price difficult.

However, based on interviews with the Naticnal Association of Motor Bus

Ovners, General Motors and Crown Coach, current prices would range
between $75,000 and $96,500.
4. Resale/Used Buses. 'The impact of the resale of used

buses on the nature of the intercity bus market is relatively insigni-

ficant. Original end-users of intercity buses generally utilize the
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vehicle throughout the usable life of the unit. After the useful life

of the vehicle is expended, the original end-user will either sell the unit
for salvage or strip the unit for useful parts and sell the remainder for
salvage or gell the unit to another end-user. Purchasers of used vehicles
generally are smaller intercity carriers and usually do not purchase new
vehicles.

(b} Transit Buses

The nature of the transit bus segment is generally determined by

the following:
1. Channels of Distribution. The flow of new transit buses’

into distribution as shown in Figure 3~1 is the same as the flow for new

intercity buses.
2, BSales Practices. 'The sales practices utilized in the transit

bus market segment are very similar to those pracﬁices employed in the
intercity segment. In. summary, manufacturers deal airectly with end-users.
&1s0, transit coaches are custom-made according to customer specifications
and each order is separately priced in competitive.bids by industry.’ The
significant difference lies in the formality of the bid procedure in the
transit market segment. This formal bid procedure is dictated by govern-
mental guidelines which are prerequisite to the awarding of grants and
subsidies.

3, Pricing. The most popular transit buses in use are 35 foot
and 40 foot vehicles which are manufactured according to customer specifi-

cations. Based on interviews with General Motors and several transit
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companies, current price ranges for the most popular models are:
35 foot - $55,000 to 68,000
40 foot - $60,000 to $75,000

4, Resale/Used Buses. Transit buses are generally utilized

by the original owner throughout their useful life. The original end-user
will dispose of a unit by either selling it for salvage or by stripping the
useful parts and selling the remainder for salvage, or by selling it to
another: transit authority or end-user. _
| Transit authorities may occasionally purchase used buses to fill an
unexpected demand, to cover delays in new bus delivery, to obtain parts,
or to avold costs of new bus purchases.

(e} -School Buses

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

1. Channels of Distribution. Ag depicted in Figure 3-1, dis-

tribution of conventional school buses diffetrs greatly from that of
intercity and transit buses. School bus distribution is a complex two-step
distribution 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 with a bus body builder's pool

{inventory) of chassis. Given a local body dealer's order, a chassis
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is taken from Inventory and a body 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 aimilar. The principal difference is that the
local. body distributer is given commission on the sale of the bodir.

In both cases warranty service is provided on a local dealer basis
for the part of the product that each represents. | 4

2. Sales Practices. As expected by the type of dis&ﬂ:u-
tion, 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 principal difference between the selling efforts of
chassis and body manufacturers. Chassis manufacturers view their
customers as body builders and principally concentrate their activites
at that level, although chassis manufacturers will become involved
in large bid situations, Body manufacturers, on the other hand,

promote their companies' products and services directly to the school

administrations.

The majority of school bus sales are made in public bids
to predetermined specifications. As previocusly noted, these specifi~
cations, beyond meeting-minimum safety standards, vary greatly from

locality to locality.
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3. Pricing. Due to the variety of school bus model types,
a single price range would not accurately portray the proper perspec-
tive. Therefore, the following Table 3-1 presents school bus prices

by vehicle type.

4, " Resale/Used Buses. School buses find rather é large

resale market: Typically, school_a:.‘!thorit'ies will sell used buses
to brokers. These buses in turn will be sold to such groups as
churches, boys' clubs, P.T.A.'s, Y.M.C.A.'s, and a wide variety

of othef groﬁps.
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TABLE 3-1

August, 1976 Prices for

' ‘Completed School Buses, by Type of Bus

(1)

Averape Price

Iype of Bus Range of Prices
Gasoline Powered: .
Conventional $11,000-18,000
Forward Control $26,000-30,000

Parcel Delivery ' $10,000-11,500

Diesel Powered: & = ‘ '
$17,000~-25,000

Conventional

Forward Control $28,000~30,000
Integral Mid-engine $37,000-90,000
Integral Rear-engine $37,000-75,000

$14,500
527,000
- $11,000

$19,000
"$30,000
$50,000
$50,000

(1)The average price expressed here is the price given by

‘Note:
respondents as closely approximating the mean price paid
for units of the respective type.

Source: Telephone interviews conducted between EPA consultants
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BUS MANUFACTURERS PROFILE

The remainder of this discussion will profile individual bus manu-
facturers in terms of a general description, financial resources, employ-
ment, production facilities, and market share. It is organized into four
sections as determined by the basic bus classifications and market segments
as follows: |

- Intercity .Bus Manufacturers
- Transit Bus Manufacturers
- School Bus Chassis Manufacturers
- School Bus Body Manufacturers
The basic information used in this section is developed from composite
tables of manufactureré ghown in Figure 3-14 and 3-15. Market share .
data are represented in Figure 316 through 3-19, ‘

(a) Intercity Bus Manufacturers

The firma, subsidiaries, or divisions shown below account for the’
vast majbrity of intercity bus production:
- Crown Coach Corporaticn
- Fagle International, Incorporated
- @MC Truck & Coach
- Motor Coach Industries, Limited

- Prevost Car

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

controlled business has cperated on a profitable basis and has increased
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Figure 3-14 ’

BUS MANUFACTURERS FACILLTY PROFILE
AND EMPLOYMENT ESTIMATES, 1974

Froduction Facilitien

Facility
Siza
. Caorporata {Thousands Ownud Humbor
flondquarcers of Squary or af .
Hanufacturar Location facation Foeot} Langaed Employwon Products Kanufactyred
Ganoral Motors Covparation ) Betralt, Pontiac, 1,571 a 15,000 (2)  School bua chassiy
o Michigan Michigan . quiuu dity trucks
. o Pontéac, un o - . Intercity buses
sichigan fronslt butes
Ford Hoter Company Laarborn, taulaville, A HA A ' Bchool hﬁn chaasis
. Michigan Kontucky
Windmor, HA NA ' HA Schoal bug thassiy
ontarlo, . RA
Canada
‘Ia Chrysler Corparation Warren, windsor, 495 1] NA School bua chaosin
% ) i Kichigan ontaria, Hodium duty trucks
. Canada Hotar home chassis
. ; ) X ; .
Interpational Harvester Company chicaqao, springflold, HA NA 4,000 School bus chasais
: . . Illinain ohia ’ Medium duty trucks
Groyhaund Corperation Phoanix, Winfipeg, 155 a " 1,500 (3 Intarcity buses
[Hotor Caach Industries, Ltd.} Arizona Manitoha, -
' Canadn
i . Fort Gazy, 1315 0 N - HA
. . Hanitoha, . . .
X Canada
Amarican Matars Corporaticn ) Southfiekd, Hlshawaka, Mo A B HA Trannit busem
(AM Cenaral Corporacion) . Hichigan Indiapa
; Marshall, A HA HA ' Traneit bus badias |
: . Toxas L
Indian Head Incorporatod Hew York, Richmond, HA WA 0o - Hoo Scheal bul bodios
(Wayne Carporation) tiew Yark Indiana Ambulancaa
HoatsSen
rrofosaional cars
Rohr Industries,; Ipcorparatnd Chula Vista, bnln\mro, 16 Nh HA Tranglt husas
.lThu ¥Flxibla Cempany) Californla o_hl.q
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Manufacturer

Sheller=Globa Corporation
{Superior Divimion)

themas dullt Buseq, Incorparated

Blua Blrd Body Company, Incorporated {5

Carpenter Bocdy Works, Incorparatod

Ward Scheal Dus Mapufaceuring,
Incorporatod

{Subsidiary of Ward Industrias,
Incorporatad)

Crown Coach Corperation

6)

Highway Producea, Ipcorporated

(Subaidiary of Midwast Managemant

Corporation)

Figure 3~14 (cont,)

BUS MANUFACTURERS FACILITY PROFILE

AND EMPLOYMENT ESTIMATES, 1974 (CONT'D)

Production Facilitisg

Products Manufacturad

Facliity
Slze
Carporate {Thounanda Owned Humber
lisadquartars of Square or of
lacation Location FPeat} Laanad Empleyoay
Toleda, Lima, 698 o 1,800
thio Ohio '
Koaciusko, HA NA NAS
Missisaippl
High Polnt, lidgh Point, 12,2 o 500
Korth Carolina, HNarth Carclina
Wagdetock, HA HA HA
Ontario,
Canada
Fort Valley, Fare Vallay, 500 BN 650
Goorgla Georgla
Hount Fleamant, MNA HA KA
Toma
Buena Vinta, NA NA NA
Virginia
Mitchatl, Hitchell, 315 4] 630
Indiana Indlana
Canway, Conway 2)4 L 500 - 600
Arkansas Arkangas
log Angales, Loa Angeles, 65 a 275 = 450
California California
Chicago, Kant, . . 250 NA 1%0
Illinois Ohio

Schonl bus bodies
Integral buses
Hoarses
Ambulances
Military vehicloa

Scheol bus bodfas
Inteqral buses
Spaclalty vehiclaa

Schaol hus bodisa
Integral huses
Spacialty vehicles

KA

Schoal bus bodfes
Integral buses
&pucialty vehicles

HA
HA

Schlsal bus bodles
Inteqral buses
Spacialty vehicles

Bchoal bus hadias

Integral scheol busas
Intercity busas
Epacialty vohicles

Tranalt buses
Mitomgtive suspension
ayatems



Figure 3-14 (cont.)
BUS MANUFACTURERS FACILITY PROFILE AND EMPLOYMENT ESTIMATES, 1974

Production Facilities

Facility
Size
Corporate (Thousands Owned Humber
licadquarters of Square or of
Manufacturer Locaticn Locatiaon Feet) Leaged Employees Products Manufactured
 Gillig Brothers Incorporated Hayward, Hayward, 120 8] 150 Integral school buses
{Subsidiary of the §5.G. California California Specialty vehicles
Herrick Corporaticn) '
Eagle International, Inc. Luxembourg Brownsville, 157 L 150 Intercity buses
(Europe) Texas
Pravost Car “Ste. Claire, Ste, Claire, 144 0 125200 Intereity huses
Dotchester, Dorechaster, Mator llomes
Quebec, Quebee, . Specialrty Vehleles
Canada Canada

oy-t

Footnotes: {1) General Motors is refurbishing an existing facility to accommodate production of a new line of tranait
buses. A new pfoduction facility for school bus chassls is being plannaed.

{2) This figure tcpresents all employees in the two operating facillties., The numher of employees invelved
exelusively in the production of buses is not available.

{3) ‘This figure represents all employees in the two facilities.
(4) aM General Corporation's headquartera are located in.Wayne, Michigan.

(5) A bus production facility in Guatemala and a bus production facility in Canada, utilized exclusively for
sales of product in their respective countries, have been excluded from the exhibit. A parts manufacturing
facility in Fort Valley, Ceorgia has also been excluded, Total company employment is approximately 1,000.

(6)' Production ceased in 1975.

_ Sourcat Annual Reports; Dun & Dradstreet; Moody's Industrial Monual; Industry Interviews.
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Figure 3-15

BUS MANUFACTURERS
FINANCIAL CHARACTERISTICS, 1974

Financial Charactaristica

{5 Millions)

Year Rat Principal
End Manufacturar Salea Income Assots Bus Products
12731/ General Motors Carporation $31,549,5 $950.1 $20,468.1 Intercity and transit
Detreoit, Michigan - buses) school bus
{GMC Truck & Coach Division) chasais
12/34/74 Pord Motor Company 23,620.6 360.9 14,173.6 Schesl bus chassis
peatborn, Michigan
. 12/31/74  Chrysler Corporation . 10,571,4 {52.1) '6,732.8 School bus chassis
Warren, Michigan : . . .
-10/31/74 International Harvestar Company 4,965.'9 124,1 3,327.0 Scheol bua chasals
Chicaga, Illinols
12/31/74°  Greyhound Corporation 3,469.3 58.0 . 1,357.3 Intercity buses
Phoanix, Arizona
{Motor Coach Induatriag, Ltd,)
9/30/15 Amarican Moters Corporation ol 2,282,2 IZT.SJ 1,010,3 Transit busas
Southfleld, Michigan . .
(AM General Corperation)
11/30/14 Indian Head Incorporated 615.4 22,5 353.5 School bus bodies
Hew York, New York
[Wayne Corpaoration)
/3178 foht Industrles, Incorporated 456.3 [746) 313.8 Transit buses
Chula Vista, Califernia .
) ' (The Flxibla Company)
9/30/74 Shellor=Globe Corporation 286.8 7.0 233.7 School bus bodiae
Toleds, Ohic -
{Superior Division)
3/31/75 Thomas Bullt Buses, Incorporated 30,0 1.5(2). 14.6 School bus bodles
High Paint, Nerth Carclina
12/31/74 Blue Bird Body Company, Itcorporated 30.0 NAR NA Ssheol bus bedies

Fort Vallay, Georgia
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Tigure 3-15

BUS MANUTACTURERS-
FINANCIAL CHARACTERISTICS, 1974 (CONT'D)

Financial Characteriatics

{$ Millions)

Yoar Net principal
End Manufacturer Sales Incoms ABSELR Bus Products
12/31/74 Carpentar Body Worka, Incarporated 20,0 nh 9.8(3’ Schooal bus bodles
Mitchall, Indlana
12/31/74 Ward Scheol Bus Manufacturing, 16,0 RA NA Schaol bus boediea
Incorperated, Conway, Arkansas
{Subsidiary of Ward Industries
Incorporated)
12/31/74 Crawn Coach Corporation 14,0 NA 18,2 Intagral school buses;
Los Angales, California intareity husas
12/31/74 tighway Products, Incerporated t4) 11.7 {8} 5.4‘5] Transit buses
Kent, Ohic
(Subsidiary of Midwent Managemant
Corporatien)
11/30/72 Gillig Brothera Incorporatad G.0 HA 4.4 Integral school buses
: Hayward, California
{Subsidiary of The 5, G. llorrick
Corporation)
12/31/74 Prevost Car : 4.5 NA 2,5-3,5 Intarcity busas
’ Ste. Claire, Dorchester, i . .
Quehec, Canada
NA HA Intercity buses

Eagle International, Incorporated A
Brownsville, Toxas
{Subsidiary of Overseas Inns}

{1) AM General Corperation's sales totaled $339,3 million with net income of §$108,000,

{2}y 3731774
(3 r2/31/72
{4) Production ceased in 1975,

(5) 3/11/75

Sourca: Annual Reparts, Dun & Bradstreet, Fortune "S00" pirectory.
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Manufacturer

Motor Coach Industries ~ ‘

Ganeral Motors

Eagle International

A1 others (1}
Total

Figure 3-16

ESTIMATED FACTORY SHIPMENTS AND MARKET SHARE

INTERCITY BUSES

1970 1971

1972

1973 ' 1974

Market Share Units Market Share' Units Market Share Unlts Market Share Units Market Qlam

47.8% 497 50,9% 725
22.7 155 15,9 280
7.3 300 30.7 300°
22 3 26 _48
- 1004 77 M08 1,353

* nbl:als do not'. add up I:o 1002 due to rounding

J'Pootmtex Includca unihs manufactured by Prevoat and Crown Coach,

53,64

20,7

2.2
‘3.5

1004

. 587 46,08 620 - 45,94

" s 27,1 a4 - a2

283 22.2 26 . 175
__60 4.7 W

1,276 008 1,350 . ) mqni

Boutce: Interviaws with General Motor Corporation and Metor Coach Induatrieﬂ: A.T. Kearmey calculations . ;

bnsed on “information provided in industry interviews.



Figure 3-17
TRANSIT BUS MARKET SHARES

ESTIMATED MARKET SHARES - TRANSIT BUSES
TOTAT. TRANSIT BUS FLEET

Manufacturer : Market Share
General Motors 75,2%
Flxible ’ 17.8%
AM General 3.4%
Highway Products 1.17
All Others# 2,5%
Footnote: *Includes imported buses,

Sourcé: EPA estimates based on data from
' American Publie Transit Association,
Fleet Inventory.

ESTIMATED MARKET SHARES ~ TRANSIT BUSES
NEW EQUIPMENT DELIVERED, 1970-1975

Manufacturer Market Share
General Motors ' 65.2%
Flxible - 26,9%
AM General 4,2%
Highway Products 1.7%
All Qthers* 2.5%
Footnote: *Includes imported buses,

Souree; EPA estimates based on data fram
American Public Transit Associatien,
Fleet Inventory.

ESTIMATED MARKET SHARES ~ TRANSIT BUSES
. HEW EQUIPMENT DELIVERED, 1974-75

Manufacturar Market Share
Ceneral Motors . 44,67
AM General 26.3%
Flxible 22,47
Highway Products 2.7%
All Otheys% - ) 4,07
Footnote: *Includes imported buses

Source: ELPA estimated based on data from
American Public Transit Assoclation,
Fleet Inventory,
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Figure 3-18

U.S5. DOMESTIC FACTORY SALES AND MARKET SHARES
SCHOOL BUS CHASSIS

1969 1970 1971 1972 1973
Market ) Market Market Market Market
Manufacturer Units Share Units Share Units Share Unies  Share Units Shaze
Chevrolet 9,105 29.62 6,945  24.5% 5,29 17,1% 3,879 11,777 3,793 | l11.2%
Dodge 1,512 4,9 2,010 7.1 1,676 5.4 1,177 3,6 - 677 | 2.0
Ford 6,670 21.7 5,670 20.0 5,503 17.8 8,54% 25,9 49,815 2§;0
GMC 4,764 15.5 3,989 14,1 5,114 16.6 4,622  14.0 2,455 .‘f;B
_ IHC 8,117 26.4 8,921 3L.5 12,399 4L.1 13,575 41,1 15,510 45,9
g 11 othexsCD) 603 2.0 7% 2.8 897 2.9 1,235 3,7 1,580 4.7
’ Total 30,770 100.0%* 28,325 100,0%% 30,883 100.0%* 33,037 100.0%% 33,820 :10ﬁ.02*

*Totals do not add up te 100% due to rounding.

Footnote: (l)National Chassis Company, Perry, Goergia and Hendrickson Manufacturing Cumpany,
Lyona, Illinois account for a significant number of unics.

Source: School Bus Fleet; Interviews with General Motors, International Harvester and Chrysler.




Figure 3-19
ESTIMATED FACTORY SHIPMENTS AND MARKET SHARE

SCHOOL BUS BODIES, 1974

Manufacturer
Blue Bird
Sheller Glebe (Superidr)
Indian Head (Wayne)
Thomas
Carpenter
Ward
A1l Others‘D

Total

Shipments Market Share
6,592 22,3%
6,592 22.3
5,055 7.1
4,257 14.4‘
3,784 12,8
2,838 9.6

Y] L5

29,561 100;02

(l)Crown Coach and Gillig account for the majoricy with

integrally constructed buses.

Also includes units

manufactured by [irms not in the bus industry auch as

recreational vehlele manufacturers,

Source: EPA compared estimated market share information
- provided by body manufacturers with Dun & Brad-
street sales. estimates. :
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net worth annually throuwgh retained earnings. In 1974, Crown had sales

of approximately $14 million, total assets of §18,165,223, and a tangible
net worth of $3,755,232. In addition to intercity buses, the Firm also
manufactures integrally constructed school buses and fire trucks. Crown
is also a distributor of coaches and bodies for other manufactuters and
operates a coach maintenance division. Crown will employ between 275

and 450 people, depending on demand and seasonal fluctuations, in one

production facility of 65,000 square feet located in Los Angeles, Califor-

nie_n. The firm's integrally constructed vehicles compete primarily in
two market segments, intercity and school, and accounted for less than
1% of total sales in each market in 1974.

.2, Eagle International, Incorporated. This company, a sub—

sidiary of Overseas Inns, S.A., Luxenbourg was founded in 1973 to manu-
facture buses prlmarily for Continental Trailways, the second largest
U.S. intercity carrier: Prior to 1973, another subsidiary of Overseas
Inns manufactured such buses in Belgium. However, with the devaluation
of the U.8. dollar, the Belgian units could no longer be competitively
priced and Eagle was formed.

As noted above, Eagle was started to manufacture Silver Fagle
intercity buses primarily for Continental Trailways under an annual
contract. In the second half of 1975 this annual contract expired and
had not been renewed as of August 26, 1976. as a result, production
hag been cut significantly. The number of employees has been reduced

from 350 to 150. Finally, on August 12, 1976, a meeting was held with
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many of the firm's creditors in order to work out a plan for repayment
of debts. The firm is maintaining its lease on a 157,000 square foot
plant in Brownsville, Texas. In 1974, Bagle accounted for approximately

17.5% of total intercity bus sales.
3, GMC Truck & Coach. 1In 1943, General Motors Corporation

acquired the assets of Yellow Truck & Coach Manufacturing Company and
business formerly conducted by that organization is today heing carried
on by the GMC Truck & Coach Division. In 1974, General Motors had net
sales of §31,549,546,126; net income of $950,069,363; total assets of
$20,468,099,914; and employed approximately 734,000 individuals. Speci-
fic fipancial information for GMC Truck & Coach Division is not available,

General Motors is primarily an operating corporation, carrying on
activities through operating divisions. The firm also owns stock in
many other companies. Generally, @M is engaged in manufacture, assembly,
and distribution in the United States of various motor driven products
most of which relate to transportation equipment. Subsidiaries and
associated companies conduct similar operations in Canada and other
foreign countries.

Automotive products consist of passenger cars, trucks, huses,
motor homes, and their related components, as well as parts and
accessories. The greatest portion of such components, parts and
agcessories is used in the manufacture of M automotive products..
In addition, substantial amounts of such products are sold to outside
manufacturers, and are-also marketed through distributors, dealers,

and jobbers.
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In the United States there are 29 major operating divisions, while
in Canada,; & manufacturing cperations are carried on by a subsidiary.
Products are distributed to other world markets through the Overseas
QOperatiohs Division which has assembly and manufacturiné operations in
21 countries.

@MC Truck & Coach Division operates two bus manufacturing facilities
in Pontiac, Michigan; one is devoted entirely to the production of inter~
city and transit buses, while the other manufactures school bus chassis
and medium duty trucks. The two plants jointly employ approximately 15,000
people.” An existing facility, also in Pontiac, is being refurbished to
accomodate production of @MC's new transit bus, the RTS-2. Future pians
call for another facility for the manufacture of school bus chassis, -

In 1974, @MC's respective estimated market shares were as follows:

Intercity 32.1%
Transit 44, 6%
School Bus Chasgsis 18.5%

4. Motor Coach Industries, Limited. This company is a wholly

owned’ subsidiary of Greyhound Lines of Canada, Ltd. which isg bofh a holding
and an opefating company. Overall control rests with the Greyhound Corpora-
tion, a holding company with numerous subsidiaries whose business activities
can be categorized Into six general groups: Transportation, leasing, Consumer

Froducts and Pharmaceuticals, Food, Services, and Food Services. In 1974,
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Greyhound Corporation had sales of approximately $3,46§,281,000;;net
income of approximately $57,955,000; total assets of $1,357,328,236
and employed approximately 55,000.

Motor Coach Industries employs approximately 1,500 employees in
three plants located in Winnipeg and Fort Gary, Manitoba, Canada and
Pembima, North Dakota. Respectively, the two Eacilities contain 155,000
square feet and 135,000 square feet. In 1974, MCI accounted fbr 45,9%

of total intercity bus sales. Specific financial information is not

ayailable.

5. Prevost Car. This Canadian-based manufacturer was formed
in 1957. Intercity buses account for approximately 60% of production,
motor homes account for 25% and the remaining 15% of production is
accounted for by specialty vehicles. 7

1974 sales were estimated to be $4.5 million with total assets of
between §2.5 millien and 5$3.5 million. Two buildings with a total area
of 144,000 square feet are owned by the company and used as a manufac-
turing facility. Employment is estimated at 125-200.

_ Prevost Car is éstimated to have less than a 1% share of the sales
of the total United States intercity bus market.

(b} Transit Bus Manufacturers

The following firms, subsidiaries or divisions account for the
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vast major ity of transit bus production:
- .MM General Corporation
- The Flxible Company
- @c 'I'ruck & Coach
- nghway Pcoducts, Incorporated
1'. AM General Cor Joratmn. In 1971, American Motors Corpora=-

tJ.on formed th:.s wholly-owned subs:.dlary to assume the assets and govern-
ment contr:acts of the former general products dnusmn. A General entered
the trans.1t bus busmess in 1972 and has s.mce recorded substanti»l gains.,
1975 ..,ales Ii.otaled $339 3 million whlch represants a 113% increase over 1974,
Durmg th1s same permd of tJ.me, the subs:.dlary went Erom a loss of §9.7
mlllmn o a proflt of $188 000 Smce entering the market, M General has
become & major factor in the trans.Lt bus industry. During 1975, MG was
awarded contracts valued at $83.7 million for 1,361 busee by 19 transit
au*thoriti‘e‘s. 1974-5 sales accounted for 26.3% of the total market for new
tr'éh‘s‘ie bhees. Bus menufactu.fing facilities include a 350,000 square foot-
plant in Mishawaka, Indiana and another plant in Marshall, Texas.

The parent company, American Motors, -is an operating corporation with
several wholly-owned operating subsidiaries, The company is primarily
engaged in the manufacture, assembly, and distribution in the United States
and forelgn countries of various motor driven products, most of which relate
to transportation equipment. Automotive products include passenger cars,

utility and recreational vehicles and transit buses.
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2. The Flxible Company. This wholly-owned subsidiary of

Rohr Industries, Inc. was acgquired by the patrent company in 1970.
Flxible manufactures transit buses in a new 338,000 square foot plant

located in Delaware, Chio. 1974-5 sales accounted for 22.4% of the

‘total transit bus market. Specific employment and financial informa-

tion is not available.

Rohr is a diversified company organized into two systems groups:
BAerospace and Marine Systems Group, and Rail and Industrial Systems
Group. ‘'he company designs and manufactures the ‘following products:
éower plant éssemblies: thrust reversal systems and other components;

motor sections and nozzles for large solid propellant rocket motors;

spacecraft tracking and communications antennas; steel and aluminum

boats of var ious kinds; prestressed and precast concrete structural

compdnentsf automated ma&rials handling and storage systems; rail
transit sys.tems; personal transit systems; postai mechanization
systems; transit buses, and other aerc;space, transportation, and
industx‘lial éystéms. In the year ended July 31, 1975, Rohr had a net
loss of ‘$7.6 million on sales of $456.3 million and assets of $313.8

million.

3., @MC Truck & Coach. This General Motors operating divi-

sion is the most significant factor in the transit bus market. For

- a profile, refer to the Intercity Bus Manufacturers portion

‘.. of this section.
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. 4, - Highway Products Incorporated. This subsidiary of Midwest.

Management Corporation ceased operations in 1975. Highway Products had . .
manufactured and marketed transit buses under the Twin Coach product name.

In 1974, Highway Products had a net loss of $800,000 on sales of $11.7

million with assets of $5.4 million. The manufacturing facility, located

in Rent, Chio, contains 250,000 square feet. As of July 18,-1975, the
company had employment of 150 at the plant location., 1974~75 transit:bus
macket share amounted to 2,73,

The parent corporation 'is a holding company which maintains.at least
gix subsidiaries. These companies are involved 'in manufacturing aluminum
doors and windows, railroad hardware equipment, leasing.and land develop=
ment, and travel bureau operations. On December 31, 1973, Midwest
Managemént Corporation had a tangible net worth of $756,096 with finances
unbalanced. 1973 sales were $28,2 million with a loss of $361,000. .

- {¢) . School Bus Chasgis Manufacturers

The. following firms or divisions account for the vast majority of

school bus chassis production:

Chrysler Corporation

Ford Motor Company -
. MC Truck & Coach

- International Harvester Company

1. Chrysler Corporation. Chrysler manufactures and markets

its conventional school bus chassis under the Dodge product line. BAlong
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with school bus chassis, the 495,000 square foot plant in Windsor,
Ontario, Canada produces medium duty trucks and motor home chassis.
In 1973, Chrysler accounted for 2.0% of the total school bus chassis
market.  Specific employment and financial information is not avail-
able.

The patent company and its subsidiaries are engaged primarily
in the manufacture, assembly and sale of cars and trucks and related
automotive parts and accessories. Other operations include the manu-
facture and sale of tractors, outboard motors, boats, inboard marine
engines, air conditiconing, heating and cooling egquipment, power metal
products, chemical products and defense-space products, including tracked
and wheeled vehicles and space boosters, 1In 1974, Chrysler had a net
loss-of 552,093,772 on sales of $10,971,415,723 and agsets of
$6,732,755,557, - Employment numbered 25,929.

2. Ford Motor Company, Ford school bhus chassis production

cccurs at plants located in Lonisville, Kentucky and Windsor, Ontario,
Canada. .(Ford's 1973 shate of the school bus chassis market amounted
to 29.0%. Specific financial, employment, manufacturing and marketing
data- for Ford's school bus chassis production operation are not avail-
able.

The corporation is primarily an operating company with saveral
subsidiaries. The manufacture, assembly and sale of cars, trucks and
related parts and accessories accounted for approximately 91% of sales

in 1974. 1In the United States, Ford ranks second in the industry in
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unit factory sales of cars and trucks. Outside the U.S., cars and
trucks are manufactured by several subsidiaries throughout the free
world. The remaining 9% of sales .in 1974 was accounted for by opera-
tions dealing with tractors and farm implements, communications and
electronic systems, automotive production component materials, the .
dealer organization, land developments, and public transit "people -
mover" systems. Total sales for the year amounted to $23.6 billion
which generated net income of $360.9 million. Assets total approxi-
mately $14.2 billion. In 1974, Ford employed 235,256 workers in this

'country and 464,731 on a worldwide basis.

3. GMC Truck & Coach. This General Motors operating divi-

sion markets its school bus chassis under the Chevrelet or MC product
line. For a profile, refer to the Intercity Bus Manufacturers

portion of this section.

- 4. International Harvester. International Harvester manu-

factures school bhus chassis and medium duty trucks in their Springfield,
Chio plant which employs 4, 000. - In 1973, the company accoﬁnted.for 45,9%
of the total échool bus chassis market. Additional specific financial
information is not available.

~ The corporation is‘ primarily an operating company with numetous
whélly;oﬁned subsidiaries. International Harvester's principal products
are trucks, ag:;iculturalfindustrial equipment and construction eguipment.

The campany is also a major producer of gasoline and diessl engines for
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use primarily with its products. International Harvester owns 17'manu-
facturing plants in the United States, while its subsidiaries own'il8
manufacturing plants throughout the free world. As of October 31, 1974,
the company had approximately 73,870 U.S. employees and 110,990 total
worldwide: employees. Sales for the year amounted to $4,965,916,000iwith
a net income of $124,053,000. Total assets amounted to $3,362,962,000.

{d) School Bus Body Manufacturers

The following firms, subszidiaries or divisions account for the
vast majority of school bus body production:
- Blue Bird Body Company
—- - ‘Carpenter Body Works
- Superior
-  'Thomas Built Buses
-  Wacrd-School Bus

- Wayne Corporation

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

company, Blue Bird was originally started in 1927. The company wholly-
owns five sﬁbsidiaries, all of which are associated with the school bus
market. Three of the subsidiaries are located in the United States, with
one in Canada and the other in Guatamala. The main plant, which is 500,000
square feet, is located in Fort Valley, Georgia, Some 650 of the con‘rpanfs

1,000 workers are employed in the main plaht.
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Although Blue Bird is primarily a conventional school bus body
manufacturer, it also produces forward control school bus bodies and
motor homes. In addition, one U.S8. subsidiary manufactures school bus
accessories and parts. In 1974, Blue Bird had sales of approximately
530 million which resulted in an estimated 22.3% share of the school
bus body market. Additional financi_al information is not available.

2. Carpenter Body Works, Inc. This privately owned company

was founded in 1918. The most significant portion of Carpen.ter's opera-
tion is the manufacture and assembly of conventional school bus bodies;
however, the company also builds forward control and parcel delivery
school bus bodies mounted on special chassis according to customer
specifications. The company's 375,000 square foot production facility
employs 630 workers.and is the largest employer in Mitchell, Indiana.
1974 sales were reported over $20 million which resulted in approxi-~
mately a 12.8% share of the total school bus body market.

3. Superior. An operating division of Sheller-Globe Corpora~
tion, Superior was acquired in 1§69. In addition to conventional school
bus bodies, Supertior manufactures forward control and parcel delivery
school bus bodies, ambulanceé, funeral hearses and military vans, most

of which are moun'ted on chassis furnished by automotive manufacturers.

A 698,000 square foot production facility, employing 1,800, is located

in Lima, Ohio. Another plant is located in Kosciusko, Mississippi. The
firm's estimated 1974 share of the school bus body market is 22, 3%.

Additional specific divisicnal financial information is not available.
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The parent corporation, Sheller-Globe_. is a diver_sified operation
with its products being classified into one of three categories: auto-
motive parts, assemblies, and related products; vehicles and transpo;‘tation
equipment; and office products. 1974 sales were $286.8 million with a net
income of $7.6 million. Assets totaled $233.7 million.

4. Thomas Built Buses., This operating company has two

subeidiaries, one in Canada and the other in Ecuador. Conventional school
bus bodies represent the most significant portion of the operation. The
firm is also engaged in the manufacture and assembly of forward control
school bus bodies and other specialized vehicles. The firm employs 500
workers in a 42,200 square foot facility located in High Foint, North
Carﬁlina. Thomas also operates a plant in Woodstock, Ontario, Canada. | For

the fiscal year ending March 31, 1975, Thomas reported sales of approxi-

mately $30 million and assets of $14.6 million. During the prior fiscal

year, net income was reported as $51.6 million. The firm's 1974 estimated

share of the market is 14.4%. _
5. Ward School Bus Manufacturing, Inc. This family owned

buginess is a subsidiary of Ward Industries, Incorporated which serves

as a holding company for three other subsidiaries. Manufacture and assembly
of school bus bodies is the primary operation of Ward School Bus Manufacturing.
‘The subsidiary empioys between 500 and 600 workers in a 234,000 square foot ._

plant located in Conway, Arkansas, Ward's estimated share of the 1974 school

bus body market is 9.6%.
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6. Wayne Corporation. A subsidiary of Indian Head, Inc.,

tl;is corporation manufactures ambulances, hearses, postal delivery
vehicles and other speciality vehicles. However, the most significant
part of the operation is the manufacture and assembly of school bus
bodies. The Wayne Corporation employs 500 to 800 workers at their
main plant in Richmond, Indiana. The 1974 estimated share of the
market is 17.1%. Additional specific information pertaining to this
spbsidiary is not av;uilable.
The parent corporation, Indian Head, Inc., reported 1974 sales

'of $615.4 million and net income of $22.5 nillion. Assets totaled
$353,5 million. Indian Head is a diversified company engaged in the
mapufactire and processing of glass containers, metal and .automdtive
products'} specialty textiles, utilities and cozmnmications;. products,
and micrépublishing.

EXEORTS AND IMEORTS

With regard to all types of buses, the U.S. has experienéed a'
favorable balance of trade situation. In 1975, the U.S. exported a
total of 5,673 newﬁnd used buses with a value of almost $112.4 million.
buring the same year, the 0.S. ‘imporbed a total of 881 wnits valued at
$20.1 million. '

(a) Exports

Fi.gure 3-20 shows W.S. bus exports in terms of units and value for
both new and used buses. New buses figures are listed according to engine

type., In 1975, the U.S. exported more buses, 5,673 units valued at
$112,360,243,
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Figure 3-20
U.S. BUS EXPORTS

NHew Buses ‘ s Used. Buses
Gas Engines ‘Diesel Engines ‘ f ]

Year Units . Valua Units Value ~ Units ° _ Value
1975 4,621 $86,101,082 432 §21,909,768 620 $4,:3z.9,393}
1974 2,607 15,391,587 455 . 13,649,000 - 381 1,545,689
. 1973 2,068 11,188,240 287 . 5,830,007 © 326 1,175,850
: C a7 2,579 13,179,882 206 4,132,188 266 . 799,222:
w | 1971 3,384 14,435,144 44 4,664,188 © 355 1, 271,542
S 1970 3,141 11,978,367 359 6,527,308 297 945 006 ..
1969 2,685 © 11,001,298 190 3,888,541 307, 704,549
1968 3,952 19,736,151 371 6,139,753 606 1;:637,];71:‘

Sourcet 1.8, Burenu of the Census, U. 5 Exports, FT 410, Schedul& B, Commodity hy
Countrx. 1968-1975.

Jﬂdi-u-l—-qm..,-..:w.‘m,-rh--....-v-»-u:.......v;. Mentie Do
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than in any year since 1968 when 4,929 units valued at $27,513,075 were
expot ted. : . '

According to statistics compiled by the Motor Vehicle Manufacturers
Asgoriation, ‘Ford is the leading exporter accounting for. 43.6% of all
exports. . The following Table 3-2 presents the percentage share of total
'exports by manufacturer in 1975.. It is significant to note'that Chrysler's
entire bus production was exported rather than utilized domestically. .

R g . TABIE 3-2
Percentage Breakdown of Total

{1)
. 0.8. Bus Exports by Manufacturer

" Manufacturer ' 8 of Total Exports
Vrora | e
' C'hrya'lef“ _ o ' | 29,8
FJ.\GVe’ne'r'al Mot:or;"s‘ | '. o 19.2
: "Iﬁterrlaaltio'ﬁ'al Hér\.?e;-zt;.er ‘ 7.3
Other | o ' -0.1'_
o Total - 100.0%
{1} '
Note: .. In -the case of achool buses, data refers

only to chassis manufacturers.

S&drce: Motdr Vehicle Manufacturers Association
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(b) Imports

Figure 3-21 presents U.S. bus imports in terms of units and value by ..
country of origin.  U.S, imports of 881 units in 1975 represent a signifi-
cant decline of approximately 33% from the prior year's total of 1,319
units and an even larger decline of 38.5% from the peak year of 1972 when
the U.8, imported 1,433 units.. With the exception of certaln Canadian
manufacturers identified in prior sections, such as Motor Coach Industries

and Prevost Car, only two foreign bus manufacturers have been the source

of significant imports to the United States. Mercedes Benz accounts for

virtually all buses imporied from West Germany and a subsidiary of Overseas
Inns (parent company of Bagle Internaticnal) accounts for all buses imported
from Belgium. Aé".disciis,‘sed in the Bus Manufacturer Profile section, Continental
Trailways, the second i‘argest intercity carrier, had maintained bus purchase
agreements with Overssas Inns which has a subsidiary with a plant in Belgium.
With the devaluatien of ‘the.e U.8. dollar, the manufacture of such units outside
the United States becamé economically unsound and Eagle International was
formed in 1973. According to industry socurces at the Natiopal Associaﬁion

of Motor Bus Owners, production of the Belgian units was gradually phased

out in 1975 with Bagle International assuming production of all Continental
Trailways buses in the United States. Subsequently, the purchase contract
with Eagle has not been renewed by Continental. |

RAW MATERIAL ~ COMIONENT — AFTERMARKET SUPPLIERS

As {llustrated in Figure 3-1, bus manufacturers obtain raw materials

and components from suppliers and manufacturers. The bus aftermarket is
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U.S. BUS IMPORTS

Figure 3-21

(l)Includea 169 units valued at 5181,934 from Japan,

Source: U.S..Buréau of 'the Census, Imports, FT 135, Schedule A, Commodity by Country.

Total Imports Canada United Kingdom Belgium West Germany Qthers
Year Units Value Unita VYnlue . Units Value Units Valve = Units Value Unita Value
1975 881 - §20,113,458 545 57.484.196 40 $116,274 149 $ 8,921,151 141 $3,546,608 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 5;316,020 53 66,460 307 17,735,226 72 1,183,276 4 74,926
i972 1,433 . 23,855,177 779 7,137,549 52 113,633 306 15,154,884 125 1,200,763 '171(1) 248,348
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 a7 64,075 . 278 13,089,103 72 491,043 1 2,553
1969u 478 . 12}89&,&2% - 166 1.393;697 22 50,335 251 10,794,048 38 6&0,262. 1 . 15,885
1968 433 12,562,821 © 109 925,521 20: 49,764 266 10,745,567 37 839,299 1 2,670



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

These suppliers and manufacturers also supply the large auto and truck

manufacturing industries.

Bn examination of sales figures developed by the Motor Vehicle Manu-
facturers Association presents the relative importance of the bug industry
to suppliers‘when compared to the much larger auto and truck industr ies,

In 1975, auto,‘truck and bus sales are estimated to be 8,985,012 units,

" of which buses accounted for an estimated 40,530 units or 0.5% of the total.

Figure 3-22 lists some suppliers which have been identified during inter—

views with bus manufacturers.

BASELINE INDUSTRY FORECAST
In order to measure the economic impact of the proposed bus noise

emigsion levels selected for study, a baseline forecast of industry

activity was established. Against this forecast, estimated post-

regulation activity will be compared 50 as to measure the change. This

section presents the baseline forecast and the methodology utilized in

its development. Figures 3-23, 3~24, and 3-25 respectively portray base-

line forecasts for intercity, transit, and school buses.

(a) Baseline Forecasts

The Department of Transportation's National Transportation Report

estimates that intercity passenger travel expenditures for the period

1975 to 1990 will annually increase 0.5%. During this same period of

time, the National Association of Motor Bus Owners estimates that the
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Figure 3-22

SELECTED SUPPLIERS TO THE BUS MANUFACTURING INDUSTRY

Manufacturer
Bené?x
Borg;ﬁhrner
Caterpillar
Cummins
Dang
Donaldson
Eaton
Ggrlqak (Stemco)
HidIApd-Rusa
Modine .
Questor (A P Parts)
Rockwell International
Wagner Electric
Wallace-Murray (Schwitzer)
Westinghouse

Young Manufacturing

1975 Sales
{8 Millions)

§2,481

1,768
4,082
833
1,070
120
1,760
151
415
128
384

4,409

236
330
5,799
36

Manufactured
~Component

Engine Accessoriles
Radiator

Engine

Engine

Transmission

Alr Cleaner, Muffler
Axle

Muffler

Engine Accessories, Frame
Radiator

Muffler

Axle, Brake

Engine Aecessories, Brake
Radiator Fan

Engine Accessories

Radiator

Source: Interviews with bus manufacturers; Dun & Bradstreet,
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Flgure 3-23

BASELINE TORECAST
INTERCITY BUSES

Year
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

1990

National Assoceiation of Motor Bus Owners estimate for
growth rate added to an average annual shipments figure

Shipments
1,256

1,236
1,256
1,256
1,256
1,256
1,256
1,257
1,257
1,257
1,257
1,257
1,257
1,257

1,257

based on the years 1970-1974,
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Source:

Figure 3-24

BASELINE FORECAST
TRANSIT BUSES

Year Shipments

1976 7,277
1977 - - . " 5,880
1978 5,627
1979 4,375
pe80. 4,209
1981-85 3,861
-1986-30 - . 4,023 E

‘Mid-points calculated from forecast ranges developed

- by the American Public Transit Assoclation as described
in the publdication United States Transit Industry

Market Forecast, B
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Figure 3=25

BASELINE FORECAST
SCHOOL BUSES
BY YEAR AND TYPE OF EUS

Gasoline o Diesel

Integral Total

Conven- Forward Parcel Conven=- Foxrward Mide Rear All Bus

Year tional Control Delivery tional Control Enpgine Engine Types

1976 24,750 205 1,295 1,430 1,140 290 90 29,200

1977 25,260 210 1,320 1,460 1,160 300 1 29,800

1978 27,765 215 1,350 1,490 1,185 305 90 30,400
1979 26,190 215 1,370 - 1,515 1,205 310 95 30,900

1980 27,885 230 1,460 1,595 1,300 330 100 32,900

- 1981 28,825 240 1,510 1,665 1,325 340 100 34,000
oy 1982 29,835 245 1,565 1,725 1,375 350 105 - 35,200
@ 1983 30,770 255 1,610 1,780 1,415 360 110 - 36,300
1984 31,785 265 1,665 1,835 1,465 375 110 37,500

1985 32,715 270 1,715 . 1,890 1,505 385 115 ' 38,600

1986 33,650 280 1,760 1,945 1,550 395 120 39,700

1987 34,585 285 1,810 2,000 1,590 . 410 120 40,800

1988 35,514 295 1,860 2,055 1,635 420 125 41,900

1989 36,445 300 1,910 2,110 1,670 430 130 43,000

1990 37,380 310 1,955 T 2,160 1,720 440 135 44,100

Source; Forecast of total buses is based on regression analysis on ten year historical
relationship between school bus registrations and: population in age group 5-14,
dispesable personal income, state and local expenditures on education, and Gress
National Product. Distributicon by type of bus is based on estimates of market
share for 1975.
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total bus population will increase at an annual rate of 0.25%. Con-
sequently, as shown in Figure 3-23, the annual shipments of intercity.
buses - will remain almost constant, either 1,256 or 1,257, during the
period- 1976 tp 1990, It is signifcant to note that these annual ship-
ment figures represent approximate mid-points for forecast ranges
provided by General Motors.

© Figure 3-24 presents a transit bus baseline forecast. The annual
shipment figures are based on forecasts developed by the American Fublic
Transit Association in 1976. "Transit bus shipments are expected to peak
in 1976 at a level of 7,277 units. 'The period 1977 to 1985 is expected .
to show continual declines to an annual figure of 3,861 units during the
period 1981 to 1985, The period 1586 to 1990 is.forecast to have slight
annual increases to a level of 4,023 units.

The baseline forecast for school buses is presented in Figure 3-25,
The annual shipment figures have been developed by a regression analysis
based on ten years of historical data. School bus shipments are expected
to show continual annual growth during the period 1976 to 1990.

(b) Methodology

The intercity bus base line forecast was developed by utilizing an
estimated growth rate for the intercity bus population of 0,258. This
growth rate was estimated by the National Asscciation of Motor Bus Owners.
0.25% was converted to the actual number by which the entire intercity
bus population was expected to increase on an annual basis. The incre-

mental number fépresented by 0,25% was then added on to an average
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shipments figure of 1,204 'units which is hased on actual shipments

during the period 1970-1974, _
The transit. bus baseline forecast was developed by establishing

mid-points for forecast ranges development by the American Public Transit
Association.. The APIA forecast, United States Trangit Industry Market

Forecast, was published in September, 1976,
The baseline forecast for school buses was based oh a regression
analysis on a ten year ‘historical relationship between. school bus regis-

trations and the following factors: population in the age group 5-14,

disposable personal -income, state and local expenditures on education,

and Gross.National Product. The distribution by type of bus is hased

on market shate estimates for 1975.
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SECTION 4

BUS NOISE EMISSIONS DATA BASE

Noise emissions £rom school buses, transit buses and inter-city
buses were measured by EPA in a series of tests. The following
discussion, describes the results of those tests. In addition, sound
level data from existing studies and from industry submissions are
presented.

For a discussion of the various testi.ng procedures used for the
exterior and the interior nolse measurements described in this section
refer to Section B (Measurement Methodologies).

{1) Gasoline-Powered Conventional School Buses

Current Exterior Noise Levels

Measurements taken for EPA of in~service and newly-manufactured
gasoline~powered conventional schopl buses indicate a range of noise
levels between 74 dBA and 84 dBA under the SAE J366b acceleration pro~
cedure (see Section 8). The data indicate that the noise level depends
on engine size and gross vehicle weight rating (GWWR). Table 4-1
p:eseggs a summary of all nolse tests conducted on in-service school

buses. Measurements of nolse emissions from new (1976} gasoline engine

school buses are shown in Table 4-2,
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TABLE 4-1
Summary of Noise Levels, In-Service Gasoline
Engine Conventional School Buses

SCHOOL BUS TYPE ACCELF;?JA"RSN (dnay l'UIE‘I;lﬁ\;A\‘ STA'}"‘:SKI;\ICY C%ISJ\ ;IY lNTIi:t;g)ﬁlll, }(dlh\]
DATE oF ENGINE | cyppsipn | STREETSIDE | CURBSIDE STREETSIDE | curssipnjsTrErTstpe| cunnsin [srrieTsing|  rronT REAR
GVWR | 0. UrACTURE | TRANSMISSION [ SIZE -
o | x | s x | s[x|s|xls[x[s]|x]s [ x[s]x[s x| s[x1]s
23,000 1972 Standard EXTS 801 | 095 | 793 L3 | NA ] oA [ HATNA. [BE9 | LB | 648|135 | NA, | NAS N | NA, [R50 | 161 NA | A,
' 22,000 1973 Standard 36) 810 | oocfses | 270|968 (Lo, Joss (10, 857 |oss|sso (e {650 | an | eo0 Lo |aees | 075 ] 798 | wp.
23,000 1973 Automatic 161 B20 | 084|836 | 136|775 0.87 | 186|042 |8s0 |226 [ ase {296 | Na. | Nad NaNAL (839 ) t2z]rra | e
23,000 1975 Automatic - 360 B35 | ts0{Bad | os4f 728 102|770 [0.55 [R6R | 148 [BE3[083 [NA. | Na N NA. [8125 | 148 | maA. | Na
23,000 1915 Automatic 10 820 | up. (&30 | wn|mo] e s e (s6s 1D | 820[LD. | Na [ NA] NagNAL 820 | LD [NA. | NaA.
21,200 1975 Standdard 310 7725 | 025|705 | 025 [ NA [ NA | NAINA [BoofLo (82020 | NA | KA NANA J29 | 03s]B0as | 038
N 21,200 1974 Standard 6l 7720 | LB [ 728 | LD |NAJ NaANAINA [B20( LD, |BLs LD, [NA. | BaA] NAnA 830 ] LD [NA. ] N
o 19,700 1975 Standard 310 780 | LD [700 [ LD [ NA NANA NA (765 LD, [ 258 |0D0 | NA, | NA N NAL [83S | LD | NA | N
B ‘1800 [ - 1M Standard 345 | B0 | bEO| 812 | 3.06| 780 LD 795 (1D (832239 (847 290 |Na | NA| N NA JE5Is | 095 NA | NaA
17,900 1875 Standard 310 0 | LD 728 | D [NaAJ MA ] RAINA {820 1D, (B3 | no I NA P NAL NANA [0 | D, [ NA. | N,
17,400 1975 Standatd e, ) oree | no 795 | oos | NAfNAJNA|NABIS (05 [Ras|as (68 | un| 7a0fe. (930 | oo | 8128 | 038
17,400 1975 Automatls 30 750 | LD, [ 788 | LD | NA NA NA NAG 268 0D | 760 000 | N AL Nad NAG B125 | L f1eas | L.
All Bus Types 793 | 265|795 | 294 vn8| 090 m2foes |87 (35 |e2e)am [en2s) oan | mis| o [Bas | rs3fme | oLm

N.A. Indlcates data was ot avallsble far that test,

LD, indicates there was inmfTicient data to compuie mean or standard devlation,



TABLE 4-3
Summary of Noise Levels for New (1976) Gasoline Engine Conventional
School Buses =-- .Acceleration Test (SAE J366b)

ILE sl H .
GROSS VEHICLE _ N ACCLLIZRATICINTLST(_)(SM'.JSﬁﬁb) - _
WEIGIIT RATING EXTERIOR NOISE LEVELS ¥ INTERIOR NOISE LEVELS NO, OF BUSES
. (POUNDS) STREET SIDL CURB SIDE FRONT MIDDLE REAR TESTED/TOTAL
© "+ [ MEAN [ STD.DEV. | MEAN | STD.DEV, | MEAN |STD.DEY. | MEAN | STD. DEV. | MCAN | STD, DEv, | - NO. OF TESTS
23,660 814 078 80.2 IRV 8.2 0.50 810 0.10 821 014 3/18
G| el 018 | @ | an B1 { 058 | (813 ey | e | aan
22,000 82,8 2,55 80,0 1.68 87.0 0,28 830 .10 81.2 035 7146
e (83.4) (257 (T06) | - (1.56) (R5.9) | (0.68) (R1.4) o2 | (799) 1.13)
10,500 817 0.69 7.7 25 849 0.00 507 028 .| BO6 022 216
- : (80.9) (A | (85| (4 a8 | 01) | (198) aan | s | on
W ' . 19700 - 816 064 811 ‘080" 872 036 834 0.78 BO8 | 028 S
: : (80.0} 046 | 8| s ®e9 | ©an | @33) m | o9 | @20 [.
1200 . | 816 1.06 814 1.30 29.0 0.14 847 042 84 0s0 | 4
. (81.0) a0 | @ | (e ¢80 | (21 | @y .75 | 622 {0.34)
s 0 | osas 064 | B8 | oS8 884* [ o020 B5.7* 004¢ | sa0¢ 0.22¢ 16
S o ) 38 | (825) | (0.30) 8sayr | @22 | sl aar | soe | o2
. All Buses 82,1 180 | Boa 1.67 B6.6 1.39 812 194 | sos 1.85 -
o (81.9) 99 | 8| a0 865) | (138 | (82.0) a9 | @os | (.86

*0Only one reading was laken,

(1) Top row of numbers are noise level values computed In accordance with SAE Standuard Jj&ﬁb. f.c., taking the average of the twa highest rendings which were within 2dB(A)
. af each other, lor cuch bus In the GYWR class. Numbers in parentheses were computed by averaging all readlngs for alf buses in each GYWR class, “All Buses™ values (lsst.
-, Une} were similatly caniputed, :

Source: Reference 25



While there is no clear trend as to which side of the older, conven-
.tional buses is noisier, exterior measurements from the new school buses
tested indicate that the streetside of the buses is generally noisier
than the curbside (see Table 4-2). It is believed that the difference
in standard‘déviat_ioris between the streetside and the curbside measure-
ments of the older buses indicétes that the variation in noise levels is

probably a function of the test conditions and the age of the bus rather

than bus design itself, These data and past vehicle tests indicate that

production buses, if _tested under carefully cdntrplled test conditions,
will all prodf:ce fnoise 1éve1_s within four to five decibels of each other.
Therefore, an allowance .of 2 to 2.5 dB appears appr:oériaite between the
mean design noise level and a regulated "not to exceed" level.

Figure 4‘41 shows' histograms of measured exterior noise levels on
each side of the 'gasol.inepowered in-service school buses along with
interior noise lévels at the driver and the maximm levels from all
the buses. Figure 4-2 pfesents the same data for the new 1976 buses.

Max imum 1evélé are shown .s;;eparately because no£ all buses had higher
noise levels on oné side, -

Octave banrd spectx::as" for gasoline—-bowered conventional school bus

_noise are shown in Figure 4-3. :

None l'of the :coﬁventiqnal school bus body manufacturers that were
contactéd wa's‘able ﬁoi providelnoisé level data on their current produc-
tion buses. AChrysler Corporation did provide some noise data based on
podge gaso.line tfuck chasgis f;hat-. have identical components to their con-

ventional school bus chassis. These data are summarized in Table 4-3.
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Histograms of In-Service Gasoline Engine
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Table 4-3

Noise Data Supplied by
Chrysler Corporation

. Eguivalent Engine Equivalent Exterior Sound Level
Model Bus Displacement School Bus (SAE J366b)
3
Chassis {in ) Chassis dsa
D600 5600 318 5600 76.8 to Bl.6
DE00 & 5600 & 361 5600 & 79,2 to 81,3
D700 5700 s700 '
D700 s700 413 - 5700 79.1 to 82,6

Source: Reference 22

Interior Noise Levels

Tests on both in-service and 1976 conventional school buses indicate
that the noise levels are significantly higher at the front of the bus
as opposed to the rear of the bus. During tests for new buses involving
an idling engine only, interior fan accessories only (heating and cooling
fans), and then an idling engine and interior fan accessories together,
the average noise level difference between the front and rear interior
of the buses tested was about 4 dBA (see Table 4-5),

Tests on new buses with all accessories on under maximum accelera-
tion conaitions produced a range of interior noise levels from 85 to
89 dBA for the front interior and 81 to 84 dBA in the rear interior.
Interior noise levels at the driver's seat for the im-use school buses
tested under maximum acceleration conditions with all fan accessories
on ranged from 81 to 86 dBA while levels at the rear interior of the
buses ranged from 78 to 81 dBA, Full results on interior noise levels
are shown in Tahle 4-1 and 4-2 for both in-use and new conventional
gasoline~powered school buses, respectively.

4~8



TABLE 4-5
Interior Noise Levels for New (1976) Gasoline Engine
Conventional School Buses -- Engine at Idle Conditions _
Stationary Tests (Complete bata for All Buses and All Test Runsg)

\c;gllilst-:rlrls 3%%:3; I?A!'ﬁ:g .Mc’}m';‘;‘s%ggsa Tm:ﬂygsmu Ezgff ¢ —— TRGINEDALY ST.ATIONAm;\ggrssgsa:gggﬁ,fv’jmsu LE:rEtl:fN & ACCESSORIES |

NUMDER (POUNDS) (N3) ["FRONT | MIODLE | REAR | FRONT | MIDDLE | REAR | FRONT | MIDDLE | REAR
. g0 IHC/Superiar Mungal 392 s69 | sal ss0 | a4 | mz | me | ma2 2 | ms
3 23,660 - NIC/Superiar Autamalle 192 ;23 | ssp | sa2 | ma | ma | mo | s 732 |
4 _13g0 1HC/Superior Aulamatic m 537 | 515 | s3s | 7tex | 00 | esx | 782 124 | s
& | 2200 | ForySuperior Manusl 330 sso | ss0 | sas | ma2 | 72 o} s | ms 73 | s
g . 000 ) Ford/Superior * Manual 330 —-— —_ —— na2 78 1.3 9.7 5.0 548
. "o - 22,000 Ford{Superior Manual 61 sus | sen [ sas | s | mo | ma | ma s | 3
o T ~22,000 GMC{Superior Manual 350 — - - my | 71 | w3 | me na | ma
-+ 5o 22,000 GMC/Supetios Munui 150 87 | sa0 | si0 | 7e8 | 728 | 12 | mos 768 | 72
w -] mgn - GMC/Superior Manual 350 se3 | 533 | stk | ot | 722 | ma | ma2 15 |
: ‘ 15 200 . GMC/Sepesor Ml 150 e0s | s66 | ss0 | w4 | na | o | me M6 | ns
‘ TR 40,500 Chiev/Superlor Manual 30 | - - — 128 | me ! 06 | 782 722 | 08
o 20,500 Chev/Supesior Mangal 350 s67 | sas F ;e | 77 | me | 727 | 758 2 | s
2 " 19,700 NIC/Superior Manual 348 - . - %5 | 722 | T8 | 18 154 | M6
. 19,700 1C/Superlor Manual 245 — — — M2 | 6o | 6as | 18 25 | 683
7 19,200 FardiSuperiar Mannal 361 575 | 535 | 528 | s | 740 | 7157 | mia 67 | 72
<10 19,200 ’ Furd/Superiar Munual 389 —— j— —_ 73,4 732 5.5 70 73.2 7640
3 15,700 LHE/Superior Automatic 343 s72 | sa0 | sea | 7 | 7m0 | me | wa 51 | 7

. AN Buser : F=ST) | X543 [R=sih | Be%65 | F=708 |Re220|Ra78S | XeT40 [ X270

' s BB | s« 162 [sul69) s2143 | s=1.24 [ a=243) a= 199 1% 45 | s=24




Current Component Noise Levels

Table 4-4 shows the estimated range of contributed noise levels of
conventional gasoline powered school bus major noise components. These
estimates are based on component noise levels of medium duty trucks using
similar engimasl’2 and estimates made during a previous-study? None of
the school bus body or chassis manufacturers contacted were able to
supply actual measured data for component noise levels of gasoline-engine

school buses or of equivalent trucks.

Table 4-4

"Range of Compenent Noise Levels for Current
Gasoline Powered Conventional School Bus

Contributed Noise Level,
Noise Source dBA at 50 feet
{SAE J366b Procedure)

Engine, including air intake 69 to 73
and transmission
Exhaust 75 to 78
Fan 71 to 82.4
Chassis at 30 mph (including 65 to 73
accessories)
Total Bus Noise 77 to B4

Source: References 1, 2 and 3

Tire noise is not included in Table 4-4 as a separate noise source
since with the use of maximum acceleration noise testing procedures the
vehicle does not exceed 35 mph; the velocity at which tire noise becomes

a major contributing factor to the overall noise level,

4-10



S

e i e v T —— T R

(2) Diesel-Powered Conventional School Buses

Physical dimensions and weight rating for diesel-powered
conventional school buses are similar to those for gasoline powered
conventional school buses.

A variety of medium duty diesel engines are used in this type of
bus' including the CAT 3208, the Ford V636, and the IHC D-150, D~170,
D-190, ard the DT-460.

Current Overall Noise Levels

Very little data are available in the form of direct measurement
of noise from conventional diesel -schbol buses. Since diesel powered
conventional :school buses utilize medium diesel truck chassis, noise
levels from such trucks can be considered representative of thosc of
buses. Unfortunately, very little data on noise from medium diesnl.
trucks ate available, but noise levels from medium diesel trucks are’
similar to those from héavy duty diesgel trucks with similar size en-
gines. Thus, noise characteristics of a conventional diesel schogl bus
are described in terms of availabie noise data from conventional diesel
school pusé$ as well as ﬁrom diesel trucks. |

None Voil:" the,: Eoﬁvenﬁiﬁnal diesel scheol bus manufacturers contacted
was able to provide noise test data for their buses. International
Harvester (ifﬁ indicated that exterior noise levels measured from all of
their school buses were below 86 dBA. Moreover, school buses sold
in california and Oregon were said to meet those states' exterior noise
level standaréé of 83 dmA.

Table 4~é.éives the results of a study involving noise measurements

from diesel trucks. For school buses, the interior noise levels with

4-11



clogsed truck windows would apply (see Section 8). Ancther study of noise
tevels from two conventional heavy diesel trucks showed a variation in
exterior noise levels from 82.7 dBA to 86,8 dbBa, sligf\tly higher .than the
exterior noise levels for the new gasoline engine school buges {see Table
4-2)..

Table 4-6, shown below, suggests that maximum acceleration exterior
noise levels for conventional diesel school buses range from 82,7 to 88 ..
dBA at 50 feet. It is not clear from the data which side of the vehicle
is noisier. The interior ;mise levels at the driver's seat range from
88 to 94,5 dBA. Production buses, as evidenced from these -data and past
testg, will exhibit noise levels wi.thin 4 to 6 dB of each other, if
tested under carefully controlled conditions. Here again, an allowance

of 2 to 2.5 dB between the mean design noise level and the requlated-

level appears appropriate.

Table 4-6

Overall Noise Levels From Conventional
Heavy Diesel Trucks (SAE J366b Test Procedures)

Exterior Sound Level Interior Souhﬁ Level
.. Truck - [dBrAa] [dBA)
Number
Curbside Streetside Open Window Closed Window
3 86 86.0 92,5 91,0
4 88.0 85.0 94.5  94.0
6 85,5 85.5 945 94.0
13 87.5 87.0 90.5 ' 88.0

Source: Reference 4
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Current Component Noise Levels

For diesel vehicles, important noise sources are the engine, the
exhaust, and cooling fan. The typiéal range of noise lev'els' from each
of these sources is between 75 dBA and 85 dBJ\?

‘Another major noise source in diesel engines is the intake noise.
'I‘ypicél unsilenced intake noise levels for diesel truck eﬁgines at high
idle vary between 70 dBA and 85 dBA, measured at 50 \feet'frcm the quine
inlet, '

(3) Forward Engine Forward Control School Buses

By forward control it is meant that the driver is located as far
forward and to the left as possible, The engine which can.be.either
diedel or gaéoline is located to the right of the driver, or under the
floor between the two axles, This type of bus typically has a flat
front end. '

Current Overall Noise’ Levels

"Noise characteristics for this type of bus are similar to those
of conventional school buses. Current.noise levels from forward emgine
buses made by Blue Bird for states other than California are shown in
Table 4~7. These levels are similar to those given in Table 4-6 for
conventional diesel trucks. The forward engine forward control school
buses’ 2o0ld in California are said to meet the state standard of an 83
dBaA extéfior ‘level under acceleration, '

- Concerning interior noise levels, the nolse level at the dr iver
for front engine buses may be higher for these buses compared to con~

ventional school buses because of the close proximity of the engine to

the driver.-
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Table 4=7

Noise Levels Fran Diesel Powered Forward Control
Forward Engine Buses by Blue Bird
(Sold. in States Other Than California)

Sound Levels dBA

Type of '  Exterior Interior
Engine Used (J366b Test) (BMC% Test)
CAT 3208, 320A ' 86 90
Cummins V504, 504A ' 89 o 90
Detroit Diesel 6V53, 6VS3A 92 95

Source: Reference 15

Current Component Nolse Levels

Although no data are available for camponent noise levels from this

type of bus, they are expected to be similar to those for conventional

school buses.

{4) Parcel Delivery Chassis Buses and Motor Home Chassis Buses

Carpenter Body Works' Cadet "CV" and Sheller-Globe's (Superior)
"Pacemaker” models are built fram parcel delivery vehicle chassis and
motor home chassis. GMC also recently introduced a motor home vehicle
that i;s-,also offered as a bus, called Transmode.

- Current Noise Levels

,GMC measured the noise level of one Transmode Bus in accordance
' ' ’ 14

with the SAE J366b procedure. This level is reported as B1.7 dBA.

No interior noise level data was reported.

Since these buses use the same engines as full slze conventional

school buses, the exterior and component noise levels are expected to

be similar. The interior noise levels at the driver's deat may be higher

for these buses as compared to conventional school buses because of the

closer proximlty of the engine to the driver.
4-14
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{5) Mid-Engine School Buses (Integral)

The only mid-engine integral school buses available today are made
by Gillig Brothers and Crown Coach Corporation.

Current Overall Noise Levels

Altﬁough the engine location and engine types for mid-engine buses
differ from front and rear-engine school buses, their exterior noise
charactq;;istics are not significantly different, However, in contrast -
to the noise levels inside rear engine buses, the interior noise in a
mid-engine bus would be higher in the front of the bus than in the rear
because the engine is relatively closer to the front end.

Exterior noise levels from the Gillig buses, which were measured in
1975 , and Crown buses which were measured Iin 197322, are shown in Table

4-8. These levels x:énge from a low of 80.9 dBA on the curbside to a

high of 86.3 dBA on the streetsida,

Table 4-8

Exterior Noise Levels From Diesel Powered
Mid-Engine school Buses at 50 Feet

Exterior Sound Level, dBA

" Bus
Manufacturer Engine Curbside Streetside
Gillig , Detroit Diesel 83.6 86.3
_ 6~71

. Gillig . Cummins Diesel 80.9 82.1
NHHTC~240
Turbocharged

Crown - Detroit Diesel 82,6 84.9
6~71

Crown Cummins Diesel 83.9 85.9
NHHTC-270
Turbocharged

Source: References 10 and 22
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For exterior noise considerations, mid-engine buses may be
considered to be similar to transit buses rear-engine integral school
buses., Interior noise, however, is expected to be higher for mid-engine
buées because of the shape and position of the engine compartment.

Crown Coach Corporation has indicated thét the ihfe:ior noise level
at the driver's seat in their buses is about 87 dBA.when measured at
35 mph under full throttle gonditions.

Current Component Noise Levels

' pata on canponent noise levels for mid-engine school huses are not
available.

In order to meet the California exterior noise standard of 83 dBa,
Gillig:provides sheet metal covers with noise damping insulation around
the cc:ﬁplet:e engine.m The muffler is also wr‘apped with insulation,

Fan speeds are sald to be as low as their cooling :équirenents will
allow.

+ Crown Coach’ Corporation also provides sound absorbing insulation
around their engine., Engine compartment doors are lined with 1.5 inch
thick acoustical material. Exhaust noisé from their turbocharged
cummins engine is said to be sufficientiy low. Therefore, no special
exhaust noise treatment is prcvidea for that erngine, However, for the
Detroit Diesel 6-71 engine a heaviler gauge muffler shell is used which,
when tested, provided the same attenuation as a wrapped muffler. Ctown
also uses an acoustical floor in its buses. The flooi;', used since 1964,
is made up of one-half inch "Celetex" sandwiched between two 1/4 inch
and 5/8 inch thick plywcod panels. (Celetex is a fire-resistant material

made by Georgia Pacific.)
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{6) Rear Engine School Buses (Integral)

Gillig Bros. is the only manufacturer of rear engine integral school
buges. 'Urban transit and intercity buses, which are also integral rear-
engine buses, are discussed separately becausc of differences in engine’
sizes, engine compartment layout, and ruggedness of construction,

Current Overall Noise Levels

Althoughuthe integral rear~engine school buses and the urban transit
bus use different types of diesel engines, they have similar noise charac~
teristics. . While urban transit buses use Detroit Diesel's naturally

aspirated 6V-71 and 8V-71 engines, the rear engine school buses, produced

‘by Gillig use either the naturally aspirated CAT 3208 or the turbocharged

Cumming 230 engine., Exterior noise leyels for Gilllg school buses are

shown in Table 4-9,

Table 4-9

Exterior Noise Levels at 50 Feet From
Gillig Integral Rear Engine School Buses
(SAE J366b Test)

Sound lLevels, dBA
Type of Engine I ‘Curbside Streetside

Cummins 230

{Turbocharged)

-With grille on engine

compartment deors 83.7 82.7

- CAT 3208
{Naturally aspirated)
~with grille on 84,0 83.5
engine doors

-With solid engine doors 81.3 . 82.5

Source:  Reference 10
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The streetside noise levels from the top two buses in Tab;Le 4~9
are slightly lower than those on the curbside because of an addlitional ]
inner compartment wall on the streetside of the engine conpa:tm:ent.
When Gillig replaceé the grill on the engine.doors with solid panels on
the Caterpillar engine powered bus, the noise levels were reduced as
seen in the table, Gi;ring 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 attaining relatively
greater noise reduction on the curbside from the Caterpillar engine
powered bus with solid engine doors is not clear.

Interior .noise levels for rear engine school buses are not avail-

able but are expected to be similar to transit bus interior noise levels.

Current Component Noise Levels

No component noise data for rear-engine (integral) school buses

are available.’
(7) Rear Engine School Buses (Body-on~Chassis)
. There is ohé bus which £alls into this category, the Carpenter

Corsair and Trangit bus which is offered with a front-mounted engine as -

well as with a rear-mounted engine. No noise level information is pre-

sently available for this type of bus.
Exterior, interior and component noise levels are expected to be

similar to diesei powered forward control school buses and rear engine

{integral) school buses.
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{(7) Urban Transit Buses

Current Overall Noise Levels '

Noise level measurements taken for EPA of 24 in-use urban transit
buses aldng with mean levels and standard deviations are presented in
Pable 4-10 for various measurement procedures.

The'variation in noise levels between in-use buses of identical
cohstruction is thought to be due to the following reasons:

o The maximum noise occurs at transmission shift, thch‘
does not always occur at the same engine rpm or test
location for each test for older buses,
o 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 variation between test
. runs,
The difference in noise levels between the curbside and streetside
of . the buses occured because the fan and radiator are located on the
streetside of the bus causing higher levels on that side. ;
: Histograms of . in-service transit bus exterior noise levels under |
maximum acceleration, pull-away, and stat:.onary conditions and interior
no_ise levels in the front and rear of the bus under maximum acceleration
test coﬁditions are shown in Figures 4-4 and 4-5. It should be noted
that in the interior tests. involving the front and rear interior of the
bus, the higher noise level was measured in the rear location each time.
; Noise levels of two GMC transit buses under different operating
conditions are given in Tables 4-1) through 4-1422 The buses are ,

designated as #440D and #704. Attention should be given to a

comparison of the noise levels on 'the streetside and curbside.
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TABLE 4-10 ‘
Summary of Exterior and Interior Noise Levels

for In-Service Transit Buses

MAXE AND " . F_!TIERIDE NOJSE LEV]ILS {SOFT.) {SAE 1366b}
TRANSMISSION SAE 13660 PULL-AWAY STATIONARY M1 INTERIOR NOISE
MODEL ND. r"“swm':.ls'"r'!"'smu"rcua‘_usnu‘ T | STREETSI7% | CURWSTOE | STRLEY iDL | CONDSIDE|  KEAR
G504 Automstle -8 ar . 87 795 — G- 8
{83) (g0.n (86.5) 79.5) 2.5
GM-630] Aujomstiz .3 79,5 81 .5 - - 812
(8.7} (787} {R2} (1.5 (06.6)
CM-6113 Automalle B Ko BS n - —— 89.5
R {817 (M 185) an - (B8.8)
GM6610 Awtomatic [3) 80 B2S .25 - - 86.75
(82) (50) (87 (76.2) (86.4)
GM-$400 Autamatlc 82 .7 ] 7828 - . 1%
{B18) (9.1} 163} (15.2) (#3.2)
GM6401 Aviamatie | 8433 83l A3 BB, - — i
- (84.3) 824 (85) (80.3) 663 (-} {817},
oM-6321 Automuie 86, kLS £ TR -~ - [%]
(£5.7) (81.5) 855 (82} (86) (=} #1LY
GM6408 Automatie I 79,28 Bt - 7628 — -~ 8
] oan (788) (807} {16.74) {=~) {~= (82.3)
GM-6616 Awomatie | 82 .28 8428 7 6.7 - o0
- (82 78.29) (8447 ) [CT%}) (=) (38.4)
GM£503 Automilic - 18,75 ans ;] - — a7
{==} (78.3) [E1R1] nn (B4} {~=) (45.8)
oM4%03° | Autoaunic |, 838 . BL3S §9.25 % 7] " [IRTE
[CE)] (81.5) (89.25) 1.5 N 4) {84 .8)
CM-660) Automae 528 7 LIE} 17 [3) m !
(822 on 8.0 (76.6) ()] (1) (62.8)
PLX-6808 Automulic H1 50 ars 8.5 89 1 86
-l @os (80) #2.3) [78.5) (89} (1) (#5.8)
FLX-62)2 Autamitlc 0,75 9.5 0.4 10,15 Hr 9 8s
. (0.7} (1.7 (1.25) (76.5) (BT} a9 . (85)
FLX-£336 Autormalle 40 4.78 BI7S 165 86 T4 R6.15
. (80) (78.5) [(1h)] (763} (86) 213} (85.8)
FLX4800 Autommtic EX25 318 1] a1 a1 15 as
82,17 (81.3} LN (1) on 54 (B4.8)
AMI110 Aulomaiie 19,35 k] LTS 8% 1 ‘80 B
(19.m @om 183.5) (782) (69 (#0) {80.6)
AN-T120° Autorrintie 0 80.75 " 8s ms 8 % BL78
(40) (80.7) 25 19 {69) (16} [CER
AMTI30 - Autemiic B¢ 8l 815 7118 a3 M 80,25
" (8O} &1 (813) .y {£8) (74} {80y
AMT13S Autamnnile 80 3] a2 7738 £a 79 B1.15
S . : (80) ®0.8 . [ 8 ) (48) D) (19.3)
AMAI540 Automatic 8lrs s 803 mn 43 73 A0.25
) : ] (71.8), (#03) (76,7} (83 (75) (1953
AM2545 Automalle 173 79 918 753 13 i 83,5
ns (3 nn % (a3 (8 (80.5)
6M-50/51 " Sundal T4.75 78,75, Bl n 48 % B2.78
(78,1} (78.5) [tD)} (76.8) (BB} (76 (79.4)
FLX.6509 Astomalis Bl Bl 815 7.5 38 7% 85
(80.7) (80.8} 819 (19 (&) (76} (819
MEAN ; B15 BOQ [T} 78,1 8.1 [ 784 843
(B1.3) (19.8) (28 () B.1) (764 34
5TD, 196 1.9 2 135 209 231 267
(1.9%) (144) (225 (1.714) (1.96) 231) (2.42)

NOTE; Numbets In patentheses are computed from all data, while numbers fiol In parentheses are computed from the two higheit noise Jovals,
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Histograms of In-Service Transit Bus Noise Levels
SAE J366b (Acceleration) and Pull-Away Test Levels

©+ BRIVERSIDE

MEAN ~- 8379 d (A) ; SAE J3608
§TO.DEV, 24 -

16
b

&3

a

5= &

(=]

_ S
0— =

70 a0

PULL-AWAY TEST LEVELS {50 FT.)

" DRIVERSIDE, FRONT DOOR
" 'MEAN 813748 (A)
STD.DEV, 104

NO. OF BUSES

dil {A)

© CURBSIDE -

MEAN - 79,92 dB (A}
STD.DEV. 1.67 -

CURISIDE, FRONTDOOR

OMEAN  7B.77dB (A}
8T0.0EV.  2.00




" B0, OF BUSES

FIGURE 4-5

Histograms of In-Service Transit Bus Noise Level Tests
Stationary Runup Levels (50 £t.)
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Table 4-11

Exterior Noise Levels, Bus #440D

Sound Level, dBA

Test Description Accessories Curbside Streetside

25 ft 50 ft 25 £t 50 ft

Acceleration, J366b Test OFF 8l1.5 77.5 87.0 84.0
Acceleration, J366b Test ON Bl 77 86 81,5
Deceleration from 30 mph o

" (no brakes) OFF 70.5 67 M . 66
Deceleration from 30 mph on 73 70 R i |

(no brakes)

Coast-by 30 mph OFF 72 . 70 74 71
Coast=by 30 mph {fan off) ON - 71 75 - N
Coast=by 30 mph (fan off) OFF 70.5 €8 75 70
Coast-by 55 mph OFF 80 77 83 . 80
Cruise 30 mph ON 75 72 a0 76

Source: Reference 22

Tables 4-12 and 4-13 indicate that carpeting will lower very slightly
the noise level in the interior. Inside the non-carpeted Buses, no
difference in noise level appears evident from a change in the height

of the microphone for noise levels taken at any one measurement location,
This indicates that a sitting or standing passenger in the same general

area of the bus recelves the same noise exposure.
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Table 4-12

Exterior Noise Levels, Bus #705

Test Description

Sound Level, dBA

55 mph Coast By - 50 £t

Curbgide -Gtreetside
""'Curls Idle -5 fﬁ 77 -
0-5 mph, Wide Open
Throttle, Rear Corner - 5 ft 88 -
" 0-5 mph, Wide Open
Throttle, Rear Door -5 ft 90 -
.:LD mph Drive By ~ 50 £t 66 73
30 mph Drive By - 50 ft 72 78
55 mph brive By - 50 ft 78 87
25 mph Acceleration - S0 ft 75 81
.SO_mph Acceleration - 50 ft 78 86
30 mph Deceleration - 50 ft 7 717
55 mph Deceleration = 50 ft 77 84
‘ . | 77 84

Source':' Reference 22
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Table 4-13

Interior Noise Levels (Empty Bus), Bus #440D

Test -Description

Sound Level, dBA

Without Carpet

With Carpet

Standing Seated  Standing Seated

10 mph - Front 68 67 68 67
Middle 70 71 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's Ear - 77 - 77
Front 79 79 77 75
‘Middle 79 79 77 77
- Rear 84 83 84 83

0-55 Acceieration - Front
' Middle - 79 77 76
Rear 81 81 79 79
82 84 84 T
55-0 Deceleration - Front 78 76 75 74
Middle 78 77 77 7
Rear 80 8l Bl 83
Standing Idle -~ Accessories Off, Middle - 63 - 61
Standing Idle - Accessories On, Middle - 69 - 68
10 mph - Accessories Off, Middle - 67 - 63
30 mph -~ Accessories Off, Middle - 72 - €9
55 mph’ - Accessories Off, Middle - 78 - 76

Source: Reference 22
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Table 4-14

Interior Noise Levels (Empty Bus), Bus #705

Sound Level, dBA

Test Description Standing Seated
10 mph - Front 14 73
Middle 75 75
Rear 79 78 .
30 mph -~ Front 75 74
Middle 77 7
Rear 85 . 84
55 mph -~ Front 77 78
Middle 75 80
Rear 85 85
0-55 Acceleration - Front 78 78
Middle B2 81
Rear 89 - 86
55-0 Deceleration - Front 77 76
Middle 77 79
86 a5

Rear

Source: Reference 22
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The Flxible Co. has performed an extensive series of noise

measurements on their buses under controlled test conditions, Their

measurements are summarized in Table 4-15.

Table 4~15

Summary of Measured Transit Exterior Bus Sound Lewvels
The Flxible Company :

Sound level at 50 Feet,
No. ' J366h Procedure, dBA

Coach Epgine Tested Curbside Streetside

Mean Std. Dev. Mean Std. Dev.

200 e 7 8046 .55 82.25 .69
w0 e g 80.92 .87 82,05 .73
B e 3 8216 1.6 8.17 .76
LT 8050 82,00 .

Source:- -Reference 11 -

The mean  interior- noise level measured 24 inches from the rear
window under maximum acceleration conditions was 83.5 dBA with a stan-
dard deviation of 0.75. Flxible Co. also _réports that interior noise
levels of some coaches can be 87 SBA 'aﬁ shift pc;int%z |

AM General reports their exterior bus noise levels to be “in the
range of aoltb 1] déA" when measured according to the existing SAE
J366b test proc:.c_adure:.13

Based on the. above data for new and in-use buses concerning
variation in noisé‘ level data, the medium design level of new buses
should be 2 to 25 dBa below a not to exceed standard.

General Motors Corporation has recently initiated a "Quiet Bus
P:ogramﬁf For a GMC new-look bus before it was "quieted", Model No.
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TBH5307A, GMC reports a mean noise level of 80,5 dBA using a modified SAE
J366b test procedure with the fan off, and 83.7 dBA with the fan on. - -
This model is a 40 ft, 53 passenger -urban transit bus powered by an 8V-71
diesel engine. GMC also reports that for 15 identical transit coaches, of
this model (T8H 5307A) using a modified SAE J366b maximum acceleration
procedure a mean noise level of 81.2 dBA with the' fan off (sténdard '
deviation of 0.43) was measured while a mean level of 83.9 dBA was’

9
measured with the fan on (standard deviation 0.75}).

" In four i:rials,‘ while using a special dual muffler configuration,
GMC was able to lower the noise level of the "quieted coach" to just aver
75 dBA under acceleration on the left side of the test coach and less
than 71 dBI:\Ion the righf. GMC indicates this developmental coach would |
meet a redulélfed level of 78 dBA. Exact results are shown in Table

4-16, The te?t used :I.s_ a modified SAE J366b test with the sﬁari:ing point

adjusted so that the transmission shift, and therefore maximum noise, is

achieved in the end zone. All cooling fans were running during the test.

‘Pable 4-16

'GMC‘ Quiet Bus Program Exterior
Sound Levels SAE J366b

Run Left Side (dBA)  Right Side (dmA)
1 75.3 7.5

2 74.9 70,0

3 75.8 1.4

4 75.1 70.6

-Source: . Reference 21
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GMC also reported a reduction of interior noise levels for its "Quiet
Bus". Measurements were made at ear level in various coach seat pesitions
during a wide open throttle acceleration and maximum sound levels wete

recorded.. . Observed data are shown in Table 4-17.

Table 4=17

GMC Quiet Bus Proéram Interior Sound
Level Data at Wide Open Threttle Conditions

Interior Unmodified Coach Modified Coach
Seat Location SAE J366b ) SAE J366b
Rear sl @ 76 @A
Center . 79 dBA 72 dBA
" Driver - 73 dBA . 10dsA

Source: Reference 21

" Current Component Noise Levels

Fbr diesell‘powered urban transit buses of cuérént confiqurations,
the" in'ii.;ortant ndise sources; are the engine exhaust, engine, cooling fan,
air ‘.intake system, chassis, and tires. (Tire noise becomes important at
high speeds and may become -the dominant noise source at highway speeds
when all the other sources have been quieted.) Data on relative
contributions of these sources (minus tire noise) were obtained for a
Gr;10 transit‘ bus during tésts conducted hy EPA2.2 Additional data were
obtained from tests conducted for the U,S, Department of Transportation
(DOT) by two major transit bus mnufacturers%f,’ 16 This data is summa-
rized in Table 4-18. All buses were 40 feet long and had Detroit Diesel
8v-71 engines except for the Rohr {Flxible} bus which was a 35 foot bus

with a 6V=71 engine. The GMC and Rohr buses demonstrated the potential
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of feasible retrofit techniques to lower bus noise. The manufacturers'

contracts with DOT required them to make these retrofit parts available

to transit bus users. (It should be noted that the GMC data in Table

4-18 was not obtained during their *Quiet Bus Program® but rather under
15

the retrofit‘ study' for ooT. )

An independent estimation of transit bus component noise levels con~
3 .

ducted by Wyle Laboratories is also included in Table 4-18,

Table 4-;8

Urban Transit Bus Component Exterior
. Noise Levels, dBA at 50 Feet

EPA ° @I Rohr :
Tests  Standard  Quieted Standard  Quieted Wyle
: Bus Bus Bus Bus Estimate

Engine o
Mechanical 75 73 71 79 75 79-80
Exhaust g0 76 74 79 65 80
Cooling Fan 8l 84 73 77 73 78-85
Intake _ 'lq 60-75
All Other .
Sources: 70 76 76 65 65 68~73
Overall : ‘ o ‘
Scund Level 84.5 85.5 80 83.5 78 B4-87.5

Souxce: References 3, 15, 16 and 22
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The main contributor to interior noise for transit buses is the
engine. Engine noise is transmitted through the panels by vibration
and by flanking paths. The latter two transmission mechanisms are
véry difficult to control and are thought to be the limiting factor -
to interior noise reduction, Air conditioning ventilation noise is
also a contributing source to interior noise lewvels. Since all major
component noise sources are located in the rear of the bus, it is dif-
ficult to diagnose the relative contributions of component sources to
'interior noise and as such no data is presently available,

{9) Intercity Buses

Exterior and interidr noise level data gathered on intercity
buses for the three major U. S. intercity bus manufacturers (Eagle
Iﬁte:national, General Motors Corporation and Motor Coach Industries)
are presented below.

Current Exterior Noize Levels

Exterior sound level data, measured by EPA, of 12 newly manufactured
intercity buses under various test procedures may be found in Table 4-19.
The buses tested emitted average exterior noise levels ranging between 82
and 87 dBA under maximum acceleration conditions {SAEJ366h) with a mean
ievel of 85,5 dBA, In addition, SAE J366b deceleration tests were run on
two intercity coaches with engine brakes fully engaged. The buses emitted
average maximum noise levels of 89.4 dBA under the SAE J366b deceleration
procedure as dompared to average maximum noise levels of 87 dBA under the
SAE J366b acceleration procedure. The standard deviations exhibited in the
data indicate that a 2-2.5 dBA difference between an engineering design
level and a "not to exceed" regulatory level appears adequate for intercity

buses.

4-31



Summary of Exterior N

TABLE 4-19 B
oise Levels for Intercity Buses

AMWEIGHTED SOUND LEVELS, diMA} AT D FEET
wus ‘:ﬁmﬁ:ﬂ PULLAWAY SYATIONARY 180 STATIGRARY MAXIMUM
SERIAL N, | MOPEL | TRANSHISSION ACCELE GOVERNEDSPEED
STAEVT SIDE | CURDSIDE | STHEETSIDE | CURBSIDE | STHELTSIDE | CURB SIDE | STREET SIDE | CURBSIDE
FYHH MCH Standard b6 [ B6.S 4 L 14 -
(85.1) 806} (83.35) {8130) (2] o
s |1uy MC-A Standuid 86 81.28 [35) [1X]] [ ™
48.3) [OIE)] (#5.9) {19.00 78.25) {18)
513860 MCE Aulomatic (X I I F ] % 1] bt HO.8 i
(85.7) 1224 (83.49) (KS75) (11.35) (#a.74) (M)
51219 MCH Autontane B B8 #4785 (23] 8423 0 [ ]
(845 {629} (84.5) (826} - (b6} (208) () (75}
S p1358 ] Avtomatie 845 Con & a [Tx]] tl [1K} u
{84.25) (1975} {828 o) (83.4) [ELEL] (138" | s
ERELEH MCsh | sundara [13]] sl 20.28¢ 5 [ &1 " k1]
(85,7 195 (19,33 a7 853 (9.1 {1m.33) )
s MeSE | Sunduad 3 H L B 813 028 W n
(13.6) 1194) 81.24} (810} (38.1%) UL (w.75) (1.35)
19699 s Sundird [ X} - - [} [11] 153 s
(K4.5] 45) (H1%) (BL.Y} (81,0} {113}
1o7e4 od Stonend FIx] 863 - - B 5.8 8.3 B
143 (B4R} 8L [45.1) {B116) (B1.6)
[ [ Standard 45 I3} - - 2 84,5 5 [:X]
(84} (84) (824} [CEAN (805} (203)
%77 o8 Standuzd ™ 11 -— - Y ] s 3] s
wa) na) 14 (80.4) (829} (80.6)
- IH Adlumalic 824 Bl - - L] 3 50 184
a4y (%3 (75.4) {11.6) 17841 170
Hen Al Al [1X] 8a uy (K] 853 37 (k3 94
(646} [tIE)] (845) [eTR]] 33 (L) (19.2) 3
51d. v, A A 10 20 Lol 14 H] un 106 214
(LIB} {205 (a0 1y 2.0 {22y asn 00
Mun MC-B Al 5.4 By L] ne 87 1 B0 ni
.o S (45.1) (B4} (84.7} [ITR) M3} (194) {T83) (754)
Sed. Do, MO A k) 131 101 14 n 301 79 T2
() {130y { 49) (133 (ay {1.70) ( 65) (L12)
Mean MCSD Sunditd .l 1] LI [H 854 B& 053 n
{i4.4) (7.8} (888} U] (854) {1} {188 (G}
Sid, Dy, MCSH | Seandard JB [ AR k1 » E M 0
{.20) ( .06} [ eli] (a3 {.18) { .26 1] L9
Mean o3 Standard ] 11 - - 2] §5.2 217 ]
.3 5] (825) (R2.5) [T} L5}
S1d. Pev. os Standutd &7 4 - - 48 a8 6 1I%
. tan 1" 48) (.35 (1.95) [$AR)] 149
Mean’ 17 Aulomatie ALS Bl - - L1} 7.1 T54 ns
(§1.4) (199) (794) (216) (75.4} My
514, Drv, 17 Aulomalic 0 - - - o 1] 35 [}
() [ £ 5 (141} (=] [1.16)

*Decelerallan tertswith enpine braks.
NOTE: Humbers in parenthases ste compuled from ali data, whils numbiii 708 in paivaIhesta ste computed Dam the [wo highes) avas level.
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Data measured by using the SAE J366b procedure for a GMC manual
: 14
transmi sgion production intercity coach Model P8M4905A 1s shown in

Table 4-20,

Table 4-20

GMC Intercity Bus
J366b Test Procedure .

Codling Fan On Cooling Fan Off
Streetside Curbside *  Streetside Curbside
84.2 dBa 81.4 asn 80.6 4BA 79.1 dpa

Source: Reference 14

. In addition, duri_ng a demonstration at the GMC nolse test track ih
Fontiac, Mlchigan, on December 16, 1975, maximum acceleration {SAE J366b}
noise levels at 50 feet of 83.4 and 84.1 dBA were measured on the stréet—
sidé of a éMC inte'reity coach while 82.8 and 83.2 dBA were measured on

22
the curbside. The test was performed with the transmission in second

shift,

Motor Coach Industries (MCI) reports a curbside noise level of
82.5 dBA and a streetside nolse level of 85 dBA using the SAE J366b pro-
cedure. At 70 mph cruise conditions, the same bus was sald to produce

17

80.5 @BA on the curbside and 82.5 dPA on the streetside.
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3
Wyle Research estimated SAE J366b noise levels for intercity

coaches at 84 to 86 dBA, which is about the same as their estimate
of 85.5 dBA for urban transit huses with 8v-71 engines.

Upder high speed cruise conditions, tire noise levels at 50 feet
may reach 75 dBA at 55 mph for rib-type tires used for intercity
r_-daches{6 This estimate is based on measurements conducted by DOT and
the National Bureau of Standards at Wallops Island, Virginia, on a
loaded International Harvester Truck (Model No. 1890} of 25,640 pounds
GVWWR.

. Cutrent Interior Noise Levels

Table 4-21 presents interior noise level data for 12 intercity
coaches recorded during various testing procedures. It is interesting
to mote that in certain cases up to a 10 4B difference in noise level

is present from the front of the vehicle to the rear of the vehicle,

Besides the data reported in Table 4-22 Eagle International reports

19
levels of 72 te 73 dBA at the rear seat at 50 mph , after noise

treatment had been added around the engine compartment.

MCI reports levels of 70 to 71 dBA at an unspecified seat
o 17
location in their MC-5 35-foot coach, MCI also corducted measurements

. under stationary and cruise conditions at various locations in the

coach with and without approximately 90 square feet of sound insulation

{Baryfoil #10,25) between the engine compartment and passenger compart=

ment. ‘This insulation was found to have no consistent effect on interior

sound levels, which are summarized in Table 4-22.

4-34



TABLE

4-21

Summary of Interior Noise Levels for -Intercity Buses

A-WEIGHTED SOUND LEVEL, dBA) AT S0FT. - .

STATIONARY

aus : . MEASUREMENT (SAE 1366k}
SERIAL NO. MODEL | TRANSMISSION LOCATION MAXIMUN PULL-AWAY STATIONARY MAXIMUM
" | AccELERATION M1 GOVERNED
SPEED
sy MCB Standged Frept - - 7.5 TS
Mid 73,25 n
Rear 19.25 774 743
512337 MC.8 Standard Fiont 73,78 s
Mid 7 n
Rear 78,28 ” 5.7
51209 MC-B Automatic Front 73 7 ns
Mid 73 2 na
Rear 778 1.5 166 .6
512239 . MC-8 Automatle Fremt 73,8 7335 T -
Ml T+ 74.25 2.5
Rear 80,15 ”» TS "
512359 MCa Autamatie Fromt 3 n 3
Mid n bl 70.75 » ,
Rear 77 5.5 M7 73
512312 MC.50 Standard Front 4.6 77.2% 15,5 '
Mid 74 16.5 78,75
. Woar 7075 . w25 8.5 76,15
51230 MC.51 Standard Froat 71258 75.25 .5
. Mid .. - 1875 4.5 138 -
* Rear ar 79.5 8048 79
19699 as - Standasd . Fuont 1.4 -_— IR 0 .
: R - Mg 6.5 - 1875 -
Rear B1.78 82 Bl
19704 05 Standard Fram 69.5 - 4 7228 £9
Mid .78 735 7
) Renr 8l . B2 .11
9678 os Standaud Front 67,75 - ths &6
i Mid 73 71125 .78
H [RTENN " Rear B2 —_ BO
9677 05 Standasd Fiont 10,75 - n 69.5
T : . = Mid. | 7 " - T8
Rear 82 425 £0
- Lk Aulomalie Front ™ —-— 158 Rk
’ Mid 79.25 805 n
Rear 2] # 33
Mean Al All Rear k03 113 1. ny
Std, Dev, All All Rear 206 1% 29) 336
Mean - MC8. Al Rear 188 773 76.6 ™3
Std. Dev, Mc.g All Rear 137 176 1.13 98
Man - MC.SR Standard Reay ﬂ[i.-t 94 793 e
Sid. Dev, MC.5U Standard Rear B8 .18 117 1.59
Mem o 080, Standard Rear 817 —- 2.2 805
S1d. Dev, [ Standand Rear 47 29 58
Memn - 17 Aulcmalic i Rex L] - 1] 8
Sud. Dev, 17 Autumatfc Rear 0 o 0
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Table 4-22

Interior Sound Levels in
Rear of MCI MCB Coach, dBa

Normal High' Maximum 60 mph
Idle Idle rpm Cruise
Standard :
Coach 64 65 69 73
Insulated ‘ '
}  Ceach 63 65 : 72 72

Source: Reference 17

18"
Bray .reports average front seat levels for intercity coaches

of 74 to 78 dBA and rear seat levels of 70 to 84 dma.
} Levels:under normal street acceleration conditions at the rear

seat of a new GMQ intercity bus ranged from 80 to 84 dBA, compared to
! ' 22

77 dBA at cruise (30 mph) and 72 dBA at idle.

]
For intercity buses, interior noise levels at pass-bys of 55 mph

i

f : . : s 0] N . ]
are more representative of actual driving conditions than the interior
noise levels measured under maximum acceleration. However, maximum noise
levels are most likely to occur under maximum acceleration conditions.

* Current’Component Noise Levels

.. Data on component levels of intercity buses are presently not
aviilaﬁle but are believed to be closely aligned with Urban Transit Bus -
coﬁpcnént noise ievelé. This is believed to be true gince many of the
samé noise generating sources (engine, transmission, cooling system)
aré similar br idehtical to Urban Transit Buses. Thus, refer to thé
Urban Transit Bus discussion on component noise levels for intercity
bus component levels,
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Section 5

NOISE ABATEMENT TECHNOLOGY

For huses of current configurations, the important nolse sources
are the engine, exhaust, cooling fan, intake, and chassis., The relative
contributions of these sources vary depending on the type of bus and on
the typz of bus operation.

Engine

‘Engine noise is the mechanically radiated noise associated with
the combustion process and the mechanical components of the engine,
This noise is a result of vibration of the engine structure, covers,
and accéssorieé. In .general, noise from the transmission, turbocharger
{if 50 equipped), and the blower are included in the noise source

-eomprising engine noise. In the case of diesel engines, the air intake
ig treated as a separate noise source from engine noise. For gasoline
engines the air intake noise component ls included as part of the engine
noise.

Exhaust

Exhaust noise includes the noise produced by the exhaust gases at
the tail pipe exit, the noise generéted by the vibration of the muffler
shell and piping, and the noise caused by leakage of the exhaust system

components (muffler, exhaust manifold, exhaust pipe, and tail pipe).
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Fan
Fan neise includes the variocus noise sources of the cooling system.

Although the predominant noise source is the fan, the ghrouds, radiators,
shutters, and grills affect the ﬁoise produced by the cooling system.
Intake |

In the case of diesel engines, intake noise includes the noise from
the air inlet, the air cleaner shell and ducting, and the leakage of the
air intake system components.

Chassis

Chassis rioise refers to that noise generated by a bus when it is
coasting by at appfoximately 30 m.p.h. with the engine idling and the
tranamission in neutral. This noise includes any wind or turbulent
noise caused by the passage of the bus. It is considered to be the

lowest level of noise attainable for a vehicle.

Component: Noise Abatement Technologies

{1) Engine Noise o

a. Gascline Engines ‘

In the case of gasoline engines, it is customary to lump engine,
alr intake, and transmission noise together, _'I'his is done because the
air intake filter is mounted directly on the engine carburetor, in close
proximity to the engine. Transmission noise becomes an import:ént noise
contributor on gasoline engine vehicles only after the noise from the

engine and the intake have been lowered below 70 dBA,
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Intake noise is relatively 1oW in gasoline engines. This is true
because of the presence of the carburetor and the inherently quieter
air intake process. As a comparison, current intake noise levels for
diesel eﬂéines, which are considered noisier than gasoline engines, .
range frem 56 to 75 dBA.

Current gasoline bus engine noise levels under acceleration range
from 69 £6 73 dBA? Chrysle? Corporation estimates the combined

engine and air cleaner noise levels for their 1976 model school bus

chassis at 76 to 79 dBA. The EPA Background Document for Medium and

Heavy Truck Regulations3 estimates that engine noise levels range from
75.7 to 77 dBA for gasoline engines Qiﬁh ratings of 160 to 230 net
horsepower.’

Several methods are available for lowering the contribution of
engine noise to overall bus noise levels. All of these techniques
have been successfully tested in the laboratory and, for some,
put inte practice on diegel eng:lnes‘f'5 These technigues, and their

expected niolse reductions, are summarized below:

Noise Reduction at 3 Ft.

‘Covers and panels attached to the engine 3to 5 de
Close fitting engine covers 5to 8 4B
Partial engine enclosures 5 to 10 @B
Complete engine enclosures Up to 15 dB

Major structural engine modifications 4 to7ads
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Noise reductions at other distanceit are expected to be somewhat
lower. 1

Turbocharging of diesel engines results in some engine noise |
reduction because of its smoothing effect on the rate of combustion
pressure rise in the cylinder. This is not expected to be of signi-
ficant benefit to gasoline engines,
. Conventional school bus cowls provide an inherent barrier to
some engine noise radiation. Improvements in the cowl design, addi-
tion of acoustic materials in the engine compartment, and provision
of belly underpans all are beneficial to the overall reduction of

engine noise.

Because interior noise levels are mostly controlled by engine

noise, both radiated and structurally transmitted, care in the place-
ment of flre-wall acoustical insulation and engine mounting is indicated
to reduce interior noise levels.
b. Diesel Engines

Diesel engine noise is the result of forces generated by combustion
and the mechanical aspects of the engine? Diesel engine combustion
forces are of sufficient magnitude to distort or vibrate the engine block,
¢rankcase and attachments. Primary combustion forces are at engine funda-
mental firing frequencies. These frequencies are relatively low, but the
structure responds to all harmonics of the basic firing frequency. The

steep pressure rise inherent in diesel cycle combustion results in the
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introduction of high-frequency compenents into the engine structure
which are readily radiated by the sides of the block and rocker arm
covérs. Changes in the character of or reduction of combustion forces-
have been under investigation by:i:esearchers for a number of years.

Frecombustion chambers or indirect injection (IDI) can be used
eEfectively to lower combustion rate related noise 1evels-.j IDT
is commonly used in diesel engines powering light-duty vans and
passenger cars., For heavy diesels of the type used in diesel school
buses and transit coaches, noise contrel by retardation of injection
timing and turbocharging has proved to be effective. Retardation
hag heen shown to have advantages in terms of power, fuel economy,
and emissionsf- but it also increases exhaust smoke.

-mrbocharging also incrreases the horsepower output for a given
size engine and has advantages ffom the emissions viewpoint, Turbo-
charéing is not aé adlvalntageous fof transit huses as it is for trucks.
Curi"t.e.nt.'transit buses use haturally é_spirated engines of adequate power.
Addi_tionSI powe'r.'would not be very useful because passenger capacities
canﬁbt'bé. increaéed without exceeding overall size and axle weight
reguiations. ’Ihé.dynamié lag of turbochargers results in little ip-
créése in engine power levels uﬁtil the engine reaches maximun speed.
'Ih_eré }.é, ;:heref'ore‘, no‘gain in dynamic torgue and hence no improvement
in Bus per formance in city traffic conditions, However, a tailored

combination giving the desired characteristics can be developed.
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Another method to lower engine-radiated noise would be to alter
the stiffness or increase damping of all structures sufficiently to
prevent .their response to input forces. The cast iron diesel engine
block is inherently damped and added damping has been found to offer
little improvement.

Thin walled components such as oil pan, rocker arm covers, and
manifolds can be isolated from the cylinder head casting by means of
soft gaskets, rubber washers at mounting bolts or, in severe cases, by
splitting the cover immediately above its mounting surface and joining
together by a bonded, rubber section. This is. conceptually shown in
Pigure 5-1.

A common method of reducing engine radiated noise is by noise
barrier panels attached to the engine exterior surfaces. These covers
or panels are made of a high-density barrier material lined with én
absorbent material, usually sheet metai lined with glass fiber or mineral
wool. These shields must be designed specificall§ for each'ehgiﬁe model
since proper covering and edge sealing is quite important. Panels
generally are attached to and cover each side of the engine bloak and
oil sump. They must be ‘contoured to the engine shape and be attached
through isolation mountings. Experience has shown‘they are more effec~
tive on in-line engines than Vee engines‘because of the greater, flat,
radiation area on in line engines. Current practice for urban transit
buses is to use Detroit Diesel V=6 or V-8 engines, which makes this

method less effective.
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) Figure 5-1
Isolated Focker Arm Cover
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Engine covers have definite disadvantages and advantages. They
restrict engine service operations.' The possibility of undetected oil
leaks being absorbed by the panel-lining material creates a potential
fire hazard as well as destroys the noise absorption characteristies,
The engine physical dimensions are increased, making installation in
a vehicle more difficult. Heat radiation from emyine surfaces is
reduced, but experience has shown that -this effect is minimal'.s
Quality control must be maintained to assure seal of all panel edges
and joints. On the plus side, panels can be applied without redesign or
modification of the engine itself, 'I‘ﬁey can be applied to present new
engines or ever;t'to engines in service as e; ‘retrc.:fit package. This is
much easler ttilan making changes to the basic engine strucf;ure." Reduc~
tions of 3 t:oB dBA at 3 ft. in engine noise radiation are possible by
means of cl_oatl,_h]_fitting covers, However, from a practical standpoint,

a set of panels giving B dBA reduction would cover virtually a}ll engine
arni‘enginéjﬁounted accessory surfaces by many sepatrate comple_x shaped
pah};ls;. , In general, a 4 dBA rgduction in overi:all éngina sound levels at

50 ft. is close to the practical limit for engine-mounted barrier panels.



Sound level reduction due to modified engine structure, reduced
piston slap, damping, and isolation can be used in conju'nction with
barriers to produce overall reductions greater than 4 dBA, although
each additional decibel reduction is more difficult to achieve than
the preceding one. When the panels are combined with a partial en-
closure, the resultant reduction is often less than the sum of the
separate reductions due to each methoed.

The urban transit bus engine compartment already provides some
shielding from engine noise, at least on the curb side of the bus.
The large opening on the left side for admitting cooling air through
the radiator allows much engine and fan noise to escape on that side.
Rohr Corporation has experimented with a forward-facing air scoop in-
stalled over the radiator and by covering the standard grills with an
inverted Vee non-line-of-sight lcxuverf.3 A lipe-of-sight barrier
between the engine and the radiator opening was found to be effective.
General improvement of the -engine compartment door seals and sound
isolation of the existing engine compartment walls can result in
additional engine radiated noise reduction. The design of radiator
grills to eliminate line-of-sight sound propagation and also to
provide sound absorption without excessive increase in cooling system
flow resistance is attainable, but will require some developmental

work..



-8hielding under the engine can be effective if the entire area under
the engine is treated. Engine noise reaches the receiver by two routes,
via gtraight line from the engine area and by reflection from the.road
beneath the vehicle. Belly pans are effective in blocking the reflective
path and are currently available for all transit buses. 1In general,
however,- belly pdns are not specified or used extensively due to the added
engine servicing problems, restriction of cooling air exit, and problems
associated with.sealing. A 2 dB reduction in the engine contributed noise
lev;el can be expected by sealed belly pans in the case of buses. .+ 'This will
be especially effective in reducing bystander and pedestrian ear:level
noise since the reflective sound path from the engine off the road surface
toward the aide of the bus will be virtually eliminated.

Full engine enclosures are in use for certain European buses..

Saal~Scania buses have a completely encapsulated engine, with remotely

placed dual radiators and electrically operated fans. The engine -
enclosure  is ventilated by a third fan, with air being admitted through
an opening in the roof, European bus technology is discussed in greater

detail in Appendix A,
Disadvantages of engine enclosures include reduced accessibility

to the engine compartment, added weight, some reduced passenger and freight
capacity due to increased engine compartment size, and a greater

potential fire hazard.
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Transmission noise for diesel buses can be lowered by the applica-
tion of damping material to reduce resonant amplification at troublescme
frequencies, by stiffening or by weakening housing areas to shift resonance
frequency components, by decoupling housing areas .by slotting or adding
mass dampers, and by altering panel geometrics.g Engine shields can be
extended to include the transmission housing in the case of buses.

. Engine mountings are important since engine vibrations can be
transmitted to the body framework and to the body panels through the
mounts. -Engine mount design technology is sufficiently advanced to
provide good isolation at high frequencies between the engine and body
frame .or chassis while allowing the large torque forces to be trans—
mitted to the tranmmission. Vibration isolation is important because -
current bus interior noise levels are dominated by floor and body side
panel radiated noise which appears to be the result of engine vibration.

(2} Exhaust Noise

é. - Gasoline Engines

-Gasoline emgine school buses, without exception, require the tail
pipe outlet to be at the rear of the bug, extending at least five inches
beyond the body wall. .This results in ample exhaust Pipe lengths for
adequate engine exhaust noise quieting. Moreover, gasoline engines can
tolerate higher back pressures to allow mufflers of greater restriction
to be used'compared to diesel engines, The average back pressures of

11
current passenger-car mufflers range from 6 to 16 inches Hg. The
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exhaust systems for gasoline-powered medium trucks are designed for i
3-inch Hg back pressure allowance. Wide open throttle (WOT) operation
is common in the case of trucks and high back pressures and ensuing:high
exhaust valve area temperatures can affect engine durability.  However,
school bue applications seldom require WOT operation, and if they do,
it is limited to a few hours only per day. Thus, higher back pressures
may be allowable on bus chassis rather than on comparable truck chassis.

There are a few problems associated with school bus exhaust systenms,
Even when the exhaust pipe-outlet noise is lowered, the long exhaustiand
tail pipe can still generate noise from the muffler shell and pipe walls.
Horizontal muffler and tail pipe systems are inherently noisier than
comparable vertical systems because of ground-reflected acoustical energy.
The :large bus floor undersurface also reflects the sound which escapes
from the sides resulting in higher sound levels on both sides of the bus.

. The positioning of the muffler in the exhaust system is also criti-

cal}l' 12, 13 and some improvement in exhaust noise levels can iae
obtained by experimenting with this. Since school bus exhaust systems
are optimized for engine cruise conditions, the exhaust noise has a
characteristic tinniness during brief periods of high and low engine
rpm.

No quantitative information is available for gasoline truck, bus,
or automobile exhaust noise levels for the various engine and muffler

combinations employed. The EPA Background Document for Medium and
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and Heavy Truck Regulations reports that exhaust noise levels of current
gasoline trucks under acceleration are around B0 dBA at 50 feet. Chrysler
Corporation has estimated the current production school bus exhaust noise.
levels at 50 feet to be from 75 to 78 dBA under acceleration comditions.

.+ b. Diesel Engines

Naturally aspirated diesel engine exhaust nolse levels with currently
avallable mufflers range from about 70 to 82 dBA:.L Turbocharging results
in reduced exhaust noise levels but the selection of a muffler to take
advantage of this noise reduction requires care hecause allowable back
pressures are generally lower.

Data is.available from manufacturers on the acoustic performance
of a given muffler on a given diesel engine, . However, changes in pipe -
reuting, installation, etc., can have significént effects. Because of .
packaging problems, transit bus exhaust pipe often take winding routes
between the two manifolds and the horizontal muffler.  Newer model buses
have a vertical tail pipe routed through the left side of the bus. . Qlder.
buses. have a short horizontal tail pipe exiting at the rear under the
engine.

‘he location of a muffler between the hus floor and pavement worsens
the effect of muffler shell radiated noise. |

(3) Cooling System Noise |

a. Conventional School Buses
The cooling system fan is a n:ﬂajor canponent source of noise for trucks

ard huses, Sound levels of fan noise at 50 feet vary from near 70 dBA
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to 85 dBA depending predominantly on fan blade tip speed and the
position of radiator shutters. Other components of the cooling system
generate noise, but are of secondary importance. Noise from the water
punp, belts and pullies, and air flow through the radiator contribute
very little to the overall ncise level.

Because they are part of the fan environment, the engine, radiator,
shroud, cab, and other components all affect the cooling ability of the
vehicle. They also affect the noise generated by the fan because of the
effect which each component has on the air flow or the flow resistance
against which the fan must operate. Studies conducted by two major -
heavy truck manufacturers uwnder the DOT Quiet Truck Program have indicated
that modifi.cai:ions: to improve the fan environment are very effective

in reducing the fan noise levels by allowing lower fan tip speeds without
14, 15
reduction in cooling ability.

The potential for reducing fan noise hinges on the possibilities for
maximizing the cooling rate at a given fan speed, thereby minimizing fan

speeds and/or fan-on time. Several approaches to such an optimization

have been suggested:

Fan redesign

Improved fan shrouwds

Increased cooling system pressures

Optimized radiator to fan and fan to engine clearance
Radiator redesign

Fan clutches

Ducts and flow deflectors '

Ring shrouds to prevent tip recuculation.

‘O000000O0
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A combination of these technigques has resulted in lowering fan
noise:levels from 81.5 dBA to 66 dBA on the left, and from.80 4BA
to 68 .dBA on the right side of an IHC model. CF-4070A diesel cab~aver
truck without reducing the cooling capacityfd Similarly, - the: fan
noise level was lowered from 80 dBA to 64 dBA by using a different
combination of techniques for a Freight-liner. cab-over truck-using a -
Cummins NIC=350 engine%s.) :

The following noise reductions have been demonstrated in the

laboratory. for a 20-inch 5-bladed truck fan:

Reduction -
dBA
Sealed shrouds and optimized fan coverage 4.5
Optimum fan-to-radiator distance Sl
Engine mounted air deflector 4.0
Contoured shiroud with.l/4-inch tip clearance - - 7.5
Optimzed radlator heat transfer 2.0

These reduct:ione are not alwaye cunulative.

Generally about one—t}urd of the tot‘al.energy o.f:‘ the fuel used
in a gae engine is released aa heat to me coolmg system, Another
one—thu'd is released as heat to the exhausl: or radlated away, and the
remaming one-t‘hird generates ueeful power . 'I‘h.:.e ratro varies w:.th engine
conflguratlon, compression ratlo, spark tunmg, valve tmmg, engine load,
and speed. At idle, for J.nstanoe, no useful power is developed and all
the fuel energy is :eleaeed as heat. Ehe heat released to the coolmg
Bystem is released bo the atmosphere through the radlator. The fan

draws air through the radiator to improve heat transfer.
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The noise generated by an engine cooling fan can be decreased
by changing the fan drive ratic to reduce the maximum speed. This
change will also reduce the speed of the water pump and the fan speed
at idle. Both of these changes could cause cooling per formance problems.
The water pump capacity may be recovered by increasing the diameter of
the water pump impeller, which may necessitate redgsigning the entire
water punp on some engine models. Reducing fan capacity requires a
larger radiator to maintain the same cooling performance. Configura-
tion of the front end sheet metal on a bus limits the radiator size,
but the sheet metal can be raised on the frame to accammodate a
larget radiatér.;. This chamge impacts bus body mounting, tooling,
and driver visibility. | '

Fortunately, the cooling problem is not crit':ical for conventional
gchool buses, School buses use the same sheet metal as meﬁiﬁm—duty
trucks, but are seldom fitted with the largest engine that is available
in trucks of the same load capacity. This.wuuld indicate thaﬁ larger
radiatoi:s are available than currently fitted to most sehoél buses. Also,
since the majdrity of school busés do not operaté during the hot summer
Iﬂontﬁs, the deéign temperature can l_:oe lower for a schoql 'bus than for a
trﬁck. ‘On the othgf hand, cdoling performance at idle cannot be com—
prcmised on a schodl bus. o

Aif emission control =re<:1|.1:tx"e111ents for gasoline engines aléo need

to be taken into account, Current engine designs require highly retarded

5~16



e s 4 P e YA A2 Sk e gt o e

ignition timing which increases the exhaust temperatures and heat rejec-
tion to the cooling system. The reduced compression ratios and changes
in camshaft to delay exhaust valve opening and increase valve overlap
also increase the heat rejection. On the other hand, the use of higher
temperature thermostats gives some relief.

vThe chief differences between the diesel truck application and
conventional gasoline bus application are summarized in Table 5-1.

21t should be noted that the cooling systems of forward control
buses require gpecial attention. The technology in the DOT Quiet
Truck Program is not directly applicable for such buses.

b. Transit aﬁd Intercity Buses

Urban transit buses of current design employ a radiator and fan
for engine cooling on the left side of the engine compartment. The
arrangement results in uneven flow speeds through the radiator, and
thus little or no ram air is obtained from the forward motion of the
bus. @C intercity buses also employ the same arrangement.

MCI inteércity buses employ twin radiators with thermostatically
controlled centrifugal fans at the top of the engine compartment directly
above the engine. The fans are connected to the radiators by ducts.
This arrangement results in a quiet cooling system with evenly distrib-
uted sound levels on the two sides.

'I';m three DOT Transbus prototypes use different cooling system
arrangements., (For a discussion of the DOT Transbus Program see

Appendix B.) None of the Transbuses use Detroit Diesel engines.
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Table §5-1

Comparison of Cooling Fan Parameters for Gasoline

and Diesel Engines

Maximum engine rpm
Heat rejection at idle

Heat rejection at
maximum throttle

Load factor

Fan-on time (when on-off
‘¢lutches are used)

Coonlant pressure

Shutters -

Alr conditioners

Conventional’
Diesel Engine Gasoline Engine
Truck: School Bus’
2100 3600~-4000

2 Btu/hp/min

24 Btu/hp/min
Sustained opera-
tion at maximum
engine speed
Under 5%

Atmospheric

Employed

Available

7 Btu/hp/min

27.5 Btu/hp/min

Under 20% of
time at maximum
engine speed
23-40%

“31-10 psig-

Generally not
employed

Rarely employed
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The MM General Transbus uses a Caterpillar 3406 TARC turbocharged and
aftercooled 6-cylinder in-line diesel for propulsion. The engine cooling
radiator and the air conditicning condenser are mounted in series
directly above the engine across the rear of the coach. The cooling
fan is hydraulically driven, with no speed modulation. The M Transhus
used a gas turbine and hence does not require a water cooling radiator.
The oil coolers were on the right side of the engine compartment with a
squirrel cage type fan directly driven off the accessory drive system.
The evaporators, including the two-speed circulation fans, are mounted
in the air conditioning compartment above the engine. The Rohr Indus-—
tries Transbus uses a Cummins V=903, V8 turbocharged diesel engine for
propulsion. The 1300 in 2 cooling radiator with the transmission

0il cooler was located between the left side of the bus and the front
of the engine, the conventional location for current design bfuses. The
fan was hydraulically driven with the speed modulated to meet cooling
demands by a sensor in the bottom tank of the radiator.

Although it is not certain where the Ffuture transit bus cooling
systems will be located, for this discussion, it shall be assumed that the
radiator and fan will be located in the left hand side rear portion
until space considerations dictate relocation.

The advantage of locating the side~facing radiator close to the
rear end of the bus is that the radiator air inlet is in the only high
pressure aree{ at the rear of the bus., The disadvantage of the rear
side~facing placement of the fan is that the air near this section of the

bus is relatively dirty. As a result the fan draws this dirt through
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the radiator and usually deposits it in the engine compartment.,
MCI reports that on their intercity buses with compromised radiator v
positioning, during actual operating conditions on the highway, the .

cooling fan air flow is only 50 percent of the air flow measured

{

during static bus tests.

Current transit bus cooling fan noise levels range from 77 to 85 ' -

dBA under acceleration conditions, The fanon time with viscous fan
clutches is on the average higher than for trucks. It depends on the
operation eycle of the bus which may range from intermittent city opera-
tion to an occasional continuous highway cruise, ‘The GM and Rohr guileted
buges used a fan clutch to lower noise levels on the left side of the bus I
to 73 dBA, Even when the fan is engaged, it does not reach full engine.
spead under normal operation.

{3) Air Iptake Noise

Air intake noise of gasoline engines is included in the engine noise
for reasons discussed earlier. The following discussion will be limited
mainly to diesel engine.intake systems.

Intake noise is produced by the opening and the closing of the
inlet valve. wWhen the valve opens, the pressure in the cylinder is usually
above atmospheric and a sharp positive pressure pulse sets the air in the
inlet passage into oscillation at the natural frequency of the air column.
This oscillation is rapidly damped by the changing volume caused by the
piston's downward motion. When the inlet valve closes it producés similar

pressure oscillations, which are relatively undamped. In the diesel engine,
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air inlet noise is generally observed in the low to middle frequencies (up

to 1000 Hz). (On gasoline engine, this inlet noise may be important at
higher octave bands due to the flow nolse produced in the carburetor.)
Typlcal unsilenced intake noise levels for truck diesel engines at
high idle vary between 70 dBA and 85 dBA, measured at 50 fget from
the engine inlet. Production air Eilters used on most trucks provide a
noise reduction (Insertion Loss) of from 9 to 22 dBA. In the case of
eleven trucks with Detroit Diesel Engines and production model intake
filtersl,-? intake noise exceeded the nolse levels from the remaining

compenents. in only one case. Six trucks had sufficiently quiet air

intake such that. further reduction of the intake noise would not be of .

any benefit to overall vehicle noise levels. The remaining trucks
showed overall noise reductions of 0.5 to 3 dBA for a 6 dBA reduction
of intake noise., If the noise from remaining components were lowered,
intake noise would assume greater importance for a great proportion -
of trucks.

".’Intake filters act as silencers because of the sound absorption
properties of the filter element and because of the area changes.
Additional -silencing may be provided by designing flow passages to
restrict line—of—-sightA transmission.

Heavy duty oil bath cleaners used in transit buses are good
nolse suppressors. Cleaners that have large flat sections of sheet
metal can radiate significant amounts of noise from mechanical vibra- -
tions.  Use of rubber sections such as elbows, tubes or connectors

in the alr intake piping should be avoided as much as possible. Most
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rubber sections are not good acoustic barriers and radiate excessive
amounts of noise because of their pulsating walls,

For maximum quieting, an additiopal intake silencer can be in-
stalled between: the air cleaner and the engine inlet. These devices
are not particularly expensive, are easy to install, and will do a good
job of absorbing higher frequency noises. The silencer should be
installed as close.to the engine inlet as possible., 'The additional

.Space requirement may be a problem in transit and forward control

school buses.
With the. precautions outlined above, the attainment of intake

noise levels under 65 dBA is practicsble with available intake
filters for diesel engines,

{5} Chassis and Accessory Noise

In.the category of chassis noise, the.coasting noise of the vehicle

with no propulsive power being applied to the vehicle and the noise from

the remaining minor sources such as air conditioning and air brake

compressors are included.
18

Motor Industries Research Association (MIRA) has collected
data on coasting noise levels for a broad range of vehicles, Coasting.
Noise depends-on size or weight of vehicle, conditions of road surface,
and rodd speed. Variations might alsc be expected due to tire tread
pattern and construction, number of axles and tires, axle loadings,

and bus body surface area. A useful genetal relationship for the
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coasting noise of a vehicle at 30 mph {44 fps) on a smeoth, dry surface
is given by the equation:

BA = 65 + 7 log W
10

where:
W = gross vehicle waight in tons

dBa = sound level 7-1/2 meters from vehicle centerline.

A t:ypical school bus of 23, 000 1b GVWR accord:.ng to this formula will B

produce 66 dBA at 50 feet: while coasting at 30 mph. A vehicle of
10 000 1bs GWR will produce 64 dBA under the same condztions. |

“EpA conaucted tests on the coastmg levels of several school buses '

.25
of 17, 400 b I:o 23 000 lb GVW rating chassis. A 23, ,000 1b GVWR bus

measured 65 dBA on the curbside and 69 dBA on the streetside th.le
coasting at 30 mph. A 17,400 1b GWWR bus equipped with snow tires
measured 73 dBA on the curbside and 74 dBA on the streetside while
coasting at 30 mph. Both tests were conducted with the engine idling,
the transmission in neutral, and all accessories on. Hence the measured
levels reflect the total chassis noise levels to be expected rather than
the coast-by noise alone.

Current school bus chassis noise levels appear to be in the 65 to

74 dBA range at 30 mph with the engine shut off. Coast-by noise levels

for conventional school buses (without accessory noise) without snow tires

are approximately 64 to 68 dBA, Chassis noise levels can approach these
coast=by levels by lowering the contributions from accessorles and body

vibrations.
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Chasgis noise levels of current transit buses range from 65 to-
76 aBA for 35 ft. and 40 ft coaches. It is felt that chassis noise
levels of 70 dBA are achievable on today's 40-foot transit ccach. -~

In the case of integral design transit buses, the outer skin
panels are load-carrying members.  Hence any road or enging vibrations
transmitted thrqug_h the suspension or engine mounts will be.trananitted
to the skin as étress and result in vibrations of the paﬁels. ﬂhése' .

panels are acoustically effic1ent radiat:ors of sound at audible fre~

quencies. 'Ihe mounting of accessories w111 need special care to avmd

excitation of the hody panels mto resonance. The wmdows of the bus
should also receive at:tention. Apart: from rat:tles, loose window panes

also reault in large vibrating sur faces anc} hence chgssms noise.
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Overall Noise Abatement

The abatement of bus noise is a systems problem. In the following
dlscussion, the classification of buses according to their nolse com-
ponent configurations attempts to make the total universe of busesl
into, a manageable number of systems that are similar from the noise
abatement viewpoint. Total bus noise abatement is further broken down
into a number of steps er target nolse levels. Each targeted noise
level may be achieved by combining component noise control measures
in a specific way. System compatibility is implicit in the selection .
of such combinations,

.In general, noise control strategy is determined by the source
levels of the nolslest and/or most difficult-to-control components. The
successive steps in noise reduction invariably require increasingly more
complex, and in most cases increasingly expensive, technclogies.

(1) Conventional Gasoline-Powered School Buses

Five study levels have been identified for conventional gasoline—pow-
ared school buses., (fomponent levels to achieve each study level are indic—
ated in Table 5-2. The production hus noise design levels should be 2 to
3 dBA under the targeted not to exceed noise levels, as shown.

Table 5-2

Component Noise Level Matrix for Gasoline-Powered Conventional School Buses

Sound Level, SAE J366b Test, dBA

Bua exterior study level ‘ 83 . 80 77 75 73
(Not to exceed level)

Bus design level 80.0 77.5 74.5 72.0 70.5
Engine and intake 77 74 71 68 65
Exhaust 73 69 65 65 64
Cooling fan 73 70 64 64 64
Chassils and accessories 70 70 70 65 65
Interior Study Level (at driver) .83 80 BO 75 75
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B3 4dBn Exterior and Interior Study Levels

Engine

No special engine, intake or transmission treatments will be needed.

Exhaust System

The use of best available mufflers will be sufficient to obtain 73
dBA exhaust noise levels. The muffler will be located in an optimum

position for the school bus exhaust system after the tail pipe length

has been adjusted for the bedy length.

Cooling Fan
To obtain the 73 ABA fan noise level, careful sealing of the

shroud to the radiator along with optimization of fan coverage by the
sﬁroud will be needed to maximize the air flow. In tests conducted by
International Harvester Company, the air flow rate was increased by

this method from 10.66 lb/sec to 11.5 lb/sec (see Figure 5-2), Optimum
fan coverage for the sealed shroud was obtained at 90 to 100 percent .
coverage, while the original unsealed shroud gave maximum air flow rates

at 65 percent coverage. The increased air flow rate allowed a reduction

of fan speed to reduce overall noise level by as much as 5 dBA, Opti-
mization will hélp only to ithe extent of the actual departure in the
present system. The reduction in fan maximum speed can be obtained by
providing a viscous I:ype fan clutch. The latter approach is recommended
because it has the advantage of minimizing the fan power requirements when
cooling loads are less than maximum. Because there is always some slippage
at fan speeds approaching maximum shift speed, the maximum fan speed will

be automatically lowered with the usage of a fan clutch,
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Figure 5-2 .
Effect of Fan Coverage ou Al Flow
With Shroud Sealed to Radiator
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An on-off type clutch is not considered to be a feasible solution
becattse it will not lower the maximum fan speed, unless the engine to ..
fan pulley ratio is changed appropriately.

In those cases where the sealing of the shroud and optimiziﬁg fén
coverage does not result in sufficient noise reductions, fiow rates may
be increased further by choosing a fan that will allow reduction J.n _
shaft speed. This again is dependent on the present fan on ;:he vehicl_e.
In most cases, ihcreasing the number of blades and/or blade twist will
result in achieving the air flow at reduced speeds. A shaft speed reduc-
tion of ten percent will be sufficient. |

Chassis

The required 70 dBA level for chassis and accessories is already
attained by most gasoline school buses on the road today.

With the above exterior technologies interior noise should be
reduced to the B3 dBA level.

80 dBA Exterior and Interior Study Levels

Some engines may require the inclusion of acoustic treatment of engine

-

hoed. E‘or' this, acoustic barrier-cum~absorption material of the type
currently used for automobile hood insulation may be added.

To reach the interior noise level of B0 dBA at the driver's location,
one layer of barrier-type acoustic insulation weighing 1 lb/ft2 should be
employed at the cowl face and under the floor extending about 5 feet as
shown in Figure 5-3. All holes in the firewall for pedal linkages; steering
column, ete., should be carefully sealed with heavy rubber boots.
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Figure 5-3
Engine Noise Abatement
by Shielding

1 1b/£t2 Barrier Material
Attached to Firewall

] "‘ﬁ" :

Approximate Area of Barrier = 25 ft2
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Exhaust _

To reduce exhaust noise to 69 dBA, larger, more advanced mufflers
will be needed. Careful design of the exhaust system to place the muffler
in the optimum position will be necessary. It will also be necessary for
the exhaust system designer to specify that the tail pipe length not be
altered by anyone adapting the chassis to school .bus application.

In April 1973, @MC reporteég that by using a larger muffler, with :
the pipes rerouted where possible to lie within the confines of any engine
compar tment shielding and to avoid conflict with a belly pan installation,
the exhaust noise level of a ICB_ 6500 gasol_ine engine truck was succéssfully
lowered from 83 dBA to 70 4BA, B

Automotive mufflers are deSi.gnec} empirically by the mu_ffl:ef rﬁanufae—
turers who work with the engine manuféétu_rers to achieve acées;taible poise

reduction without logs in performancel..l For a simple.expanéion lch'an}ber
" muffler, the transmission loss increases by a maximum of 7 dBA for a doul:aling
of gxp_ansiqnl ratiq?o Incréased éxpénsi.on ratios can be obtained without
increasing the thickness of the mLifflers by uéincj elliptical cross sections.
It is estimated that almost a doubling of muffler volume will be needed to
achieve exhaust noise levels of under 69 dBA, which are 4 to 5 dBA below
those of currently available mufflers.

Special attention .mﬁst‘be éiven to the support syéierim for the exhaust
pipes and nuffler under the bus floor to prevent the transnission of vibra-
tions to the chassis. Airborne noise could also excite the floor to radi-
ate noise to the bus interior. Current plywood floor designs appear

adequate in reducing floor transmitted exhaust noise to the bus interior.
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Cooling Fan

Two alternate approaches are possible for achieving fan noise
‘levels of under 70 dBA.
1. Contoured Shroud with 1/4-Inch Tip Clearance

 This type of shroud is shown diagrammatically in PFigure 5-4,

Tests by the International Harvester Company have shown that the use of this

shroud resulted in allowing fan speed to be reduced by 6 percent while
3 to 6 dBA noise reduction was obtained in comparison to the noise level
of the carefully sealed shroud. The shroud wiil need.to be mounted in
such a way as to maintain thé 1/4-inch cléérance eveniﬁhen the engine |
moves relative to the radiator. This can be ach'i‘feved by mouriting patt
of the shroud to the engine amd pafl: to the radiator wit:h :thé two sections
connected together by a flexible rubber boot. Recent road tests completed
on a truck equipped with sdch a shroud have demonstrated the. iﬁracticality
of this designz.'l | ‘

Total noise reduption expected from using tﬁe' low tip clearance
shroud with careful seals, a viscous clutch and a seven-blade fan will
be between 10 and 13 dRA, The maximum fan speed has now been lowered to
79 percent of the original fan speed without sacrificing air flow and hence
cooling system performance. The radiator has not been altered in any way.

2, Increased Radiator and Fan Size

Increasing the radiator area can result in significant reduction in
fan rpm and noisel.. Estimates show that by using simple fan laws show
that increasing the radiator area by 20 percent and the fan diameter by
10 percent, fan rpm can be lowered by 37 percent without sacrificing
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Figure 5-4
Engine-Mounted 1/4 Inch Tip
Clearance Shroud

Radiator —m

Mounting Strut
{one of three)

Flexible
Rubber Seal

5-32



cooling capacity. This would in turn result in lowering the fan noise
level by 8 dBA. Additional noise reduction can be obtained by careful
fan and radiator sealing and increasing fan diameter (the larger radiator

will allow this).

Chassis and Accessories

Current chassis ncise levels are sufficiently low and no treatment

will be required.

71 dsh Exterior and 80 dBA Interior Study Levels

[Engine o

To reach the 71 dRA required engine noise level, additional en-
éine side shields will be required. These m;ay be located as sketched in
Figure 5-5. The shield may be made from 20 gauge steel sheets lined on
the inside with a 2-inch layer. of acou;stical glass fiber. ) keep the
glass fiber from losing its effectiveness from saturation with oil, gaso-
line, or water, a 27mil nonflammable plastic barrier should be provided.
Finally, a pe:forat;ed thin (22 gauge) metal cover should be added on the
inaide't:o minimize mechanical wear and tear. This is sketched in Figure
5-6, Glassg fiber materials are relatively inexpensive. The study of
currenﬂy 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.

The reduction in open area arcund the engine may result in some loss of

cooling air flow. Thus, in all probability, cooling fan redesign would be

needed to achieve the 77 dBA bus regulated level.
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Flgqure 55
Engine Side Shields in Position For
77 dBA Overall Bus Noise Lewels

Steel-Glass Fiber Side Shields’

l’/- Petails in Fig. s5.g

NN
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Figure 5-6 oo
) Detail of Side Shield Construction

2-Inéh Glass Fiber .
"Filling

Sheet Over 2 mil Thick
/Non-FlammabIe Plastie -

20 Gauge
Steel Sheet

Fender
Side

Engine
Side

Approximate Dimensions:
30" x 22" x 2"
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The transmission noise at this level is expected to be sufficiently
below engine noise so as not to warrant any attention.
Engine accessibility will be somewhat reduced by the incorporation of

side shields.

Exhaust System

To reach exhaust noise levels of 65 dBA will reguire a carefully::
designed advanced dual horizontal exhaust system with double walled .
mufflers and premufflers or resonators to optimize the system under df%uise
as well as high rpm conditions.

The use of a dual system ailows greater expansion volume for the
exhaust gases and hence greater reduction of the pulsations which are
responsible for exhaust noise. The larger flow areas allowed by dual:'
pipes will also reduce the existing velocity of géses which is responéible
for the characteristic hiss of well-silenced exhaust systems of some gf
the current luxury automobiles. |

Heav:.er gauge exhaust and tail pipes w1th gastighl: exhaust Joints will
be needed to minimize shell radiation and leaks.

-The use of premhfflers or resonators may not be necessary for all
engines. Since insertion loss data for mufflers and resonators desigrlled
for the gasoline engines is not available, it is not possible to make any
judgments at thls time as to whlch engines may need less treatment.

Double wall mufflers are currently being made avallable for diesel

truck applications by several manufacturers: Donaldson Co., Riker and
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Stemco. Donaldson markets the “Silent Partner" muffler wrap which
consists of an asbestos blanket held in place by a stainless steel
wrap together cover. Although current designs are for diesel truck
vertical stack mufflers, little development is expected to be
necessary to adapt these techniques to horizontal mufflers for school

bus applications,

Cool ing Fan

E‘or achieving overall bus noise levels of under 78 dBA, fan
design noise 1evels will need to be lcwered to 64 dBA and under.
'I'his is 13 to 18 dBA under current gasollne engme bus fan noise |
levels, Theee levels have already been demonstrated by International
HarVester and Frelghtlmer quiet trucks. Internatxonal Harvester
Company Was able to achieve a 66 dBA fan noise level by employing a
1/4—inch tip clearance fan shroud along with an engine enclosure th.Ch
reducee fan noise 1evel by 2 B and by replacing the original 4 row,
11 fin-raer-inch, plate £in radiator by a 4 row, 14 fin-per-inch, serpen~
tine !.fin radiator. Freightliner Corporation achieved z 64 dBA estimated

fan noise level by replacing the standard 28. inch six-bladed fan with a

specially made 31 inch seven-bladed fan featuring staggered blade spacing

manufactured by Schwitzer Corporal:ion. The fan speed was lowered from
2100 rpm to 1280 rpm and the standard 1200 in 2 six-row radiator was .
replaced by a 2000 in 2 four—-row radlator.

For current appllcation to gasoline powered school buses, the

suggested method of achieving the 64 dBA level is to increase radiator
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frontal area by 20 percent and fan diameter by approximately 10 percent,
an engine-mounted close-fitting shroud should be used along with an
advanced serpentine~fin radiator with approximately 30 percent greater
heat transfer area than a comparable plate-fin type radiator, The
increased core thickness of the serpentine fin radiator will .result ina
slightly greater I:Jres‘sure drop across the radiator resulting in somennat
greater fan speed. Homever, ‘the overall effect of all the improvements
will allow fan rpm to be lomred to almost 50 percenl: of the original
fan speed. ' '

With this 1ow fan speed, the fan shaft, pulley, and belt system
will need to be redesigned. The water pump could be mounted onh a
separate shaft 1ndependent of the fan shaft so as to make its redesign
unnecessaty. ‘ '

Chaseis and Accessories ‘

No treatment is antlcipated.

75 dBA Exterior and’ Inter:Lor Study Levels

' Engine and Intake

To reach the 68 dBA source level, gasoline engines will require

the side shields shown in'Figure 5-5 and an underpan between the radiator

and bell housing. Since gasoline engines'require servicing from underneath

for regular 0il changes, an underpan with small removable panels such as

that sketched in E':I.Qnre 5-7 will be suitable. Some innovative provision
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Figure 5-7
Possible Underpan Configuration for
Achieving 75 dBA
Overall Nolse Level

Barrier -

Underpan
Crogs-Section
Under Engine

Rubber
Isolation

Drainhole .

‘ Fl:inge
‘Mounted to
Chassis Ralls

Hinged Cover .
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is necessary to ensure that the removable panels are always replaced after
the routine maintenance or servicing; otherwise, the benefit of the
underpan may be greatly reduced. One method to accomplish this would, be
to hinge the panel so that it cannot be completely removed and discarded.
Warning labels could be attached to the panels to make maintenance personnel
aware of the purpose of these panels.

Hazards due to Euel or oil collection in the underpan can be
minimized by careful design so that the liquid flows to a small drai.n_.
hole under all operating conditions. Again, the cooling capacity may:

" need to be increased to provide adequate ventilation aﬁd air flow rates.

This is not expected to increase fan noise si.nce.the side shields and,
underpan will provide sound attenuvation to fan noise alsc. This treat- |
ment is expected to lower engine and air intake contribution from 2 to
5 dBa,

To achieve the interior noise levels, engine v‘ibratipns trans—-
mitted through the chassis will need to be lowered by isolating the
engine or by isolating the body from the chassis.

Exhaust
The exhaust system will not need any alteration beyond that re-

qyired for the previous study level.
Cooling Fan

‘The cooling system will need readjustment because of the presence

of the engine belly pan., The increased flow restriction will require
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the maximum fan speed to be increased. To maintain the fan source
level at G4 dBA,' the engine side shield should be redesigned to give
some shielding to fan noise escaping from the sides of the cowl.

Chassis and Accessories

To meet the bus noise levels of 75 dBA, the chassis exterior
noise design levels will need to be at 65 dBA and under. To approach
this noise on buses over 23,000 GWR will require careful body design
to mininize noise radiation from bedy panels. Some critical body panels
may need damping treatment or stiffening to make them inefficient radia-
tors éf sound -energy at the troublesome frequencies peculiar to the body-
chassis combination.

The' isolation between the body and chassis will need improvement.
School buses employ truck chassis with stiffer suspensions than those
employed for automobiles. 'The number of isclation pads between the
chassls ‘and the ‘body should be kept at a minimum since each pad provides
a path for dgome of the chassis vibrations to the bedy. Doubling the
thi;:kness- amd halving the stiffness of the rubber pads, for example,
will lower the critical freguency by a factor of 1.4 and improve the
isolation over a greater range of frequencies, Floor insulation in
the form of double flooring with isplation material in betwzen has been
in use by Crown Coach for reducing road noise inside their diesel buses.
This technique wiil be very helpful in lowering engine contributed interior

levels also-if the floor and body are carefully isolated from the chassis.
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Interior carpeting, fabric covering of roof, and safety padding

of seats and bus walls can reduce interior noise levels further if

necessary.
73 dBA Exterior and 75 dPA Interior Study Levels

Engine
To reach the 65 dBA engine noise level, side shields will need

to be extended to include the rerouted exhaust pipes which should be lagged
with thermal insulation., The cowl lid will need additiopal acoustical
treatment that will lock into the side shields. The engine will be virtually
encapsulated. This is conceptually shown in Figure 5~8.

Enclosure design technology has been demonstrated through experience
with:the Quiet Truck Program. It should be noted that the enclosure will
provide shielding also to the fan ﬁoise. The greater heat buildup in the
engine compartment and increased restriction to the air-flow will require
cooling fan speeds to be increased, which will nullify some of the acousti-
cal benefits of shields., It is anticipated that in spite of this, the
enclosure will provide reductions of 5 to 8 dBA to the engine noise and
about 2 dBA to the fan noise.

The. air intake noise will need further suppression by adding an
intake silencer between the carburetor and air filter,

The lowered engine and other component noise levels will require

some attention to the transmission casing, which may need to be redesigned.
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Flgure 5-8
Engine Enclosure for Achieving
73 dBA Overall Bus Noise Level

Underhood
Insulation
Sealing

) / ¥;‘/ Arrangement

j : Extended

Side Shield

Underpan
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App:daches to reduce airborne noise radiation by the transmission
housing include the application of damping material to reduce resonant
amplification, the stiffening, or the weakeninq of housing areas to
shift resonance frequency components out of the range of excitation
forces; the decoupling housing areas by slotting or by adding mass
dampers, and the altering of panel geometrieg?z 'I‘rans‘mission manuy-
facturers are alteady aware of these techniqueé and ate anticipating .,

future noise reduction needs.

Exhaust System

The achievement of 73 dBA overall bus noise levels will reduire;,
the reduction of exhaust noise levels to 64 dBA or below. This is
only one decibel below the levels for the previéus case and will not
require any major improvements in exhaust systems. It may be necessary
to lag some lengths of the exhaust pipes between the engine and the -
mufflers to reduce pipe wall radiated noise and to minimize tempera-
tures in the engine enclosure. This section of the exhaust system
generally carries the largest pulsations from the eﬁgi.ne exhaust.
Currently one of the bus exhaust system manufacturers, AP Parts Co., :
is working on the development of double walled exhaust pipes, and re~ (
ports promising results,

Cooling Fan System ) . . .

The cooling system will need readjustment to maintain adequate

cooling in the presence of the sealed engine enclosure.
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{2) Conventional Diegel Powered School Buses

Based on data from diesel trucks, the attainable exterior noise
levels from conventional diesel school buses range from 83 dBA to
75 dBA, which is the lowest study level.

Allowing 2-3 dBA for variation among production buses, the design
levels would range from 80.5 dBA to 72.5 dBA. Table 5-3 shows the
targeted study "not to exceed" levels and design exterior noise levels
along with a set of possible combinations of component levels to achieve
the overall noise levels. Other component noise level combinations may
be used to achieve the same overall noise levels, but thdse ghown in
Table 5-3 appear to be the most legical.

Interior levels ramging from 86 dBA to 75 dBA can be met using
gimilar t‘.echirjues as discussed for conventional gasoline-powered
school busese, |

The nbise control packages are summarized below:

Table 5-~3

Component Noise Level Matrix for Diesel-Powered Conventional School Buses

Sound Level, SAE J366b Test, dBA

Bus Exterior Study Level 83 80 77 75
(Not to exceed level} .

Exterior Design Level B0.5 77.5 74.5 72.5
Engine ' 77 74 71 68
Exhaust 73 69 68 65
Fan 73 70 64 64
Intake 72 69 65 65
Chassis and Accessories 70 70 65 65
Interior Level at Driver a6 83 80 75

5-45



83 dBA Exterior and 86 dBA Interior Study levels

Engine

Diesel engline noise can be reduced to a source level of 77 dBA
by using engine quieting kits. Such kits include covers for the sidc_as
of the engine block and oil pan, vibration isolation of the valve covers
or air intake manifolds, and cross-overs and possible damping treatment

on sheet metal covers.

The engine hood should be lined with acoustical material such as

non~flamable felt or glass wool.
No spgcial tfeatment will be needed to reach the 86 dBA interiqr‘

.level beyond. the application of the exterior technology.

Exhaust System

Exhaust noise levels of 73 dBA will need available advanced double-
wrapped mufflers. A premuffler may be needed to obtain maximum attenua-~

tion over the broad range of frequencies characteristic of engine opera-

tion over a wide speed range.

Cooling System .
Cooling system design will be similar to that used to achieve 73

dBA source noise levels for gasoline engine buses.

Intake

Alr intake noise from most current diesel engines is below 72 dBA
with available intake filters.

,Chassis

No treatment will be necessary.
80 dBA Exterjor and 83 dBA Interior Study Levels

Engine

In order to attain this level, engine noise shields and an underpan

would be required. A sketch of side shields is shown in Figure 5-5,
5=-46



whereas a possible underpan configuration is shown in Figure 5-7. The
side shields and underpan have been desctibed in detail for gasoline engine
buses. The dimensions of the shield will he somewhat larger than those
shown in Figure 5-5,

For the interior level technology refer to the 80 dBA interior tech-
nology of gasoline-powered conventional scheool buses. -

Exhaugt System

Mufflers with exhaust design levels of 70 dBA or lower are currently
not available. One way or reducing the exhaust-noise is to use a turbo-
charged engine instead of a naturally aspirated engine. Because of addi-

tional expansion of exhaust gases through the turbocharger, the exhaust

noige levels should be significantly reduced. Alternately, diesel truck muffler

manufacturers-currently have several experimental mufflers that could be

modified for bus applications to give source levels under 69 dBA.

Cooling System

‘The cooling system design will be similar to that for attaining 70
dBA socurce levels for gasoline engine buses described earlier.

Intake

In order to attain the design level of 69 dBA, some noise treat-
ment would-ba required. On the International Harvester Quiet Truck,
the intake noige was reduced from 72 dBA to 69 dBA by replacing
the intake rain cap with one with a better designTO Thus, it is
possible to achieve the intake design level of 69 dBA by using better
designed parts for the intake system. '

- Chaesis and Accessories

No treatment will be necessary.
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77 dph Exterjor and B0 dBA Interior Study Levels

Engine
Most medium duty truck engines can be quieted to a 71 dBA source -

level by using side shields and an underpan as mentioned In the control
peakage for 74 dBA. The noisiest engines may require a flow-through

engine enclosure with special engine mounts. Figure 5~8 shows such an

enclosed ergine. -
. If a turbocharged engine has been substituted for meeting air emission

and exhaust neise levels a larger engine cab will be required.
For attaining the interior level refer to the technology for the

75 dBA interior level of conventional gasoline-powered school buses,

Exhaust System
- In addition to the exhaust system modifications described for achiev-

ing the previous study level, exhaust pipes may need to be wrapped with

thermal /acoustical material.

Cooling System
The cooling system design will be the same as that for gasoline

engine buses for attaining the same source level.

Intake

An air intake silencer will be required.

Chasgig and accessories:

The same considerations fdr gasoline powered buses will be applicable

for attaining the 65 dBA chassis and accessory source level,
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75 dBA Exterior and Interior Study Levels

Engine
Attainment of 68 dBA source level for diesel engines will be

difficult. Engines will be turbocharged and a sealed tunnel type flow-
through enclosure will be mandatory. Major redesigns of engine cowl
and cooling system will be required. _

' For attaining the interior 75 dPRA level, refer to the technology
for the 75 dBA interior level of conventicnal gaseline powered school

buses.

Exhaust System

In order to achieve this level, manifold mufflers or advanced

double-walled dual mufflers, double-wall exhaust piping, and pipe joint

seals would be required. Exhaust design levels of 65 dBA or lower have

been demonstrated on the Freightliner Quiet Truck and the Flxible quieted

bus. . Quieting exhaust noise to this level would require additional lead

time beyond the normal development to production lead times,

- Cooling System

The system will be similar to that for gasoline engine buses. However,

due to the greater space limitations in engine cab, a redesign from the pre-

vious level cooling system will be required.

Chassis and Accessories

No additional treatment beyond the previous level will be required,

(3) ' Front-Engine Porward Control School Buses, Parcel Delivery Chassis

School Buses and Motor Home Chéssis Buses

The progression of noise levels amd corresponding source levels.

of these vehicles will be the same as those levels for school buses with
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conventional chassis powered by gascline and diesel engines except for
the 73 dBA level for gasoline engine vehicles, which is not felt to ke
applicable to the forward control school buses. The 73 dBA level and
its attendant technology is applicable, however, to parcel delivery
chassis and motor home chassis buses.

' The methods for achieving these levels in forward control, parcel
delivery chassis and motor home chassis buses will be ider!tical to
conventional school buses using similar engines, except that space
constraints will be more severe. Interior noise levels will be more
difficult to achleve, while the contribution of the éngine to exterior

noise levels will be of a lesser extent.

(4) Mid-Engine School Buses

"Exterior noise level reduction and component noise levels to achieve
the overall noise level reduction for mid-engine school buses are shown

in Table 5-4, - s

"It is assumed that the bus will need to be designed to produce a
noise level on the average 2 to 3 dBA below the not to exceed
level hecause of the expected spread in production vehicle noise levels.
The noise control packages are sumarized below.

86 dhA Exterior and 88 dBA‘ Interior {Qver Engine) Study Levels

Existing noise levels generated by this type of bus under
acceleration are expected tc meet a 83.5 dBA design level without any

additional applied technology.'
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Table 5-4

Component Noise Level Matrix for Mid-Engine School Buses

Sound lLevel, SAE J366b, dBA

Bug Exterior Study Level 86 83 80 77 75
(Not to exceed)
Exterior Design Level , 83,5 80.5 77.5 75.0 72.5
Engine ‘ 79 75 71 71 67
Exhaust ‘ 79 75 70 65 65
Cooling Fan 77 7% 73 70 65
Intake - : 65 65 65 65 65
Chassis 70 70 70 65 65
86 83 80 78

Interior (Over Engine) 88

B3 dBA Exterlor and 86 dBA Interior (Qver Engine) Study Levels

To achieve this study noise level, damped engime covers and oil pan

will need to be incorporated and engine compartment treated to minimize

transmission of engine airborne noises.

Advanced double wall mufflers and premuffler compartments will be

needed. (These mufflers have been used in the DOT quiet truck program,)

All leaks between radiator, bus sidewall, and shroud should be
sealed and a thermostatically controlled fan clutch incoréorated.
These treatments should result in lowering interior noise level

above the engine to 86 dBA.
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80 GBA Exterior and 83 dBA Interior (Over Engine) Study Levels

To achieve this study noise level, the engine compartment will
need belly pans.

The exhaust system will need improvement to achieve 70 dBA for
non-turbocharged engines. ‘This can be obtained by adding a large
resonator in series with the main muffler. Leaks in exhaust system
become very imporéant at this level and consequently must be sealed.

The engine mounts will need improvements to reduce transmission -
of vibration to floor and hody members.

77 dBA Exterior and B0 dBA Interior (Over Engine) Study Levels

To achieve this study level, the exhaust and cooling system will
need further improvement. The non—-turbocharged engine would have to
be replaced with a turbocharged engine and a large resonator would be
needed.
Providing a 10 percent greater radiator area and engine mounted
contoured shroud with 1/4-inch tip clearance can be expected to reducé
the cooling fan noise to 70 dBA. To increase the radiator area, a
larger radiator would be required. To reduce the chassis noise to 65
dBA, the body panel design should consider the resonant modes of ali
‘body panels. Damping treatment on the inside or outside of the panels
may be required. A floating slab floor may alsc need to be employed to
achieve the interior noise level. ‘ ' - :

75 dBA Exterior and 78 dBA Interior (Over Engine) Study Levels

The achievement of the 75 dBA level has been demcnstrated for the

rear engine Scania CR 111M bus ({see Appendix A). |
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Total engine encapsulation would be required,

To provide adeguate

engine cooling, two radiators located on either side of the engine might

be necessary along with thermostatically controlled fans or blowers.

(5) Rear-Engine School Buses (Integral and Body-on-Chassis)

Exterior noise level reduction and component noise levels to

achieve the overall noise level reduction from rear-engine school buses

are shown in Table 5-5. Because of variation in noise levels among

proddction buses, the design noise levels are 2-3 dBA below the "not

to exceed" levels.

e : L ‘ Table 5-5

Component Noise Level Matrix for Rear-Engine
School Buses (Integral and Body-on-Chassis)

J366b_Sound_level, dBA

Bus Exterior Study Level 86 83
~{Not-to exceed level) . : :
Bus Exterior -Design Level . 83,5 80.5
Engine and Transmission 79 75
Exhaust . System ' 79 75
Cooling Fan 77 76
Intake : 65 65
Chassis 70 70
Interior - Level (Rear} 84 83

8l

78.5
75
70
73
65 -
70
83

80

77.5
71

70

73

65 -

70
8o

77

75.0
71
65
68
65
68

- 80

75

72,5
65
65
65
65
68
78

B6 dBA Exterior and 84 dBA Interior (Rear) Study Levels

Existing noise levels generated by this type of bus under acceleration

are expected to meet the proposed 83.5 dBA design level without any .

additional applied technology.
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83 dBA Exterior and 83 4BA Interior (Rear) Study Levels

‘a large remonator in series with the main muffler.

Damped engine covers and an oil pan should be incorporated. Engine
compartment should be treated to minimize transmission of engine and fan
alrborne noises.

Double wall or wrapped body mufflers will be needed to produce
75 dBA exhaust noise levels. These mufflers are currently under develop-
ment by muffler manufacturers.

All leaks between the radiator, the bus sidewall and the fan shroud
should be sealed and a thermostatic control fan clutch incorporated.

Bl dBA Exterior and 83 dBA Interior (Rear) Study Levels

The engine and transmission treatment remains the same as for previous
levels. The exhaust system will need improvement to achieve 70 dBA. This

can be obtained either by substif:uting a turbocharged engine or by adding
Leaks in the exhaust system

become important.
Rectangular cooling fan shrouds should be replaced by contoured shrouds

. and fan coverage reoptimized. This may need adjustment of fan to radiator

éiatance. Sealing and thermostatic fan speed control will be needed.

80. dBA Exterior and 80 dBA Interior (Rear) Study Levels

The exhaust system remains identical to the previous step. -Enginé
contributed level will be lowered to 71 dBA by providing a sealed belly
pan, an acoustically treated exit duct, and a line-of-sight shield between

the engine .and the fan.
The fan will have to be replaced with one capable of delivering

the same airflow as before against a greater total head.

5-54



Engine mounts will need improvement., Body panel vibrations in rear
area will need to be minimized 'by damping or isclation or by means of
barrier material. Interiér reverberations should be minimized with acous-
tical material,

77 dBA Exterior and 80 dBA Interior (Rear) Study Levels

The exhaust and cooling systems will need further improvement. A
turb@charg:e:d engine with manifold mufflers or turbocharged engine with
improved rescnators and a muffler with stack silencers will be needed.
Contoured‘or venturi shroud with 1/4~inch tip c::learance' will be required
along with 10 percéﬁt' increase in radiator frontal area. A '

75 GBA Exterior and 78 GBA Interior (Rear) Study Levels

This level will need either total englne encapéulation or an improved '
flow-through engine enclosure. Both concepts need development and extensive

testing. Some paéserigef seats will most probably be lost. Detailed discus-

sion given for urban transit buses will be applicable. A floating slab floor

may be required for attainment of the interior noise level.

(6) Urban Transit Buses

The 1owest exterior noise level of integral transit buses studied was
75 dBA at 50 feéf:,' measured according to the Section 8 (recommended) '
procedure. Curreht"transit bus noise levels with the cooling fan enga'ged
can be under 86 dBA with little difficulty. Step-by-step reduction of
noilse levels of major contributors can result in four intermediate levels

as shown in Table 5-6.
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Table 5-6

Component Noise Level Matrix for Diesel
Powered Integral Transit Buses

J366b Sound Level, dBA

Bus Exterlor Study Level 86 83 81 80 r 75
(Not to exceed level) ' :
Bus Exterior Design Level 83,5 80,5 785 77.5 MM.5 725
Engine and Transmission 79 15 75 71 71 65
Exhaust System 79 75 70 70 65 65
Cooling Fan 77 16 73 73 68 65
Intake : 65 65 65 65 65 €5
Chassis 70 70 70 70 68 68

Interior (Rear) 84 - 83 83 80 80 78

With thé aéplication of the exterior.noise abatement t;.echnologies
for transit.buses outlined in the followincj discussion, the interior
nolse levels at the rear of transit buses should be met, However, ::I.n
some cases additional treatment rﬁéy be necessary. Refer to the discus-
sion of interior noise abatement technology for intercity buses for a
aeécfiption of additional interior noise abatement technology which will

be applicable to transit buses.
86 dBA Exterior Study and 84 4BA Interior (Rear) Study Levels

Engine
No treatment to the engine or engine compartment is considered

necessary for achleving exterior engine source level of 79 dBA. The
blocking of all airbotne engine neise from the passenger compartment will

be essential to achieve the interior level of 84 dBA at the rear seat

location.
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Exhaust System

No modification to current exhaust systems will be required. When
a vertical tail pipe is present, it should be resiliently mounted to
prevent tranamitting vibrations to the bus body.

‘ Cooling System

These levels will be achievable by installing a viscous clutch
between the engine and the fan without any modification to the cooling
system. All leaks between the engine compartment sidewall and radiator
and between the radiator and the shroud should he carefully sealed to
minimize fan-on time. An on-off type fan clutch will also be suitable
if the radiator grill is redesigned to minimize line-of-sight transmission
of sound,

Intake

Best available air cleaner with careful sealing of all leaks will be
adequate. '

Chagsis and Accessories

The mounting of accessories will need special care to avoid excita-
tion of the body panels into resonance. Air conditioner compressor area
may need some acoustical treatment,

83 dBA Exterior and Interior (Rear) Study Levels

Engine
For diesel transit buses, the attainment of 75 dBA engine contri-

buted noise levels will not require any major changes in the engine
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compartment, Rohr Corporation demonstrated a reduction of 3 dBA

on Detroit Diesel 6V-71 engine noise for a 35-foot transit bus by

using damped rocker arm covers and acoustical material on existing

parts of the hood, engine compartment sidewall, and forward bulkhead.
Detroit Diesel has developed such damped covers for retrofit

17
purpoges. It is possible that such covers or similar improved covers

would be offered as standard equipment for future bus engines to comply

with 83 dBA exterior levels.
It is expected that sealed wnderpans will not be necessary to '

reach this level.

‘. The engine contributed level on the street side of the bus is
generally higher because of the radiator opening. Design of the
radiator grill to prevent line-of-gight sound transmission while
maintaining adequate cooling is one method of curbing streetside radi-
ated noise.

All other engine compartment holes should be carefully sealed,
and the entire compartment lined with sound absorbent material. Thin
metal panels such as hood and sidewalls will require sound barrier
type material, such as 1 lb/sgq foot lead-lined vinyl. Alternatively,
mylar—faced acoustical foam with lead septum and an insulation layer
between the septum and panel can he used for the entire ai:ea. This

treatment is illustrated in Figure 5-9,

Exhaust System

This level can be achieved by substituting single wall mufElers

with advanced double-wrapped bedy mufflers. These mufflers are
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Figure 5-9
Acoustie Treatment of Engine
Hood on a Flexible Busrd

Bus
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already available for both 6V-71 and 8V-71 engines.* The design noise
level of this muffler with an MAM09—104 Wye connection is 75 dBA for
5-inch systems on the 8V-71 engine, giving a back pressure of only 3.4~
inch Hg. Transit bus applications permit higher back pressures {up to
6-inch Hg.}. The larger number of bends in the exhaust pipes will not
cause any penalty for nathrally aspirated engines.

Gﬂé achieved exhaust noise levels ﬁf under 75 dBA without exceed-
ing the back pressure limitation on their TBH5305% coach by réplacing
the standard Nelson muffler with a Nelson T13680 muffler.

Exhaust noige should not present any difficulty for turbocharged
engines.

Cooling System'. Intake, Chassis, and Accessories

The same treatments as for the previous level will be sufficient.

Bl dna Exterior Study and 83 dBA TInterior (Rear) Study Levels
' Engine
No treatment beyond the previous level is indicated, unless the

option of turbocharged engine is adopted for achieving lower exhaust

noise levels.

Exhaust System

70 dBA exhaust source noise level will be necessary to achieve
overall bu's median noise levels of 78.5 and 77.5 d8A. It appears
that at present mufflers with exhaust design levels of 70 dBA are

not avallable for naturally aspirated two-stroke Detroit Diesel engines.

* Donaldson Co. Part No. MOM 12-0189.
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‘There are two alternatives available to achieve 70 dBA exhaust noise

levels.,

(1)

{2)

Turbocharged Engine - A turbocharged six cylinder engine
may be substituted in place of a naturally aspirated eight

"‘cylinder engine to obtain the same amount of power. Because

of the inherently low exhaust noise levels of turbocharged
engines, currently available mufflers or modifications
thereof to allow for the greater air flow rates can be em~
ployed to obtain the 70 dBA exhaust noise levels.

Stemco Mfg. Co. has currently available dual horizontal
muEflers, part No. 9428, producing 73.5 dBA which can

be treated to yield 70 dBA noise levels on the 8V-71T
engine,

Adding a Resonator - Optimum exhaust system design to pro-
vide adequaté muffling under low as well as high engine rpm
conditions requires the whole system to be designed with

a resonator {or premuffler) in series with the main muffler,
This allows a smaller size muffler than if the entire silenc-
ing were to be achieved from a single muffler,

Because of the allowable 6-inch Hg. back pressure at full

load for naturally aspirated engines, a single resonator and

- maffler, with a vertical stack, should be sufficient. The

absence of any leaks in this type of exhaust system become

a necessity at the 70 dBA exhaust noise level.
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Gas-tight exhaust joints are available and should be used.
The muffler, if outside the engine enclosure, should bz of
the double-walled type to minimize the noise entering the
passenger compar tment.
Rohr Flxible bus retrofit noise reduction :st:uﬁ}‘(8 resul ted
i_n the development of such a resonator/muffler system in
cooperation with Donaldson Co. for which the estimated con-
tribution was only 65 dBA. This system may be used as a
guideline for a future 70 ABA exhaust system.
Looling System
Noise levels of 73 dBA were reported by @MC and Rohr for their
quieted buses with optimized shrouds and thermostatic clutches. 'The
rectangular shrouds should be replaced by contoured shrouds with as
low a clearance as practical. The fan coverage should be optimized
aftar the new shroud is installed. The fan to radiator distance may

also have to be changed to ensute optimum air flow distribution across

the. radiator.

An experimental fan with a U-shaped circular ring attached to the
blade tips has been tried by H. L. Blatchford (:o?3 and MC for the
RIS-2. fThis fan is designed to prevent tip recirculation without un~
usually small tip clearances. However, this is an experimental design
and to date no apparent advantage from the noise viewpoint has been

demonstrated.
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Intake, Chassis, and Accessories

No modifications will be required.

- 80 dBA Exterior and Interior (Rear) Study Levels

Engine
To reach engine contributed levels of 71 dBA, complete engine

belly pané and line-pf-sight shielding between engine and radiator open-
ing wili" be required. The layout for this arrangement is shown in Figure
5-10, - '

It i.;a important to provide an adequate outlet area for engine com-
par tment Qentilation and cooling air. Such an outlet can be provided
forward of the engine‘ compar tment between the floor and engine support
rails. 'The outlet opéning should be designed to minimize the radiated
sound energy. This may be done by lining the inside of this duct with
two inches of glass fiber or open-cell foam and providing louvers at
the exit to miﬁimize line-of-sight beuvegn the interior and the pavement.
The drive-~shaft cpening will need careful design to minimize sound
escape. It is not admissible to allow aﬁy other opening in the belly
pans, because that wduld render the belly pans ineffective. Refrigerant
and other fluid li.nes should be routed through holes sealed with asphalt
or rubber grommets.

The design of the outlet ahead of the belly pan, as shown in
Figure 5-10, is critié_él. Propéf aerodynamic shaping of the exit and
the louvers may be able to provide' some stiction when the bus is in motion.

The redesign of the cooling system will be a major undertaking.
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Figure 5-10

Engine Noise Reduction Package for
71 dBA Source Level
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“The belly pans may be provided in two or three removable sections i
for maintenance. Belly pans are currently available as optional items. !
Suitable warping labels will be necessary to caution maintenance personnel
against discarding the belly pans.

The line-of-sight shield between engine and cooling fan can be
ée:odynamically shaped _to minimize restrictions. The shield should be
carefully matched w@th‘ the cooling system to maximize the air flow through
the radiator. Interna_tional Harvester Company used such shields to lower
the pressure head aga'inst which the fan must operate, allowing lower
fan speedj:;:‘l and lower fan noise levels.

Space limitations and added heat buildup in the engine compartment
for turbocharged engines will require awxiliary engine compar tment ventila-

tion systems.

Exhaust System
The same two options as for the previous shidy level are applicable,

Cooling System

With the sealed engine belly pans, the cooling air will experience
some restriction, thereby affecting the cooling ability of the system.
This increased restriction has to be overcome by increasing the pressure
rise across the fan w"ithout decreasing the volumetric air flow rate.
Al ternatively, the radiator and fan -area may be increased to permit ade-

quate cooling at the reduced air flow velocity, again impacting the bus

S
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capacity. Since the latter approach requires increased engine compart-
ment space, the modification of fan desigh to produce greater pressure
rise across the fan appears more attractive._

Intake, Chassis, and Accessories

No medification will be required from the previous level.

77 dBA Exterior and 80 dBA Intérior (Rear ) Levels_

. Engine .
[ R
-The engine noise abatement methods for the previous level will be

sufficient. Turbocharged engines will be required.
Exhaust System
The achievement of 65 dBA exbaust source levels on production

model buses will be a major undertaking, although these levels have

 been demonstrated on the Flxible quieted bus and the Freightliner

quiet truck.

. The exhaust system for the previﬁus gtudy level, with some added
volume can be used, . N

The Freightliner gquiet truck employed a manifo%d muffler along with
dual current production Denaldson mufflers and staek.silencers. The
engine was a turﬁocharged Cummins NTC~350, which is an in~-line six
cylinder engine. The experimental exhaust manifeld muffler had a volume
4~1/2 times the volume of the standard manifold. For the V-form engines

used in transit huses, two manifold mufflers would he required.
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A turbocharged engine with large resonators as close teo the mani-
folds as possible, followed by the exhaust pipe and muffler wrapped with
ashestes or mineral wool to provide acoustic as well as thermal insnl-
ation will be needed. | ’

Cooling System

To achieve Fan noise levels of 68 dBA with the engine compart-
ment belly pan and line-of-sigﬁt shiéld in position, extremely low fan
tip to contoured shroud clearances and some increase in radiator
Frontal area will be required.

The incorporation of an engine-mounted contoured or venturi shroud
with 1/4-inch tip clearance can be .ex'pected to allow fan top speed
reductions of approximately 6 percent, and noise reductions of 3 to 6
dsA. The mounting of such a shroud was explained for gasoline engine
school buses, 'I'he'en'g':‘tne ‘compartment area will probably need to be
increased slightly to accommodate a 10 percent larger radiator to assure
the achievemént‘of 68 aBA noise lévéls in the case of high horsepower
turbocharged engines for air-conditioned buses operating on highways.
The increased radiator area will allow a further reduction in fan top
speed by 20 percent, resulting in an average noise reduction of 8 dBA.

- Because of the lack of ram air.and side-facing Ean positien in transit
bus applications, the achievement of 68 dBA will be somewhat more diffi-
cult than the achievement of 68 dBA levels for heavy duty diesel truck
applications., Increased engine compartment sizes suggested for the

previous level may become mandatory now,

!
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Intake, Chassis and Accessories

Chassis and accessory noise will need to be lowered by about 2 dBA
by changes. in basic body design such as acrylic panels bonded to the skin.
Improved accessory and engine isolation will be required.

75 dBA Exterior amd 78 &BA Interior (Rear) Study Levels

Engine
Engine contributed levels of 65 dRA will require the engine to

be further enclosed and iéolated from the bus framework. Two types
of enclosures are possible. Neither type of enclosure has been demon-
strated on a bus meeting the performance specifications of U.S. urban
transit buses.

In the first, the enclosure covers the cooling fan as well as the
engine. Openings for cooling air inlet and exit greatly reduce the .
effectiveness of the enclosure. On the other hand, the enclosure provides
some shielding to fan noise. The cooling system generally has to be
adjusted to prevent overheating.

A flow-through type of enclosure may be incorporated, The square
radiator can be replaced by a rectangular radiator or twice the frontal
area. Two centrifugal blowers in the suction mode would draw air in.
Centrifugal blowers allow better isolation of engine-noise. The radiator
and blowers will be enclosed in a duct. The seal between bus body sidewall
and radiator is particularly important.

The air from the engine compartment should be allowed to exit through
an acoustically treated cpening on the curbside, at a height above normal

pedestrian head level., The flow-through concept is sketched in Figure 5-11.
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- It is estimated that the bulkhead will have to be moved forward
approximately one foot, resulting in loss of passenger 6apacity. However,
the space above the engine need not be as large and probably the wall
can be chaped to provide scme interior space. #nother possiﬁility is
that the floor can be inclined to provide more under floor space in the
rear of the bus. _

Such an enclosure will result in source levels of 65 dBA if the
future diesel engines are at least 4 dBA quieter ;han currenf engines
without any treatment. '

The second tyée of enclosure places the cooling fan outside the
enclosure. This allows greater reduction of engine noise. The radiator
and fan will generally require relocation because of the restriction
presepnted by the éngine enclosuce, This type of enclosure is used on
production buses in Europe, such as the Scania CRI11M.

In the Scania buses, the engine compartment is completely sealed
on all sides and is pro;rided with a fan for ventilating of the engine
compar tment. The air intake for ventilation is located on the roof
of the bus. The single radiator on the left side is replaced by two
radiators, one on each side of the bus located ahead of the closed
engine cmnpafunmt. Codl,'mg air is drawn in by individual electrically
operated fans at each radiator. The cooiing system of the CR11IM ig
designed 'for an air-to-boil t:emperatdre of 85-9005‘. This would not
be acc'eptable for most climates in the United States.

5-70



Air conditioning is not offered on the Scania bhus, even as an
option. Exclusion of air conditioning reduces horsepower requirement
and engine cooling requirement significantly. Almost all transit coaches
in this country are air conditioned and noise reduction, at the expense
of eliminating air conditioning, would not be acceptable in our climate,

Further details of the Scania bus are given in Appendix A.

" Exhaust System
. Treatment remains the same as for the previous level,- with the addi-
tion of water-cooled manifolds.

Cooling System

¢ Cooling system design will have to be coupled with the achievement
of 65 dBA for all the major noise producing components of the-bus, The
limiting factors at this stage will be the chassis and tire noises, The
engine will be either completely encapsulated, or a flow-through enclosure
provided with opening on both sides of the engine compartment.

{l) Totally Encapsulated Engine. - In this case, two radiators

will be remotely placed, forward of the engine enclosure,
with hydraulically or electrically driven thermostatically
controlled f£ans or blowers. This technigque is currently
used in the Swedish Scania CRI1IM bus and its limitations
have been discussed earlier. New innovations to improve
the volumetric air flew rates without increasing fan speeds
will be required. These may include air scoops or larger

radiators, Another possibility would be to relocate the
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radiators on the roof of the bus to reduce sideline noise,
though thig may result in-excessive noise levels at second
story apartment levels,

The noise of the auxiliary fan to ventilate the engine
compartment has to be considered separately.

Flow~Through Engine Enclosure - The principals of such flow-
through enclosures have been studied earlier for guiet trucks.
If the engine compartment area is increased to accommodate
the flow, and blowers substituted in place of fans, 65 dBA

cooling system noise levels appear achievable., By flowing

.the cooling air through the encleosure, any heat radiated from

14
the engine and transmission is carried away. With proper

placement of acoustical material, much of .the sound is
absorbed before it escapes from the inlet or outlet,
Multi-speed thermostatic speed controls will be required
to maintain optimized cperation.

The substitution of the axial flow fan by multiple centri-
fugal blowers may be beneficial in minimizinng sound and
distributing the flow evenly over a rectangular radiator.
MCI buses have been using a dual radiator and centrifugal

fan system for engine cooling for the past twenty years.
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For transit bus application, the long rectangular radiator
may be located on the left side of the engine compartment
with the larger side parallel to the ground., Two blowers
in parallel would draw the air in, which would be directed
over the engine casing. The engine compartment ventilation
will be aided by another blower directing the air out on
the curbside through louvers located sufficiently high as

to direct air flow above by-stander head level. The design
of the louvers will be important to prevent leakage o'f engine
noise to the outside. Such a system is shown conceptually
in Figure 5-11.

This type of enclosure has not been demonstrated for transit
bus application. Current evaluation of feasibility is based
on experience with the IH quiet truck and on the assumption
that enginel compartment temperatures can be maintained by
providing unrestricted cooling air flow rates.

Intake, Chassis and Accessories

The comments for the previous level are applicable.
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{(7) Intercity Buses

In view of the many similarities in construction and source levels
between urban transit and intercity buses, the progression of component
and overall noise reduction will be the same as that for urban transit
buses. However, due to the different mechanical layouts of intercity
buses, some details of noise reduction packages, will vary from one design
to another. These differences are analyzed during the discussion of the
various noise abatement study levels. The component .and overall noise levels

are shown in Table .5-7.

Table 5-7

Component Noise Level Matrix for
Diesel Powered Integral Intercity Buses

J366b Sound Level, 4BA

Bus Exterior Study Level 86 83 80 77 75
(Not. to exceed level)

Bus Exterior Design Level 83.5 80.5 77.5 75.0 72.5
Engine and Transmission 79 75 71 71 65
Exhaust System 79 75 10 65 65
Cooling Fan 77 76 73 68 65
Intake 65 65 65 65 65
Chassis 70 70 70 68 68
Interior Level (Rear) B4 83 80 B0 78

The three major manufacturers of intercity buses used in the United
States offer buses that lock very similar from the outside with roughly

the same performance and ride qualities.
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Power Train Arrangements

The General Motors-Corporation (@C) intercity bus is identical in

many respects to their urban transit bus. The transverse rear engine
o

drives a 60 Vee-drive transmission. Motor Coach Industries (MCI) which

furnishes buses to Greyhound Lines, uses a T-drive arrangement, which

offers maximum ytilization of truck components but results in a long rear

overhang and higher drive axle weight. Thus a third axle is needed aft
of the drive axl.e. " The Eagle International c'!esi.gn* cir_cmvents this
prob_i-em by means of a drop back axle drive wﬁich allows the drive axié'
to be lunder the traﬁsmission giving a larger -wheelbase than the conven=
tior_;al T-drive arrangement. Continental Trailways uses Eagle and Bus &
CarfCo. buses. mesé three power train arrangements aré’ shown in Figure
5-12. : .

; ‘The accepted p(';WEl.' source is the Detroit Diesel 8\#—71 engine,
Fou;:-gpeed manual as well as automatic t:ra'némissions are available.

" Engine Cooling Systems

The GVIC.bus uses an a_xiai flow fan driven directly by the engine -

crahkahaft;'.f ‘he radiator is located in the left rear as in the case
of tranaiﬁ,inuéeé.' ’

" MCI biises use centrifugal fans located in ducts above:the
engine. There are two radiators with shutters, one on each side of
the bus, and two fans drawing air in through the radiator and discharg-

ing it over the engine. The fans are driven from a gear-box located

‘between them and driven by a belt from the engine crankshaft, The

*Original design by Bus & Car Co., Belgium.
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Figure 512

Drive Train Arrangements

60° vV Drive

for Intercity Buses

T Drive

" (standard) -
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duct between the fan housing and the radiator is sealed off from the
engine compartment to maximize flow through the radiator. The engine
air cleaner intake is located in the left side radiator opening, The
relative locations of the system components are shown in Figure 5-13.

Eagle buses also utilize a longitudinal engine arrangement. A
standard a-bladed 2B~inch diameter axial flow fan located on the left
side of the bus is used for engine cooling, The fan is driven off a
90o gearbox located in the rear center of the engine compartment. A
6-bladed fan, located on the right side of the engine compartment,
provides air flow through the air conditioning system condenser. There
is no thermostatic clutch arrangement for the fans. -The layout is shown
in Figure 5-14. °

Exhaust Systems

The exhaust“ system arrangement for ;he MC intercity bus is similar
to @C's transit. bus. MCI uses an elliptical horizontal mﬁffler with a
short tail=pipe located in the left rear corner. The two exhaust pipes
are connected t:ogether. with a Wye before entering the muffler, as seen in
Figure 5-13, | ' |

Eagle uses a dual horizontal exhaust system with Donaldson MIM-08-5080
mufflers. These are standard truckl-tyﬁe mufflers. There are two

tail pipes located symef:rically in the rear, as seen in Figure 5-14,
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Moige Control Packages
The noise control study levels and technologies will be similar to
Moreover,

those for transit buses except in certain cases for MCI coaches.
in the case of intercity buses, turbocharging of the engine appears more
justifiable than was the case with transit buses because of longer
sustained high-speed maximum power operation periods. The joint DOT-ER
"study of Fotential for Motor Vehicle Fuel Economy Itrtp::cv.rm'ueﬂtﬁ‘l has

shown that the following fuel economy improvements may be obtained by

engine improvements in‘integral intercity buses.

: Fuel Economy Improvement
Turbocharge Diesel 0-0%

Derate Hotsepower 2-5%
Derate rpm 7-10%

All of the improvements are expected to lower engine noise levels,
To attain the engine source levels of under 71 dBA, Eagle buses
will peed an additional shield between the engine and air-conditioner

condenser opening on the curbside. Since MCI buses use centrifugal

funs instead of axial flow fans, engine and fan noise will not escape
to the same extent as the translt buses through the radiator opening.

For the 65 dBA engine source level, the enclosure for MCI buses

will need an outlet near the axle. The enclosure will cover the entire

transmission casing. Additional suction fans may be needed at the en-
clesure exit to minimize restriction to air flow through the radiators.

Exhaust noise reduction packages will be identical to the transit

bus exhaust noise packages. Differences in the exhaust systems of @MC,
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MCI, and Eagle buses were described earlier. Since all use the Detroit
Diesel 8V-71 engine, the treatments will be similar. A dual system,
already used by Eagle, will probably offer the most advantages. The
tail pipes will need to'be rerouted to exit at:the roof line for all
cases except the 79 dBA level.

«.-'The packages For cooling system noise abatement.will be identical
to. transit buses except for MCI buges.

Centrifugal fans:which MCI buses already utilize, are inherently
guieter- for the same mass.flow delivered. 'Also, the ducts are amenable .
to acoustic treatment. to minimize the noise escaping through the radiator
opening. The:air flow. velocity is higher, and hence flow noise may
become -audible if other sources-are quieted.

Intercity bus radiators. are larger than transit.bus radiators
because. of. continous engine-operation at high power factors, and heavier
bus loads due to baggage. . However, the percentage changes in radiator
and fan sizes to achieve equivalent:noise reductions for intercity and
transit-buses will be gimilar,.

For interior noise .abatement, MCI has experimented with treatments
with no conclusive result.. Eagle uses "Sorba-~glass" which is a quilted
material with lead sheet between: layers of glass fiber and aluminum foil.
In addition, the use of -undercoating compounds to damp bulkhead panels
near éﬁe engine has been found to be effective. |

. Road noisge is a.problem for highway operations. To this end, the
baggééé'compartment under the passenger compartment offers a partialJ

barrier to tire noise transmitted to:the interior.
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Air conditioning system noise, and especially. evaporétor: nolse,
may require attention.

For the achievement of 80 ABA interior rear section noise levels,
redesign of engine mounts and a careful. analysis of the vibration trans-
mission pathe from the engine to body panels and floor boards will bhe
required. If resonant vibrations are present in the panels, damping
treatment will. be beneficial. Otherwise, sound radiation to interior @ -
can be minimized by covering the interior surfaces with a limp heavy
acoustic material au.c:h as lead/vinyl sheeting. 'This will impose a
weight penalty which may be critical if legal reatrictions on axle
loading exist. The floor boards may need sandwich construetion with
an ilszolating layer of soft rubber between two boards.

Another approach to interior noise reduction would be to isolate
the rear section body panels from the main integral body framework.
Tis would mean a major redesign of the entire structure if these
panels wera initially designed as load-bearing members.

The addition of sound absorbing linings in the interior, such as
pile carpeting and acoustic (and thermal) insulation on the roof; will
minimize teverberation and ensure low front seat noise levele. '

The 78 dBA interior noise level at the rear seat for the 75 dBA
exterior noise level bug will be attained since .the engine will be more

carefully isclated and completely encapsulated.
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DEGRADATION OF NOISE CONTROL, TECHNOLOGY

The noise abatement methods described in Section-5 are based on
existing noise control techniques for the lowering of noise emitted
by currently designed buses. Many of these methods have been demon-
strated on prototype trucks and transit buses, while some of the
technology discussed (fan clutches, improved_slower turning fans)} has
been incorporated into production model vehicles, The durability of
these noise control technologies are of particular interest to the EPA,

If individual noise control components are not durable, total vehicle

noise emission characteristics may degrade (increase in measured vehicle

sound level) early after introduction into service. Such an increase in
noise level could significantly reduce the benefits expected as a result
of noise emission standards applicable at time of vehicle manufacture.,
Thus, the Agency has considered in its technology. assessment studies of
acoustical degradation potential of the total vehicle and 'its neise
control ‘components. ~‘'The following is a general discussion of EPA's
findings on acoustical degradation as it applies to bus noise control
technology.
(1} Engine Noise Control Degradation

. Engine-mounted shields have been thoroughly tested by several diesel
ergine manufacturers, such as Cummins Engine, General Motors, Detroit
Diesel Alliscn, and Catepillar. Degradation normally only.occurs if
the panels are worked loose by vibration or if the acoustical materials
become saturated with oil.

. Baged on the above experience, engine side shields on conventional
school buses, which have been integrated into the engine cowl, can
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reduce the accessibility of the engine to serviecing., A8 a result;
during servicing, care should be taken to aveid damage to the panels
from mechanic's tools, oil contamination and excessive vibration which -
may loosen the shields themselves or the panels upon which they ate:
attached.
The use of belly pans on various types of heavy vehicles has - . . I
been unpopular with maintenance personnel because the pans can | . i
collect oil,. reduce engine accessibility from under the vehicle, and . :
are easily.damaged by road hazards. However, rapid detachment systems
have been developed which have  improved accessability.for maintenance,: :
The removal of belly. pans, when they have been designed specifically .
for ‘constant use on a vehicle, can cause certain vehicle systems not to...
operate efficiently.. For example, a cooling system designed for efficient
operation with belly pans in place may suffer-.if the pan is permanently -
removed,. since the alr flow route through the éngine compartment ‘will be
changed. ‘'Increased air £low rates through the radiator,. brought ahbout:
by the permanent removal of the pan, may not be.advisable, especially . -
for diesel engines which are uged in colder climates without radiator
shutters.
Degradation of noise levels from vehicles with totally encapsuated
engine compartments is unlikely if the shielding around the engine is
propetly assembled. ' - o : : ;
(2) Exhaust Noise Control Degradation i : S Co ;
I1f manufactured with comparable materials, the improved types of ‘ :

mufflers, discussed in this section, should not deteriorate faster “than

those mufflers being presently produced.
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{3) Cooling System Noise Degradation

Fans clutches and on/off fan devices are somewhat complicated
devices which can malfunction due to mechanical failure or failure of
the heat sensing elements. Any mélfunction which causes the fan to be
on when not needed will result in higher average fan noise levels across

LI -

a vehicle's wbrk cycle,

In conclusion, degradation appears to be a potential problem only
in the case of engiﬁe noise abatemeht measures. However, with proper
cqmponent‘ design and m.aintena_mce procedures which incorporate checks on
critic‘a‘]'.‘ nolse abatement devices, ‘degradati'on if any, should be kep't: to
a minimum, In support of this contention, the maxmium changé in the
noise ‘l\e‘vels of four_Interna;ional Harvester (DOP) Quiet Trucks during
aﬁ éverage.mileagé of 157,000 milés was 2 dBA, with the fiﬁal 1evel‘ of
all the trucks within 1 dBA of the initial level?l This fact implies
tﬁat with t.'he‘technology applied to these vehicles there were no signi-

ficant noise level changes in the noise emissions from the various

édn-zpon.ents duriné that mileage period.
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SECTION 6

POTENTIAL BENEFITS OF BUS NOISE REGULATION
SCHEDULES ON THE ENVIRONMENT

6.0 INTRODUCTION

Pursuant to the Noise Control Act of 1972, the Environmental
Protection Agency (EPA) has proposed noise emission regulations on newly
manufactured buses (EE}). The proposed regulations specify levels not to
be exceeded as measured according to a modified SAE J366b test procedure,
and are-intended to control all contributing components of bus noise.
In the analysis of this section, predictions of the potential health and
welfare benefits for a range _of posaible regqulatory schedules of new bus
noise-emissions are presented, .

" Because of inherent differences in individual responses to noise,
the wide range of traffic situations and environments encountered, and
the complexity! of. the associated noise fields, it is not possible to
examine all traffic situations precisely., Hence, in this predictive
analysisg, certain stated assumptions have been made to approximate typical
or average sitwations. The approach taken to determine the benefits
associated with the noise regulation is, therefore, statistical in that
an effort is made to determine the order of magnitude of the population
that may be affected for each regulatory option. Some uncertainties -

with respect to individual cases or situations may remain.



6.1 HEALTH AND WELFARE BENEFITS OF BUS NOISE REGULATION
6.1.1 Measures of Benefits to Public Health and welfare

The phrase "public health and welfare," as used here, includes
personal comfort and well-being as well as the absence of clinical
symptoms such as hearing damage. Pebpie are exposed to bus noise in a
variety of situations. Some examples are:

1. Inside a home or office

2. Around the home ({outside)

- 3,. As a pedestrian

4. 'As a bus operator .

5. - As a bus passenger
Reducing exterior noise emitted by buses should produce the following -

benefits:
+l. Reduction in average traffic noise levels and associated

cumulative long-term impact upon the exposed population,
2. Fewer activities disrupted by individual (single-event)

passby noise.

Furthermore, the reduction of noise levels inside buses should

result in reduced annoyance in terms of less interference with speech

- communication, and reduced potential hearing damage risk to bus operators

and passengers in combination with non-bus noise exposures.
Predictions of vehicle noise levels under various regulatory-

schedules are presented in terms of the nolse levels associated with -

typical vehicle passbys. These noise levels are weighted according to-

traffic populations or mixes before averaging to determine traffic noise
levels., Reductions in average traffic noise levels from current condi-

tions (i.e., with no noise emission requlations) are presented for 15
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regulatory options on new buses both with and without noise emission
regulations on other traffic noise sources., Projections of the popul_a-
tion impacted as well as the relative reductions in impact from current
Eonditions are determined from reductions in average traffic noise levels,
The average noise level for traffic does not adequately describe
the annoyance produced by a single bus passby for all situations éiﬁce
énnoyance frequently depends on the activity and location of the indi-
jvidual. In addition, the averége noise level tends to average out the
disruﬁtive and annoying pe‘;k noise level produéed by a singlg bus passby.
As an additional measure of benefits, therefore, the undesirable effects
of intrudiﬁg bus passby noise levels are evaluated in terms of sleep
disturbance, sleep awakening and speech interference. .

5.1.2 Regulatory Schedules

" This analysis predicts the impact of the reduction of bus noise
iaased upon the exterior and interior regulatory schedules shown in Tables
§~1 and 6~2, For predictions of health and welfare benefits with concur-
rent reductions in f:uture emissions from new automobiles and motorcycles,
Ian effective date for the regulations of January 1979 is assumed. For

predictions of benefits concurrent with the regulation of new medium and

heavy duty trucks, effective dates of January 1978 for the limit of 83 dBA,

and January 1980 for the limit of 80 dBA are used. Tt should be noteé
:that regulatory schedule 15 for both exterior and interior bus noise were
éexamined in order to determine the maximum benefits achievable with the
;:irtugl elimination bf bus noise., Both ‘schedule 15's are not under con-

éideration as a noise limit for newly manufactured buses.




Table 6-1

Regulatory Schedules Considered
-in the Health and Welfare Analysis of

‘ Exterior Exterior Bus Noise
Fegulatory
Schedule
IRRE. Not To Exceed Regulatory Level for All
Bus Types Unless Noted, {dBA)
Calendar Year
1979 1981 1983 1584 1985 1986
1 - - - - - -
2 .83 - - - - -
3 - 83 - - - -
4 - 80 - - - -
5 - - 80 . - -
6 83 80 - - - -
7 83 - Bo - - -
-8 83 80 - 78 - -
9 83 - 80 - 78 -
10 - 83 80 T - 77 -
3 b 83 - 80 - 77 -
12 83 80 - - - 75
13 T3 - B0 - - 7?1)
14 83 80 - 78 - 75
15 55 55 55 55 | 55 55
(1)

Gasoline Powered School buges 73 dBA
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Table 6-2

Interior

Regulatory Schedules Considered
in the Health and Welfare Analysis of

Interior Bus Noise
‘Regulatory-
Schedule
: Not To Exceed Regulatory Level for All
Bus Types Unless Noted, (dBn) '
. Calendér Year
1979 1981 1983 1984 1985 1986
R = = - = = -
2 86 - - - - -
3 84 - - - - -
4 - 83 - - - -
5 86 g | - - - -
6 ' B6 83 80 - - -
7 86 83 - 80 - -
8 84 - 80 - - -
9 86 - 84 - 80 -
10 86 - 8 - 80 -
1 86 - 80 - - 78
12 86 83 - B0 - 78
13 84 - é{] - (1) - 78(1)
14 86 83’ - 8o - 78
15 55 55 55 | 55 55 55
)

Gascline Powered School buses 75 dBA




6.1.3 Outline of the Health and Welfare Analysis

The predictions of the reduction of the population impacted
within various land use categories due to the reduction of average
traffic noise levels by regulating buses are contained in Part 6.2.' In
Part 6.3, predictions of relative potential changes in sleep disturbances,

sleep awakenings and speech interferences, due to single bus passbys are

‘estimated for different land uses for each of the regulatory schedules

under consideration. Related reductions in interior noise levels and the
resulting potential reduction in hearing damage risk and speech interfer-

ence to bus operators and passengers are presented and discussed in Part

6.4.

‘ "
— [ Junoan tRaFFIc NoIs
FIEGWAY TRAEFIC MOISE

00}

0

of- 520

FOFULATION IMPACTED {MILLJONS)

49 5.
1] ﬂ ﬂ 1] rléﬂ
' 51] 60 65 70 75
Ldn {dB}

Figure 6-1. Estimated Number of People in Residential Areas
Currently Subjected to Traffic Noise Above L =55 dB.
dn
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6.2 REDUCTIONS IN THE IMPACT FROM TRAFFIC NOISE

Projections of reductions in average traffic passby noise levels
are presented for scenarios of both urban street traffic, where the aver-
age vehicle speed is assumed to be 30 mph, and highway traffic, where the
average vehicle speed is assumed to be 55 mph. Note that the benefits
acerued from the regulatory schedules considered for new buses will be
less for highway traffic than for urban street traffic for the following
reasgonst:

o The number of people exposed to highway traffic noise is
less than the number of people exposed to urban street
traffic noilse.

(o] The reductions in traffic nolse levels resulting from the
requlations on new buses will be less in freeway traffic
than in urban street traffic.

As depicted in Figure 6-1, the mumber of people currently
exposed to outdoor noise levels that are greater than L = 55 dB domi-
nated by urban street traffic noise is significantly higd}r:er than the
number exposed to highway and freeway traffic noise (93.4 million as
opposed to 4.9 million). Thus, reducing urban street traffic noise will
benefit significantly more people than will similar reductions in high-
way traffic noise. ‘

The bus regulation schedules considered in this analysis are based
on bus noise emission levels measured in accordance with a modified SAE
J366b test procedure. In the test procedure, bus noise emigsions are
measured under maximum acceleration conditions with the bus traveling

at a speed less than 35 mph. Because, in general, engine-related noise
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emissions increase with engine speed and load, and noise generated by
tires Increases with vehicle gpeed, the test procedure is designed so

that maximum engine-related noise emissions are the dominant noise

sourcea. The noise generated by tires under the proposed test conditions

is not expected to be significant.

At freeway speeds, bus tires contribute significantly to overall
bus passhy noise levels. Therefore, the reduction of engine-related
noise brought about by bus noeise regulation will be partially masked
by tire noise in freeway traffic. Because vehicle speeds are lower
in urban street traffic, tire noise contributes less to overall noise
emissions in urban areas. Thus, reductions in overall bus noise levels
by lowering engine-related noise emissions will be less affected by
tire noise in urban street areas.

6.2.1 Description of Traffic Noise Impact

In examining the reduction of traffic noise by regulating
buses, three steps must be followed (Figure 6~2), First, the average
noise level produced by each type of vehicle is determined. This
level is the average of the levels produced in each operational mode -
acceleration, deceleration, cruise, and idle which are weighted
according to the proportional time spent in each mode., 1In effect, it
is an energy average of the passby levels produced hy all vehicles of
a given type during a typical operating cycle. From the point of view
of ‘the ohserver, it is an average of the passby levels that would be
measured at random points along the vehicle's route of travel.

The average passby levels for each vehicle are combined in the

next step to form the average traffic noise level. This level is
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computed by weighting the average passby level produced by each type

of vehicle by its relative frequency in typical traffic mixes. Composite
passby levels are determined for operation on both streets and free-
ways based on the different passhy levels and proportions of wehicles
involved in each case.

The .final step in determining traffic noise impact of which
buses are a'compon;znt,- uEilizes a measure that condenses the. infor=-
mation conta_i-ned in the noise environment 'intoA a simplé indicator of
quantity and quality of noise which correlates well with the overall
long~term effects of noise on the public health and wel’fare?_4 This
measure was ‘adobtied} as.a result of the Noise Control Act of 1972, which
required thél:'E:PA present information on noise levels that are "requisite
to protect the public health and welfare with an adequate margin
of safety". EPA has chosen the equivalent level in décibels L eq as its

. o 8 .
general measure for environmental noise; . its basic definition is:

: - t 2 : .
L__=10'1lcg ~ .._1..._ 2 M’_ at |- ] (1
eq 10 7lesty ]

1 0

where (t; — t3) is the interval of time over which the levels are
evaluated, P(t) is the time-varying magnitude of the sound pressure, and
PO is a reference pressure standardized at 20 micropascals.

When expressed in terms of A-weighted sound level, Lj, the
equivalent A~weighted sound level, Leq, is defined as:

t

! . . _
= s 3 lln (t)/1a) : 2
Leg = 10 log g B= 6 | 0 /101 a (2)
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In describing the impact of noise on people, a measure called

the day-night average sound level (Ldn) is used. This is a 24-hour measure

with a weighting applied to nighttime noise levels to account for the
increased sensitivity of people to intruding noise assoclated with the
decrease in background neoise levels at night. . The Ly, is defined as
the equivalent noise level during a 24-hour period, with a 10 @B
welighting applied.to the equivalent neise level during the nighttime -
hours of 10 .p.m. to 7 a.m. This may be expressed by the follewing -

eguation:

Ly, = 10 19910"2'115 15'(10‘Ld/1°))+g (io(nnﬂm/lo)‘ @

where Ld is the "daytime" equlvalent level obtdmed between ? a. m.
and 10 p.m., and r.h is the “nightl:ime" equwalenl: level obtamed
between 10 p M. and 7 a.m.

) In order l:o assess the :unpact of traffic noise, a relatlon

between the changes :|.n traffic noise and the responses of the people

_exposed to the noise is needed. The resoonses may vary depending upon

preyious exposure, age, socio-economlc status, pOlltlcal cohesweness,
and other sooial var:.ables.‘ In the aggregate, however, for reeuden—
tial locations, the average response of groups of people is related
to cumulative noise exposure as expressed in a measure such as Lan.
For example, the different forms of response to noise such as hearing
damage, speech or other activity interference, and annoyance were
related to Leg OF Lgy in the EPA Levels DocumentE.; For the purposes

of this part of the study, criteria based on Ly presented in the
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EPA Levels Document are used, Furthermore, it is assumed that if the

m.:.tdoor level meets Ldn £ 55 dB, which is identified in the EPA Levels

Document as requisite to protect the public health and welfare, no. adverse

impact in terms of general annoyance and community response exists. - -
- The cammunity reaction data presented in Appendix D of the
8 .

EPA Levels Document show that the expected reactlon to an identifiable

source of intruding noise changes fram "none" to "vigorous" when the day-

night average sound level increases fram 5 dB below the level existing.
without the presence of the intruding noise to 19.5 dB above the level

before intrusion. For this reason, a level which is 20 dB above L, =

" 55 dB is considered to result in a maximum impact on t;.he people exposed

Such a charge in level would inc¢rease the percentage of the population
8

which s hlghly annoyed to 40 percent of the total exposed populatxon.

Furthermore, t he data in the Levels Document suggest that for environ-

mental noise levels which are mt:ermedxate between 0 and 20 db above
dn = 55 dB the impact varies linearly, that Ls, a 5 dB excess (Ldn
60 dB) constltutes a 25 percent unpact, and a 10 dB (Ld = 65 dB)
constitutes a 50 percent mpact.

For convenience of calculatmn, percentages of {mpact may
be expressed as fractmnal impact (FI) an FI of 1.0 represents an

impact of 100 percem:, in accordance w:.t:h the following formula:

0.5(L-55) for L > 55

FI = ¢ - (4) .

o for L £ 55
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vhere L is the observed or measured Lon for the envircnmental noise.
Note that FI can exceed unity for exposures greater than Ldn = 75.

The impact of traffic noise may be described in terms of exter—
siveness (the number of people impacted) and intensiveness (the sever ity
of impact).. The fractional impact method accounts for both the extent
and severity of impact.

The Equivalent Noise Impact (ENI) associated with a given level
of traffic noise (Ldi) may be assessed by multiplying the number of
people exposed to that level of traffic noise by the fractional impact

associated with this level as follows:

ENI*- = (FIi) Pi (s)

where ENIT is the magnitude of the impact on the population exposed to
traffic noise Ld:; and is numerically egual to the number of people who
would all have a fractional impact equal to unity (100 percent impacted).
E‘Ii is'; the fractional hnpact‘associated'with an equivalent traffic noise
level of Ldi “and By is the population exposed to that level of traffic
noise. To illustrate this concept, if there are 1,000 people liviné in
an area where the noise level exceeds the criterion level by 5 dB (and
thus are considered to be 25 percent impacted, FI = 0.25), the envirom
mental noise impact for this group is the same as the impact on 250 people
whe are 100 percent impacted, FI = 1.0 (1000 x 0.25 = 250 % 1.0).

When assessing the total impact associated with traffic noise, the
observed levels of noise decrease as the distance between the source and
receiver increases. The magnitude of the total impact may be computed by

determining the partial impact at each level and summing over each of the
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levels. The total impact is given in terms of the eguivalent number of
people impacted by the following formula:
EN! =% P " FI . (6)

i i i .
where FI, is the fractional impact assoclated with Ld::,' and P{ is the
population associated with dej{- In this analysis, the mid-level of each
5 dB sector of levels above Lgy = 55 dB is used for Ld,j," in computing ENI.

The change In impact asscciated with regulations on the noise
emisgions from traffic vehicles nay be assessed by comparing the magni-
tude of the impacts with and without regulations, ~ One useful measure
is the percent reduction in impact (A), which is calculated from the

foilowing expression:

A =.100 ENI(before) — ENI (after) : M
:ENT (before)

The population figures (Pi) in Eg (5) for urban street traffic
are based on é sucvey in which the total population exposed to outdcor
noise of L an, 3bove 55 dB was estirnﬁed from measurements taken at 100
sites throughout the United States., The sites were selected far enough
from freeway traffic and airports so that these sources of noise were
not significant contributors to the measured outdoor noise levels. Thus,
urban street traffic was a dominant source of noise for each of the survey
sites, The results from this study are given in Table 6-3.

Using the data contained in Table 6-3, an ENI for existing
traffic conditions (without noise regulation of medium and heavy trucks)

of 34,6 million is calculated as shown .in Table 6-4.
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Table 6-3

 Distribution of Urban Population ot or Greater Than a Specified Lin 12
Cumulative Cumulative
L Number qf People L Numbe‘r c:F People
dn {Millions) dn (Millions)
34 134.09 59 66,738
35 133,94 60 58,997
36 133.76 61 51,234
37 133,46, 62 | 43,668
38 132.99 63 36,542
a9 132,34 64 30.061
0 131,46 65 24,320
4 130.37 86 19,352
42 129.04 67 15,200
43 127.53 68 C N9
44 125,87 & 9.046
45 124.09 70 6.853
6 12219 7 515
47 120.15 72 3.826
48 117.98 73 2,776
49 115.64. 74 1.963
50 ' 118,01 75 1,347
51 110.12° 76 0.889
2 - 106.80 77 0,55
53 102.98 - B .332
54 98,544 79 .167
55 93,427 80 .093
56 87.665 ] RN
57 81,237 g2 012
58 74,222 83 002
| 84. .0
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Table 6-4

Calculation of Equivalent Number of People Impacted By

Urban Street Traffic Nc:ise9

I‘dni Population Population Exposed Fractional Mui§a1=nt
Exposed to to Levels Between Impact to Number of
Ldnif or Higher r"dni and Ldni+l Midlevel | People I_mpacted
Pci {millions) Pi = piﬂ-pci (millions) FI, . FI ipi

55 93.4 34.4 0.125 4.3

- &0 59.0 4.7 0,375 13.d

65 24.3 17.5 0.625 10,9

70 6.9 5.5 0.875 4.9

15 1.3 i.2 1,125 1.4

a0 0.1 0.1 1,375 0.1

Total ENI = 34.6




The ENI values associated with reductions in the average urban
street traffic noise levels are predicted by shifting (reducing) -the
values of [hn in Table 6-3 by the traffic noise reduction of interest
and performing computatlons similar to those shown in Table 6-4, In
following this procedure for estimating ENI, it is assumed that: (1)
reductions in urban street traffic noise levels produce equal reductions
in the_Ian for the outdcor neise, and {2} the population in urban areas
will remain constant until the year 2000. The latter assumption is made
for convenience only. It does not affect the relative effectiveness
of the study regulation schedules. If population increases are somewhat
homogeneous within urban land use areas, only the absolute number of
people impacted will be different from the estimates. Furthermore, the
actual numbers can be approximated by multiplying the ENI. estimated for a
given year by the fractional increase of population expected to occur in
that year.

While the exact value of present or future ENI's may not be known
precisely, the relative reduction of the ENI due to noise regulations--of
primacy interest here-—are known with much greater accuracy than the .
absblute value of the ENI since the changes in the theoretical components
of ENI can be well defined. For instance, it may not be possible to
determine whether the present estimated ENI due to urban street traffic
noise, an absolute value, is actually 0.1 million too high. However, it
is possible to determine, for example, that the regulation of diesel~
powered school buses will not reduce the ENI by more than 0.1 million
(see Part 6.2.3 below).. Extensive investigation of such small changes may

geef. innocuous if it is not kept in mind that, although buses represent
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only a small part of traffic in the United States, their impacts may be
considerable when measured by metrics other than ENI. Thus, the changes
found to occur in ENI may help indicate what equivalent changes would
occur in lmpact measures which are not used in this analysis but whose
absolute values may reflect more accurately the -effects of bus noise on
people.

- hs discussed above, the concept of fractional impact, expressed
in units of ENI, is most useful for describing relative changes in :
impact from a specified baseline for the purpose of comparing benefits
of alternative regulatory schedules. 1In order to assess the absolute -
impact or benefits correspnding to any regulatory schedule, information -
on the digtribution of population as a function of noise environment
is required. 'this information is included in this section and in
Appendix [ in the form of graphs showing the number of people exposed
to different levels of traffic and/or bus noise. The anticipated
absolute impact of noise upon those individuals exposed to any given
noise level may be traced by referring to the various noise effects
criteria presented in the levels Doc:urnent8 as well as in this analysis ‘
(eee Figures 6-16, 6-17, 6-18 and 6-19).

6.2.2 Urban Street and Highway Traffic Noise

Two steps are employed to predict average noise levels from both
urpan street and highway traffic. First, an energy average Is taken of
the noise emissions from several passbys of each type of noise source.
Next, 'the average traffic noise level is then computed by energy averaging
the derived passby levels for each vehicular source, after appropriate

welghting for the proportion of each type of vehicle in the traffic flow.
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6.2.3 Vehicle Noise Levels in Urban Street and Highway Traffic

The following noise sources are considered in modeling urban street

and highway traffic noise:
o Automobile and motorcycle noise emissions that'are unregu- -

lated and regulated (assumed).

o  Medium and heavy truck noise emissions that are unregulated

-and regulated.
For a sample of instantaneous noise levels observed at eqdally

spaced time intervals that has a normal (Gaussian} distribution, the

58 :
energy-average of the noise levels over time (see eguation 1} is given by: : - -~

; Leg = Lgg + 0,115 % 8y

g

where Ly, is the median noise level and ;. is:the 'standard deviation, ;
It is assumed that the distribution of roadside passby noise levels for ~:: .. &'~

eac:f'h type of vehicle is approximated by a'normal (Gaussian) distribution
and that there is a s:teady strjeam of closely spaced passbys. This assump- -
tlon permits. célculation df the energy-average of the pasél:fy noise levels
from median passby nolse levels in a manner similar to the computation of

Leq in Equation 8; that is

Ly = Lgy + 01150 (9)
where [‘a is the energy-average of the passby levels, L50 is the median
level and ¢ -is the standard deviation of vehicle passby noise levels. As
Equation 9 demonstrates, vehicle passby noise depends on both median level
and the variability of these levels, The average passby noise levels
assumed to be produced by trucks, automobiles and motorcycles are shown

in Table 6-5 along with the references from which they were derived.
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Tahle 6-5

Passby Noise Levels for Non Bus Vehicles

Urban Street Highway
Type of Vehicle dBA daBa
Lep c La - Lgg v Ly
Medium Aﬁa ﬁéavy Trucké9
(a) Unregulated 85.0 | 3.7 | 86.6 | 85.5 | 3.5 86.9
(b) EPA New Truck h o
o Regulations . 74.6 | 2.0 75.1 8l1.7. ] 2.0 g2.2"
Autoﬁgbilesg~
(a) - Unregulated 65.0 | 3.7 | 66.6 75.0 3.5 76.4
(b) Assumed Regulation | 61.0 (2.0 | 61.5 | 71.0 [ 2.0 1.5
Motorcycles;}. ' | -
{(a) : Unregulated 76.0 | 2.9 17.0 80.6 | 2.8 81.5
. (b) -Aesumed Regulation | 72.0 [2.9 | 73.0 | 76.5 | 2.8 |  77.5

P S
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6.2.4 Bug Noise Levels

6.2.4.1 Levels for Unregulated Buses

~Bus passby noise levels are presented in Table 6-6. Bus

. interior noise levels as measured near the driver and the rear seat are

presented in Tables 6-7 and 6-8.

Most of the bus noise research conducted to date has dealt with
only one bus type; transit buses. Thus, measurements have been made under
many operationél conditions--acceleration, deceleration, cruise, péssby,
etc. These measurements, when combined with the estimated percent of
time speht in each mode (Table 6-9), allow the computation of an energy
average noise level over a typical drive cycle. where similar data was
found to be.unavailable for particular operaticnal modes of school and
intercity buses, levels were estimated as follows: The arithmetic dif~
ferencé between the accelefation level and each other operational mode
level waé computed for transit buseé. This difference was then applied to
the acceleration levels of the other bus types to detive their remaining
operational levels, ‘.I‘he: method was used ‘in both the exterior and interior
cases. 'I'he.measurement procedure used for obtaining most of the available
acéeleration test level data is similar to one developed by the Society of
Automotive Engineers (SAE}. The EPA proposed measurement procedures for
interior and exterior bus noise emissions are described in Section 8.

6.2.4.2 Levels for Requlated Buses

Vehicles which initially do not meet regulatory limits may be
modified in a variety of ways in order to do so. It is expected that
in order to comply with a given regulation, manufacturers will design

new vehicles to produce nolse levels about 2.5 to 3 dB lower than the
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Table 6-6

Exterior Bus Noise Levels By Operational Mode and Bus Type
(Pata from Reference 15 Unless Noted)

50 Foot Maximum Passby Levels, dB

Deceleration & Cruise

Energy Average
Passby Level, dB*

Bus Type Acceleration 30 mph 55 mph Idle | Street Highway

Transit

Ringe |  76-83 70-72 78 66

Mean 80 72 78 66 | 74.5 75.3
School -
(avg,)**

Range | 74-921943 | (72-78)%wx (78-85) 6646

Mean 80 (72) (78) 66 | 74.5 75.3
Intercity

Range |  81-86 737732154 | q9.g0%2/34] 4647

Mean 84 75 80 66 | 77.5 80.1

*Based on time spent in each mode given in Table 6-9.
**Derived from vehicle population data on gasoline and diesel school buses provided

in Reference 14,

***Data in parentheses extrapolated from transit bus data.

For complete breakdown, see Appendix F, (Table F-l).




Table 6-7

Interior Bus Noise Levels Near the Driver By Operational

Mode and Bus Type
(Data froam Reference 15 unless Note;d)

Interior Noise ILewvels Near Driver, dB Energy Average
Deceleration & Cruise Passby Level, dB*
Bus Type | Acceleration 30 mph. 55 mph Idle |Street Highway
Transit
N Range 78-79 74 76-78 60
Mean - 79 74 78 60 75.2 75.8
School
{avg. ) **
Range 80-95 806 (73-84)%*x (65)~7046
Mean 85 80 (84) (66) | 77.8 83.8
'Intercit:y ‘
Range 70~78 69~7516¢42/54 | "3 9502,54 | 6n47 ,
Mean 74 72 74 60 71.8 73.8

*Based on time spent in each mode given in Table 6-9.
**perived from vehicle population data on gasoline and diesel schocl buses provided

in Reference 14.

***Data in parentheses extrapolated from transit bus data.

U —_ )

For complete breakdown, see Appendix IF, (Table F-2).
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Table 6-8

Interior Bus Noise Levels Near the Driver By Operational
Mode and Bus Type

(Data fram Reference 15 unless Noted)

_ Interior Noise Levels Near Driver, dB Energy Average
Deceleration & Cruise Passby Level, dB*
Bus Type Acceleration 30 mph 55 mph Idle Street Highway
Transit
Range 80-90 a1-8417 | ga-gst’ 6916
Mean 84 83 84 69 8l.6 81.8
School
{avg. )**
Range 77-8443 7546(g0)#u+ | (76)-8328 | 65~78%6/13
Mean Bl (80) (8l) 74 77.5 -80.8
Intercity
 Range 70-84 69-7817+42+34| 7378 | 6a~72%7
" Mean 7942:34 734234 95 68 74.1 75.2

*Based on time spent in each mode given in Table 69,
**perived from vehicle population data on gasoline and diesel school buses provided
in Reference 14, For complete breakdown, see Appendix F, {(Table F-3).
***Pata in parentheses extrapolated from transit bus data,




Percentage of Time Spent in Each Operational Mode By

Table 6-9

. Buses on Streets and Highways

_{pata frpm_Reference_lS Unless Noted)

Bus Type

" ‘Operational Mode

"Cruise

" Atceleration | Deceleration Idle
Trangit’ v -
Street 20 20 26 34
Highway 5 5 B5 5
School -
' Street . “9- 9I 21 61
- Highway.: .. .|:-. 5. .5 85 5
Intercity:. "
.Street*. . | .. 13 .17, . 56 .14
Highway 5 5 85 5

*Data baeed on typical urban’ street eycle for automobiles,"
Reference 33. L . .
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figure 6-3).

regulatory limit (see Section 5, Bus Noise Reduction Technolegy). This

design level may be assumed to be the mean of what is actually a distri-
bution of noise levels for the redesigned buses, Since it is expected
that ﬁearly a.;li redesgigned buses will comply with the r.egulat;ion, the
upper tail of the distribution is assumed to terminate at the regulatory
limit. "‘thus all new production vehicles not initially complying with

a regulation are assumed to be redistributed in a normal distribution.

" with a width of 5 dB centered 2.5 dB below the regulétory limit (see

By changing the distribution of new vehicle noise levels with

the implementation of noise regulations, the fleet—average acceleration

test level is reduced over time as more and more old unregulated vehicles

are :replaced by new regulated ones. Furthermore, regulating the noise . -
"emiss::ions from new vehicles lowers the median and average noise levels
as well as the variability of the noise levels within eaéh vehit;ie class.
This is true because all the vehicles within each class are subject to
th.e same regulatory level, which tends to decrease the spread in noise

levels across all classes (see Figure 6-3).
For simplicity, the reduction of acceleration test levels can be

assumed to result in equal reductions in the noise levels produced by

buses under actual accelerating conditions. Actual reductions may be

somewhat smaller, but since data is not available to estimate how much

smaller, the reductions are assumed to be equal. The actual reduction

in noise levels produced under deceleration and cruise copditions can

be estimated, however, from measured data. Figure 6-4 demonstrates the

relationship between acceleration test levels and 30 mph cruise levels

that buses are expected to produce under regulatory conditions. Since
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Level for Interior and Exterior Measure=
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variations from this curve for different types of buses are extremely
small, the average curve is plotted and used for all bus types. Figure
6-4 is_'also used to find the reduction in deceleration levels. Noise
levels produced under idling conditions are not expected to be affected
by regulation of acceleration noise.

The reduction of cruise levels at high speed (55 mph) is less
than what can be obtained at low speed due to the fact that tire noise
creates a lower limit on the cruise-by noise level. This lower limit
is the "coast-by" or chassis noise level--the noise level measured when
the bus coasts by the measuring point with its engine off. This level
has been measured for twelve newly maﬁufactured intercity buses at an
average of 75 dB at 50 feet‘.u’ > Assuming the same level is valid for

transit buses, the reduction of cruise levels at high speed can be esti~

‘mated by applying the same reduction to the engine component of the high

speed levels as was presented in Figure 6-4 for low speed noise, and adding

the result to the tire noise floor, The result is shown in Figure 6-5.

I ! | ! | T 1 ]

Inter-city

55 mph Cruise
Maximum Passby Level, dBA

Reduction in Acceleration Teat Level, dBA
Figure 6-5. Relationship Between 55 mph Cruise Maximum Passby Level

and Reduction in Acceleration Test Level Measured
at 50 Feet for Transit and Intercity Buses
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6.2.5 Traffic Noise Levels

Traffic noise levels at observer locations obviously depend on
the traffic settings and geometry, People living downtown may find that
a nearby high-rise completely blocks noise generated by a thoroughfare
located on the opposite side. On the other hand, buildings may enhance
the. reverberation of traffic noise such that the resulting levels are
higher than what would occur in a rural setting deveid of barriers.. In
addition to propagation factors, different traffic may have different
mixes of vehicles in the traffic flow, different average speeds, etc.,
each giving rise to different average traffic noise levels and, thus, to
different degrees of impact. To simplify the variety of cases in the
following analysis, the impact of traffic nolse, and the contribution of
buses to that impact, is examined within four land use areas: high den-
sity urban: low density urban; suburban; and rural; as well as the total
urban case which is the summation of the high density urban, low density

urban, and suburban land use areas. In the urban and suburban land use

areas, the assessment is further divided into street and highway settings.

In rural areas, only highway and other main-road traffic are considered
for bus neise impact. Transit buses are assumed to operate in the urban
and suburban areas only, intercity buses and school buses are assumed to
operate in all four land use areas.

. The estimated average mix of trucks, automobiles, motorcycles,
and buses within urban and rural traffic settings is shown in Table 6-10,

The estimates are primarily based on the number of vehicle miles traveled
19

1
by each bus type and by other vehicles. By using these traffic mixes

to weight the contribution of passby levels for each traffic vehicle within
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Table 6~10

Estimated Mix of Trucks, Autos, Motorcycles and Buses

in Urban and Rural Areas

-2

Parcentage of Total Traffic
URBAN RUR
Vehicle High Low High Low Main | Local
Density | Density Sub. ‘ Density Density Sub. M, M.
Pruck®® 7.5 7.5 7.5 10.0 10,0 | 10.0 25,00 | 25.0%
Automobilel” | 0.4 90.6 90.3 83.9 88.92 | 89.0 73.6 72.8
Motorcyclest? | 1.5 1.5 1.5 1.0 1.0 1.0 1.0 1.5
Bug**
‘Transit 0.5 0.3 0.2 0.l 0.04 - - -
- School-gas 0.1 0.1 0.5° - - - 0.2 0.7
~diegel =~ - - - - - - -
Intercity - - - - 0.04 - 0.2 -
TOTAL 100.0 |100.00 100,00 100,00 100.00 |100.00 | 100.00 | 100.00

*pDifference between 100% and sum of percent of other vehicles,

*fDer lved in Apperdix F, Table F-4,




the traffic stream (Table 6-5), an average traffic passby level was
computed for each land use area. Noise emission limits on new buses tend
to raduce these average traffic levels. Consequently, changes in urban
street traffic noise levels lead to changes in the distribution of peo~
ple exposed to day-night average sound levels (Lg). As depicted in
Pigures 6+6 through 6-9, however, the change in the number of people
exposed to various Lan levels is minor for the regulatory schedules con-
sidered. Figure 6-6 shows the shift expected in the year 2000 between

the "no regulation" case {regulation schedule number 1) and an ideally

protective requlation case (regulation schedule number 15) in high density

urban areas. Figure 6~7 shows similar but slightly smaller changes in
low density urban areas, and Figure 6-8 displays even smaller changes
in suburbén areas. Flgure &6-9 presents the sum of these changes for all
land use areas, _ |

If noise regulations are applied to non-bus vehicles such as

trucks, there will already be an initial reduction in traffic noise,

depending on the severity of the regulation, the date of its implemen-

tation, and the turnover rate for the vehicle population involved. In

. Appendix F, data (Tables F-5 through F-7} is presented which were used

to calculate average traffic passby levels for the Eollowing three

baseline cases:

(1) Regulation of new trucks, automobiles, and motorcycles
{2) Regulation of new trucks only
(3) No regulation of non-bhus vehicles

The reductions of urban street traffic noise estimated by this method

for each land use area are shown in Tables 6-11 through 6-13 for the
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Table 6-11

Reduction of Urban Street Traffic Noise in
High Density Urban Areas with Regulation of New Trucks, Autos, and Motorcycles

Reduction of Average Traffic Passby Noise Level (dB at 50 £t)

Exterior Calendar Year
Regulation
Schedule 1979 . 1981 1983 1985 1987 1990 1995 2000
1 .25 1.18 2,32 3.36 4.50 5,12 5.48 5.71
2 .25 1.18 2.32 3.36 4,50 5.13 5.49 5.72
3 25 1.18 2.32 3.36 4.50 5.13 5.49 5.72
4 «25 1.19 2,32 3.37 4.53 5.15 5.52 5.76
5 .25 1.18 2,32 3.36 4.51 5.15 5.52 5.75
6 .25 1.19 2,32 3.37 4.52 5.15 5.52 5.76
i .25 1.18 2.32 3.37 4.52 5.15 5.51 5.75
8 .25 1.19 2.32 3.37 4.55 5.16 5.44 5.78
9 .25 1.18 2.32 3.37 4,52 5.16 5.53 5.77
10 +25 1.19 2.32 3.37 4.53 5.16 5.54 5.78
11 .25 1.18 2.32 3.37 4.52 5,63 5,54 5.78
12 .25 1.19 2,32 3.37 4.53 5.17 5.55 5.74
13 «25 1.18 2,32 3.37 4.52 5.16 5.54 5.79
14 .25 1.19 2,32 3.37 4.55 5.17 5.55 5.80
15 .30 1,24 2.39 3.45 4.62 5.26 5.63 5.87




Loae DT 1 . L
U EFIEEGRSER I ETEE RN HEP TS RS

8E-9

Table 6-12

Reduction of Urban Street Traffic Noise in
Iow Density Urban Areas with Regulation of New Trucks, Autos, and Motorcycles

Reduction of Average Traffic Passby Noise Level (dB at 50 ft)

Exterior Calendar Year
Regulatdon -
Schedule 1979 1981 1983 1945 1987 1990 1995 2000
1 «26 1.19 2.32 3.38 4.53 5.16 5.52 5.76
2- «26 1.19 2.35 3.38 4.54 5.16 5.53 5.76
3 .26 1.19 2,35 .38 4.53 5.16 5.53 5.76
4 +26 1,19 2.34 3,39 4.55 5.18 5.55 5.79
5 .26 1.19 2.33 3.39 4.54 5.18 5.55 5.79
6 .26 1.20 2.34 3.39 4.55 5.18 5.55 5.79
7 .26 1.19 2.34 3.39 4.54 5.18 5.55 5.79
8 .26 1.20 2,34 3.39 4,55 5.19 5.56 5.80
9 .26 1.19 2.34 3.39 4.55 5.18 5.56 5.80
10 .26 1.20 2.34 3.39 4.55 5.19 5.56 5.80
11 .26 1.19 2.30 3.39 4.55 5.19 - B.56 5.80
12 .26 1.20 2.34 3.39 4.55 5.19 5.57 5.81
13 26 1.19 2.34 3.35 4,55 5.19 5.56 5.81
14 .26 1.29 2.34 3.35 4,55 5.19 5.56 5.81
15 .29 1.25 2.38 3.44 4,61 5.25 5.62 5,80




ot s i

6E-9 -

Table 6-13

Reduction of Urban Street Traffic Noise in
Suburban Areas with Regulation of New Trucks, Autos, and Motorcycles
Reduction of Average Traffic Passby Noise Level (dB at 50 ft)
Exterior Calendar Year
Regulation
Schedule 1979 1981 /1983 1985 1987 1990 1995 2000 -
1 .25 1.18 2,32 3.36 4,51 5.13 5.49 5.72
2 .25 1.18 2.32 3.36 4.51 5.13 5.49 5.73
3 .25 1.18 2,32 3.36 4,51 5.13 5.49 5,73
4 .25 1.18 2.32 3.37 4,52 5.15 5,52 '| b5.76
5 +25 1.18 2.32 3.37 4,52 5.15 5.52 5.76 -
6 .25 1.18 2,32 3.37 4.52 5.15 5,52 5.76.
7 25 1.18 2.32 3.37 4,52 5.15 5.52 5.76 -
8 .25 1.18 2,32 3.37 4,53 5.16 5.53 5.77
9 .25 i1.18 2.32 3.37 4,52 5.16 5.53 5.717
10 .25 1.18 2,32 3.57 4.52 5.16 5.54 | 5.78
11 .25 1.18 2,32 3.37 | 4.52 5.16 5.54 5.718
12 .25 1,18 2,32 3,37 4,53 5.17 5.54 5,79
13 .25 1.18 2.32 3.37 4.52 5.16 5.54 5,79
14 .25 1.18 2.32 3.37 4.53 5.17 5.55 5.79
15 .29 1,23 2,38 3.44 4.61 5.25 5.62 6.86




first baseline case. Reductions in urban street traffic noise rela-

tive to the other baselines are presented in Appendix F (Table F~7).

Reductions in urban street traffic noise relative to the other two

baselines are presented in Appendix F (Tables F-8 through F-13).
From .these tables, it should be noted that:
{1) Reducing bus noise emissions has little effect on overall
traffic noise for either urban highways or urban streets,
{2) The most stringent regulation schedule considered in
the analysis--a reduction of bus noise to an ideally
protective level of 55 4B at 50 feet (regulation sched-

- ule 15)=--results in a statistical change in the average
traffic passby level of less than 0.16 dB in the base-
line case most favorable for observation of measutable

. différences due to bus requlation, i.e., baseline (1).

6.2,6 Reduction of Traffic Noise Impact

The eguivalent noise impact in eacl land use area is calcu~-
lated for each regulation schedule and study year by (1) applying the
traffic noise reduction for the land use to the present distribution
of people iiving in all urban areas with Ly, greater than 55 dB (Table
6-3), (2) calculating the new total ENI, and then (3) taking the same
percent of the ENI as the percent of population contained in the given
land use. The results obtained by this method are presented in Tables

6~14 through 6-16 for the first baseline case. Summary tables show

the total ENI due to urban street traffic for all urban land uses (Table

6~17) and the percent reduction of this total ENI (Table 6-18) for each

regulation schedule and study year--for baseline (1). Results for base-

lines (2) and (3} are given in Appendix F {lables F-14 through F-23).
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Table 6-14

E‘quivalent Number of People Impacted By Urban Traffic Noise in
High Density Urban Areas with Regulation of New Trucks, Autcs, and Motorcycles

'

Equivalent Number of People Impacted (Mllllcns) Per Day,

Exterior ° . Calendar Year :

Regulation ' —
Schcdule 1979 1981 ‘1983 1985 1987 1990 1995 2Q0f_]

1 2.92 2,61 2,27 1.97 1.64 1.46 1.36 1.30
2 2.92 2,61 2,27 1.97 1.64 1.46 1,36 | 1,30
3 2,92 2.61 2.27 1.97 1.64 1.46 1.36 | 1,30
4 2.92 2,61 | 2.27 1.96 1.63 1.46 1.35 1,29
5 42,92 2,61 2,27 1.96 1.64 1.46 1.35 1,29
6 2,927 2,61 2,27 1.96 1.63 1.46 1.35 - 1,29
7 2,92 2,61 2,27 1.96 1.63 1.46 1.35 1.29
] 2,92 2,61 2.27 1.96 1.83 1.45 1.35 1.28
9 2,92 2.61 2,27 1.96 1.63 1.45 1.35 1.28

10 1 2.92 2.61 2,27 1.96 1.63 1.45 1.35 1.28
11 - 2.92 2.61 2.27 1.96 1.63 1.45 1.35 | 1.28
12 2.92 2.61 2.27 1.96 1.63 1.45 ‘1.34 1.28
13 - 2,92 2,61 2.27 1.96 1.63 1.45 1.35 ‘1.28
14 2.92 2.61 2.27 1.96 1,63 1.45 1.34 1.28

15 2.90 " 2.60 2.25% 1.94 1.61 1.43 1 1l.32 1.25
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Table 6-15

'Equivalent Number of People Impacted By Urban Traffic Noise in
Low Density Urban Areas with Regulation_of New Trucks, Autos, and Motorcycles

Equivalent Number of People Impacted (Millions) Per Day

Calendar Year

Exterior
Regulation ;
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
1 8.34 7.47 6.49 5.61 4.67 4.16 3.87 3.68
2 8.34 7.47 6.48 5.61 4.66 4.16 3.86 3.68
3 B.34 7.47 6.48 5.61 4.66 4.16 3.87 3.68
4 8.34 7.47 6,48 5.60 4.66 4.14 3.85 3.66
5 8.34 7.47 | 6.48 5,60 4.66 4.15 3.85 3.66
6 8.34 7.47 6.48 5.60 4.65 4,14 3.85 3.66
7 8.34 7.47 | 6.48 5.60 4.66 4.15 3.85 3.66
8 - B.3M4 7.47 6,48 5.60 4.65 4,14 3.84 3.65
-9 8.34 7.47 6,48 5.60 4.65 4.14 3.84 3.65
10 8.34 7.47 6.48 5.60 .| 4.65 4.14 3.84 3.64
11 8.34 7.47 6.48 5.60 4,65 4.14 3.84 3.64
12 8.34 7.47 6.48 5.60 4,65 4.14 3.83 3.64
13 8.34 7.47 6.48 - 5,60 4,65 4.14 3.84- 3.64
14 - 8,34 7.47 6.48 5.60 4,65 4.13 3.83 3.64
15 8.31 7.44 6.45 5,56 - 4,60 | 4.09 | 3,79" 3.60
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Table 6-16

Suburban Areas with Regulation of New Trucks, Autos, and Motorecycles

Equivalent Number of People Impacted By Urban Traffic Noise in

Eduivalent Number of People Impacted (Millions) Pér Day

Exterior Calendar Year ,
Requlation - - ——
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
2 22,26 19.96 17,33 15,00 12.49 11.15 1o.38 9.88
3 22.26 .| 19.96 17.33 15,00 12.49 11.15 10.38 | 9.88
4 22,26 | 19.96 17.32 14,98 12.47 11.11 - | 10.32 9.82
5 22,26 19.96 17.33 14,99 12.47 11.11 10,33 | 9.82
6 22.26 19,95 17.32 14,98 12.45 11.08 10.29 | 9.78
7 22,26 19,96 17.32 14,97 12.45 11.09 10.29 9.78
8 22.26 16.85 17.32 14.98 12.45 11.08 10.29 9.77
9 22.26 19,96 17.32 14,97 12.45 11.09 10,29 9.78
10 22.26 19.95 17.32 l4.98 12.45 -11.08 10,28 9.77
11 22,26 19.96 17.32 14.98 12.46 11.09 10,29 8.77
12 22,26 19,95 17.32 14.98 12.45 11.08 10,27 9.75
13 22,26 19,96 17.32 14.99. | 12.46 11.09 10.28 | 9.76
14 22,26 19,95 17.32 14,97 12.45 11.07 10,27 9.74
15 22,16 19.84 17.19 14.82 12.27 10.09 10,11 9.60.




Table 6-17

Equivaieht Number of People Impacted By Urban Traffic Noise in-
All Urban Areas with Regulation of New Trucks, Autos, and Motorcycles*

Fquivalent Number of People Impacted (Millions) Per Day |

Exterior . Calendar Year

Requlation
Schedule . 1979 1981 1983 1985 1987 1990 1945 . ZOQO.

1 33,51 |- 30.05 26.09 | 22.58 | 18B.8l 16.79 15.63 | l4.88
2 33.51 30.94 26.08 22.57 |- 18.79 16.77 15.60 14.85
3 ' 33,51 30.05 26,09 22,57 18.80 16.77 15.60 ]. 14.85
4 -- |- 33,51 30.04 26.07 | 22.55 18.76 | 16.71 15.52 | 14.76
5 . 33.51 30.05 26.08 22.56 18.77 16.72 | " 15.53 | 14.77
6 - 33.51 30.04 | 26.07 22.54 18.75 16.71 15,52 | 14.76
7 33.51 30.04 26.08 22,55 18.76 16.72 15.53 14.77
8 . 33,51 30.04 26.07 22.54 18.74 16.68 15.48 14.71
9 33.51 30.04 26.08 22.55 18.75 16.6% | " 15.49 | 14.72

10 33.51 30.04 26.07 22.54.] 18.74 |- 16.67 |. 15.47 14.69
1 33.51 30.04 26.08 22.55 18.75 16.68 15.48 14.70
"2 33.5 30.04 26,07 22.54° | 1B.74°| 16.66 | 15.45 | 14.67
13 33.51 30.04 26,08 22.55 18.75 | 16.68 15.46 14.67
14 33.51 30.04 26,07 | 22.54 18.73. 16.66 15.44 14.66
15 33.37 29.88 25.88 22.32 18.48 16.41 15.22 14.45

*The ENI Baseline for traffic noise from Table 6-4 is 34.6 million,
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Table 6-18

Percent Reduction in Total Equivalent Number of People Impacted
By Urban Traffic Noise with Regulation of New Trucks, Autos, and Motorcycles
Equivalent Number of People Impacted (Millions) Per Day
Exterior Calendar Year
Regulation
Schedule 1979 1981 1983 1985 1987 1990 1995 2000

1 3.14 13.16 24,60 34.74 45,63 51,48 54.83 56.99
2 3.14 13.17 24.61 34,77 45,68 51.54 54.90 57.07
3 3.14 13.16 24.61 34,76 45,67 51,54 54.90 57.07
4 3.14 13.17 24.65 34.84 45,79 51.71 55.13 57.34"
5 3.14 13.16 24,61 34.80 45,76 51.68 55.11 57.32
6 3.14 13.18 24.65 34.84 45.80 51,71 55.13 57.34
7 3.14 13.17 24.63 34,82 45.77 51.68 55.11 57.32,
B 3.14 13.18 24.65 34.86 45,85 51.80 55,26 57.49
9 3.14 13.17 24.63 34.83 45,80 51.76 55,23 57.46

10 3.14 13.18 24.65 34.86 45,85 51.81 55,29 57.53

1 3.14 13,17 24,63 34.83 45,82 51.78 55,27 57.52

12 3.14 13.18 24.65 34,84 45,85 51,83 55.34 57.61
13 3.14 13.17 24.63 34.82 45,82 51.80 55,31 57.59

14 3.14 13.18 24.65 34,86 45,87 51.86 55,36 57.63

15 3.55 13.64 25.19 35.48 46.58 52,57 56.00 58,24




Upon inspection of Tables 6-17 and 6-18, it is clear that little
relative change in the impact of overall traffic noise is obtained through
the regulation of bus noise. In the most severe case (regulatory schedule
15), the equivalent of glightly less than half a million people would be
benefited by the implementation of bus noise regulation in the year 2000--
less than 2 percent_of the present total ENI. Yet bus noise is perceived
by many as a major concern in comparison with noise from other véhicles?l
To investigate the cause of these concerns, a more direct approach is
discussed in Part 6.3 for evaluating the impact attributable to bus noise
in isolated passby situations. o .

6.3 REDUCTICN. OF INDIVIDUAL PASSBY NOISE IMPACT

Up to this point, the analysis of bus noise impact has been con-
cerned with the contribﬁt}ionI that buses make to day-night average traffic -
levels (Ldn). The irnpacf: contributions which are calculated in this way
are not wholly representative of the input attributable to bus noise,
for the calculations are relatively independent of the t;ctual operating
conditions of the buses. For example, they do not reflect the fact that
almost the entire amount of hourly acoustical energy contributed by buses
in an area may be generated in only 10 seconds of noise during a single
acceleration near a bus stop. Yet this intrusive, short, intense event
may be the most annoying noise-related situation faced over the entire day

by a large number of pedestrians, residents, or people waiting near the
2, 21
bus stop.

On some occasions hus noise will be completely masked out by
other noises, making the conclusions reached by using Lan essentially
correct. At other times or situations, one can expect that other noise

sources will not mask the nolse of a passing bus, and thus the bus will
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cause a finite impact. The actual impact from buses is certainly due
to a combination of various levels of bus noise and other environmental
noise.
Annoyance 1s difficult to describe, It may pass rapidly and

the cause remain unnoticed, Or it may add to other agents causing stress
and lead to physiological ;:u:oblems:.20 As measured from people's responses
in guestionnaires, however, there is no doubt that annoyance to bus noise
does exist. In fact, in a recent survey of people's annoyance to motor
vehicles, it was found that, on the average, buses are perceived as the
loudest and the most intensely annoying of any of the motor vehicle noises?'l'

A loud vehicle passby may also interrupt people's activities, such as
conversation or sleeping. The interruptions may again lead to annoyance,
but in themselves they may represent a degradation of health and welfare.
For instance, in a recent study of the annoyance caused by different levels
of simulated aircraft noise for people seated indoors watching television,
annoyance was seen to be mediated at least in part by speech interference?s
Not only is the TV program, or other person speaking, more difficult to hear
during the time in which a noiéy vehicle 1s passing by, but it has been ob-
served tl'lat the distraction which may occur from the conversation in which
the person is engaged may contribute in itself to annc:yance:.35 The speaker
may behaviorally attempt to cope with the noise intrusion either by increa-
sing his or her vocal effort, or in more severe cases, by ceasing to speak
altogether. Such behavioral reactions may be quite indicative of general
annoyance and disturbance with the intrusive noise event. Similarly, the

reaction to a noise intrusion during sleep may be in many cases a change

in Bleep stage (from a "deeper" to a "lighter" stage) or, if the intrusive
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noise is intense or long enough, an actual awakening may result, ' In
either case, repeated disturbance of people's activities may be
expected to adversely affect their well-being. The covariance of ver—
balized annoyance with the interference of activities has been amply
8, 23, 56, 57

demonstrated in several investigations.

For these reasons it seems appropriate for the analysis of
passby impacts to examine the two activities of speech communication

and sleep in ‘some detail, both in order to determine the direct effect

bus noise may have on them, as well as to aid in an estimation of the

~ total annoyance attributable to bus noise. These single event passby

noise intrusions become particularly impertant in light of other regu-
lations and efforts to reduce the noise from other motor vehicles and
urban nolse sources, i.e., without a reduction in noise emissions for

buseg, the bus may very well stand out as one of the most, if not the

most, intrusive noise source.

6.3.1 Sleep Disturbance

The sleep periods of humans are typically classified into five
stages. In Stages I and II, sleep is light and the sleeper is easily
awakened., Stages III and IV are states of deep sleep where a person is
not as easily awakened by a given noise, but the sleep may shift to a

lighter stage. An additional stage is termed rapid eye movement  (REM}

and corresponds to the dream state, When exposed to an intrusive noise,

a sleeper may (1) show response by a brief change in brainwave pattern,
without shifting sleep stages; (2) shift to a lighter sleep stage; or
(3) awaken. The greatest known impact occurs due to awakening, but
there are alse indications that disruption of the sleep cycle can cause
(irritability, etc.) even though the sleeper may not awaken?4
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36, 37
Two recent studies . have summarized and analyzed sleep

disturbance data. These studies showed a linear relationship between
frequency of response (disturbance and awakening) and noise level, and
demonstrated that the duration of the noise stimulus was a.critical para-
meter in predicting response. The studies also showed that the frequency
of . sleep disrupticn is predicted by noise exposure better than is arousal
or behavioral awakening. An Important fact is that sleep disturbance is
defined as any physiological change which occurs as a result of a stimu-
ius. The person undergoing such disturbance may be completely unaware
of being- afflicted; however; ‘the disturbance may adversely affect total
sleep quality. This effect on overall sleep quality may lead to, in
certain situations, behavioral or physiological c:onsecp.:ences:.M

.-To determine the magnitude of sleep disturbance.caused by
buses, some consideration must be made of the hours of bus operation.
Only two types of buses generally cperate at night-~transit buses.and
intercity buses, - School buses may be operating in the early morning
hours in some locales, but probably not mch before 7:00 a.m, Transit
buses, too,' have limited nighttime operation. For five major bus lines
in Los aAngeles, for example, only 1/6 of the scheduled runs occur at -
night, i.e.,, before 7:00 a.m. and after 10:00 p.m. (this ratio of day-
time to nighttimé operation is not atypical throughout the nation).
Although some fraction of: the population sleeps during the daytime,
it is assumed for the purposes of this analysis that sleep only occurs
during the nighttime hours. Therefore, the fraction of the total vehi-
cle miles traveled by transit buses. which are likely to disturb sleep

is assumed to be 1/6 of the total.
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Official estimates of the portion of inter-city bus mileage
traveled at night are not available; however, some approximations may be

made. - If there were no change between night and day operations, 37.5

‘percent (9/24) would occur at night and 62,5 percent {15/24) in the day.
"For people taking short trips (a few hours long) on inter~city buses it

is assumed that somewhat less bus travel per hour actually occurs during

nighttime hours than during the day. A brief investigation of several

cross-country, inter-city bus schedules indicates that: only a slightly -

greater daytime biasing of the travel time is warranted for long trips

(37.1 percent night versus 62.9 percent day) ?9 In this analysis, a

35/65 percent split between intercity bus nighttime and daytime opera-

tions is used.

“TPo £ind impact on sleep and the reduction in sleep disturbance

achievable with bus noise emission regulations, the following method

is utilized:

Step 1. Average passby levels at 50 feet are computed for both bus
types (transit and inter-city buses). These data are pre-
sented@ in Table 6-6.

Step'2. - The distances from a typical bus passby at which these levels
are decreased in steps of 5 dB are calculated (Figure 6-10).
:These dilstances ate assmﬁed to begih from the center of the
roadway since, on most roads, buses travel both directions
in equal frequency.

Step 3. The number of people living in each 5 dB band from the 50-foot
passby level is calculated by multiplying the population
density of each land use in which the buses operate by the
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width of the 5 dB bands (calculated in Step 2) and then by
the number of miles traveled within the given land use by
buses. Depending on the land use, the first 40 to 90 feet
on each side 6f the center line is assumed to be part of the
roadway and adjoining sidewalk, and thus it is assumed to
" contain no people. '
Step 4. The average sleep iméact is calculated in each of the 5 dB
banc}s. The impact, expressed as a fraction, is found from
a curve relating sleep impact to passby noise level (Figure
6-16 and Figure 6-17). This procedure is analogus to the
fractional impact method presented in Part 6.2.
Step 5. The relative tot;al impact is computed in each band by
‘ multiplying &e number of people living in each band {from
- Step 3) by the associated f.raétional impact (from Stép 4} .
wé shall now discuss in detail the steps outlined above, starting with
Si:ép 2 , Since Step 1 has been previously defined.
Step 2 - For the purpose of analyzing bus passby neise in this
_s.éction, each of the four land uses discussed in Part 6.2 is assumed
t-idlhave a si.mplified mix of hiéﬁ-rise, low-rise, and open-space areas
{Table 6--19?1 which correspond to different propagation laws. The com—
putation of the distance between each 5 dB band of attenuation from the
bus roadv-véy involv‘es aetefmining the noise atténuation characteristics

typical of each area. In urban high-rise areas the building density may

be so great that the noise from a point source, such as a bus, located
in the middle of an intersection, decays in the lateral direction as if

the vehicle were a line source: the acoustical waves have little chance
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Table 6-19

Assumed Mix of Building Types and Land Uses impacted by Buses

Percent of Different Types of Building Development
Corresponding to Different Propagotion Laws*

Land Use High-Rise ‘Low=-Rise Open Space
High Density Urban 100 0 0
Low Density Urban 50 50 0
Suburban 0 100 0

0 0 100

Rural

*
See Figures 6-12 through 6-14
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to dissipate in the direction parallel to the bus's line of travel
(Figure 6~11}. In low-rise areas, the noise travels more radially
and the attenuation is correspondingly greater. In addition to these
two forms of laterally directed geometric spreading, building, ground,
and air absorpt:i.on also contribute to attenuation. A recent review .

of the literature on urban sound propagation produced the attenuation
) B 22

values for t{affic line sources shown in Figure 6-12, Applying the
same excess attenuation values to point source spreading losses yields
the cﬁrves of Figure 6-13. As a simplification, all low-rise areas
are éséumed to have point source attenuation characteristics and all
high-rise areas are assumed to have line source characteristics,

The attenuation of noise in rural areas alsc involves many
factors (Figure 6-14). The low density of buildings in rural areas
allows the neglection of building reflection and absorption, so that
the distance computations are straightforward,

The build-up of reverberation in the longitudinal direction
(along the path of travel of the bus) must alsc be considered as a
factor in the propagation of passby noise in high-rise areas. Pigure
6-15 shows the apparent amplification of noise level due to rgveberant
buildup on narrow streets completely, or nearly completely, bounded by

38
buildings. The amplification of the noise level will occur when buses

ate traveling along streets bounded by buildings less than 78 feet apart.

39, 40

In a survey of twenty metropolitan areas, it was found that dis-

tances between building fronts vary widely within each city. In Boston,

for example, some building fronts are 50 feet apart, while others are 120

feet apart. Although there are thoroughfares in Eastern and Mid-western
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 found.

cities with building fronts less than 78 feet apart, it is estimated
that these do not constitute the vast majority of public bus routes.
Western cities, as a rule, have constructed streets with building fronts
farther apart than Eastern and Mid-western cities, Thus, reverberant
amplification along bus routes was excluded from the analysis used in

this study.
Step 3 - Once the 5 dB band distances are known, the number of -

‘people living within each band can be found by multiplying the bandwidth
-area by the average population density of the locale. The three urban -
‘densities and one rural density which have been selected are shown in .

{Table 6-20, The densities are converted to people per mile of road per

foot from the roadway. Thus, by multiplylng by the appropriate distance

ffrom the roadway, the total number of people per mile of roadway can be

Step 4 = The fractional impact of the disruption of sleep by

Enoise is given in Figure 6-16 where the frequency of no sleep distur—
fbance (as measured by changes in sleep state, including behavioral -
“awakening) is plotted as a function of the Sound Exposure Level (SEL) of

“the intruding noise. Likewise, the frequency of behavioral awakening as

a function of SEL is shown in Figure 6-17. These relationships, adapted
from Figures 1 and 2 of reference 36, consist of data derived from & re-
view of most of the recent experimental sleep data as related to noise
exposure. The curves, which indicate the approximate degree of impact
(peccent dlsruption or awakening) as a function of noise level, have

been modified somewhat from those contained in References 35. {Note that

*Personal Communication, J. 5. Lukas, July 1976
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Table 6-20

_ “Population Densities for Selected Areas of Bus Operation

Urban
Lu.nd Use Area |* High Density | Low Density Suburban Rural

7 e:of Housi 51 | Dense and Urben Row Suburban S'i;ngle

P : vsing Very Dense Apartments Single Family Family

: Urban - and Suburben | Detached Detached
Apartments Duplexes .

Percentof the |  B.7 24,9 66.4 -
1970 U.S. Urban '
Popu]utfon5]
Aver?ago Popula= |- 20,877 . | 8,473 2,286 20 'f
ulation per Square [0 o .
'Mllo:24
Popuiafion per 7. 908 3,209 856 .0076

Mile of Road per
Feoot from Road-~
way (Both Sides)
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= 95 dB is an extrapolation
= 70

in Figure 6-17, the relationship beyond SEL

of data., However, indoor SEL's from bus passbys rarely exceed SEL

dB.) Furthermore, the noise data contained within these studies were

measured in terms of “effective perceived noise level" with a reference

duration of .5 gecond {EPNL 5 gog)+ EPNL g5 geo iS converted to SEL by

the following approximate relationship:

- 8BL = E}}?NL.5 sec -16 dB {10)
The SEL is defined ast
t
SEL = 10910 P(t)2
ofp2 @ (11)
[+
where
t is the duration of the noise
- P{t) iz the A-welghted sound pressure
and

P_ is the reference pressure (20 micropascals}.

For triangular time histories such as vehicular passbys, an approximation

is
| SEL = Iy Lla log o t/2 (12)
where :
Loax is the maximum A~weighted sound level
and

t iz the duration in seconds measiced between the "10 dB down"

points where the sound level is’ equal to L.y ~10.

Based on the urban and rural attenuation curver (Figures 6-12 through

6-14), an observer located 50 feet from the roadway would find t = B
5

seconds for an average bus speed of 15 mph. In rural bus operation on
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main roads where the average speed is likely to be twice this value
but the excess attenuation is less, it is found that t = 6 seconds.
These durations are increased to 17 and 14 seconds, respectively, at
distance of 100 feet from the road. The difference between the longer
and shorter durations shifts the SEL by 3 to 4 dB which changes the
fractional impact of sieep disruption by only 4 to 5 percent. It was
therefore decidaed to use an average value of 10 seconds as the passhy
duration for all buses in the analysis. Selecting this duration sim-
Flifies equation (12) to:

'SEL:= L.+ 7.0 S : (13)

" Using the average passhy levels given in Table 6-6 for Linax’
the SEL's were found for each bus type. To determine the resulting
SEL inside the home the following transmission losses were épplied
to the propagated noise levels, depending on land use.

‘1. A noise level reduction of 20 dB was used for high and

low density urban areas. to represent the case in which,
(because of the type of building construction) windows
of half of the homes are open and half of the homes are
c:lo.tsgedt.S
2. A noise level reduction of 15 dB was used for suburban
and rural areas to represent the case in which the
windows of all homes are openr.s
Step 5 - The equivalent noise impact (ENI) for sleep disturbance was
derived for each of the regulatory schedules and study years under
investigation. The PI equations for sleep disturbance and sleep awak-

ening are included in Figures 6-16 and 6-=17. Table 6-21 presents the
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total sleep disturbance ENI per night as a function of requlatory
schedule summed over all land use areas for various years. Table 6-22
shows the percent reduction in potential sleep disturbances brought about
by each regulation schedule with reference to the no regulation case.

Table 6-23 shows the total potential sleep awakening ENI occur-

ring per night as a function of regulatory schedule for all land uses.
Table 6-24 shows the percent reduction in potential sleep awakenings
brouwght about by each regulation schedule with reference to the no requ-

lation case.

In order to more fully explain the contents of Tables 6-23 and
6-24 an example follows. In Table 6~23, by consulting the year 2000
column, it Is found that for regulation schedules 3 and 12 the sleep

awakening ENI due to buses are reduced to 27.88 million and 15.52

million per night respectively. fTherefore, the relative difference in

ENI between the twe schedules in the year 2000 is 12,36 million per
night. {Regulatery noise levels and dates of implementation for all

schedules are shown in Table 6-1.) Table 6-24 indicates the percent

reduction from the baseline level, 30.38 million (regulation schedule

1, 1979 shown in Table 6-23). Thus, the 27.88 million ENI value for

regulatory schedule 3 from Table 6-23 translates into a B.23 per cent
reduction while the 15.52 million ENI value for regulaticn schedule 12

translates into a 48.91 per cent reduction from the baseline, a differ-

ence of 40,68 per cent between the two schedules, The above procedure

can be used to asgess the relative differences among any group of regu-

latory schedules for any of the years shown in the tables. Furthermore,

the tables presented throughout this analysis (Section 6) follow the
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Table 6-21

Sleep Disturbance ENI Due to Bus
Passbys in All Land Use Areas

Sleep Disturbance ENI {Millions Per Night)*

Exterior Calendar Year
Regulation
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
1 247.,0 247.0 247.0 247,0 247.0 | 247.0 247.0 | 247.0.
2 245.13 | 241,92 | 239.21 | 237,09 | 235,18 | 233.07 | 228.49 | 227.19%
3 247.00 | 245,13 | 241.92 | 239,21 | 237.09 | 234,38 | 231,43 | 229.72
4 247,00 | 241.83 | 232,49 | 224,57 | 217,77 | 209.32 | 199,95 [ 187.42
5 247,00 | 247,00 | 241,33 | 232,49 | 224.57 | 214,16 | 203,38 | 196,45
6 245,13 | 238,47 | 229,76 | 222,08 | 215.66 | 208,01 | 199,17 | 187.38
7 245.13 | 241.92 | 235.74 | 227,46 | 220,83 | 212,34 | 202.76 | 196.39
-8 245,13 | 238,47 | 229.76 | 217.80 | 207.37 | 194,78 | 172.65 | 162.20
9 245,13 | 241.92 | 235,40 | 225.28 | 214.90 | 201,11 | 186.52 | 174.46
10 245.13 | 238.47 | 229.76 | 218,28 | 207.12 | 192,03 | 165.80 | 152.43
11 245,13 | 241.92 | 235.74 | 224,49 | 212,72 | 197,07 | 178.75 | 164.42
12 245,13 | 238.47 | 229.76 | 222,08 | 207.37 | 188.86 | 156,69 | 140.32
13 245,13 | 241,92 | 235.74 | 227.46 | 213,08 | 194,10 | 169.66 | 151.49
14 245.13 | 238.47 | 229.65 | 217.80 | 203,51 | 185,82 { 154.39 | 138.89
15 6.99 ' 6.99 - 6,99 6.99 6.99 6.99 6.99 6.99

#Walues include potential for multiple disturbances per night for
individuals near bus routes
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Table 6§-22

Percent Reduction in Sleep Disturbance

ENI Due to Bus Passbys

Percent Reduction in Sleep Disturbance ENI

Exterior

_ Calendar Year -

Regulation [— — —
Schedule 1979 1981 1983 loas 1987 1990 | 1995 . 2000
1 0.00 | 0.00 |- 0,00 0.00 0.00 | . 0.0C 0.00 0.00
-2 0.76 | 2.06 3.15 4.01 4.79 | - 5.64 | 7.49 8,02
3 0.00 0.76 | 2.06 3.15 4,11 5.11 4 6.30 7.00
4 10.00 2.09 5.88 9.08 11.84 15.26 19.05 | 24,12
5 0.00 0.00 2.09 5.88 | . 9.08 13.08 17.66 | 20,46
6 0.76 3.45 6.98 10,09 12,69 15.79 19.36 24,14
7 0.76 2.06 4.56 7.91 10.60 14.03 17.91 19,64
8 0.76 3.45 6.98 11.82 16.05 21.14 30.10 34,33
9 0.76 2,06 4,56 8.79 13.00 i8.58 24.49 29,37
1o 0.76 3.45 6.98 1,22 16,15 22,26 32.87 38,29
1 0.76 2.06 4.56 9,12 13.88 20,21 27.63 33,43
12 0.76 3.45 6.98 10.09 16.05 -| 23,54 36,57 43,19
13 0.76 2,06 4,56 7.91 13.73 21.42 31.31 38,67
14 0.76 3.45 6.98 11,82 17.61 24.77 37.50 43,77
15 97.17 97.17 97.17 97.17 97.17 97.17 97.17 97.17
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Table 6-23

Sleep Awakening ENI Due to Bus Passbys
in All Land Use Areas

Sleep Awakening ENI (Millions per Nightf

:  Exterior _ Calandar Year -
Regulation -
. 8Schedule 1979 1581, 1983 1985 1987 1990 . 1995 2000
1 30,38 30.38 30.38 30.38 30,38 30.38 30,38 30.38
2 30,11 29,65 29.25 28,95 28,67 28,37 27.76 27.54
3 30.36 30.11 29.65 29,25 28,95 28.55 28.13 27.88
4 30,38 29.48 27.89 26.57 25.47 24,11 22.63 21,20
5 30,38 30.38 29.48 27.89 26,57 24,97 23.16 22.19
6 30,11 29.00 27.50 26.21 25,17 23,95 22.53 21.19
ki 30.11 29,65 28,60 27.18 26,07 24,67 | 23,08 22,17 -
8 30.11 29,00 27.50 25,45 23,75 21,99 19.38 18,19
9 .| 30,11 | 29.65 28.60 27.18 .26,07 24,67 23.08 22,43
10 . 30,11 29,00 27.50 25,72 23.70 21,64 18.62 17.11
11 3c.11 29,65 28.60 26.63 24.64 22,29 20.02 18.37
112 - 30,11 29,00 27.50 26.21 23,75 21.23 17.57 15,52 -
13 30.11 29,65 28.60 27.18 24,70 21.91 19.00 16.80
14 30,11 29,00 27.50 25,45 23.11 20.84 17.30 15,34
15 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
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Table 6-24

Percent Reduction in Sleep Awakening ENI
Due to Bus Passbys

Percent Reduction -in Sleep Awakehing ENI

calendar Year

Exterior
Regulation : -
Schedule . 1979 - 1981 1583 1985 1987 1890 - 1995 2000
-1 0.00 0.00 .0.00 0.00 0.00 0.00 ~0.00 - 0.00
2 0.91 2.42 3.72 4.71 5.64 - 6.63 8.63 9,37
3 0.00 0.91 - 2.42 3.72 4,70 6.02 - T.4) - 8,23
4 0.00 2.96 8.21 12,55 16,19 20.63 25.52 30.24
5 0.00 0.00 2.96 8.21 12.55 17.81 23.78 26,95
6 0.91 4.57 9,48 13.72 17.16 21.22 25.85 30.26
-7 0.91 - 2.42 5.86 10,55 14,21 158.81 24,04 27.02
8. 0.91 4,57 . 9.48 16,23 21.85 27.62 36.23 40,12
9 0.91 2,42 5.86 11.88 17.66 25,00 31.19 35,73
10 0.91 4,57 9.48 15.36 21,98 28.78 38.72 43,70
11 0.91 2.42 5.86 12.36 18.50 26.64 34.09 39,53
12 0.91 4,57 9.48 13.72 21.85 30.12 42.18 48.91°
13 0.91 2,42 5.86 10.55 18.70 27.90 37.48 44.72
14 0.91 4.57 9,48 16.23 23.95 31,40 43.06 49.53
15 100.00 | 100,00 | 100.00 | 100.00 100.00 100.00 ( 100.00 100,00
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same general pattern as Tables 6-23 and 6-24 for all exterjor bus nolse
ENI calculations and all interior bus noise ENI calculations. The only
major difference is that in the case of interior bus noise ENI, Table
6-2 should be consulted for the interior bus noise regulatory levels
and their respective implementation dates.

The potential eguivalent number of sleep disturbances and sleep
awakenings categorized by bus type (transit, intercity) and land use
are presented in Appendix F (Tables F-24 through P-35),

The data presented in this section and in Appendix F concerning
reductions in potential sleep disturbances and sleep awakenings are
measures of people times events. One person impacted (e.g., awakened}
10 times is equivalent to 10 people being impacted one time each.

It should also be noted that the individual bus passby noise
impact analysis examines the effects of reducing bus noise alone, and
hence does not take into account the presence of other noise sources in
the environment, It is obvious that other environmental noise sources
create background noise over which in many situatiocns bus noise will not
intrude. The benefits presented in this analysis represent the benefits
accrued during those times when the bus noise clearly intrudes over an
ambient level, The absolute sleep disturbance and sleep awakening impact
attributable to buses is dependent, of course, on the background level
assumed, However, the per cent reductlon of ENI (Tables 6-22 and 6-24)
is representative of the relative reduction of bus noise impact over any
given ambient level. For a more precise description of the absolute
number of people impacted by nighttime bus noise, computer plots are
presented in Appendix F (Figures F-1 through F-B) showing, for each of
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the study years, the number of people exposed to various bands of noise .

measured in terms of the SEL inside their homes for each regulatory

schedule,
2dditional analyses are underway to examine the absolute impact

of individual bus passbys assuming various background noise levels.

6.3.2 Speech Interference

Unlike the disruption of sleep, the interference of speech,
i.e., conversation, cccurs when people are both indoors and outdoors.
For the purposes of this analysis, it was assumed that virtually all
conversation takes place dur_ing the daytime hours; thus, only "daytime"
(7 a.m. to 10 p.m.) bus operations were considered to contribute to
speech disruptions, whereas only "nighttime" operations were considered
to contribute to the disruption of sleep. 'This assumption pertains to
all types of buses in the speech impact analysis.

People can have thelr conversation disrupted by externally
propagating bus noise in at least three major settings during the day:
as pedestrians on the street, as residents inside their homes, or as
residents who are involved in leisurely activity just outside their

Three different approaches are required to assess the impact
Each approach will be examined

homes.
of these three different situations.

separately. In the discussions that follow, "inside the home" and
"outgide the home" should be taken to mean, respectively, "inside any
building" and "outside any building but not along a street.”

6.3.2.1 Pedestrian Speech Interference

Approximately 149 million people live in urban areas of the

24
United States according to the 1970 census. Bxtensive information on

pedestrian travel is not available to estimate the portion of the urban
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population which experiences bus noise as a pedestrian., However, for
the purposes of this discussion, a rough estimate of one-half mile of
travel per person per day may be assumed. A iarge fraction of the popu-
lation is probably too old or too ydung to walk even a ténth 61—7 this
value per day. Yet many healthy urbanites of young or middle age may
walk as much as a mile or more each day. Bué stops are typically spaced
1/2 mile apax:t:‘.:l5 'i‘he average distance from a person's house stationed
along a bus route to the nearest bus stop is then about 1/8 mile. An
‘average bus passenger thus walks a total of 1/2 mile each day going to

and from the bus stop at which I:he_ passenger alights. For people who

‘do not ride buses, a 1/2 mile per day average walk would be equivalent

to driving to work in a car and walking two blocks (1/8 mile each) to

and from a restaurant for lunch. This walk may be assumed to take place

‘ along main streets, and therefore these people are also exposed to bus

noise.
Table 6-25 gives the step-by-step rationale for the derivation
of the number of pedestrians exposed to bus noise used in this analysis.

From the point of view of the pedestrian, two average maximum

“passby levels are conéidered to occur for each bus type: (1) the level

measured when the bug is passing by on the same side of the street as

‘the pedestrian (10 to 15 feet away), and (2) the level measured when

the bus passes by on the opposite side (60 to 75 feet away). The exposure
level occurring in the first case can be estimated from data on transit
bus levels at 3 feet:?2 Under the acceleration mode a maximum passby
level of 97 dB is reported. This level represents approximately a 4

dB increase per halving of distance from the average acceleration level

6-11



Table 6-25

Derivation of the Number of Equivalent Pedestrian-Impacts
Due to the Disruption of Speech by Bus Passby Noise

*Employed non—agricuitural civilians in 1973.

6-72

| ) Transit| School |Inter-City Derivation B
' 1, Daytime Vehicle Miles | 1450 478 25 Reference 1 . |
! Traveled on Urban
| Streets (Millions per
! Year, 1973)
2, Vehicle Miles Per Day | 8.28 2.73 4 (1) = (480,000 St, Miles)
Per Street Mile *
- = (365 Days)
3. Pedestrian Miles - 40,000,000 (80 Million Workers)*
Traveled Per Day on % (1/2 Mile/Day
Urban Streets Walk Per Worker)
4, Pedestrian/Street 1.85 {3) ~ (480,000 St. Miles)
Mile '
= (3 mph Pedestrian
. Velocity
7 ~ {15 Hours/Day
5. « Pedestrian-Impact 15.3 5.05 .26 {2) x (4)
Events Per Street
Mile Per Day
6. Average Fractional .68 .52 .81 From Table 6-26
Speech .Impact
7. Equivalent Impacts 5,0 1.3 ] {5) % (6)
(mi114ons per day) x (480,000 St. Miles)
24




15
at 50 feet of about 8] dB, Assuming the same attenuation figure can be

applied to the noise levels produced under other operaticnal modes as

well, the average maximum passby levels can be computed for buses on

either side of the street. The estimated values are given in Table 6-26.

The criteria for outdoor speech interference is shown in Figure

T6-18 as a.function of the level of an interfering noise. (Note that

the appropriate noise metric for the criteria is an Igq occurring for

:'the dubétion of Ehe paSsby;'faEher than the SEL of the event.) The

ENI speech for pedestrians is obtained by finding the fractional impact

‘proéhééd by t@e averége'passby level of each bus type (Tébie 6-26) and.
'mﬁlfiPIQing byzﬁheTnumber of-ﬁédestfians impaéted (Table 6-25). Reduc-

Huéidné]of‘bds'ievelé-ﬁeasﬁréd‘at 50 feet were assumed to yield equal

reductions inilevels measured ‘at the distances from the bus at which ,
i : .
pedestrians are exposed. The effect of various regulations on the

. prééicted equivalent number of pedestrians impacted by bus hoise inter-

fering with speeqh;is given.in.Table 6-27. The percent reduction in

ENI is given in Table 6-28.

6.3.2:2 ‘Residential: Speech Interfgrence"‘

The interfefence of convegsafién between ééople located in or
near their homes involves both indeor and outdoor situations. For the
outdoor case, the same criteria used in the pedestrian impact analysis
was again utilized, In this case, however, disruptions only occur
beyond 40-90 feet from the bus, depending on land use, and they are
measured out to the point. where the bus passby level is egual te the
background level. In this assessment, an outdoor cutoff background

level of 55 dB, and an indoor cutoff level of 45 dB are used. Although
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Table 6-26

Average Maximum Passhy Levels to wWhich Pedestrians Are Exposed
and Fractional Speech Impact, by Bus Type and Location of Passby

Location of Passhy

" Bus Type

Trangit

School

‘Inter-City

Average Maximum Passby level (dBA)

Bus on Same Side of Street 81.6 80.4% 85.5

as Pedestrian

Bus on Opposite Side 74.0 71.3% 77.0

of Street - o
Fractional Speech Impact*#

Bus on Same Side of Street 1.0 .94 1.0 -

Bus on Opposite Side L35 Jd00 .62

of Street ‘ _ _

Arithmetic Average .68 .52 .81

*Levels weighted 97 percent gas-powered, 3 percent diesel-powered

school but«:es.14

**prom Pigure 6-18,

a halving of the speaker-listener distance to 1 meter.
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Table 6-27

Speech Interference ENI Due to
Bus Passbys for Pedestrians

Speech Interference ENI (Millions Per Day)

SL-9

Exterior Calendar Year
Requlation : .
Schedule | 1979 1981 1983 1985 1987 1930 1985 2000 -
1 2.44 2.44 2.44 2.44 2.44 2.44 2.44 2.44
2 2.42 2,40 2.37 2,36 2.34 2.33 2,31 2.30
3 2.44 2.42 2.40 2,37 2.36 2.34 2,32 2,31
4 2,44 2,38 2.28 2,20 2,13 2.03 1,93 1.85
5 2.44 2,44 2.33 2,28 2,20 2,09 1.87 1.89
6 2.42 2,35 2.26 2.18 2,11 2,03 i.,92 1.84
7 2,42 2.40 2.33 2.24 2.17. 2.08 1.97 1.90
8 2,42 2.35 2.26 2,12 2.00 1.85 1.66 ~1.54
9 2,42 2.40 2.33 2.22 2.10 1.93 1.73 1.60
10 2.42 2.36 2.26 2.14 2.00 1.82 1.58 1,42
11 2.42 2.40 2.33 2.21 2.07 1.88 1.64 1.48
12 2.42 2.36 2.26 2.18 2.00 1.77 1.46 1.24
13 2.42 2.40 2.33 2.24 2.07 1.84 1.53 1.30
14 2.42 2.35 2.26 2,12 1.95 1.73 1.41 1.20
15 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00
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Table 6-28

Percent Reduction in Speech Interference ENI
Due to Bus Passbys for Pedestrians

Percent Reduction in Fquivalent Number of Speech Interferences

Exterjor , Calendar Year

Regulation ‘ ; ‘

Schedule 1979 1981 1983 - 1985 1987 1990 - 1995 2000
b 0.00 0.00 0.00 0.00 0.00 0.00.| - 0,00 0.00
2 . 0.62 1.64 2.53 3.16 3.76 4.38 5.25 "5.74

3 - 0.00 0.62 1.64 2,53 3,16 4.00 4,88 | 5.38

4 0.00 2.26 6.37 9.87 12,78 16,51 20.77 23,87
5 0.00 0.00 2.26 6.37 9,82 14.13 19,17 | 22,48

R 0.62 3.38 7.22 10.63 13,52 | 16.807] 21731 | 24,59
7 0.62 . 1.65 [ . 4.26 7.93 10,86 14.66 19,13 22,04
8 0.62 3.38 7.22 12.86. | 17.82 23.95 31.94 | - 36.97--
9 0.62 1.65 | . 4.26 9.07 | 13.96 20.61 28.86 34.33
10 0.58 3.29 7.18 | 12,06 | 17.93 25,41 35.30 41,58
11 0.62 1.65 4,26 9.48 15,10 22,77 32,72 39.39-
12 0.62 3.38 7.22 106.63 17.82 27.16 40,12 48.96
13 0.62 1.65 4,26 7.93 14,91 24,36 37.07 46,52
14 0.62 3.38 7.22 12.86 20,01 29.19 41,98 50.82
15 100.00 | 100.00 | 100,00 | 100.00 | 100,00 | 100,00 | 100.00 | 100,00
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average urban ambient noise (Ldn) tends to be about 5 dB greater than

th;e assumed outdoor background level, a concerted effort to reduce motor
vehicle noise in the future would make the 55 dB level a more appropriate
figure to use for this analysis.

Propagation loss is computed for each land use category in the
same manner as was discussed in Part 6.3.1. First, the distancés from
the road at which the passby noise levels f£all off in 5 dB steps are
computed. Then the number of "people" per mile living within each band

iz derived. Finally, the relative impact is fractionally calculated

‘using the criteria shown in Figure 6~18. This number is multiplied by

the number of bus miles traveled during the time in which people are
estimated to be cutdoors each day (.4 hours, i.e., 2.7 percent of the
day?s to give the total ENI due to outdoor speech interference.

The potential ENI for outdoor speech interferences per day is
given in Table 6-29 for the 15 regulatory schedules. The reductions
in ENI obtalned with these requlations are tabulated in Table 6-30.

It should be noted that "people outdoors" does not include pedeétrians,
or.-l people engaged in other forms of transportation during the day.
Rather it is intended to include those time-periods in which people are
telaxing outdoors -~ either outside a home, business, or cultural insti-
tution,

Indoor speech interference is assumed to ocecur when bus noise
propagates through walls of residences or buildings and remains above a
typical indoor background level of 45 dB. The criteria of impact for
indoor speech interference is aqiven in Figure 6-19. The curve is based on

the reduction of sentence intelligibility relative to the intelligibility
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Table 6-29

Speech Interference ENI Due to Bus Passbys for People OQutdoors

Speech Interferences ENI (Millions Per Day)

Exterior Calendar Year
Regulation ~
Schedule 1379 1981 1983 1985 1987 1950 - 1995 2000
1 13.11 13.11 13.11 13.11 13.11 13.11 13,11 13.11
2 13.00 12.82 12,66 12.55 12.44 12.31. 12,14 12,05
3 13,11 13.00 12,82 12,66 12,55 12.39 12,22 12.13
4 13.11 12,71 11,98 10,15 9,53 9,02 8,56 8.13
"5 13.11 13,11 12,71 11.98 | "10.15 9.27 8,73 8.39
6 13,00 12,51 11.83 9.97 9.39 8.97 8,52 8.10
7 13.00 12.82 12,36 11.70 - 9.92 9.21 8.7 8.37
8 - 13.00 12.51 11.83 9.52 8.88 8.25 7.26 6.74
9 13,00 12.82 12.36 10.30 9,29 8.59 1.76 7.10
10 13.00 12.51 11.83 9.68 8.87 8.09 6,91 6.24
11 13.00 12,82° 12.36 10,22 9.17 8.37 7.31 6.58
12 13.00 12.51 11.83 9.97 8.88 7.92 6.42 5.49
13 12.00 12.82 12.36 11.70 9.19 8.21 6.85 5.84
14 13.00 12,51 11.83 9,52 8.67 7.74 6.28 5.39
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Table 6-30

Percent Reduction Speech Interference ENI
Due to Bus Passhys for People Outdoors

Percent Reduction in Speech Interference ENI

Exterior Calendar Year
Requlation -
Schedule 1979 1981 1983 1985 1587 © 1990 1995 2000
g 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~.0.00.
2 0.85 2.21 3.39 4.27 5.11 6.09 T.42 8.08
3 0.00 0.85 2.21 3.39 4.27 5.45 6.78 | . 7.49
4 0.00 3.05 8.57 22.57 27.26 3l.22 34.659 37.95
5 0.00 0.00 3.05 8.57 22.57 29.25 33.39 36.03
6 0.85 4,54 9,74 23.94 28,33 31.56 34.97 38.22
7 0.85 2.21 5.72 10.74 24.31 | 29,76 33.64 36.16
8 0.85 4.54 9.74 27.39 32,22 37.09 44.64 48.60
9 0.85 2.21 5.72 21.42 29,09 34.45 40.76 45.80
10 0.85 4,54 9.74 26,17 32,31 38.24 47.29 52.40
11 0.85 2.21 5.72 22.06 30.01 36.14 44.23 49,83
12 0.85 4.54 9,74 23.94 32.22 39.59 50.99 58.11
13 0.85 2.21 5,72 10.74 29.86 37.38 47.76 55.42
14 0.85 4.54 9,74 27.39 33.83 40.92 52.06 58.89
15 100.00 | 100.00 | 100.00 | 100,00 | 100.00 | 100.00 | 100.00 | 100.00
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which would occur at 45 dB. If people are conversing indoors during

the time a bus is passing by, the probability of a disruption in com-
munication is given by Figure 6-19. Before the fractionai impact is
computed, the same reductions in the passby levels due to transmission
through walls which were used in Part 6.3.1 must be taken into account.
puring times when buses are not passing by, no bus-related speech inter-

ference occurs. It is estimated that people spend an average of 13

daytime hours inside each day, i.e., they spend about B6.7 percent of

33
the day inside. Taking this fraction of the daytime bus vehicle-miles,

we can compute the indoor speech impact. The estimated ENI for indoor
speech interference is given in Table 6-31, and the percent reduction
is given in Table 6-32, BAdding these impacts to the pedestrian and
outdoér impacts described above gives the total estimated potential

ENI due to the interference of speech by bus passbys shown in Table
6-33. The associated percent reductions are shown in Table 6-34. 1In
Appendix F,'Tables P=36 through F-38 present the reduction in speech
interference ENI categorized by the major bus types (transit, intercity

and achocl).

The actual levels to which people are exposed in the areas of

- gpeech impact described above are of interest for analyzing the daytime

effects of bus passby noise. Appendix F contains figures (Figure F-9
through F-16) which show the average maximum passby levels to which the
daytime population of pedestrians, people indoors, and people located
outdoors are exposed. Each graph is a plot of the distribution of popu-
lation by éxposure level for a given year. Again, the differences become

more noticeable as the years progress.
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Table 6-31

Speech Interference ENI Due to Bus Passbys for People Indoors

Speech Interference ENI (Millions Per Day)

Exterior Calendar Year
Regulation . ' .
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
: 1. 0.01. | 0.01 0.01 0.01 0.01 0.01 0.01 0.01
2 0.01 0,01 0.01 0.01 g.01 0.01 0.01 "1, 0,01
3 0.01° | . 0,01 0.01 0.01 0,01 [ 0,001 { 0.01 0.01:
4 " 0.01 0,01 | 0.01 "~ 0.01 p.or |' ¢,00 | 0,01 | 0.00
5 0.01 0.01 0.01 0.01 0.01 0.01 0.01 © 0,01
6 0.01 0.01 0.01 0.01 0,01 - 0.01 0,01 | 0.00
: 7 0.01 0.01 0.01. 0.01 . 0.01 | 0.01 0.01. [ 0.01L
X B C0.01 0.01 0.01. 0.01 0.01 | 0.01 . 0.00 .. 0.00
- " 0.01 0.01 0,01 S 0.01 0.01 | o0.01 | 0.01 ©0.00
10 0.01 0.01 | 0,01 ©0.01 .01 . 0.01 [ 0.00 [ 0.00
- 1) » 0,01 | 0.01 ¢.01 - 0.01 | 0,01 0.01 0,01 0.00
12 0.81 0.01 0,01 0.01 0.01 0.01 0.00 0.00
13 0,01 0.01 0.01 0.01 0.0l 0.01 0.01 0.00
14 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00
15 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00
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Table 6-32

Percent Reduction in Speech Interference ENI Due to
Bus Passbys for People Indoors

Percent Reduction in Speech Interference ENI

Exterior. Calendar Year o .
Regulation . — —
Schedule: 19719 1981 1983 1585 1987 1950 - 1985 | 7 .2000
o1 0.00 .00 0.00 ..0.00 0.00 0,00 ~0.00 10,00
S 2 2,39 6.44 11.27 15.49 | 19,14 23,76 | 40.00.| 49.56
-3 0,00 | . 2,39 6.94 11.27 15.49 20,79 35.48'| 41.74
4 0.00 .3.43 10.12 17.32 24,13 33.17°| %0.39 80.07
5 .0.00 | , 0,00 3.43 10.12 17.32 .27.30: 45,05 | 76.05
6 2.39 7.97 15,23 22,06 28,51 36.96 51.90. 80.55
7 2,39 6.94 12,70 19.77 | 26.34 38.14 50,98.| 78.74
] 2.39 7.97 15,23 23.26 30.89 41.36 80.45 82,82
9 2.39 | 6.94 12.70 20.31 28.07 38.590. 78.80 ‘80.89
10 2.39 7.97. 15,23 22.87 30,94 42,38 81.02: 83.51
11 2,39 6.94 12,70 20.53 28,72 40,29 80.75 82.07
12 2,39 7.97 15,23 22,06 | 30.89 43,50 81.85 84.58
13 2,39 6.94 12.70 15.77 28.62 41.36 82,60 84,10
14 2.39 1.97 15.23 23.26 31,97 49,95 8l.48 84.70
15 100,00 | 100,00 | 100.00 |10 0.00.{100.00 100.006 | 100,00 | 100.00
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Table 6-33

Speech Interference ENI Due to Bus Passbys for
Pedestrians, People Indoors, and People Qutdoors

- .8peech Interference ENI (Millions_ Per Day}

Exter ior Calendar Year -
Regulation - —

Schedule 1979 1981 1983 1985 1987 1990 1595 2000
1 15,55 15.55 15.55 | 15.55 15.55 15.55 15.55 15.55
2 15.43 15,22 15.05 | 14.92 14.79 14.65 14.45 14.35
3 15.55 1%,43 15,22 | 15.05 14,82 14.74 14.54 14.44
4 15.55 15.10 14.28 12,36 1.7 | 11.06 10,50 9.99
- 15.55 15,55 15,10 | 14.28 12.36 11.37 10.71 10.28
6 15.43 14.88° 14.10 | 12,16 11.51 11.00 10.45 9.96
7 15.43 15.22 14,70 | 13.95 12,10 11.29 10.70 10.27
8 15.43 | 14.88 14,10 | 11.65 10,89 10.10 8,92 8.27
9 15.43 15.22 14.70 12.52 11,40 10.53 9.50 8.71
10 15.43 14.88 14,10 | 11.83 10.88 9,92 8.49 7.66
13 15.43 15.22 14.70 | 12.43 11.25 10.26 8.95 8.06
12 15.43 14.88 14.10 | 12.16 10.89 9.70 7.88 6.74
13 15.43 15.27 14.70 13.45 11,27 10.06 8.39 7.15
14 15.43 14.88 14,10 | 11.65 10.63 9.47 7.70 6.58
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 6-34

Percent Reduction in Speech Interference ENI Due to Bus
Passhys for Pedestrians, People Indoors, and People Qutdoors

Percent Reduction  in Speech Interference ENI

Exterior Calendar Year
Regulation :
Schedule 1979 1981 1983 1985 1987 1990 1985 2000
1 0.00 0.00 0.00 0.00 0.00 0.00 -0.00 0.00
2 0.82 2.13 3.20 4,10 4,91 5.84 7.10 7.74
3 0,00 0.82 2.13 3,26 4,10 5.23 6.50 T.17
4 0.00 2,93 8,22 20,57 24,99 28,92 32.35 35.77
5 0.00 0,00 2.93 8.22 20.57 26,08 31.17 33.92
6 0.82 4,36 9.35 21.85 26.00 29,26 32.81 35,95
7 0.82 2,13 5,49 10.30 22.20 27.40 31,20 33.95
8 - 6.82 4,36 9.35 25,11 29.97 35.04 42,67 46 .80
"9 0.82 2,13 5.49 19.49 26.72 32,29 38.89 44.00
10 0.82 4.36 9.35 23.96 30.06 36.23 45.43 50.73
11 0.82 2.13 5.49 20.09 27.68 34.04 42.43 48.20
12 0.82 4,36 9.35 21.85 29.97 37.64 49.31 56.70
13 0.82 2,13 5.49 10.30 21.52 36.34 46.08 54,02
14 0.82 4.36 9.35 25.11 31.66 39.09 50.50 57.65
15 100.00 | 100,00 | 100.00 { 100.00 | 100,00 | 100.00 | 100,00 | 100.00




6.4 REDUCTION OF INTERIOR NOISE IMPACT

Interior bus ﬁoise affects primarily two population groups;
bus operators and bus passengers, Transit and inter-city bus operators
tend to spend more time each day driving their buses than school bus
operators since school transportation is usually only required during
the opening and closing hdurs of school. Typical passender exposure
times are also dififerent for each bus type. Inter-city passengers tend
to take infrequent but long trips, whereas short but recurrent trips
are characteristic-of transit and school bus passengers, Two Kinds of
impact may be associated with interior bus noise: the impact on hearing
for bus operators and passengers, and the disturbance of conversation .
of bus passengers, These impacts are discussed in the following section
along with the reductions which are obtainable with the interior regula-
tion schedules (Table 6-2).

6.4.1 Hearing Loss Reduction

.- Average exposure levels measured in the driver's position and
in-the rear of the bus have been given in Tables 6-7 and 6-8, Since
these levels are averages, an accurate description of the effects of
interior bus noise must include an assessment of those buses which are
much noisier than these levels may suggest, Based on data from EPA
studies, interlor noise levels have a standard deviation of about 2 d8
for buses of the same bus t:ype{5 1f the distribution is normal, buses

producing an average interior noise level of L are distributed about
18
L as follows:

Level (8B} L-4 L~-2 L L+2 L+4

Percent (%) 6.6 24.2 38.4 24.2 6.6

6~B7




Although it is possible that some bus operators and passengers are
exposed to a variety of bus levels and therefore receive the average
noise exposure for a given type of bus over a long period of time, in

many cases passengers and operators may receive higher-than-average or

lnwer~than-average -exposures. This would be the case if a school gystem

were to purchase only one type of bus for lts operations, for instance,
or if ‘bus operators were assigned particular buses for long periods of

time,
‘The distribution of people about an average interior bus noise

level may be estimated in this way for both front and rear seat loca-
tions., Lacking information to the contrary, it may be assumed that half
of the population riding buses of a given type (transit, school, etc.)
receive front seat exposure levels and half receive rear seat exposures,
i.e., half ride in the rear of the bus and half ride in the froht: .In- :
the case where the engine is located in the middle of the bus and middle
seatg receive the loudest exposure levels, as occurs with mid-engine
diesel-powered school buses, the distribution of people by exposure level
will again be broken down into two equal groups - those receiving an

average middle seat exposure level and those receiving an average of the

front and rear seat exposure levels.

The - reduction in the acceleration test interior noise levels

measured near- the engine due to the regulation of interior noise is cal-

culated in much. the same manner as the exterior noise situation, using
33 '
the HINCSAM program.

reductions in the acceleration levels measured under actual operating

These reductions are again assumed to yield egual

conditions. The reduction of deceleration and cruise levels are taken
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from Figure 6-3. Interior noise levels produced in the idling mode are
again expected to remain constant and unaffected by the regulation.
with 'these assumptioné, t'ne calculatibns of the new average interior
noise levels are made for each regulation and study year for the front
and rear seat locations.

The "fbtél number of operators and passengers riding each type
of bus is :cjiven in Table 6-35. To find the equivalent noise impact on
hearing ('ENLIIH)‘ applicable to each populatien group the follogring frac-
tionalization équation is u:sed:13 |

FIH = 0,025 (I 5y ~70) (14)
where
FIH is the representative Noise Induced Permanent Hearing
"Ihresholdéhift {NIPTS) expebted ovef a 40-.-y_ear exposure
.1, - Period averaged over the .5, 1, 2, and 4 kilo hertz
. frequency bands - .
and

I"eq(24) is the equivalent continuous sound level experienced by
the bus operator or passenger over typical 24-hour periods.

To estimate the I‘eq(24) of the bus-riding population it is necessary to
ascertain the exposure levels received while off the bus. While some
data has been collected in this regard for workers in manufacturing in-
dustries, very little data is avallable which would enable an accurate
prediction of the average daily exposures experienced by the great nﬁ-
jority of the population. In order to proceed with the estimate of

Leq( 24) therefore, three non-bus exposures have heen chosen in order to

6-89



Table 6-35

Statistica of Bus Operators and Pagsengers
Estimated for Each Bus Type

Drivers Passengers
Bus Type (thousands) (miles_/giay)
1 4
Tranait . I ao” a : 8.3() R
L (2y (s
School ~ Gas 290 23.0
(2) S (8)
school - Diesel 10 o7
) I C O (6)
24 1.1

Inter-city

9, ‘ ‘
(1.545 x 10 vehicle miles/vr)

(15 miles/hr}. % ({6 work hours/day) x (225 work days/yr))

Assuming approximately one driver per bus. Gas/Diesel breakdown from Ref. 14.
Estimate baged on extrapolation from Class I carrier data in Ref. 27.
Assuning 2 trips per day. Total from Ref. 28.

ReE. 28.. Gas/Dicsel braakdown fram Raf, 14, -

Ref. 27,
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and FIH is i:hereby defined, the estimated ENIH is found by the formula:

cover the possible range of values which may occur: 60 dB, 70 dB, and

80 dB. The Leqg(24) is then calculated using the following formula:

t 10 24~ L_/10
b, I & . In
=10 log % 10 +..4_.._. 10 {15)

Leq(24)

, where

th - 1§ the time spend on the bus per day
-th is the time spent off the bus per day
I : " is the average level of interior bus noise

In is the level of nom-bus exposure

Exposure times for operators and passengers are derived in Table 6~36 for

" each bus type.

Lo -dnce Leq(24) is caleculated for a given interior noise level 13
ENIH =) FIH + P
where
P is the population exposed
The impact of bus noise on potential hearing loss is estimated
for each regulation schedule and assumed non~bus exposure level. Table

6~37 shows the ENIH for bus operators assuming they are exposed to an

energy-average level of 60 @B during the time they are not driving buses.

Table 6«38 shows the percent reduction from the baseline case (regulatory
schedule 1) that each requlation would accomplish. Note that for regula-
tion 15, Interior bus noise is ‘sél:_ t:o an arbitrary health and ﬁelfare
level of 55 dB., Table 6-39 shows the ENIH for operators which would

occut if their non-bus driving exposure were 70 dB, and Table 6-40 shows
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Table 6-36

Duration of Daily Noise Exposure Experienced by

Operators and Passengers, by Bus Type

(3)

Exposure Per Day (Hours)
Operator Passenger
T 5 I T S I Basis For Estimate
2| 2 4 2| 2 4 " Reference 2 ' .
8 8 8 - - _ .-  Assuning a full hrk day
- | 1-2 - - 1-2 - _ il:.)élx.'riv;dlb.._eiow(l)
- - - - - 1-2 & Derived below‘z’
N - - - | Derived below!®
6 2 - 6 2 |2 2 -Assumed” for this report
Key
T fTransit
5§ School
I Inter-_city
(1) (2 bil bus miles/yr £ (15 ~ 30 mph)
+U000 buses) x ~school days/yr)
7.=1 = 2 hours/operator or passenger/day
'{2) (25.6 billion revenue passenger miles/yr) % (30 = 50 mph)

{0.4 billion revenue  passengers/yr)

=:1 - 2 hours/passenger/day

(1.2 billion bus miles/yr) % (40 mph)

{24,000 operators) x (225 work days/vyr) -

= 5 = 6 hours/operator/day
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Table §-37

Hearing Loss ENI Caused By Noise Inside Buses Assuming
a Non-Bus Exposure of 60 dB8 - Bus Qperators -

- Hear ing Ioss ENI (Thousands)

Interior Calendar Year

Regulation —

Schedule 1979 1981 1583 1985 1987 1990 1935 2000
1 11.66 11.66 11.66 11.66 11,66 11.66 11.66 11.66

2. 11.25 | 10.54 10.04 9,713 9.45 9.18 B.84 8.70

3 10.47 8.65 7.26 6.32 5,65 4,99 4.32 4.02

4 11.66 9.96 7.31 5,59 4,48 3.56 2.7 2,38

5 11.25 9.29 6.93 5.33 4,34 3,49 2.75 2.36
6 11.25 9.29 5.79 3.31 1,98 0.87 0.84 0.21
7 11,25 9.29 6.92 3.82 2.31 1.04 0.87 0.22

-8 10.47 8.65 5.75 3.29 1.98 0.87 0.84 0.21
9 11.25 10.54 9.38 6.23 3.50 1.63 0.80 0,22
10 11.25 10.54 8.83 5,58 3.21 1.48 0.86 0.22
1 11.25 9.29 5.79 3.31 1.63 0.40 0.11 0.08
12 11.25 9.29 6.93 3.85 1.93 0.51 0.11 0.08
13 10.47 8.65 5.75 3.29 1.63 0.40 0.11 0.08
14 11.25 9,29 6.93 3,75 1,93 0.5} 0.11 0.08
15 0.00 | 0.00 0.00 0.00 - 0,00 0.00 0.00 0.00




Table ' 6-38

Percent Reduction in Hearing Loss ENI Due to Noise Inside
Buses for Average Non=Bus Exposure of 60 dB - Bus Operators

" Percent Reduction in Hearing loss ENI

Interior Calendar Year
Regulation -
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
1 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 3.57 9.62 13.92 16.58 | 18.97 21.29 29,20 25,37
_ z 3 10.21 25.84 37.73 45.80 | 51.55 57.20 62.95 65.53
b4 4 0.00 14.60 37.29 52,05 | 61.57 69.47 76.22 79.55
. 5 3.57 20,38 40.58 54.26 | 62.79 70.11 76.44 79,75
6 3.57 20.38 50.31 71.59 | 32,99 92.53 92.80 98.18
7 3.57 20,38 40,68 67.26 | 80,19 91.10 92.54 98.10
8 10.21 25,84 50,72 71,76 | 83,00 92,53 92.80 98.18
9 . 3.57 9.62 19,55 . 46,61 | 69,96 86.02 93,14 98.15
10 3.57 9,62 24,31 52,13 | 72.51 | 87.27 92.62. 98.15
11 3.57 20,38 50.31 71.59 | 86.03 96.61 99,06 99,30
12 3.57 20.38 40,58 . 67.00 | B3.43 95,64 99,04 99,29
13 1¢.21 25,84 50.72 71.76 | 86.04 96.61 99,06 99.30
14 3.57 20.38 40.58 67.81 | 83.43 95,64 95,04 99,29
15 100.00 |200.00 |-100.00 | 100.00 |100.00 | 100.00 | 100.00 | 100.00
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Table 6-39

Hearing Loss ENT Caused by Noise Inside Buses Assuming a
NorrBug Exposure of 70 dB - Bus Operators

Hearing Loss ENI (Thousands)

Calendar Year

Interior
Requlation
Schedule 1979 1981 | 1983 1985 1987 1990 1995 2000
1 56.76 56,76 56.76 56.76 .| 56.76 56,76 .| 56.76 56.76
2 55.94 54.54 53.41 52.62 51,88 51,13 | 50.19 | 49.71
3 54.37 50.38 47,05 44,46 42,46 40.20 37.59 36.19
4 56.76 53.32 47.40 42.80 39.11 35,05 30.62 28,16
5 55.94 51.89 46.40 | 41,90 38.46 34.59 30,37 28.02
< 55.94 51.89 43,62 34,92 28,27 21,09 14.17 10.54
7 55.94 51.89 46,38 36,90 29,83 22,12 14,68 10.84
8 54,37 50.38 43.36 34.70 28.09 20.99 14.06 10.52
9 55.94 54.54 51,94 44.59 35.60 25.99 16.65 11.84
10 55,94 54.51 50.81 42.87 34.31 25.11 16.20 11.61
11 55.94 51.89 43,62 34.92 26.52 17.77 9.71 5.95
12 55.94 51.89 46,40 37.03 28.11 18.77 10.17 6.15
13 54.39 50.38 43.36 34.70 26.16 17.68 9.67 5.91
14 55,94 51.89 46.40 35,99 26.82 17.35 8.77 4.90
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 6-40

Percent Reduction in Hearing Loss ENL Due to Noise Inside
Buses for Average Non-Bus Exposure of 70 dB - Bus Operators -

Percent Reduction in Hearing Loss ENI

Interior Calendar Year
Regulation
Schedule 1579 1981 1983 1985 1987 1990 1995 2000
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 1.44 3.91 5.89 7.28 8.59 g.92 11.56 12.41
3 4.20 11.24 17.09 21.66 25,18 29,18 33.77 36.24
4 0.00 6.05 16.47 24.59 31.08 [ 38,25 46.05 50.39
] 1.44 8.58 18,26 26.17 32.24 39.06 40.49 50.63
6 1.44 8.58 .23.14 38.47 50.19 62,84 | 75.03 | 81,43
) 1.44 8.58 18.31 34,98 47.45 61.03 74.15 80.90
8 4,20 11,24 23.61 38.86 50.51 63,02 75.23 81.47
9 1.44 3.91 8,48 21.43 37.28 54,22 70.66 79.14
10 1.44 3,91 10.48 24.47 39,55 55.77 71.46 79.54
1 1.44 8.58 23.14 38.47 53.28 68.69 82.90 89,51
12 1.44 8.58 18.26.| 34.76 50.48 | 66,93 82,09 89.16
13 4,20 11,24 23,61 38.86 53.59 68.86 82.97 89.59
14 1.44 8.58 18.26 36.63 52.7% 69.44 B4,55 7| 91,37
15 100.00 | 100,00 [ 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 1G60.00




the tresulting percent reduction. Tables 6-41 and 6-42 show the comparable
ENIH and percent reduction respectively, for an operator non-bus exposure
of 80 dB. Tables 6-43 thro_ugh' 6-48 show the ENIH and percent reduction
for the same three non-bus expoeufe‘ levels for bus passengers. Appendix
F (Table F—39) contains a percentage breakdown of the contribution to
hearing loee impacts for each major bus type considered in the analysis.
The distribution of bus operators by interior bus ‘exposure level
(level, experienced mdependent of the time of exposure) is presented in
Appendix F (figures .F-l'l ﬁhough- F-34). From these figures i:t is clear
that in the year 1979 there is very little difference between the regula-
tions except for the 1dea11y protective level (55 dBAa) regulatmn number
15, which is assumed to be irnplemented and COlelled with, immediately hy
all buses. As the years progress, however , a shift is noticeable from
the highet to the lower noise bands. Appendix F alsq contains figures
{Figures F-25 ti')goug.h ?—32) sﬁow_ing the distribution of bus passengers
by interior bus exposure iei.rel‘which‘disp.lay the noise band shift again
becoming I_fm:e noticeabie as the years progress. ' ‘

6.4.2 Speech Interference Reduction

. Interior bus noise has a second _impact on people which must bhe
considefed ~ the interference with speech. ‘The implications of speech
interference for paesengere are perhaps not'too great, A conversation
may be'interrupted-for a few seconds as the bus accelerates, for instance,
or a few words may be missed. On the other hand, the interruption of
speech between passengers and the driver during an emergency situation
may have critical implications. A school bus driver should be able to
hear a child in need, for example, regardless of the loud commotion that
usually occurs on school buses.
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Table 6-41

Hear ing Loss ENI Caused by Noise Inside Buses Assuming a Nom-Bus
Exposure of 80 dB ~ Bus Operators
Hear ing Loss ENI (Thousands)
Interior Calendar Year
Regulation
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
1 1414.66] 1414.66 |1414,.66 | 1414.66| 1414.66 | 1414.66 | 1414.66 | 1414.66
2 1413.98| 1412,79 | 1411,83 | 1411.15] 1410.49 | 1409,82 | 1408,97 | 1408,52
3 1412.59 | 1409,07 | 1406.06 | 1403.66 | 1401.77 | 1399.59 | 1397.00 | 1395.57
4 1414.66 | 1411.65 |1406.34 | 1402.04 | 1398.48 | 1394.42 | 1389.77 | 1387.06
5 1413.98 | 1410.43 |1405.44| 1401,20| 1397.86 | 1393,95| 1389,.49 | 1386,90
6 1413.968 | 1410.43 [1402.81 | 1394.22| 1387.13 | 1378.69 | 1369.26 | 1363.43
7 1413.98 | 1410,43 |1405.41| 1396,27| 1396,27 | 1379.98 | 1370.01 | 1363,94
8 2412.5%9 | 1409,07 |1402.56 | 1394,00| 1386,93 | 1378.57 | 1369.10 | 1363.40
9 1413.98 | 1412,79 |1410,52 | 1403,76| 1394.94 | 1384,57 | 1372.86 | 1365.62
10 1413.98] 1412.79 |1409.49} 1402,12) 1393,61 | 1384,55 | 1372.,22 | 1365,25
11 1413.98 | 1410.43 |1402.81 | 1394,22| 1385,14 | 1374.38 | 1362.06 | 1354.51
12 1413.98 | 1410.43 |1405.44 | 1396,38 | 1386,95 | 1375.72 | 1362.88 | 1354.98
13 1412.59 | 1409.07 |1402.56 | 1394.,00| 1384.95 | 1374.26 | 1362.00 | 1354.42
14 1413.98 ) 1410.43 )1405.44 | 1395,.33| 1385.56 | 1373.93 | 1360.60 | 1352.34
15 1315.56 | 1315.5 |1315.56 | 1315.56 | 1315.56 | 1315.56 | 1315.56 | 1315.56

e v e
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Table 6-42

Percent Reduction in Hearing Loss ENI Due to Noise Inside
Buses for Average Non-Bus Exposure of 80 dB - Bus Operators

Percent Reduction in Hearing Losa ENI

Interior Calendar Year

Regulation -

Schedule 1979 1981 1383 1985 1987 1990 1995 2000
1 0.00 0.00 0.00 0,00 0,00 0.00 0.00 "0.00
2 0.05 0.13 0.20 0.25 0.28 0.3 0.40 0.43
‘3 0.15 "0.39 0.61 0.78 0.91 1.07 1.25 1.35
4 0.00 0.21 0.59 0.8% 1.14 1.43 1.76 1.95
5 0,05 0.30 0.65 0.95 1.19 1.46 1.78 1.96
6 0.05 0.30 0.84 1,44 1.595 2.54 3.21 3.62
7 0.05 0.30 0.65 1.30 1.82 2.45 3.16 3.59°
8 G.15 0.39 0.85 1.46 1.%6 2,55 3.22 3.62
10 0.05 0,13 0.37 0.89 1.4% 2,20 3.00 3.4%
11 0.05 0.30 0.84 1.4 2.09 2,85 3.72 4.25
12 0.05 0.30 0.65 1,29 1.96 “ 2,15 3.66 4,22
13 0,15 0.39 0.85 L.46 2.10 2.86 3.72 4.26
14 0.05 0.30 0.65 1.37 2.06 2.88 3.82 4,41
15 7.01 7.01 7.01 7.01 7.01 7.01 7.01 7.01
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Table 6-43

Hearing Loss ENI Caused by Noise Inside Buses Assuming
a Non-Bus Exposure of 60 dB — Bus Passengers

Hear ing Loss ENI'(Thousands)

Interior

Calendar Year
Regulation ‘ ' ' :

Schedule 1879 1961 1983 1985 1987 1590 1995 2000
1 523.89 | 523,89 | 523.89 | 523.89 | 523.89 | 523.89 | 523.89 [ 523.89
2 510.42 | 487.89 | 472.09 | 462.45 | 453,94 [ 445,73 | 435.60 | 431.56
3 488.42 | 432,74 | 389.14 | 358.37 { 335.39 | 311,62 | 285.15 | 271.97
4 523,89 | 473.78 | 391.67 | 333.41 | 290.92 | 249.00 | 209.55 | 190.30
5 510.42 | 451.78 | 378.56 | 324.02 { 285,21 | 245,38 | 208.25 | 189,17

6 510.42 | 451.78 | 340.65 [ 236,65+ 172.59 | 112.24 57.36 32.95
7 510.42 | 451.78 | 378.56 | 261,34 | 187.46 | 122.12 61.53 34.85

8 488.42 | 432,74 | 339.09 | 235,94 [ 172.48 | 112.24 56.85 32.95

9 510.42 | 487.89 | 453,09 | 355.43 | 246.13 | 154.88 77.23 41,27

10 510.42 | 487.89 | 436.94 | 333,03 | 231.91 | 146.69 | 73.53 39.75
11 510,42 | 451,78 | 340.65 | 236,65 | 156.27 83.03 26.97 11.33
12 510.42 | 451.78 | 378,56 | 262.21 | 171.55 91,90 29,49 12.22
13 ©488.42 | 432,74 | 339.09 | 235,94 | 156.22 83.03 26,97 11.20
14 510.42 | 451,78 | 378.56 | 258.94 | 172.31 91,90 29,49 12,22
15 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Table 6-44

Percent Reduction in Hearing Loss Due to Noise Inside Buses
for Average Non-Bus Exposure 60 dB - Bus Passengers .

Percent Reduction Hearing Ioss ENT

Interior : Calendar Year -

Regulation - — : —
Schedule 1979 - 1981 1983 - 1985 1987 | 1990 ] - 1995 | 2OOUL

0.00 0.00 - 0.00 0.00 0.00 " 0.00 0.00 0.00-
2,57 | 6.87 9.89 11.73 13.35 14,92 16.85 | "17.62
6.77 17.40 25.72 31.59 35.98 40.52 45.57 48,09
0.00 | - 9.56 25.24 36.36 44.47 52.47 60.00 63.68
2,57 13.76 27.74 | 38.15 45,56 53.16 60.25 63.89
. 2,57 13.76 34.98 54,83 67.06 78.58 | .89.05 93.711
2.57 13.76 21.74 50.12 64.22 76.69 88.26 83.35
6.77 17.40 35.27 | - 54.96 | 67.08 78.58 89.15 93,711
2.57 6.87 13,51 32.16 53.02 70.44 | 85.26 92.12
2.57 6.87 16.60 | ~36.43 | 55.73 | 71.90 85.97 | 92.41
‘2,57 | 13,76 | ©34.98 | 54.83.| 70.17 | 84,15'| 94.85 97.84
2,57 13.76 27.74 49,95 |- 67.25 82.46 94.37 97.67
6.77 17.40 35.27 54.96 70.18 B4.15 94.85 97.86
2.57 13.76 27.74 50.57 67.28 82.46 54.37 97.67
100.00 | 100.00 | 100.C0 ( 100.00 { 100.00 ( 100.00 | 100.00 ; 1C0.00
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Table 6-45

Hearing Loss ENI Caused by Noise Insidé Buses Assuming a Non-Bus
Exposure of 70 dB - _Bus Passengers’ - ]

Hear ing Loss ENI (Thousands) .

- Calendar Year

. Interior

Regulation - :

~ 8chedule 1979 1981 | 1983 1985 1987 1930 1995 2000
1 3309.03 ( 3309.03 | 3309,03 { 3309.03 | 3309,03 | 3309.03 | 3309.03 | 3309.03
2 3261.77 | 3182.70 | 3118.59 | 3072.44 | 3020,93 | 2986.69 | 2935,44 | 2906.55
3 3188,57{ 2983,13 | 2814,80 | 2681.37 | 25758.88 | 2460,43 | 2327.10 | 2254,27
4 3309,.03 | 3140.39 | 2849,08 | 2619.82 | 2435,11 | 2227.57 | 2001.55 | 1873.21
5 3261.77 | 3058.62 | 2790.12 | 2568.12 | 2396.06 | 2201.33 | 1986.41 | 1866.15
6 3261.77 | 3058.62 | 2669,19 | 2257.19 | 1931.16 | 1563.45 { 1183,28 | 967.64
7 3261.77 | 3058.62 | 2789.76 | 2342.90 | 1998.89 | 1612,78 | 1209.88 | 984.33
8 3188.57 ( 2983.13 | 2651.26 | 2242,23 | 1918,57 | 1555.98 | 1176.21 | 966.16
9 3261.77 | 3182.70 | 3046.72 | 2702,99 | 2281.45 | 2811.12 | 1321.24 | 1046.06
10 3261.77 | 3182.70| 2996,.44 | 2623,77 | 2220,09 | 1765.01 | 1296.26 | 1032,33
11 3261.77 | 3058.62 | 2669,19 | 2257,19 | 1852,13 | 1432,33 | 940.06 | 690,27
12 3261.77 | 3058.62 | 2790,12 | 2350,95 | 1927,62 | 1454.34 | 968.24 | 704,67
13 3188.57 | 2983,13 | 2651,26 | 2242,23 { 1839,99 | 1395,48 | 937.08 | 6B87.17
14 3261.77 | 3058,62 | 2790,12 | 2280,13 | 1839.65 } 1354.08 | B862.95 | 602.28
15 0.00 0.00 0.00 ( * 0.00 0.00 0.00 0.00 0.00
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Table 6-46

Percent Reduction in Hearing Loss ENI Due to Noise Inside Buses

for Average Nom-Bus Exposure of 70 dB - Bus Passengers

Percent Reduction in Hearing Loss ENI

Interior Calendar Year
Regulation - ‘
Schedule 1979 1981 1983 1985 1987 1990 1995 2000
1 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 1.43 3.82 5.76 7.15 8.43 9,74 11,29 12.16
3 3.64 9.85 | 14.94 18.97 22.07 25.65 29,67 31.88
4 0.00 5.10 13,90 20.83 26.41 32,68 39,51 43,39
5 1.43 7.57 15.68 22,39 27.59 33.48 39,97 43.60
6 1,43 1.57 19.34 31.79 41.64 52.75 64,24 70,76
7 1,43 7.57 | 15.69 29.20 39,59 51.26 63.44 70.25
8 3.64 9,85 19.88 32.24 42,02 52.98 64.45 70.80
9 1.43 3.82 7.93 18.31 31.05 45,27 60.07 68.39
10 1.43 3.82 9,45 20.71° 32.91 46.60 60,83 68.80
11 1,43 7.57 19,34 31.79 44,03 57.62 71.59 79.14
12 1.43 7.57 15.68 28,95 41,75 56.05 70.74 78.70
13 3.64 9.85 19.88 32.24 44,39 57.83 71.68 79.23
14 1.43 7.57 15,68 31.09 44,41 49,08 73.92 81.80
15 10¢.00 { 100.00 | 100,00 | 100.00 | 100,00 { 100.00 | 100.00 | 100.00
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Table 6-47

Hearing Loss ENI Caused by Noise Inside Buses Assuming a Non-Bus

Exposure of 80 dB - Bus Passengers

Hearing Logs ENI (Thousands)

Calendar Year

Interior
Regulatory ‘
- Schedule 1979 1981 1983 - 1985 1987 1990 1995 2000
1 81786.20 | 81764.70 | 81764.70 | 81764.70 81764.70 | 81764,70 | 81764.70 | 81764.70
2 81748.92 | B8l686.18 | 91634.14 |. 81596.05 | 81560.29 | 81523,.18 | B1478.38 | 81451.93
3 81689.70 | 81521,.61 | 81381.37 | 81267.43 | 81178.40 | 81072.69 | B80951.12 | B80882.41
4 81786.20 | 81650.54 | 81411.14 | 81217.11 81056.57 | 808670,07 | 80659,07 | 80533.76
5 81748.92 | B81584.72 | B81361.94 .| 81172.20 | 81021.12 | B0845.30 | B0643.39 | 80526.29
6 81748.92 | B81584.72 | 81261.28 | 80805.29 | 80609.12 | 80254,70 | 79855.74 | 79607.71
7 81748.92 | 81584.72 | 81361.41 | 80979.19 | 80670.69 | 80302,13 | 79883.65 | 79626.34
8 81689,70 | 81521.61 | B81244,91 | 80890.64 B0595,99 | 80246,18 { 79847.29 | 79605.54
9 81748.92 | B8l686.18 | B1574.64 | 81289.02 | 80925.43 | 80494,46 | 80003.51 | 79698.95
10 B1748.92 | B1686.18 | 81533.74 | 81222,08 B80871.04 { 80452,54 | 79997.11 | 79683,11
11 81748.92 | B1584.72 | 81261.39 | 80905.29 | 80536.24 | 80094,37 | 79585.07 | 79269.40
12 81748.92 | 81584,72 | B1361.94 | 80986.39 | 80605.58 | B0148.21 | 79617.82 | 79428.15
13 81689.70 | 81521.61 | B81244,9) | 80890.64 | B80523.42 | B0086.24 | 79580.81 | 79264.92
14 81748.92 | 81584.92 | 81361.94 | 80916.80 | 80511.92 | B0025,80 | 79462.38 [ 79107.10
15 77307.69 | 77307.69 | 77307.69 | 77307.69 | 77307.69 | 77307.69 | 77307.69 | 77307.69
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Table 6-48

Percent Reduction in I'iearing Loss ENI Due to Noise Inside Buses
for Average Non-Bus Exposure of 80 dB - Bus Passengers

Percent Reduction in Hearing Loss ENI

Interior Calendar Year
Regulation - '
Schedule 1979 1981 1983 1985 | 1987 1990 1995 2000 -
1 0.00 0.00 - 0,00 0.00 0.00 0.00 0.00 0.00 -
.2, 0.05 ‘0,12 0.19 . 0.23 0.28 0.32 0.38 0.41 -
3 0.12 0.32 0.49 0.63 0.74 0.87 - 1.02 1.11 -
Coog 0,00 0.17 0.46 0.70 0.89 1.12 1l.38 1.53 -
-5 0.05 0.25 - 0.52 0.75 . 0.94 1.15 1.40 1.54
[ 0.05. 0.25 0.64 1.08 | 1l.44 -1.87 2.36 2.66
7 0.05 0.25 0.52 0.99 1.36 “l.sl 2.33 2.64
- B 0.12 0.32 0.66 1.09 l.46 1.88 |- 2.37 2.67
9 0.05 0.12 0.26 0.61 1.05 1.58 2.18 2.55
10 0.05 0.12 0.31 0.69 1.12 ~1.63 2.21 2.57
21l 0.05 . 0.25 0.64 1.08 1.53 2.07 2.69 3.08
- 12 0.05 0.25 0,52 0.98 1l.44 2.00 - 2.65 3.05
13 0.12 0,32 0.66 1.09 1.54 2.08 2.70 3.08
14 . 0,05 0.25 .52 1.06 l.56 2.15 2.84 3.28
15 5.48 5.48 5.48 5.48 5.48 5.48 5.48 5.48




It has been suggested that the masking of speech between pas-
sengers not convgrsinglwith one another is a benefit of bus noise,
Passengers are often reluctant to have their conversation overheard by
others, and in cases where the bus level is quite low, they may compen-
sate by lowering their voices unnaturally or by not talking at all due
to the lack of privacy. This argument may be somewhat valid, however,
it cannot}take precedence over a program to reduce the impact of in—~
terior bué noise on hearing, .

EPA has identified 72 dB as the intruding noise level at which
a conversation at .5 meters with normal voice projectien is considered
to be satisfaétorily inteliigibie {95% sentence '.intelligibiity) in
steady stéte noise? It has been suggested that 0.5 meters is a typical
speaker-té-listener distance for bus passenger? Thus, the outdoor speech
interferehcé curve shown in Figure 6-18 was édjusted to 0.5 meters for
bus passengers by adding & dB per halving of distance? or.a total of
12 4B, to .the abséissa. The outdoor speech intelligibility criteria was
then used to asséss‘the ENI for speech insidé buses. .

It was dééided that outdoor speech criteria were better than
indoor speech criteria for estimating the impact of speech disturbance
inside buses because the background level assumed for thelestimation of
outdoor speécﬁddistufbance is closer to the background level actually
experienced by bus riders and operators. A typical outdoor day-night
equivalent sound level in urban areas is 60 dB? which is the background
level assumed in the outdoor speech disruption criteria and is considered
comparable to actual background lévéls inside buses. The indoor criteria,

however, uses 45 dB as a background level. In addition to reasoning on
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the basis of background levels, it is also felt that outdoor criteria
should be applied to the case of bus passengers and operators because
the setting inside buses. is not the typically relaxed environment one
experiences indoors.

Utilizing the véiues.for the average interior front and rear
noise levels described in Part 6.4.1, the speech fractionalization method
descr ibed abové; and the passenger population data of Table 6-35, the
equivalent ﬁﬁmber of people disturbed by intériqr noise as measured by
the potential d;sfuption pf.sﬁeech éaﬁ be estiﬁated by the following
formula:

ENI'sp'ee?d.‘, = Pl gooech ¥ P
where | ' ‘ ; '
FIy Bpeeéﬁ-ié shown by Figure 6?16'(as adjusted by the above discus-
sion) for eéch interior level and Py is the population expoﬁed per day.

Table 5;49 éhoqs the potential equivalent number of‘people esti-
mated for Eﬁlsﬁeeéh for each of the sample interior regﬁlétory'schedules
and study years, Iable 6—50 shpws the percent reduction which can be
accomplished with each fegulatibn schedule. |

Appéndix F contains information (Table F-39) regarding the ENI
contributions by bus type to all interior ENI (hearing loss effects and

speech inte?ference effects) discussed in this part.
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Table 6—49

Speech Interference ENI Due to the Noise Inside Buses

Speech Interference ENI {Thousands Per Day)

Interior

Calendar Year

Regulation
Schedule 1979 1981 1983 1985 1987 1930 1995 | 2000
1 4970,06 | 4970,06 | 4970.06 | 4970.06 | 4970.06 | 4970.06 | 4970.06 | 4970.06
2 . 4841,50 | 4841,.50 | 4840,07 | 4840.07 | 4759,05 | 4759.05 | 4753.82 | 4731.73
"3 4841,50 | 4841,50 ) 4840.07 | 4759.05 | 4659.76 | 4569.96 | 4547.86 | 4539.57
-4 4970,06 | 4841,50 | 4841,50 | 4825,36 | 4575.18 | 4569.96 | 4547.86 | 4539.57°
5 4841,50 | 4841,50 | 4840.07 | 4659,76 | 4575.18 | 4569.96 | 4547.86 | 4539.57 .
6 4841,50 | 4841,50 ( 4825,36 | 4575.18 | 4569,02 { 3435.10 | 2859.03 | 2848.27
7 4841,50 ( 4841.50 | 4840,07 | 4575.18 | 4569.96 | 3413.01 | 2859.03 | 2848.27
8 4841,50 | 4841,50 | 4825.36 | 4575,18 | 4569,02 | 3425.10 | 2859.03 | 2848.27
-8 4841.50 | 4841,50 | 4840.07 | 4759.05 | 4515,18 | 4533.66 | 3047.17 | 2848.27
10 - 4841,50 { 4B41,50 | 4840.07 | 4744.34 | 4575,18 | 4533.66 | 3047.17 | 2848.27
11 4841,50 | 4841,50 | 4825,.36 | 4575.18 | 4538.89 | 3055.47 | 2846.93 | 2193.67
12 4841,50 | 4841.50 | 4840.07 | 4575.18 | 4569.02 | 3055.47 | 2846.93 | 2193.67
13 4841,50 | 4841,50 | 4825,36 | 4575.18 | 4533.66 | 3055.47 | 2846.13 | 2188.44
14 484150 | 4841,50 | 4840.07 | 4575.18 | 4569.02 | 3055.,47 | 2671,43 | 2109.09
15 © 0,00 0.00 0.00 0.00| ' 0.00 0.00

0.00

0.00
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Table 6-50

Percent Reduction in Speech Interference ENI
Due to the Noise Inside Buses
Percent Reducticn in Speech Interference ENI

Interior Calendar Year

Regulation

- Schedule 1979 1981 1583 1985 1987 1990 1995 2000
1 0.00 0.00 0.00 0.00. 0.00 ¢ 0.00 0.00 0.00
2 2.59 2,59 | . 2,62 | 2.62 | . 4.25 | " 4.28 4,35 4.80
3 2.59 2,59 . 2,62 4,25 6.24 8.05 8.49 B.66
4 0.00 2,59 2,59 2,91 7.95 8.05 8.49 8.66
5 2,59 2,59 2,62 6.24 7.95 8.05 8.49 | 8.66
6 2.59 2.59 2,91 7.95 8.07 30.88 42.47 42,69
7 2.59 2.59 2,62 7.95 8.05 31.33 42,47 |. 42.69
8 2.59 2,59 2.9 7.95 - 8.07 30.88 38.6%9 42.69
5 2.59 2.59 2.62 4,25 7.95 3.78 38,69 |° 42.69
10 2.59 2,59 2,62 4.54 7.95 . 8.78 42,72 42.69
11 2,59 2,59 | 2.91 7.95 8.68 38.52 42,72 55.86
12 2,59 2,59 2.62 7.95 . 8.07 38.52 42,72 55,86 "
13 2,59 2,59 2.91 7.95 8.78 38.52 42,72 55.97.
14 2.59 2,59 2.62 7.95 8.07 38.52 46.25 57.56
15 109,00 | 100,00 | 100.00 | 100,00 | 100.00 | 100.00 | 10,008 | 100.00




6.5.0  SUMMARY
The impacts :rom.bus noise presented in Parts 6.2, 6.3, and 6.4
are based primarily on a single equation:
ENI =FI x P

where _

ENI -is the equivalent noise impact

FI is thé fractional impact produced by the noiser
and _ '

ﬁ ‘is the population impacted ‘
This basic gquation‘finds many forms as the investigated area of impact
changes‘from traffic nbise to single passbys to intefior noise. Table
6-51f§ummarizes the forms used in the préceding sections. Five areas of
impact_are distinguished: . '

8. Annoyance from urban street traffic

b.. Sleep disturbance from bus passbys

C. Speech disturbance frbm bus passbys:

d.  Hearing loss from interior bus noise

e. Speech disturbance from interior bus noise
The first three impact areas concern exterior bus noise, while the last

two ateas concern interior bus noise.
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Table 6-51
- Summary Equations Describing Calculation of Bus Noise Impacts

Basic Equation: Equivalent Noise Impact = Fractional Impact x Population

. kdn max.

. i
Itmﬂ’it:. - ( Fl

annoyance x Pop; )
i=55db

Qe EN

where . Ly & 554B

FIt:mntaym‘u:e = , 'os(Ldn -55) Ly, > 55 dB

b. ENIsleep SEL max Flisleep x Pop Density x Bus Miles x Distance from Rocdi>
disfurbarjce 1237 dB distp;bupce
{awakening) (50) 5. {owakening}
where o : o
Flsleep disturbance ={1,35 SEL -50.0} lx-.Ol
=(1, -59. I'.O
Flsleep awakening (1.19 SEL -59.7) x : 1
| N
L i . . .
¢. Elepee ch - eq Fl;peech X Pop‘ Density x Bus Miles xDistance from Rr:u:n:ii
disturbance autdoors
outdoors i =354dB {indoors)
(indoors) (45)

where  Lag = Lygay ~ 10 log 2.3 (Lpax - Lb)/10
Lmax 15 the maximun level of a triangular time.history passby
Ly 1s the background level
Flgpeech 15 defined in reference 8,
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Juble 6~51 (Continued)

Summary Equations Describing Calculation of Bus, Noise Tmpncrs

Leqray " /i
d. i = ]
. BN aring | ( Flhearing * PoP; )
St i=70dB L
where e
Flhea”.ng = .05 (. e (24)7770)
, 1 ‘ .
. ENI - oo i’ x Pop.
' speech 2 . ( “speech 4 P )
disturbance j =55 outdoors

for passengers

1

where

F1 is defined in reference 8,

speech
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SECTION 7
ECONOMIC IMPACT OF BUS NOISE CONTROL

I. COVERVIEW OF ECONOMIC IMPACT ANALYSIS
The purpose of this overview is to outline EPA's approach to the
economic impact analysis of bus noise regulation. Figure 7-1 describes the

conceptual format of the analysis in terms of a £low diagram, and the dis-

-cussion that follows is essentially an elaboration of that diagram.

ECONCMIC IMPACT -
- ANALYSIS METHODOLOGY

This part describes the basic supply/demand model underlying the

analysis. For each of the major areas of bus noise abatement «~ inter=
city buses, urban transit buses, and school buses -- two separate but highly
related markets are under analysis: '
1. The market for fuily equipped, finished buses, viewed as durable
capital goods input to producing transportation services.
2, The market for bus transportation, from the view point of final

consumers of bus services,

It should be noted that the market for school bus services in a consumer

' gense differs from the market for other bus transportation in that it is

diétated ﬁnre by the need to transport pupils and associated policy and legal

considerations than by individual consumer choice.
Bus transit firms, whether intercity carriers, urban transit authori-

tieé., or public school districts, act as intermediaries, operatirg in both

of these markets.



FIGORE 7-1. ECONOMIC IMPACT ANALYSIS OF NOISE REGULATION
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; The demand for buses as a capital good is a "derived" demand for a fac-
' tor input, that is, derived from the demand for final consumption of bus
services by eventual end users. A large portion of the economic analysis

is devoted to describing the relationship between facts that can be ascer-
tained about final demand and the conditions tnder which that final demand
translates into a demand for buses as capital inputs.

The mix of regulatory. and managerial incentives observed in the various
bus transportation markefs_ implies a variety of potential respdnses to the
proposed regulations. A sebaration of the parallel analyses of the three
major categories (tran.si.t, intercity, and school buses) is maintained
throughout the Economic Impact Analygis.

SUPPLY AND DEMAND AT
THE CONSUMER LEVEL

{a) Urban éhd Intercity
Transpor tation Services

Figure 7-2 portrays a standard supply and demand model for urban and

intercity: transportat:mn services at the consume: level. Ideally, both
the’ supply and demand schedules could be estimated econaometrically, and the
analysis conducted in precise, empirical terms, Realistically, however, we
know very little about either the supply or the demand curve, particularly
“the Fotmer, and ‘it is riécéésafy 'tb‘proéeed in terms of heuf'i'stic'argunents
combified with sensitivity tests of specific parametric assumptions.

:L:-'Ihé"sti';:pl"_\; and’deiand”curves of’ Figure 7~2 apply to the relévant market
or ‘silmarket in which the tramsit firm operates. For example, the relevant
matket for an urban transit system is the ‘appropr iate urbanized area, while

the market for’ i.ntercity bus carriers is nationwide.
AT ’ - ' ' . ’

73



. .. FIGURE 7-2

SUPPLY AND DEMAND AT THE CONSUMER LEVEL
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Consider the effect of a rise in the cost of transportation equipment.
Assume, to begin with, that the increased cost of equipment results in an

_.increase in the marginal cost of qperatipg & bus transit _firm, hence of the

_ supply curve facing bus passengers, The agsumption can be verified subse~

quently in an analysia of ‘transit firms. _ :
Since the exact shape of the curve S8 15 not knawn in advance, a hori-
zontal supply curve 548, ig taken as a first approximation., This shape is

consistent with a long-run supply of an industry that does not experience

7-4



e e T ot e e N

economies or diseconomies of scale (Reference 1) in its bus operations, so

the initial analysis also has implications for long—term economic impacts. .

{b) School Bus . .
Transportation Services

The demand for school tranéportat:ion gervices are viewed as beihg sitjhi-
ficantly Gifferent from that of urban and intercitjr transportation services.

Figure 7;':’. is an ‘app‘r*oxiinntion of the demand for school bus transportation.

FIGURE 7=3 .

TOTAL MARKET DEMAND FOR
SCHOOL BUS TRANSFORTATION

Priece per ) L
Pupil Mile $~.“~‘;\\\;
o P, tmmm—m—=eS

Pl n.—l—ﬂ_ﬂﬂhﬂ-—~-’-
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‘057 MO R i il
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- Present conditions are approximated-by the price/quantity relationship
of Q, x Py where P = $0.009 represents an approximtion]‘.offthe
present taxpayer burden per pupil mile for school bus transportatlon (cal-
culated in terms of numbers of students transported at publ:Lc expense)

Prlce Pl represents one of several alternative price levels per
pil mlle where other forms of transportatzon become v:.s:.ble alterna- ‘

tives to school bus transportation. Depending upon indiv1dua1 circumstanoes,
prices around level P, can be viewed as the operating costs assoclated
with the following transportation alternatives.

~= price of riding trans:.t buses
to and from school

~- car pool costs on a per pupil
basis

-- cost of automobile transport g '
{if car pools are not a viable ‘ . ;
alternative) ‘ _

As the price per pupil mile for‘"e&ool bus -transportation moves between

P, and P, very few parents would be rational if thay chosa to transport
their children on a personal basis due to the following COndltJ.OnS‘

1, Pupil transportation is v1ewed as an essentlal}y free commodity
due to the tax burden being shared by nearly all taxpayers in an
area.

2, If large numbers of publicly transported pupils chose alternative
forms of transportation, the public costs woulo remain essentially

unchanged in the short term with an additional burden being borne

by the individual transporting families.

For 1973-74, 267,704 school buses transported 21,347,039 pupils at an
average cost of $0.72 per bus mile. (National Center for Education
Statistics, Statistics of State School Systems, 1973-74, Table 41)
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If the individuals were the anly interested parties, the demand curve
between Po and Pl would be perfectly inelastic such that no reduction
in scheol bus usage would be realized from price/cost increases. However,
state and local transportation coordinators and legislators feasibly have
options available to them such as changing policy to the extent that volume
of service offered as a free commodity would be reduced. Such policy con-
siderations might be in the following areas:

-~ reduction in the gquantity and/or
length of field r.r_ips

~ elimination of free transportation
to sporting events

-- changing physical conditions which

presently preclude walking at

present (such as installing side-

walks and traffic lights where

necessary for safe walking}
Nevertheless, the section of the demand curve between Po and Py is
viewed as being essentially inelastic,

As prices move above level P;, the likelihood of eliminating school

transportation services becomes much more viable, and we would view the curve
as being essentially elastic where it might be more attractive to eliminate

school transportation services entirely, with school districts possibly

“offering payments to differentially impacted families.

INCREMENTAL
COST ANALYSIS

_An estimate of the effect of the proposed noise regulations on the
supply curve 5SS (see Figure 7-2) can be formed by examining the expense
statement of a typical transit firm (or of U. S. transit firms in the aggre-

gate). From economic theory, we know that the supply curve of an industry



is the horizontal: aum of individual firm supply curves, and.individual firm
supply curves are the "marginal" or "incremental" cost schedules for oper-
ating transit fleets. P X

The transit firm's expense statement ¢ is a sum of contribut.ing expense
accounts, mcludii’ag labor (L), maintenance (M), fuel (F), capital expense
(x), stations (S), and other expenses (O) '

' Expense s L+ M+ F + X + 5 + 0,

Imposition of noise control technology, as a first approxiiﬁetion,
affects only a 5‘{?5“ of these expenses. (For the costs of bus noise tech-
nolody, refer to eppendix C.}) BSince only incremental impact is relevant
to mavements in the supply curve, consideration of many expense categories
can be eliminated. ‘.

Specifically, we determine {from Appendix C) the incremental effect
on E of impositigg of regulatory level R:

dE/dR = dM/dR + dF/dR + AX/dR.

. The derivatives with respect to other expense categories vanish,

. since as a first approximation the technology has no effect on these items.

Note, howevef, that the full response to the regulation may change all
expense categories as different forms of bus and fleet management
. . i

technology are applied. 'The "first-round" approximation is an approach that
. o AN

provides an upper bound to the predicted economic cost impact.

Analysis of incremental capital cost dx/dR deserves special attention.
If the firm‘s capital stock of buses is K dollars, then the relevant annual
carrying cost is x - (r+ i) K dollars, whete r is the