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SECTION I

INTNODUCTION

BACKGNOUND

This regulatory analysis presents the basic information relevant to the

development of noise emission standards for newly manufaetursd truck-mounted

solid waste compactors (refuse collection vehicles), For brevity, these

products are also referred to in the text as RCV's, or trash c_mpactors, or

compactors. The topics of major concern are: the noise emissions of L_,@actors

and the technology for controlling the noise; noise measurement methodology;

the environmental noise impact caused by operation of RCV's in the community;

the reduction in noise impact expected from the establishment of noise limits

for newly manufactured RCV's; and the economic status of the industry and the

potential costs and economic effects of a noise regulation.

As a result of studies conducted under the authorities and duties given

to the Administrator Of the Environmental Protection Agency by the Noise

Control Act of 1972 (the Act), truck-mounted solid waste compactors were

identified as a major source of noise on May 28, 1975 (40 FR 23105). In

order to ascertain the basic data required to promulgate a noise regulation

conforming to the requirements laid down in the Act, a program of detailed

studies was undertaken by the Agency, with t/]ehelp of qualified contractors.

These studies dealt with the areas of concern outlined above, and entailed

a search of the pertinent industry ar_ govermrent statistics and the avail-

able technical literature, measurements of the noise emissions of a substan-

tial number of refuse collection vehicles, both new and in service, and asso-

elated analyses. Many contacts ware made with all segmants of the affected

industry, governmental units at various levels (Federal, state and local) and
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the general public, in order to develop the factual data and gather the opinions

of eancet-nedpersons and organizations which were germane to the regulatory

provisions and process.

Based on the results of this infoz_atiea gathering process and under

the requirements of Section 6 of the Act, the Agency published a proposed

regulation on August 26, 1977 (42 FR 43226). A docket to receive comments was

opened and hearings were held in New York and Salt Lake City. N_erous comnents

were received in the docket and at the hearings, and additional information was

acquired through _nications with industry associations, as well as by

further testing and analysis. The Agency reviewed this information thoroughly

and, based on the results of this review, developed a number of revisions

in the regulation text, with t/_eaim of clarifying the Agency's intent and

simplifyfng some of the measurement and enforcement procedures. The docket

com_nts and the Agency's analyses and responses are summarized in Appondix A

of this report. The revisions to the regulation are detailed in the preamble

to the final regulation, which is published o0ntemporaneously with this

Regulatory Analysis.

pUBLIC PARTICIPATION

Throogho/t the development of this regulation an effort has been made

to allow all groups, organizations, and individuals who have an interest in, or

who may be directly affected by truck-mounted solid waste compactor noise

emission standards, the opportunity to participate in the rulemaking process.

This public participation effort has included meetings with concerned state,

county, and city officials; refuse truck user groups; refuse collection industry

associati_%s; compactor and tt!/ckchassis manufacturers; and compactor dlstrib_-

tots. A list of the organizations and individuals centacte_ in the development

of this regulation is included as Appendix C to this document.
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AS another step in the Agency's continuing public participation program, an

extensive effort is underway to infotmlthe public of the benefits and impacts

of tbe noise emission standards for truek-nDunted solid waste compactors. This

effort will include direct mailings of infotl,ationpackets to the major groups

affected by the regulation and briefings to selected groups. Appendix D to this

• _'ament lists the groups that are to be contacted in this informative public

partieii_ationeffort.

STA."L'ZORYBASIS FOR ACTION

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

national policy "to promote am environment for all Americans free from noise that

Jeopardizes 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 and local governments, Federal action is essential to deal with inajor

noise sources in oommerce, control of which requires National uniformity of treatment."

part of this essential Federal action, subsection 5(b)(1) of the Act

requites that the Administrator of the U.S. Environmental Protection Agency,

after oonsultati_ with the appropriate Federal agencies, publish a report or

series of reports "identifying products (or classes of products) which in his

J.*agmentare major SOurces of noise." Section 6 of the Act (Subsection

6(a) (I)) requires the Administrator to publish proposed regulations for each

prod_t identified as a mjor source of noise and for which, in his jedgment,

noise atar_ards are feasible. Four categories of products are listed as

potential candidates for regulation; one of these is transportation equipment.

It waB under the authority of Section 5(b)(I) that the Adminstrator published

the report on May 28, 1975 (40 FR 23105) that identified truck-mounted solid waste

(xmIpaobereas a major sogrce of noise, and under the requirements of Section 6(a)(1)
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that the Administrator published the Notice of Proposed Rulemaklng (42 FR 43226)

to control the noise emissions of newly manufactured compactors. It is also

under this authority and requirement that the final regulation is published.

Preemption

Section 6(e)(i) of the Noise Control ACt states that after the effective

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

adept or enforce.., any law or regulation which sets a limit on noise emissions

from such new product and which is not identical to such regulation of the

Administrator." Section 6(e)(2), hOwever, states that "nothing in this section

precludes or denies the right of any State or political subdivision thereof to

establish and enforce controls on environmental noise (or one or more sources

thereof) through the licensing, regulation, or restriction of use, operation or

movement of any product or combination of products." The central point to be

developed here is the distinction between noise emission standards on products,

which may be preempted by Federal regulations, and standards on the use, opera-

tion or movement of products, which are reserved to the states and localities

by Section 6(e)(2).

Section 6(e)(2) forbids state and local municipalities from controlling

noise from products through laws or regulations that prohibit the sale (or

offering for sale) of new products for which different Federal noise emission

standards already have been promulgated. States and localities may augment

the enforcement duties of the SPA by enacting a regulation identical to the

Federal regulation, since such action On the state or local level would

assist in accomplishing the purpose of the Act. Further, state and local

meniclpalities may regulate noise emissions for all new products that were

manufactured before the effective date of the Federal regulation(s).
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Section 6(e)(2) explicitly reserves to the states and their political

subdivisions a much broader authority: the right to "establish and enforce

controls _n environmental noise (or one or mgre sources thereof) through the

licensing, regulation or restriction of the use, operation, or movement of any

product or combination of products." Environmental noise is defined as the

"intensity, duration, and character of sounds from all sources" (Section 3

(ii)). Limits may be proposed on the total character and intensity of sounds

that may be emitted from all noise sources, "products and combinations of

products."

State and local governments may regulate cofmlunitynoise levels more

effectively and equitably than the Federal government due to their perspec-

tive on and knewledge of state and local situations. The Federal government

assizes the duties involved in regulating products distributed nationwide

because it is required and equipped to do so. Congress divided the noise

emission regulation authorities in this manner to allow each level of govern-

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

coordination of these divided authorities, a coa_rehensive regulatory program

can be effectively designed and enforced.

One example of the ty_e of regulation left open to the localities is the

property line regulation. This type of regulation limits the level of envirun-

•ental noise reaching the boundary of a particular piece of property. The

occupant of the property is free, insofar as state regulations are concerned,

to use any products whatsoever, as long as the products are used or operated

in such a fashion so as not to emit noise in excess of the "property line"

limits specified by the state or municipality. This type of regulatien may

be applied to ,any different types of properties, ranging from residential

lots to construction sites.
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In such a case, state and local regulation of trash compactor trucks

may take the form of, but would not be limited to, the following examples:

o Quantitative limits on enviroDmental noise received in specific land

use zones, as in a quantitative noise ordinance.

o Nuisance laws amounting to operation or use restrictions (including,

for example, curfews).

o other similar regulations within the powers reserved to the states and

localities by Section 6(e)(2).

In this Tnanner,states and local areas may balance the issues involved

to arrive at satisfactory environmental noise regulations that protect the

public health and welfare as much as possible,

Labelin 9

The enforcen_nt strategies outlined in Section 8 of this document are

accaupanied by the requirement for labeling products distributed in com-

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

in conformity with applicable regulations. The label also makes the buyer

and user aware that the trash cogpactor truck possesses noise attenuation

devices and that tampering with such items is prohibited.

RATIONALE _3R REGULATION OF THE TRASH COMPACTOR TRUCK

In determining whether a product (or class of products) is a major

noise source for regulation under Section 6 of the Aett the Administrator

considers primarily the following factors:

I+ The intensity, character and/or duration of the noise em_itted

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

by the noise;
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2. Whether the product, alone or in combination with other products,

causes noise exposure in defined areas under various conditions, which exceed

the levels requisite to protect the public health and welfare with an adequate

margin of safety;

3. Whether the spectral content or temporal characteristics,or both,

of the noise make it irritating or intrusive, even though the noise level

may not otherwise be excessive;

4. Whether the noise emitted by the product causes intermittent single

event exposure leading to annoyance or activity interference.

The Agency has given first priority to those products that contribute most

to overall community noise exposure. Community noise exposure is defined as

that noise exposure, experienced by the community as a whole, which is the

result of the operation of a product or group of products; not that exposure

experienced by the user(s) of the product(s).

In terms of assessment, cofmnunitynoise exposure was evaluated in terms

of the day/night average sound level (Ldn) (Ref. i-I). Since Ldn was

developed especially as a measure of osnmunity noise sxlxmure and an equiva-

lent energy measure, it can be used to describe the noise in areas in which

noise sources operate continuously or intermittently, in a 24-hosr period.

_ Studies have been made of the number of people exposed to various levels

of ocx_nunitynoise (Ref. i-i). Table i-i summarizes the estimated number of

_ people in residential areas subjected to noise from urban traffic, freeway

_: traffic, and aircraft operations at or above outdoor Ldn values rangingr [

:lj

from 60 to 80 dB.

!
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EPA has identified an outdoor Ldn of 55 dB as the day/night average

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

and welfare effects in residential areas (Rsf. i-i).

Table i-i shows that many millions of United States residents are sub-

jeered to day/night average sound levels in excess of 60 dB; the bulk of the

noise exposure is due to traffic noise. In order to reduce this noise expo-

sure significantly, it will be necessary to apply noise control measures to

many of the major sources of noise in the environment.

Medium and heavy trucks are responsible for most of the traffic noise,

and are regulated by EPA under Part 205 of Title 40 of the Code of Federal

Regulations. A number Of trucks operate with special equipment mounted,

some of which contributes significant noise to the envlron_ent in addition

to that due to movement of the truck in traffic. One such class of special

equipment is the truck-mounted solid waste c_actor, which is k.,ownto be

a source of annoyance and sleep disturbance. Although the noise impact from

this class of equipment is lower in magnitude than that due to all truck

traffic, it is nevertheless high enough to be classified as a major source

of noise itself (see Section 5 for a detailed discussion of the noise impact).

In addition, the 8FA believes that control of this source of noise is required

to avoid reducing the effectiveness of the noise regulation for mediu_ and

heavi trucks.

•With an adequate margin of safety and without consideration of the cost and

technology involved to achieve an Ldn of 55 dB.
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TABLE I-I

ESTIMATED aJMULATIVE NUMBER OF PEOPLE IN MILLIONS IN
THE UNITED STATES RESIDING IN URBAN AREAS _ICH ARE EXPOSED
%13VARIOUS LEVELS OF OUTDOOR _Y/NIGHT AVEP._GESOUND LEVEL

Outdoor Urban Freeway Aircraft

LdnEXceeds Traffic Traffic Operations Total

60 _.0 3.1 16.0 78.1 --

65 24.3 2.5 7.5 34.3

70 6.9 1.9 3.4 12.2

75 1.3 0.9 1.5 3.7

80 0.1 0.3 0.2 0.6

Source: Reference I-I.

NEED FOR CONTINUED COMPLIANCE WITH THE NOISE STAN_

The attainment of the estimated health and welfare benefits is dependent

upon the regulated product continuing to eomply with the Federal not-to-exceed

noise ef_issionstandard for a set period of time or use.

The Agency has given eonsidereble attention to the guesti_ of product

noise degradation (increase in noise level with time). It is the Agency's

belief that if a product is not built such that it is even minimally capable

of masting the standard while in use over a specified initial period, when

properly used and maintained, the standard itself will be ineffective and

the a_tioii_atadhealth and welfare benefits will not be achieved.

Consequently, the Agency has developed the concept of an "Acoustical

Assurance Period" (AAP). The AAP is defined as that specified initial period

of time or use during which a product must continue to be in compliance with

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

to the manufacturer's reeaa_eodations.
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The Acoustical Assurance Period is independentof the product's opera-

tional (useful) life, which is the period of time between sale of the product

to the first purchaser and last owner's disposal of the product. _he Acous-

tical Assurance Period is product-specific and thus may be different for

different products or classes of products. The AAP is based, in pert, upon

(I) the Agency's anticipated health and welfare benefits over time resulting

fr_ noise c_ntrol of the specific product, (2) the product's known or esti-

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

owner turnover (resale) period (where appropriate), and (4) known or best

engineering estimates of product-specific noise level degradation (increase

in noise level) over time.

The AAP requires the product manufacturer to assure that the product

is designed and built in a ma_ler that will enable it to o_ply with the

Federal noise emission regulation which exists at the time the product is

intredueed into conwerce, and that it will ocatinue to conform with the

applicable regulation for a period of time or use not less than that specified

by the AAP.

_ile the Agency believes that products which are properly designed and

durably built to meet a product specific noise emission standard should con-

tinus to meet the standards for an extended period of time, it recognizes that

some manufacturers may wish to stipulate, based on test results or best engi-

neering jodgment, the degree of anticipated noise emission degradation their

product(a) may experience during a specified Acoustical Assurance Period. A

procedure has been developed by the Agency that permits manufacturers to

account for sound level degradation in its compliance testing and verification
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program. This procedure, if used, would require a manufacturer to subtract a

"Noise Level Degradation Factor" (Nr_F) from the Agency's not-to-exceed noise

er%issiamstandard, and thus would result in a manufacturer specific produc-

tion test level that is lower than that specified by the EPA standard. For

example, a manufacturer who estimates that the noise level of a given product

model may increase by 3 dS during the prescribed AAP would specify an NLDF

of 3 dB. For production verification, the manufacturer would then test to

ensure that his product's noise level is 3 dB below that specified in the

applicable Federal standard. For those products not expected to degrade

during the AAP, the manufacturer would specify an NLDF of zero.

OUTLINE AND SU_ OF REGU_FORY ANALYSIS

Background infomnaticn used by EPA in developing regulations limiting

the noise e_issions from new trock-mounted solid waste compactors is pre-

sentsd in the following sections of this analysis:

Section 2 - The Industry and the Product: contains general information

on the manufacturers of tmJck-mounted solid waste compactors and descriptlcas

of the p_:oduct.

Section 3 - Baseline Noise Levels for New Truck-Mounted Solid Waste

Compactors: presents current noise levels relative to degradation noise

levels for existing new solid waste c_ctors and a discussion of the data

used in the develu_m=nt of an Acoustical Assurance Period.

Section 4 - Measurement Methodology: presents the massuretrentmathod-

ology selected by EPA to measure the noise emitted by this product and to

determine c_.%oliancewith the proposed regulation.
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Section 5 - Health and Welfare: discusses the adverse impact of and

beneEits to be derived from regulating noise emissions of solid waste compactors.

Section 6 - Noise Control Technology: provides information on available

noise control technolagy and the criteria for determining the levels to which

solid waste compactors can be quieted.

Section 7 - Economic Analysis: examines the eeon_nic effects of noise

emission standards on the solid waste compactor industry and society.

Section 8 - Enforcement: discusses the various enforcement actions

open to EPA to ensure compliance.

Section 9 - Existing Local, State and Foreign Regulations: summarizes

current noise emission regulations on truck-mounted solid waste compactors.

Appendix A ~ The Docket Analysis: summarizes the comments received

during the formal docket period and the Agency's response to those comments.

Appendix B - Fractional Impact Procedure: summarizes the procedure

used in assessing the health and welfare impact and benefits to be derived

from regulating noise emissions.

Appendix C - Organizations and Individuals Contacted: lists the organi-

zations and individuals contacted in order to gather information during the

regulatory development process.

Appendix D - Organizations and Individuals to be Contacted: lists the

onganlzatons and individuals to he contacted in the dissemination of informa-

tion to the public on the benefits and impacts of the regulation.

REFERENCES
Section 1

i-i. Environmental Protection Agency, Information on Levels of Environmental

Noise Requisite to Protect Public Health and Welfare with an Adequat e
Mar@In of Safety, EPA 550/9-74-004, March 1974.
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SECTION 2

THE INDUSTRy AND THE PRODUCT

INTRODUCTION

This section provides a description of truck-mounted solid waste com-

pactor bodies and an overview of the compactor body industry. The section is

organized as follows:

The Product

Product Applications and Competitive Systems

The Industry

Characteristics of Industry Segments

THE PRODUCT

A truck-mounted solid waste compactor cOnsists of a truck chassis and a

cOmpactor body. The body is equipped to receive, compact, transport and

unload solid wastes.

The _ajor compactor body types can be operationally classified by the

body loading cOnfiguration:

i. Front Loaders. These bodies utilize front mounted hydraulic lift

arms to llft and dump waste containers into an access door in the top of the

bod_. Packer plates compact the wastes inside the body. Wastes are typically

ejected through a tailgate. A typical front loader is illustrated in Figure

2-1, and the six steps for front loading are shown in Figure 2-2. The

c_action cycle for a front loader is illustrated in Figure 2-3.

2. Side Loaders. Considerable variation exists in these bodies, but a

typical model is illustrated in Figure 2-4. Cecerally, wastes are manually

deposited into s hopper through an access dcOr in the side wall of the body.

Packer plates sweep the wastes from the hopper into the body and cOmpress
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Engage Replace

Lift Disengage

FIGURE 2-2

SIX STEP OPERATIONAL S_UENCE FOR FRONT LOADZNG

Source: Reference 2-].



l'_Z'._ _'---_T----___

Dunlp

//IL-JIUI \ \ \\ _ I'_ ..s,;:_.:_,,
CT----I"__', ',__.__ L-q, ,j__......,.,.--.._,

@ _© ,©_J
Compaction

Return

FIGUI_ 2-3

OPERATIONOF A FRC_TLOADER(£X3MPACI'IO_CYCLE)

Source: Reference 2-1.
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the materials against an interior wall, in the same _auner as front loaders

(Figure 2-3). Some side loaders are also equipPed to hydraulically lift and

dump waste Containers. Ejection of wastes is usually through a tailgate.

Many side loader models are not equipped for packer plate ejection, but

typically, will hydraulically lift the fr_It end of the body and dtunpthe

wastes through a tailgate.

3. Rear Loaders. The hopper on these bodies is located on the rear

section of the body (Figure 2-5). Wastes are generally loaded manually into

the hopper, but some l_odelshave the capability to hydraulically lift and

dt_npcontainers. The packer plate sweeps the wastes from the hopper into

the body and c_r_resses the wastes against an interior wall surface. In most

i_d_is, the pa(_er plate is also used for tailgate waste ejection.

%_o additional categories of solid waste compactors are produced:

I. Satellite Vehioles. These bodies function much like other peckers,

but are relatively small. They are used in door-t@-door waste collection and

in conjunction with a larger packer truck. %_ie satellite vehicle body ejects

wastes into the hopper of a larger packer truck or serves as a detachable

container which is lifted and d_nped by a larger truck. %_lese_odies were

excluded fmum c_isideration because available test information indicated they

were sot a significant source of noise.

2. Route Trailers. 'Lhesesolid waste con_actors are pulled by a truck

rat/letthan being mounted on the truck chassis. L_perationof the unit is

similar to a side loader, except that trailers are powered by a stand-aloae

auxiliary engine m0unted on the trailer. Fewer than 50 units were shipped

in 1974 and the estimated n_L_er of units in operation is less than 100.
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AS indicated in 'fable2-|, trackerbodies can also be classified by

ranges of body capacity measured in cubic yards and the c_oaction density

rating of the be_.

Front loaders are essentially all mounted on a heavy duty truck chassis

powered by a diesel engine. Side loaders can be mounted on a light, medium,

Or heavy duty truck chassis. Rear loaders are typically ;mountedon a medium

or heavy duty truck chassis. _q)proxin_tely40 percent of the side and

rear loader truck chassis are powered by diesel engines, the remainder are

powered by gasoline engines. It is estimated that 15 pero_nt of the side

loaders and 2 to 3 Ferment of the rear loaders are powered by a stand-alone

auxiliary engine rather than the truck engine.

PRODUCT APPLIC_I'IONS_/4DCOMPETITIVE SYSTE_

The distribution of packer bodies by loading type and application are

shcwn in %'able2-2 and summarized below."

I. Front loaders are used predo_dnantly in cc_wercial and industrial

applications. Cammrcial collection includes residential complexes with more

than two-family units.

2. All other categories of bodies are used principally for residential

waste collection. Coi_ercial and industrial application of this equipment is

usually limited to light co_rcial collection utilizing small containers

and compactor bodies equipped with hoists,

Substantial potential exists for substitution o_ equipment for residential

collection. Several studies have demonstrated that collection productivity

can be dramatically increased by utilizing one-man crews (as co,painedto

multi-man crews). This provides a competitive advantage for side loaders as

ccmpamed to the mor_ broadly used rear loader.
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TABLE 2-I

CLASSIFICATION OF TRHCK-_3L_TED SOLID WASTE COMPACI_R BODIES

Range of Body Lotbrated ccrpactic_ Density Est/1n_ted CunpacCor _dy ec_er source
Gapanity (Fuunds/cubic Yard) T_uck _ne Loeoline

Classification (CubicYards) Ra_e Average Gasoline Diesel Auxiliary

Frc_t Loader 20 - 52 400-750 500 100%

Side Loader 10 - 38 450-750 500 60% 40 15%

Near Loader 10 - 31 500-I,000 750 60 40 2-3

S_rce: Field interviewswith pr_3ductmanufacturers,dlstrihuLorsand product literature,me
VirginiaTown & City "FuelConservationin Solid WasteMan_se_nt", KennethA. Shuster,
December,1974,and associatedworkingpapers.

'fABLE 2-2

TRUCK-MOUNTED SOLID WASTE COMPACfOR _3DY

APPLICATI(14S BY PRODUCT CLASSIFICATION

Percent of Total Units Employed

by Major _%u_llcation

Colmlereial

Equipment Classification Residential* and Industrial
Front Loader 10-15 85
Side Loader 85 15

Pear Loader 70 30

S_rce: Field interviews with product manufacturers, distributors and fleet

operators.

*Residential includes single-family dwellings and duplexes.
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The available competitive waste collection systems identified vary by

nature of application. Residential collection could be accomplished by three

means:

i. Centrally Located Roll Off Packers. This collection system consists

of a truck that periodically removes either a detachable container or the

entire compactor itself (both of which are centrally located), and disposes

of the collected wastes.

The advantages of this substitute system depend on the methods used to

transfer wastes from the household or commercial establishment to the

packer, population density, and a number Of other variables. Such advantages

include higher collection productivity, increased flexibility in usage of

sound deadening shields, and increased ability to monitor and control noise

levels.

Potential disadvantages include negative public reaction to having to

transport wastes to the compactor location, increased exposure of the

general public to injury from operation of the compactor, and heavy initial

investment in packers and containers.

2. Truck-Mounted Shredder-Compactor Bodies. Truck-mounted shredder-

compactors consist of a rear loader cylindrical body which rotates and

tumbles wastes. The tumbling action and spiral ribs inside the body shred

wastes and drive them toward the frost section of the body. In this manner,

wastes are compacted to a density similar to that achieved by standard rear

loaders.

The only potential advantage identified would be possible reductions in

body maintenance expense.
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IbteJ*tialdisadvantages relati;Kjto *_gdelscurrently available include

higl]eL"levels of p_rsonal illjuL_to tilecr_w and ruductiol*if*crew prouuctivity,

_oth attributable to liftir_ wastes to a hicjSerlev_l for deposit illthe

body.

No. U. S. zi_nufacturercurrently produces U_is type of body. Tlleyar_

iN1portedfr_n Europe and cu*:rentlyflaysnot significantly penetrated the

U.S. nmrket.

No noise 4_easuL'ea_ntswere _nadeo_ t/_isty_ of collection vehicle. H_-

ever, domestic conventional packer body _nufacturers report that noise

levels parallel those of rear loaders.

3. Truck-_Dueted Non-Cc_)actin9 Sodies. Essentially, this systenLrep-

resents a returu to pre-packer body collection practices. Noise levels would

probably De reduced but crew productivity wuuld be substantially lower.

'l_lE INDUS'_

Sol_flWaste Censr_tion

_le de,handfar c_pactors is based u_n t_leganeration of solid Wastes,

paz'tic_larlyby r_sidences and c_nmeroial establisI_ents.

Tee availaOility o_ solid waste generation data is relatively limited and

Of recent origin. _le mos_ broadly accepted esti_tatesare reflect_ in

Table 2-3. It can be seen t/fattotal residential and c_,_rcial solid waste

geI_ration in 1973 is estimated to have been 144 million tons. Resource

reclamation p_ovided for t_leutilization of 9 million tons, resulting in a

net disposal of 135 million tons of solid waste.

Projections of total residential and c_rcial solid wastes fop 1980 an_

1985 are also shown in Table 2-3. _he to_mage of total gross discards is

expected to increase to 175 nillion tons in 1980, an average ansual growth rate
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TABLE 2-3

BASELINE ESTIMATES AND PI_3JECTI(INS OF I_3ST-CO_U_R* SOLID WP,STE

GENE|_I(_, RESOURCES I_ECO_P_ED AND DISPOSED, 1971-1985

Est imate_. Pro_ected Averag_ Annual
1971 1973 1980 1985 Growth Rate of

Daily Per Daily Per Oaily Pe{ Daily Per Total GroSs

Capita Capita Capita Capita Discards

'1_tal Pounds Total Pou_%ds 'fotal Pounds Total Pounds 1973-1985

Total GroSs
Discards 133 3.52 144 3.75 175 4.28 201 4.67 3%

_esourees

Recovered 8 .21 9 .23 19 .46 35 .81 12
Net Waste

Disposed 125 3.31 135 3.52 156 3._I 166 3.86 2

Scurf: Office of Solid Waste Management Programs, U.S. Environmental Protection Agency,

"Third Report to Congress, Resource Recovezy and Waste Reduction", (SW-161), 1975,
Page I0.

* - Post-consumer solid waste is considered to be residential solid waste.



of four percent between 1973 and 1980. Net wastes disposed are expected to

increase to 156 million tons during the same period, an average annual

growth rate of two percent. The growth rates are expected to decline

between 1980 and 1990.

The composition Of residential and commercial solid wastes is shown in

Table 2-4. Nearly 70 percent of total wastes are paper, food and yard

wastes.

Solid Waste Collection--The Packer Body

The first packer bodies were broadly introduced for solid waste collec-

tion in the early 1950s. Market penetration of this equiment was relatively

rapid, since it provided a means for dramatic productivity increases in solid

waste collection. The major benefit, compared to the traditional open body

collection truck, is that co_gaction allows larger quantities of wastes to be

collected between trips to the disposal site. Consequently, more waste

collection points can be served between dispesal trips, and a substantially

higher proportion of total crew time is productive.

Even with the advent of this equipment, waste collection retnainsan

extremely labor-intensive operation. Recent pruduct improvements and new

product introductions have focused on further increasing collection craw

productivity. _/hemajor equipment innovations have been higher density

co, action, larger volume bodies, and different loading configurations

intended to reduce total crew size.

SIZE AND GR(_I_H C_ THE PACKER BODy INDUSTRY

Units In ,C_eration

The esti,_ted nut,betof packer body trucks in operation in 1974 is

shown in Table 2-5. It can be seen that approximately 77,000 units were in

operation that year, prdoably increased to somewhat over 80,000 currently.

2-13



'faBLE 2-4

FOST-CYgt_SUMER** RESIDEtCI'IAL AND LX3_I_IAL SOLID WASTE GENERATED

AND t%/,[JUN'fSRECYCLED, BY TYPI_ OF _TERIAL, 1973

(1%5GENERATED _JE'PWEIGHT IN MILLI_JNS OF '_Ot_S)

_uantity Nut Waste Disposed
of

Material Gross Materials _rcent

Category Discards l_c_cled Quantit_ of Total

Paper 53.0 8.7 44.3* 32.9%*
Glass 13.5 .3 13.2 9.8*

Metals 12.7 .2 12.5 9.3
Plastics 5,0 - 5.0 3.7

Itubber 2.8 .2 2.6 1.9

Leather 1,0 - l.o .8*
'f_xtiles 1.9 - 1.9 1.4

Wood 4.9 - 4.9 3.6

'l_)tal[4oIi-Food 9_._* 9.4 B5.4 b3.4

Product Waste

FoodWast_ 22.4 22.4 16.b

YardWaste 25.0 - 25.0 18.6"

Misc.Inorganic 1.9 1.9 1.4
Wastes

Total 144.1" 9.4 134.7" 100.u%

Source: Office of Solid Waste tianag_nent Prcx]ramg, U. S. Enviroi_L_ental

Protection Agency, '"dlird l_pOrt to Cor_jress, Resource Recovery
ai_ _aste le_duction," (SW-161), 1975, P_ge 10.

*Ari6"m_tic s_m,m6iu'I_s and differences ,_dified to reflect correct total.

**Post-cons_ixer solid _asts is considered to be residential solid waste.
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TABLE 2-5

ESTIMATED TRUCK-MOUNTED SOLID WASTE
COMPACTOR HODY UNITS IN OPEP_TI(_N, 1974

Average Percent Estimated
Truck- A_lual of Average

Equipment Miles Miles/Truck Total _/nctional
Classification (Millions) ('_housands) Units Units Life C_cle

Front Loader .... 11,200 14.6% 8
Side Loader ..... 11,600 15.1 7
RearLoader ..... 53,700 69.7 7
Satellite Vehicles .... 500 .6 ---

Total 841 12.2 77,0UU 100.0%

Source: U.S. Depar_,_nt of Ca_gerce, Bureau of the Census, "Census of
Transportation, 1972, Truck Inventory and Use Survey, 1972,"
Page 2.
Truck Body and Equipment Association, National Solid Waste
Management Association and field interviews with equi[Jment
manufacturers.
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TABLE 2-6

TRUCK-MOUNTED SOLID WASTE C(_PACTOR BODy

MANUFAC_{ER SHIPPerS, 1964-1974

AverageAnnual
1964 1967 1972 E_ciJMted1974' Gro_ Race*, AverageAnnual Gro_Sl**

E_ul_nt (000s) Millions (000s) Millions (000s] Millions (000s) %of M_lliona 1964-1974 Rate 1967- 1974
ClassiEtcation _lts _ollars Units Dollars Units Dollars Units _tal _oliars [MItB IJol]ars Units Dollars

Frc_t
_r 1.2 10% 24

Side
I_er 2, 1 17 14

Loader - 9.0 73 _7

'll_t:al 4.9 $22.1 6.5 $31.0 13.5 $86.0 12.3 100% 5125.0 10% 19_1 10% 22Ii

Source: U.s. Department of Commerce, Bureau of the Census, "Census of Manufacturers

1967 & 1972," Motor Vehicles and Equipment, MC 72(2)37A, Page 17; interviews

with product manufacturers.

"1974 shipments and mix by loader CYI_ estimated from field interviews with product manufacturers.

**Rounded to nearest percentage point.



_ear loaders account for approximately 70 percent of the total. The esti-

mated functional life of front loaders is eight years, and of rear and side

loaders is seven years.

Unit and Dollar Manufacturer Shipments

The total units and value of manufacturer shipments in 1964, 1967, and

1972 are shown in Table 2-6. The Table also shows estimates, both total and

by loader type, of units and value of manufacturer shipments for 1974. An

estimated 12,300 units with a value of $125 million were shipped in 1974.

This represents an average annual growth rate between 1964 and 1974 of 10

percent on a unit basis and 19 percent on a dollar basis. Between 1967 and

1974, the unit growth rate remained the same and dollar grcwth increased to

22 percent. It is estimated that 73 percent of 1974 shipments were rear

loadez-s.

Export Sales

The estimated value of manufacturers' exports in 1974 is shown in Table

2-7. Approximately 20 percent of manufacturers ' shipments, worth $22 million,

are estimated to be exports. More than 90 percent of the exports are

completed bodies.

_BLE 2-7

ESTIMATF/3VALUE C_ TRUCK-MOUNTED
SOLID WASTE CO4PACTOR 80DY

MANUFACTURERS ' EXPORTS, 1974
(MILLION)

Total Shipment Export Shipments Export Percent
Equipment Type Value Value of Total Shipments

Complete Bodies 99 20 20%

Components ii 2 20

Total $110 $'2_22 20%

Source: Dun & Bradstreet, Inc., "Analytical Financial Reports."
Field inte_vlews with egulpment manufacturer.
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CHARACTERISTICS OF INDUSTRY SEC94ENTS

The general structure of the compactor body industry is depicted in the

schematic drawing shown in Figure 2-6. Generally, the packer body manufacturer

purchases raw materials and components from su_liers, and then builds the body.

Bodies are then sold to either truck chassis dealers or truck body distributors,

Dredominantly to the latter. The body is then mounted on a truck chassis and

sold to the ultimate end user. The primary end users are municipal govern-

meritsand private contractors.

A profile for each of the following industry segments is described in

this section:

Packer Body Manufacturers
Truck Body Distributors
End riseMarket -- Fleet Operators
Truck Chassis Manufacturers and Dealers

Raw Material and Component Suppliers.

Packer Body Manufacturers

I. As of 1974, .some25 companies were identified as manufacturers of

Packer bodies in the United States (Table 2-8). A few companies have left

the field and others have entered it since that year.

2. _e total corporate revenues of these companies range from $100,000

to $1.4 billion. Nearby 50 percent of the manufacturers are divisions or opera-

tlnq companies held by corporations which are substantially larger. Nearly all

of the specialized independent companies for which data are available have

revenues less than $10 million (seeTable 2-8).

3. Manufacturer production facilities and products manufactured at each

plant are indicated in Table 2-9.

Plants are COnCentrated in California, Texas, Michigan, Ohio and the South-

eastern states. Nearly one-half of the companies have two or more plants.

Proximity to markets is an important factor due to the costs for tranST_ortlng

2-18



_aw Haterial I IIC_,:_,o_l_ntp_nps,

|,_nu£actur_rs
| (Power Take-offs

Sul_pliars _ Valves) (P/D),

Manufacturers I ;]aj]ufactur_rs]

" [
'ft-uck tk)dyTruck Chassis Distributors/

Uealers 1 Ass_;dolers

li [ l_lunieipal Private Federal Corporagions

Governments Contractors C<Jvemunent and Ot2,ers

F:[GHRE2-6

II

TI_JCK-i_DHNTEDSOLID WASTE COMPACTOR BODY
iI_XlSTRY STI_CTURE
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TA._LE 2-9

FACILITY PI_OFILE OF TRUCK-MOUNTED SOLID lIAb_fE

COMPACTOR BODY MANUFACfUI{EI_, 1974

Production Faciiitius

Facility
size O_n_

Cmmp_ny N_,_ (Thousands oF N_nl_r of Products Manufactur_J
of Squdru L_s_d l_mployees
Feet)

Cu.pa*_ 8 rJa n/a 50 - Du_) truck bc_Is,l_ists, co.actor
bodies.

Company T (a) n/a n/a 450 - contail_rs, transfer stations, r_fuse
compactor bodies, roll-off hoist, com-

_¢tor trallers.
n/a n/a I_ - Station_ry packers.
107 n/a 350 - Tr_is|_orttrailers a1_ containers.

Om*pany U n/a ./a n/a n/a

Ca_ny V r/a _/a n/a Ma

Co_par_ W (b) _/a rv'a ll/a - 'ir_Is|-_rttrailers, co_oactor trailers,
co_ctor bodies_ transfer trailetlSo

C_.pany X 29 L 27 - 'l%-uckdealer amJ auto r_pair.

Om_pany Y rVa n/a n/a - Trurk tanks and refus_ u0_actors.
m/a _i/a n/_ - Trailers, axles, Drake shoes & drum_.

C_ Z 200 rk/a I,i00 - Containers, r_fuse c_aact0r _x_di_s,
st_tiol_arycompactors, roll-off hoists,
tr_nsfer trailers°

D/a i%/a i_/_ - l%efus_ou,p_ctors.

C_]y C 760 O n/a - Trdck bodies and hoists, tanks, tanks
fo_ trailers; refuse collectio_ ar_ pro-

cessing %_quipm_nt,d=hydratlng imchlnes,
n_terial handling equil_rent_and pul-
verizing and reclamat_ uqui_e,t.

n/a o n/a _'a
IJo h Ira rVa

Omtpal_y AA 480 0 n/a - Fr_t loaders, side loaders, sf.ationazy

Con[_my D n/a L [_/a - Refu_e compactor bodies, _t_tionat_
cumpactors & hldraulic lift gates.

194(e) L n/_ - Medlanized lifts, l_din9 devices &

_0 h *Va - lly_raulialift _ refuse body mfg.

n/_ = not available

source; L_n & B_street, Inc., "_lyti_al Financi_l l_part_," unles_ otherWiSe irdicate4.

(a) Annual _ort, 1974 and interviews w_U, comp_ man_g_nt.
(b) Moody's lnve_tor_ SerViCe, Ina. Industrial _mn_l, 1975.
(e) 2_tal manufacturing _acilities in Huntington Park & Sos Angeles, Cali_o_ia_ 194,000

8qu_t_ _eet.
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TABLE 2-9 (CONTINUED)

l_oduction Facilities

Facility
Size OWned

CcmpanyName (Thousasds or N_Rer of ProductsManufactured
of Square Leased Employees

Feet)

CompanyUB 35 0 45 - Refuseccxopacto_bodies,contair_rse
roll-off hoists, portable & stationa_
co_oactors, transfer trailers.

n/a n/a 130 - Refusecc_pactocbodies& container_.

CompanyCC 16.9 0 14 - Refusepackerbodies.

Company8 80 n/a 135 - Stationaryrefusecompactors,compacting
& transfertrailerS,containers,&
front loader" cut,parrots.

80 n/a 95 - Refusecompactors,refusetrailers,
containers & frcmtlOader_rtors.

C._m%oanyDO n/a n/a rt/a - ReEusec_rnpactorbodies,containers&
trar_gfer statiorts.

CompanyE_ 219 n/a n/a - Rail car auto shlppirgracks,refuse
co,parrotbodies,

Co_[_y FF 87 0 120 - Solidwastecc_acto_ b:_les,c_ntaln-
ers & roll-o_fc_ntalners& hoists.

Company I(c) 196 L n/a - Dumpbodies,_talners and refuse
packerbodies.

GG n/a n/a n/a - Refusecompactorbodies, con_ainem &
t_ll-off hoists.

C01%oanyHH[d ) n/a n/m n/a - Refuseoc_pactorbodies.

Company II 34 0 80 - Refusecompactorbodi_, truckhoists
& mlscellanem/struckmodlflea_ions.

companyJJ n/a zv'a n/a n/a

cc_riy m¢ n,,'a n/a n/a n/a

_ n/a n/a n/a n/a

ccr_pa__ n/a n/a n/a r_a

'_o) AnnualReport, 1974a_ FOr_ 10-K flledwith the Se_ritles and ExchangeCommission,
1974,Pages 2, 3 and 9.

(d) Annu_1Report,1974.
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bodies, but favorable investment incentives and labor climates have attracted

many plants to the Southeastern states.

In addition to packer bodies, the more co,non products manufactured are

containers, portable and stationary compactors, transfer trailers, transfer

station equipment, hydraulic lift gates and hoists.

4. The type and cubic yard capacity of packer bodies produced by each

manufacturer as of 1974 is summarized below:

a. Eleven companies produce front loaders. Body cubic capacity of
front loaders ranges from 20 to 52 cubic yards. Most models
are in the 25 to 35 cubic yard range. Most producers have a
broad product range.

b. Ten mompanies produce side loaders, rk_dycapacity ranges fro_
10 to 38 cubic yards. The most common size range is from 16 to
24 cubic yards.

c. Ten Companies produce rear loaders. Body capacity ranges from
10 to 31 cubic yards. The pred<mlimantsizes are 16, 20, and 25
cubic yards.

5. The estimated manufacturer share of shipments by body type in 1974

is shown in Tables 2-10 through 2-12 and summarized below:

a. Three firms dominate the market with approximately 75 percent
of all front loaders shipped. The remainder of shipments is
distributed among the other eight producers.

b. Three firms shipped about 60 percent of total side loaders.

c. 9_o firms shipped about 55 percent of all rear loaders. These
two firms in ec4nbinationwith two others shipped about 80 per-
cent of rear loaders.

6. The geographic markets served by a plant are limited, usually to a

regional area, by the cost to transport a body m_d the body type usage pet-

terns within a region. This is particularly true for front and side loaders.

To a greater extent than the other manufacturers, two of the largest shippers

of rear loaders serve a natlonal market.
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TABLE 2-10

ESTL_IATEIJM]H_UFAC'fUI_EI(SH_{E OF _UCK-_,DUNTED

FRL_¢fLOADER SOLID _2_TE CL_IFACfORHODY SIII_4E[_S,1974

PerceNt of _)tal

14o.of Firms Shipments

'l_irueFir_s 75%

Four Finns 2U%

FourFi_zs 5%

_tal 100%

Source: Field interviews with _luii_nentmanufacturers.

'fABLE 2-11

ESTIMATED MANUFACfJRERSdARE OF _I/CK-MOUNTED
SIDE LOADER SOLID WAS/rEC_,[PAC_DR BODY SIIIP_, 1974

Percent of Total

NO. of Fimls Shi_,_ents

_lhreeFirms 60%

_hreeFirms 30%

_reeFirns 10%

Total 100%

Source: Field interviews with equif_nentmanufacturers.
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'_ASLE2-12

EST;I_ATEDF_UFAC'_I_ER SHI_E OF 'fI_3CK-_]DU[_rED

1_{ LOADER SOLID WASTE CL_IPACfOR BODy SHI_EN'D_, 1974

Percent of Total

No. of Fire,s Shi_aents

'IWo Fi_s 55%

Two Firms 25%

'lhreeFilLs i5%

q_reeFi_ 5%

Total 100%

Source: Field interviews with t_4ui_i_nt[_aeufacturers.
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7. Packer body manufacturers mount about 70 percent of the bodies they

sell, on truck chassis, for the ultimate purchaser (Figure 2-7). About 90

percent of all front loaders are mounted by the manufacturer. This proportion

for all body types will probably increase in the future as larger packer body

size increases the need for more specialized and heavy-duty mounting equipment.

Increased manufacturer concern regarding product liability will also encourage

this practice.

8. The suggested end user list price of packer bodies varies by loader

type, nature of body construction and body capacity. The price range of selec-

ted [_nufarturers and packer bodies by sizes (as of 1974) is shown in Table

2-13. Note the following ranges:

Front loaders $16,000 $24,000
Side loaders 6,000 11,000
Rear loaders 9,000 15,000

Prices have increased somewhat, but not markedly, in the intervening period

(Ref. 2-2) (although chassis prices have increased substantially).

9. The estinmted pricing structure for packer bodies is shown in Table

2-14. These estimates represent an overall average for all menufacturers,

distributors, end users and products. Some variation was noted in pricing

practices. _bte that average distributors and end user prices are 20 percent

and 12 percent off list price, respectively.

I0. Mamlfaeturer warranty provisions vary considerably. _{pically, only

parts are covered, but service adjustment policies may cover labor in some

instances. Warranty coverages range from 90 days for selected components or

the complete body, to 12 months for the complete unit excluding selected

components, longer warranties (two years or more) have been obtained by

large (e.g., municipal) purchasers through negotiation.
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Co_)actor
_y

Manufacturer
7U%

_uck Chassis
Dealers TruckBody

(Negligible) Distributor
' 30%

Fleet Operators
(Negligible)

_ FIGURE 2-7

F_5_fIMATEDBODY MOUNTING PRACTICES FOR TRUCK-
I,D_','TEDSOLID WASTE COHPACIDR BODIE._

(PERCENT OF '_AL NEW BODIES MOUNT.EJ.))

i: Source: Truck Body and F_ui_nent Association, and field
!! interviews with equipment _anufacturers,
_: distributors and end users.

'i
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TABLE 2-13

RANGE OF SUC_ESTED LIST PRICF_gOF SELECTED TRUCK-

M3UNTED _g3LIDW2LgTECOMPACIDR BODIES*, 1974

Equir_ent Classification Overall
and Body Cubic Yard Capacity Price Range Average Price

Front T_aders $18,780

24-25 $16,000- 21,000
30-31 17,000- 23,000
40-42 20,000 - 24,000

Side Loaders** 7,650

12-14 6,000- 7,000
16-18 9,000- 11,000

Rear Loaders 11,580

16-17 9,000 - 12,000
20 i0,000- 14,000
25 13,000- 15,000

Source: Manufacturer price lists and interviews with manufacturers.

*complete factory mounted units with standard equi[_ent, exclusive of freight
and Federal Excise Taxes.

**Does not include prices for products built and sold as an integral body and
dlassis unit.
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Colll[_acto_

Body
t,mnufactu_er

90_

I
, 5_ 5__ ! a_ ,- - -_-_i_-5_ruck Chassis 5% Truck Ikx]y I Reconditioned I

D_aler I Dist_ibu tot I Bodies I10% 75% I 10% I

Leasing

5% Cu_panies 5%

10%

I 5% 5% 10% 70% 10%
Fleet Operdtors

FIGUItE 2-8

TRUCK-MO_rE_ SOLID WA_fE CL_4PACfOI{HODY

Q_ANNELS OF DISTI{IBUTION, BASED t_ '_JfAL
NEW AND USED UNI'I_ SOLD ANNUALLY

Source: Truck Body and Equipment Distributors /%ssociation, and field inter-
views wit/% prOduct _nanufacturers, distributors and fleet operators.
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[['ABLE 2-14

ESTImaTED PRICING STI{UCTUId_ bIOR 'I_{UCK-
tK_R_f'_]SOLID _@_'I'EC_.[PACfOR BODIES

Average Percent Discount

Purchaser Off Suggested List Price

._dUser 12%

Dist_ii_utor 2U

Source: Field Intervic%_s wit/% equi[_,_nt li%anuf_cturers, distributors and end
users,

TABLE 2-15

pI{L_.'ILEOF TI_JCK AND THACfOR P_J{fS /_ND SUPPLIES

MERC]_T %@IOLt_ALERS, 1972"

Characteristic Value/Quantity

N_ber of Firms 2,420

Sales Revenue$(Millions) $ 4,430

Average Sales Revenue/Fimn $(Millions) $ 1.8

N_1_er of Paid _tlployees** 41,481
Average N_nber of Employees/Fir_] 17

Payroll, Entire Year $(Hillions) $ 387.5
Average Pdyroll/Fimn $160,000

Source: U.S. Depar_nent of Commerce, Bureau of rileCensus, "1972 Cereus of
%_lolesale Trade", 1972, Page 8.

*includes distributors of solid waste compactor L_dies _%d insulat_d -

refrigerated truck bodies and trailers.
**For week including t._rch 12.
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Truck Body Distributors

The estimated flow of new and used packer bodies is depicted in Figure 2-8.

About ten percent of the packer bodies sold annually are rebuilt/reconditioned

units_ sold by truck body distributors. The predominant patters is for

manufacturers to use distributors to sell and deliver bodies to packer truck

fleet c_erators. Leasing companies finance the purchase of about ten percent

of all units sold, mainly new bodies. Rental of packer body trucks is

negliq ible.

A profile of all truck and tractor parts and su.mplieswholesalers is

shown in Table 2-15. T_lisgrouping of wholesaler distributors includes a

broad spectrum of product areas. Note that the total nui_oerof firms is

2,420 and that the average sales revenue per firm is $1.8 million.

' A profile of packer body distributors COnstructed from data provided by
]

the Truck Equipment and Body Distributors Association (Table 2-16) indicates

i that:

4 i. _ere are appzoximately 500 firms, with average annual revenue ofa
!

$2.5 million.

i 2. _le distributors' sources of revenue are approximately two-thirds

new equipment and one-third parts, used equipment and service labor.

3. _le overall average gross profit on net sales is 23 percent, and sperst-

ing and non-operatlng expenses are 16 percent. Average net profit after taxes

is 3 percent.

4. These firms have average total assets of $700,000.

End Use Market Fleet Operators

As shown in Table 2-17, the two major end use markets for packer trucks

are private contractors and municipalities.
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'fABLE 2-16

PI_OFIL5 OF '£1_JCKi._JL_JTl'/_SOLID I_ASTE

CL_IPACIOR BODY DIS'fILIHUTOILg,1972

r4edian Value/_uantity

(_laraoteristic

N_i_erof firsts 500

Revenue Mix (Percent of Total)

14ew Equi_nt 60-7U%

Parts, Used Equig,_ent & Labor 30-40%

Fii1ancial Data for Fimll Averaged Across All Fi_is

Percent of Hedian
Net Revenue

NetRevenue $2.5Million 100%

Cost of Goods Sold 1.9 7__/7

GressProfit $ .6 23

Operat ir_1 Expenses .4 16

Non-OperatingExpenses - 1

Net Profit Before Taxes $ .2 6

Not Profit Afte_ Taxes $ .i 3%

Total Assets $700,000

Current Assets 580,000

[_t Wor _/% 233,000

Non-CurrentAssets 120,000

Source= Truck Equipment and Body Distributors Association, field interviews

with product manufacturers and distributors.
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TABLE 2-/7

PR/_IAP,.Yh_,fDUSE MAJ_{ETS_'ORTI{UCK-MOI_,;TED
SOLID WASI'EC(24PACfORBODIES

Percent of Total

End Use Market Units in Operation

Private Contractors 60%

Munici_x_lities 35

Federal Gover_rent 2

IndustrialCorporations 2

Other 1

'total 1OO%

Source: Office of Solid Waste Hanagement programs, U,S. Environmental
Protection Agency, National Solid Waste flanag_nent Association,
"The Private Sector in Solid Waste Management. A Profile of
Its Resources and Contributions to Collection and Dispusal,
VoIL_ 2 - Analysis of Data", 1972; U.S. Department of Commerce,
Bureau of t/leCensus, "Census of Transportation, 1972, Truck
Inventory and Use Survey, 1972"; field interviews wi_ product
manufacturers.
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i. Private Contractors. These companies are heavily engaged in residen-

tial, commercial and industrial refuse collection. Services are contracted

on the basis of a direct contract or a municipal contract, franchise or award

of a competitive bid.

Even though the operations of a private contractor are local in nature,

several conglc_reratedcompanies with 100 or core operating locations across

the country have evolved in the industry.

A profile of private contractors is shown in Table 2-18. In summary:

a. The number of private contractors in 1970 was greater than 10,000.
These companies employ more than 102,000 people.

b. These firms serve 27.3 million customers, operate 61,500 total
trucks and collect 685,000 tons of waste daily.

c. Operations of private contractors tend to be concentrated in large
met rcpolitan areas.

The truck equipment operated by private contractors is indicated in Table

2-19. Of the 61,500 trucks operated, 41,602 are packer trucks (primarily rear

loaders).

More than 90 percent of private contractor customers are residential,but

the total guantity of wastes collected is fairly equally distributed among resi-

dential, commercial and industrial customers. Over 40 percent of the contrac-

tors collect only commercial and industrial wastes, but together, private

contractors collect core than 90 percent of commercial and industrial solid i

waste. Private haulers serve 50 percent of all residential customers and

collect the same proportion of total rssidential solid waste.

The level of concentration within the JnMustry is relatively low, in terms

of number of employees and packer trucks employed by the largest contractors

as compared to the industry totals.

J
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TABLE 2-18

PRI"qATE CONTI_ACIDRS_ k_QUIPMENT, _PLOYEES,
CUSYOME|%S AI_D COLLECfI(_ Y(INNAGE BY METROPOLITAN

AI{EA POPULATION SIZE, 1970

Privat_ '_D_ID,_Io_c_s _b_al qz'ucks* '/btalCust_i_rs _)t_l D_ilyqDnila_e**
Contractors N_nber Num_r N_r _u_er

I_ulat_on t_r i_rc_J_t (_llous_nds)l_rc_l_tj_11o_s_nds)I_rC_nt (Mi1_ions)I_rc_nt (_usan_s) I_rcent

_re Than I Million 4,456 44.5_ 60._ 59.1_ 35._ 5_.4_ 15._ 57.9% 438.7 64.0%
500,000-IMillion 1,311 13.1 15.] 14._ _.2 13.3 3._ 13,9 ii_.7 16.3
25_,000-499,999 1,4_ 14.9 _i._ 10.9 6.1 9._ 2.6 _.5 53.5 7._
I00,0_0-249,999 1,017 10.1 7.0 6._ 5.0 _.i 2.5 9.2 35.6 _.2
50,000-99,99_ 149 _.5 1.1 I.I ._ 1.3 .3 I.i 6.9 1.0
Less _l_n 49,999 I_5_6 15._ 7.5 7._ 5.5 9.0 2.3 _.4 39.1 5.7

To_al 10_027 100.u_ lu2._**_ 100.0_ _*** 100.0% _._ ]_% 685.5 I00.0_

AV_rege per Contractor 10.2 6.2 _°7 68.4

Sourc_: Office _f Soli_Waste Manag_nt Program, H.S. _ivir_,_ntal Pro_ion Agent/,NationalSOl_d Waste
u_ Mana_men_ Associa_ion_"Dini_r_v_toSecto_ in SolidW_steMa_m_s_ - _ Profileof I_s _esourcesand

Cmntrlbutionsto Coll_ction_i_ D_spos_l,Vol_,_2 - _alys_s o_ D_t_"°1972.

*includes41,602 conventionalsolidwaste c_ctor bo_ies.
_*Inclu_esres_den_i_l_c_mmer_ia_and industrialwaste.
***Ad_t_st_to _lec_ rounding, i



'f#d{LE2-19

PJ{IVATEOJNTRACII3R_{UCK '_UIPMEI_f

CC(II_3SITION, 197U

'_lousandsof units

Equipment _IPe Number Percent

Front Loaders 7.7 12.5%

SideLoaders 7.7 12.5

RearLoaders 26.2 42.6

OpenNon-Packer 7.2 ii.7

sideLoader,Non-Packer

l_ull-Off Chassis 6.5 IU.6

[_ist 'Pypev_hieles 2.2 3.6

Other Collectioe Vehicles 4.0 6.5

Total 61.5" 100.0%

SGurce: Office of Solid Waste Managea_nt Programs, U.S. Enviro_nental
Protection Agency, National Solid Waste Management Association,
"The Private Sector in Solid Waste Manag_ent - A Profile of
Its Resources and Contributions to Collection and Disposal,
Vol_ne 2 - Analysis of Data", 1972.

*_djusted to reflect rounding.
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2. Municipal Fleets. The scope and nature of municipalities which provide

public refuse collection services are difficult to ascertain. There are more

than 78,000 local governments, of which 35,500 are municipalities and townships

of 2,500 or greater population. Packer body manufacturers report that the

latter are the major purchasers of equipment, especially municipalities and

townships with populations of 25,000 people or more. Between 800 and 900

governmental units (whichaccount for approximately two-thi_]s of the popula-

tion within municipalities and townships) m_ke these purchases. These

governmental units account for about 85 percent of governmental general

expenditures, and slightly more than 80 percent of the e×penditures for

sanitation other than sewage.

Approximately 35 percent of the packer trucks in operation are owned and

operated by municipalities and used to collect approximately 50 percent of all

residential solid wastes. However, this understates the direct and indirect

influence of municipalities with regard to total residential collection activity.

A large proportion of private hauler residential collection is controlled by

municipalities by means of contracts, franchises or col_oetitivebid awards.

Table 2-20 shows that nearly 50 percent of private hauler residential

customers are served on the basis of a government franchise.

TABLE 2-20

PERCENt O_ RESIDENTIAL CUSTOIERS
SERVED BY PRIVATE HAULERS t_DOR

DIRECT CChTRACT AND GOVERNMENT FRANCHISE

Percent of Customare

Direct Contract 50.3%
Government Frenchise 49.7

Total 100.0%

Source: "The Private Sector in Solid Waste Management," U.S. Environ-

mental Protection Agency, 1973, page 6.3.
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Truck Chassis Manufacturers and Dealers

Truck chassis manufacturers, throuqh their franchised truck dealer

organizations, generally sell truck chassis to the fleet operator to be used

in conjunction with a packer body. In s small proportion of total unit

sales, the truck dealer will sell an equipped packer body truck to the fleet

operator.

The four largest truck chassis manufacturers accounted for more than 80

percent of total sales of medium and heavy duty trucks in 1975.

The National Automobile Dealers Association, in Franchised New Car and

Truck Dealer Facts, 1973, indicated that there _re 22,270 new truck dealers

in 1972.

Raw Material and Ca_ponent SuPpliers

Products purchased from suppliers consist of roll and bar metals, and

general components such as power take-off units (FIOs), ptm_pe,cTlinders,

and valves. All sources of supplies are major manufacturers, and requirements

of the packer body industry are considered insignificant when related to

the suppliers' total shipments.

_EFERKNCES
,Section 2

2-1. "Noise Control21_chnology for Specialty Trucks (Solid Waste Co_oactors),"
_olt, Reranek and Nek_an, Inc., 8_N Draft Report 3249, February 1976.

2-2. Internal ONAC menorsoda, July 11, 1979, stmlnarizinginfor,_atlonobtained
in telephone calls to distributors.
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SECTIC_43

Tf_JCK-MOUNTEDSOLID WA_I'EOONPACIDR SOUND LEVELS

SOUND LEVEL MEASURF_ENTS

Sound z_easurementtesting was perfomned on a total of forty-four

truck-mounted solid waste compactors. For most of the tests, noise

measurements were made with the microphone located at 7 maters (approx-

imately 23 feet) from each of the four sides of t/letruck. In a few

cases, measurements were made at other distances (mainly 15.2 meters,

or 50 feet) and the data were adjusted for the difference in microphone

loeatime.

Readings of A-weighted sound levels were taken during cc_pactor

operation to characterize both the maximum continuous noise and impact

noise. The centinuous noise, also denoted as "maximum steady noise

: level," was read as the average or "central tendency" observed during
]

I the noisiest segment of the operational cycle (ignoring impact sounds)

using the "fast" response setting of the mater. _he noise due to

impacts between different components of the compactor mechanism, or

between containers (if used) and co,pactor surfaces, was read as the

maximum observed reading of the meter in "fast" response setting.

Data also were analyzed in terms of the maximum reading of t/%e

meter in "slow" response setting, regardless of whether or not there

were impacts.

All the data obtained are summarized in Table 3-2. _%e data

listed include the calculated logarithmic (energy) average of the four
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position measurements for the maximum continuous, maximum impact, and

maximum "slow" readings, and the associated Sound Exposure Level (SEL)

for the maximum continuous and maximum impact readings.

One rear loader (Vehicle No. 18 in Table 3-2) was measured with

and without quiet features, and is treated as two separate maasurements,

one quiet and one conventional. _is brings the total number of vehicle

measurements to 45. The number of measurements ,ladein each category

are tabulated in Table 3-1.

TABLE 3-1

NUTBER OF MEASUREMENTS
MADE IN EACH CO_ACTOR CATEGORY

Load Number of Number of Number of Number of Number of

Measurements Conventional Quieted Diesel Gasoline

Rear loader 35 21 14 13 22
Frontloader 6 5 1 5 1

Sideloader __4 1 __3 _/3 J.

TOTAL 45 27 18 21 24

Source: Table 3-2.

Figure 3-1 shows histograms of all measured noise levels of truck-

mounted solid waste compactors, including maximum continuous levels and

maximum impact levels in "fast" response and the maximum levels in

"slow" response. Figures 3-2, 3-3, and 3-4 are histograms for the rear,

front and side loaders respectively.
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TABLE 3-2

SUMMARY OF TRUCK-MOUNTED SOLID WASTE
COMPACTOR SOUND LEVEL MEASUREMENTS

(A-Welghted Noise Levels at 7 meters or converted to 7 meters)

Maximum _xilY_f_ l_XimUOb

_ntinuous (Fastl _mct (Fast) (Slow}
Vehicle Body Qu)et/ EDor_/ L_/cle 8EL [lqet_ly SEL Dlergy R£_r_t'k_
Nt_er M_gr. 5oad I.Mel Cow. Avg. Tine l_%xJ. Avg.

[daA_ (sec} (dI_) (daA) (d_) (dL_)

1 ;_ Rh G Q 74 30 87,5 78 75 76 --
2 A RL G C 87 12 94,5 88,5 85 08 2000 rill
3 13 56 L) O 74 10 84 none -- 76 l_nt lqvJ
4 C FL D C 78 35 88 86 85 82 Lifting
5 D HL G C 74 20 87 89 78 B3 --
6a* E 8h G c 77 8 84 84,5 80 81 f_ep I AUX.
6b E SL G C 7_ 75 95 84 7_ 81 Pack I Engine
7 $ I(L G C 70 17 8B 94 82 79 ] [_ointmea_,
da, F FL D C 03 48 82 09 8U 81.5 _t_T_ ;I pt.
t_ F FL D C 85 48 100 98 93 _ Cr-tl)act I re2as •
9 F RL G C 7_ 16 96 8O 87 01 50 _t + 6 dU

1u G RL D C 80 25 94 87,5 86 83 50 ft + 6 dL_
11 G FL D C H3 none -- 85 50 ft + o d_
12 B PL D C 07 93 _ 88 5U ft + 6 dH
13 $ FL D C 07 2U 100 97 97 _2 50 ft + 6 dl_
lq I RL D C 79 4U 95 84 -- U]
)5 I RL D C _2 82 -- 8G I poi*_tn_a_.
lb F FL D C _5 20 -- 94 I poiDt rrea_,
17 I RL D C 84 4_ _ 85 -- 84.5 1 point m_as.
)Sa** d RL G C 82 I Point ,_as.
|Hb** J RL G Q 67 -- | loint [,oas.
I_ J K5 G _ 74 6 8] b4 79 79 Fly%theei FrO
20 F RL G C 80 20 90 82 04 80 Tcans. Fib
21 I _5 G Q 73 27 85 03 78 74 Flywheel Fro
2_ F m_ G e 74 25 87 75 6/_ 74 Flyt43e_l
23 J K5 G Q 74 10 82 78 73 -- Fret I'ID
24 I 8L G O 75 28 87 79 79 -- Front
25 K _.L G C 76 Cont. -- z_e 10 m * 3 dB
26a H RL D C 79 -- packing
26b* l] _ D C 78 ...... ElectiDg
27 I l_, G C 79 -- 3 point ,_as.
28 l _L t. C 7S -- 3 point _as.
29 J K_ D C 79 12 -- 86 -- 82
38 J _ G Q 7H.5 21 -- 85 -- 02 FlyWheel _0
31 F _L D C 7u 24 -- _1 -- 79
32 I m, D C 75 34 -- 83 -- 79
33 J K(, G Q 79 lu -- 90.5 ~- 85 Fb_heel _O
34 F RL D C 77 22 -- 82 -- 79
35 P 1_ D C 75 2.1 _ U2 -- 77
36a* C F_ G Q 74.5 36 -- 89 -- 84 _in_
3_ C F6 G Q 73 55 -- 75 -- 74 _cti_g
37 d PL D C 79 11 -- _7 -- 82
3_ A R5 G O 76 79 -- 79
39 A 1%6 G Q 70 79 -- 74 FTo_t F_O
40 A RL G O 75 dO -- 77
4; A l_ s O 68 8u _ 75 Front PlO
42 I I£5 D Q 70 40 -- 81 T_ans. F]O
4_a B SL D Q 71 36 -- n_]o w/o o%_rride
4_* _ $5 P O 83 _ -- r_ne o,_rrlde
44 U SL O Q 77 8 -- 78 aUX. or_]tfle

_TheSe _easurem_ntswere not.used in the statisticalanalysiutucau_ they do not represent
noise emlsslcns of the _mpactlon ¢yelo.

**Vehicle 18was n_asure4 wich and without quiet featurus and is treate4 as two vehicles.
RL = _a_ Loader
SL • Si_ L_ader
FL = Frc_t leader

Scurc_l Reforen_ 3-), M,A/O_C m_asure,_ntsin l_W York City) EP_VNEF m_-_uc_lent_ in San
Franci_.'o.
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Table 3-3 summarizes the noise measurements of front, rear and side

loaders in terms of the mean level and standard deviation. Frc_ these

data, it can be seen _-hatthe noise levels of front loaders are higher

than t/loseof rear loaders. '/headditional noise of front loaders can

be attributed to lack of speed control of the engine and the banging of

the container on the arumsof the loader. Although the three side leaders

that were tested were quieter than the rear loaders, the sample was too

small to allow any conclusions to be drawn.

Table 3-4 subdivides the noise level data for rear, side, and front

loaders into conventional and quieted vehicles. Table 3-5 subdivides the

noise level data for gasoline-powered and diesel-powered engines into

conventional and quieted vehicles. Both the maximum COntinuous noise level

in fast response and the maximum noise level in slow response are given

in Tables 3-4 and 3-5. These data indicate that diesel-powered compactor

vehicles tend to be slightly noisier than gasoline-powered units.

TIME HISr_ORI'4_

Figure 3-5 shows the time history of a quieted rear loader. The time

history of a rear loader typically has three phases corresponding to

different functions during the collection cycle. 'l_%ereis usually an _0act

at the end of each phase due to the bottoming of the hydraulic cylinders.

The time history of a front loader (Figure 3-6) shows the noise level

during the loading cycle due to variation is engine speeds. There are

nUIi_ronsimpulses due to tJ_ebanging of the container and closing of the

cover during,the du_%ocycle. Fewer peaks occur during the son,action

phase (additional ti_e histories are shown in E_llbit 3-2 at the end

of this Section).
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TABLE 3-3

SUMMARY OF NOISE LEVEL DATA
(dBA at 7 meters)

l_aximumContinuous Noise Level (Fast)

Load Ntm_berof Mean Standard

9_e Measurements Deviation

AllVehicles 45 77.5 4.29
Rear Loaders 35 77.0 4.39
FrontLoaders 6 82.0 5.18
SideLoaders 4 74.5 2.65

Maximum Impact Noise Level (Fast)*

Load NumDer of Mean Standard

Measurements Deviation

AllVehicles 36 84.4 5.23
RearLoaders 29 83.6 4.51
Front Loaders 5 90.0 9.62
SideLoaders 2 81.0 4.24

Maximum Noise Level (Slow)

Load Number of Mean Standard

T_ Me.asurements Deviation

AllVehleles 32 80.5 4.5_
RearLoaders 26 80.3 4.06
FrontLoaders 4 83.3 7.45
Side Loaders 2 78.5 3.54

*"No impact" vehicle measurements were excluded from
determination of the mean and standard deviation.

Sonr_e: Table 3-2.
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T;_LE 3-4

SUMMARY OF NOISE LEVEL DATA BY LOAD _YPE
(dBA at 7 meters)

i,laximumContinuous Noise Level (Fast)
Load Conventional Number of Mean Standard

T_ __ or Quieted Measurements Deviation

Rear Loader Conventional 21 79.2 3.55
Rear Loader Quieted 14 73.8 3.47
Front Loader Conventional 5 83.8 3.03
FrontLoader Quieted I 73.0 --
Side Ix>ader Conventional I 76.0 --
Sioe Loader Quieted 3 74.0 3.00

Maximum Noise level (Slow)
Load Conventional Number of _man Standard

%_e or Quieteo Measurements Deviation

Rear Loader Conventional 16 82.0 3.30

Rear Loader Quieted 10 77.5 3.75
FrontLoader Conventional 3 86.3 5.13
Frontleader Quieted I 74.0 --

Source: Table 3-2.

TABLE 3-5

SUMMARY OF NOISE LEVEL DATA BY ENGINE TYPE

(dBA at 7 meters)

Maximum Continuous Noise Level (Fast)

Engine Conventional Number of _an Standard

5%_pe or Quieted _ssurements Deviation

Gasoline-Powered Conventional 10 78.7 3.63
Gasoline-Powered Quieted 14 73.6 3.42
Diesel-Powered Conventional 17 80.7 3.90

Diesel-Powered Quieted 4 74.5 3.11

Maximum Noise Level (Slow)
Engine Conventional Ntm_0erof Mean Standard

T_e or Quieted Measur_nents Deviation

GasolinempOWered Conventional 6 82.0 3.22

Gasoline-Powered Quieted 11 77.2 3.71
Diesel-l_ered Conventional 14 82.8 4.04
Diesel-Powered Quieted I 76.0 --

Source: Table 3-2.
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Figure 3-7 shows the time history of an operational passby of a

quieted side loader with the engine governed at 900 rp_. The truck was

equipped with a front power take-off and powered by a 6-cylinder diesel

engine. Various noise events can be distinguished from the graph: the

noise of the truck as it arrives (80 dBA); squeal of the brakes (82-85

dBA); noise of the engine during loading (75 dBA); banging of cams and

containers during loading (80 dBA metal and 77 dBA plastic); noise of the

compaction cycle (75 dBA) ccmLbinedwith several impulses due to i_acts

between trash and cc_pactor walls; noise of the release of the air brakes

(87-90 dBA); and the noise of the truck departure (80 dBA).

The major concern of this study was the noise associated with opera-

tion of the compactor in loading and compaction of waste, as this noise is

most characteristic Of the basic function of the truck-mounted solid waste

rompactor, identified as a major noise source. The other chassls-related

noises generally are covered by the Medi_m_& Heavy Truck regulations.

State and local authorities have the option of further regulating the other

noises associated with trash collection, such as container noise.

NOISE SOURCES

Com_nent Sound Levels

EPA considered in detail the diagnosis of noise sources of a rear-

_! loading solid waste compactor truck. The noise sources identified were:

i
(i) Truck chassis

(2) Transmission power take-off (FID)
(3) Hydraulic pump
(4) Compactor body (when isolated from the chassis).
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_'able3-6 gives the measured noise levels of each of these components

on a typical vehicle. '/hisparticular truck was a quieted vehicle, i.e.,

it already had some noise control features. The chassis had a better than

average muffler installed. The truck cycled at an engine speed of 105U

rpm and electric switches reversed the hydraulic cylinders, rather than

allowing them to botto_n. Very little noise came from the compactor body

itself. NO significant noise came from the hydrsulic lines, valves, or

moving parts on the body. Most of the noise came from the chassis and

power take-off, end scn,_was from the hydraulic pimp.

The chassis and power take-off noise were found to be highly speed-

dependent. Figure 3-8 shows the variation of noise with variations in

r31eengine speed of the chassis and with and without the power take-off

engaged. Many trucks cycle at engine speeds up to 1800 zpm. It is

apparent that substantial noise reduction can be achieved by reducing the

truck engine speed during cycling.

Figure 3-9 shows the spectz-_lcontributions fro_ the various ma3or

noise sources. Low frequency noise comes from the esgine, while the

hydraulic pump generates two pure tones at 125 and 250 I1z. High frequency

noise is due entirely to the transmission power take-off, which rudiates

sound both directly end through vibrations in the chassis frame.

Truck Chassis Noise

It is clear frcm the previous section that the noise from the chassis

contributes to the overall noise of the truck-mounted solid waste compactor.

EPA has set a not-to-exceed noise level of 83 d_A (at 15.2 meters, or 50 feet,

in a passby test) for the chassis in the regulation for llmdiumand heavy
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TABLE 3-6

NOISE CONTRIBUTIONS

SPL (dBA at 7m)

Energy

Right Left Front Rear Avera@e

Chassis 64 64.5 63 63 64

PowerTake-off 73.5 72.5 72 68 72

(PRO)

Pump 64 62 58 61 62

Body* <65 <60 <65 <65

Total 76 75 72.5 70 74

*Noise levels dominated by l_o over 100 ft away.

Source: Reference 3-I.
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trucks, and it is anticipated that entry into the market of new truck chassis

conforming, to this standard will result in less noisy compactor vehicles.

The measurement procedure stipulated in the regulation for medium

and heavy trucks requires the engine to be run at full power with maximum

rpm. During the compaction cycle, the engine is required to develop

only a fraction of maximum horsepower. Because chassis noise is dependent

on engine speed, the noise emission of the chassis operating at normal

speeds (1800-2000 _pm) during compaction will be considerably less than

the 83 dBA standard for vehicles meeting the truck noise regulations.

Additional reductions in chassis noise can be achieved by further lower-

ing the engine speed during the compaction cycle.

EPA analysts have reviewed empirical data available on the noise

of engines as a function of speed, and have developed a mathematical

model describing the effect of engine speed on the various noise sources

in an engine. Based on this model, several curves have been plotted

portraying predicted engine noise as a function of speed (Ref. 3-1).

These curves demonstrate the potential reductions in noise that can be

achieved by reducing engine speed.

Three chassis manufacturers supplied chassis noise levels as a func-

tion of engine speed for 14 chassis meeting the regulatory level of 83

dBA. These data, along with the levels predicted by the mathemetieal

model for trucks regulated at 83 dHA, are graphed in Figure 3-10. Although

several diesel engines exceed the noise level predicted by the model, all

of the gasoline engine noise levels are considerably less than the
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predicted levels for gasoline-powered engines. The slopes of the curves

representing the manufacturers' data are greater than the slopes of the

predicted curves, which indicates there is a greater dependence of noise

level on engine speed than predicted by the model.

.?_%NFRANCISCO NOISE DATA

Noise measurements have been reported on truck-mounted solid waste

cunpactors operating in the city of San Francisco. The San Francisco

noise data were not gathered under the controlled conditions or meth-

odology used in EPA measurements, and therefore are sot comparable to

the other data in this report.

One hundred and flfty-t_ noise measurements (Exhibit 3-I) were made

on compactor vehicles operating in the streets of the city. The measure-

ments were made at a distance of 50 feet from the rear of the truck.

(Elsewhere in this report, the data were ba_ed on measurements made at 7

meters or 23 feet.) The San Francisco data were corrected by 6 dB to

account for the greater distance between the microphone and the vehicle.

Table 3-7 s_imarimas data for two scavenger fleets. Even after t]_is

correction, the San Francisco measurements were significantly higher than

those reported by EPA in Table 3-I.

Table 3-8 compares the noise levels of sixteen trucks measured both

by EPA investigators and by San Francisco. Again, it is obvious that the

noise levels measured by the city of San Francisco for the mexlm_ contlnsous

level are generally as high or higher than the EPA level, even though the

San Francisco measure,rentswere made twice as far from the truck. The major

reason for the increased noise readings in San Francisco probably is
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TABLE 3-7

SL_4M/d_Y OF SN_ F_/4CISCO NOISE M_'ASUI_E_IENTS

(dSA at 50 feet fr_ rear of U_Z_paCtOL')

Maximum Conti**uous Noise Level {%yera_e of 3 Hi_hest Peaks
Fleet N_nbsr of

Vehicles Mean Standard Deviation Muan Stasddrd l_viation

A 57 75.35 0.51 78.32 0.32

B 95 7_.57 0.36 81.08 U.32

Source: Reference 3-i.

TABLE 3-8

NOISE LEVELS OF S_/4 FRANCISCO C_ACIDR T_I_KS

(dBA at 23 feet and 5U feet)

Maximum Continuous Noise Level _tm,_n I_et Noise b_vel
Operator Vehicle San Francisco EPA SA_ Francisco E_A

_r (SO ft) (odlusted) (23 ft_ (50 ft) (a_ust_d) (23 ft)

Sunset X43A 77 83 73 81 87 88

Sunset 29A 78 84 76.5 81 87 85

Sunset 21A 74 80 74 79 85 86

Sunset 51A 80 86 75.5 83 89 78.5

Golden Gab_ 29 73 79 76 78 84 83

Golden Geb_ ! -- -- 72 -- -- 80

Sun6et GIA 79 85 77 83 89 88

_iden C_te 26 72 78 75.5 80 86 89

Sunsot 74A 81 87 79 86 92 83

SUnset 23A 82 88 75 87 53 88

Golden Gate 33/34 _ -- 78 -- _ 95

Sunset 75% 79 85 74.5 82 88 85

Sunset 59A 78 84 73 75 84 85

eLm_et 41% 77 83 76 81 B7 89

Sunset S7 -- -- 74.5 -- -- 8]

Sunset D7 -- -- 73 -- -- 74.5

SoJrcez References 3-I, EPA/NEF Measurements _n San Francisco.
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reverberation. San Francisco has many narrow streets with mow housing, which

cause a reverberant build-up of noise. The higher correlation between San

Francisco and EPA data for tilemaximum impact levels supports this theory of

reverberation. Impact noises are of short duration and do not experience

significant reverberantbuild-up. Therefore, the narrow streets and row

housimJ in San Francisco cause an increase in the maximum continuous level

readings but do not affect the maximum impact level readings.

SOU_3 LEVEL DEGRADATION

There are two general causes of degradation: (i) increase in the

noise emission of individual co_pomants; and (2) decrease in the effi-

cacy of a noise control treatment.

The sources of noise on a truck-mounted solid waste compactor which

are subject to degradation are the truck chassis (engine easing, exhaust,

and fan), power take-off (PTO), and hydraulic pump (Table 3-9).

The noise degradation of the chassis is directly related to the

average life of the engine. Warranties for truck diesel engines usually

cover 50,000 miles or 24 months on parts and labor, or 100,000 miles or

24 months on parts only (Ref. 3-3). The warranty for gasoline engines is

half that of diesel engines. Waste corm2actortruck diesel engines are

overhauled approximately every 150,000 miles and gasoline engines every

80,000 to 100,000 miles.
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TABLE 3-9

AVAIII_3LE I_TA ON NOISE DEGRADATION FOR TRUCK-MOUN_D

SOLID WASTE COMPACTORS REGULATED AT 78 dBA (7 meters)

Noise Unregulated I_=gulated Reduction NoiseS(xlrce AvailableDatac_ Sourcesof Data Treatment Treatment
Source Noise level Noiselevel af Noise Degradation SourceDegradation on Degradation to C_ly Degradation

(dBA) (dBA) (dbA)

(_assls 80 75 5 for trucksat -DOtquiet truck -DOTquiet reduce none
-Engine 83 4BA: fieldtests truck reports engine
-Exhaust (dieselat (di0selat -engine-soure_ -engineusefulllfe -enginemfgrs, speed
-Fan T750rpm) 1750rpm) and treatment -enginewarranty -mufflermfgrs.

-exhaustmuffler -muff|eruseful life -compactorusers

PIO 79 (rx)Isefrom degradatl_ does -FID usefullife -c_ackor users replac_ i_e
flywheelor not affectover- -I_Owarranty trans.P'/D
fret PIO not all levelunless with front
significant) FID fails or flywheel

w F/D

Pump 68 64 4 4egradaticnof _ usefulllfe
pump -pumpwarranty -compactorusers n_ne --

(estimatedfrom
64 dBA at 1250
rpm using 30 log
of [x_p speed)



Department of Commerce data indicate an average annual mileage of

12,200 miles for all compactor vehicles. Front leaders used in commer-

cial trash pickup are driven 15,000 to 25,000 miles per year, while rear

and side leaders used in residential operations are driven less than

10,000 miles per year. The average vehicle, therefore, may be driven 5

or 6 years before the first ove_laul.

Chassis noise from waste compactors equipped with gasoline or diesel

engines is not expected to degrade significantly ever the first 50,000

to 75,000 miles of use. Although the gasoline engine has a greater degra-

dation, the chassis noise level of the gasoline powered truck is less than

that of the diesel engine truck. If the engine speed is reduced, engine

wear may be reduced also, resulting in leas noise degradation of the

chassis.

The degradation of other noise sources is insignificant. Exhaust

mufflers have an average life comparable with that of the engine (Rsf. 3-5)

and can easily be replaced if necessary. Replacing the transmission PT0 with

a flywheel or front FrO reduces the noise level of the FrO to an insignificant

level, so that degradation can be ignored. Also, since alignment of gears

will prcbably be better for front or flywheel PTOS than for transmission

PTOS, gear wear should be less and, therefore, PTO noise degradation less.

The r_ise treatments of reducing engine speed and replacing the

transmission PTO with a front or flywheel PT0 are not expected to decrease

in efficacy. Therefore, the chassis noise degradation will probably

dominate waste compactor noise degradation.

3-24



Noise De@radation of Quieted Trucks

'lhenoise emissions from two International Harvester DUI'Quiet Trucks

with initial noise levels of 80 dBA (low enough to comply with the 83 dBA

regulatory level) increased by I dBA during the first 150,DOn miles of

normal use (Ref. 3-2}. Two DOT Quiet Trucks with noise levels of 78 dBA

(low enough to ccmply with the 80 dHA regulatory level) demonstrated

reductions in their initial noise levels after 90,000 miles.

When chassis noise is reduced to a level below 80 dBA, the noise

from the hydraulic pump becomes a significant factor in compactor noise

degradation. Pu_s are warranted for six _Dnths and generally last one

to two years during normal use (Ref. 3-6).
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E_|ISIT 3-1

14OISEH.IISSI_ TESTS _%DE _J SiH_FIh_/qCISCOCI'I¥'flLASHTRUCKS*

Source: IWference 3-1.

Vehicle No. Cc_actin_ (d_%) Crushin_ Spikes (dBA)**
38 80.0 85.0 84.0 04.0
5-3 73.0 75.0 76.0 75.0
5-8 69.0 70.0 70.0 70.0
5 86.0 87.0 88.0 88.0
35 71.0 72.0 74.0 75.0
36 73.0 73.0 74.0 75.0
40 74.0 79.0 80.0 81.0
41 76.0 79.0 80.0 80.0
42 70.0 72.0 72.0 76.0
43 75.0 75.0 77.0 77.0
44 74.0 74.0 75.0 81.0
46 71.0 72.0 74.0 77.0
48 75.0 83.0 84.0 85.0
23 75.0 81.0 82.0 83.0
23 75.0 75.0 76.0 81.0
24 76.0 78.0 77.0 83.0
25 78.0 80.0 82.0 85.0
27 78.0 79.0 80.0 80.0
26 72.0 73.0 78.0 80.0
27 78.0 79.0 79.0 80.0
28 76.0 76.0 76.0 77.0
29 73.0 74.0 76.0 78.0

3147 75.0 75.0 78.0 81.0
32 78.0 79.0 82.0 84.0
33 82.0 86.0 86.0 89.0
iU 75.0 77.0 78.0 78.0
12 77.0 82.0 82.0 83.0
ii 71.0 75.0 75.0 78.0
14 73.0 73.0 73.0 75.0
15 73.0 73.0 73.0 74.0
169 74.0 75.0 76.0 77.0
169 75.0 78.0 79.0 79.0
1720 73.0 73.0 75.0 81.0
1720 73.0 76.0 76.0 77.0
1720 71.0 71.0 74.0 75.0
1830 75.0 75.0 75,0 79.0
19 75.0 77.0 81.0 84.0
20 70.0 73.0 74.0 73.0
21 72.0 76.0 76.0 78.0
21 74.0 76.0 76.0 81.0
22 73.0 74.0 80,0 85.0
F2 86.0 87.0 87.0 88.0
F5 77.0 78.0 79.0 80.0
2 79.0 79.0 80.0 80.0

*Measurements made at 50 feet on city streets
**Maxim_n noise spJ2_s associated with the no_ral operation of the vehicle.
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E_IBIT 3-I (Continued)

NOISE _ISSION TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

Vehicle No. Compactin_ (dBA) Crushin_ Spikes (dBA)

411 77.0 78.0 78.0 80.0
X4 74.0 75.0 76.0 77.0
P4 77.0 78.0 80.0 80.0
411 83.0 83.0 84.0 86.0
411 76.0 76.0 76.0 77.0
X5 75.0 75.0 77.0 77.0
6 73.0 78.0 79.0 82.0
7 79.0 80.0 81.0 83.0
X7 83.0 83.0 84.0 85.0
X8 67.0 68.0 70.0 71.0
8 79.0 80.0 82.0 84.0
9 77.8 77.0 78.0 79.0
10 77.0 79.0 79.0 80.0
68 78.0 78.0 79.0 81.0
70A 76.0 75.0 77.0 78.0
72A 75.0 79.0 82.0 83.0
74A 81.0 81.0 82.0 84.0
74A 81.0 85.0 85.0 86.0
75A 78.0 80.0 81.0 81.0
75A 79.0 79.0 80.0 82.0
76A 80.0 80.0 80.0 83.0
49A 79.0 79.0 80.0 80.0
78A 79.0 81.0 81.0 81.0
79A 78.0 79.0 79.0 79.0
79A 77.0 78.0 77.0 77.0
71A 86.0 87.0 87.0 89.0
73A 78.0 79.0 80.0 87.0
78A 82.0 82.0 82.0 83.0
F4 85.0 85.0 85.0 86.0
63A 80.0 81.O 82.0 82.0
63;% 80.0 80.0 82.0 83.0
67A 73.0 76.0 77.0 79.0
68A 78.0 79.0 84.0 85.0
682% 80.0 83.0 04.0 85.0
57A 77.0 78.0 79.0 80.0
58A 82.0 82.0 84.0 85.0
59A 78.0 78.0 78.0 78.0
60 75.0 76.0 76.0 77.0
61A 79.0 80.0 81.0 83.0
62A 77.0 80.0 82.0 88.0
62A 73.0 73.0 75.0 75.0
64A 76.0 80.0 81.0 87.0
64A 78.0 79.0 79.0 80.0

Z
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EXHIBIT 3-I (Continued)

NOISE _4ISSICN TESTS MADE ON SAN FRANCISCO CI'IYTRASH TRUCKS

Vehicle No. Coolpactin@ (dBA) Crushin_ Spikes (dBA)

65A 84.0 84.0 85.0 86.0
66A 83.0 86.0 86.0 87.0
68A 75.0 78.0 79.0 79.0
39A 80.0 83.0 85.0 85.0
4OA 87.0 90.0 90.0 90.0
41A 80.0 83.0 84.0 86.0
42A 78.0 78.0 82.0 83.0
43A 77.0 80.0 81.0 81.0
44A 80.0 80.0 82.0 84.0
45A 75.0 77.0 78.0 80.0
46A 88.0 94.0 96.0 97.0
47A 79.0 83.0 85.0 87.0
48A 75.0 75.0 75.0 75.0
49A 77.0 81.0 81.0 81.0
51A 82.0 84.0 85.0 86.0
52A 82.0 83.0 84.0 85.0
54A 80.0 80.0 82.0 82.0
55A 79.0 82.0 82,0 85.0
56A 80.0 83.0 87.0 86.0
53A 82.0 82.0 83.0 83.0
51A 80,0 80.0 83.0 83.0
34A 81.0 84.0 86.0 88.0
WD 75,0 81.0 83.0 83.0
2A 74,0 74.0 78.0 79.8
Y,2 79.0 79.0 79.0 80.0
3A 78.0 78.0 79.0 79.0
4/% 75.0 77.0 77.0 77.0
4A 75.0 77.0 78.0 79.0
5A 78.0 79.0 82.0 81.O

X6A 78.0 78.0 79.0 79.0
15A 75.0 75.0 75.0 76.0
16A 80.0 82.0 84.0 84.0
17A 80.0 80.0 82.0 88.0
18A 82.0 84.0 84.0 85.0
19A 79.0 83.0 84.0 84.0
19A 81.0 81.0 82.0 82.0
2OA 86.0 87.0 87.0 87.0
21A 74.0 78.0 78.0 79.0
22A 80.0 81 .O 81.O 81 .O
23/% 82.0 82.0 84.0 87.0
24A 84.0 85.0 86.0 86.0
28A 75.0 78.0 79.0 80.0
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EXHISIT 3-I (Continued)

NOISE EMISSION TES'fSMADE ON SAN FRANCISCO CItY TRASH TRUCKS

Vehicle No. Compacting (dBA) Crushing Spikes (dBA)

27A 76.0 77.0 79.0 80.0
27A 79.0 80.0 81.0 82.0
29A 78.0 79.0 79.0 81.0
30A 78.0 78.0 79.0 80.0
32A 78.0 78.0 79.0 80.0
34A 77.0 79.0 79.0 79.0
36A 78.0 78.0 79.0 79.0
9A 80.0 80.0 80.0 81.0
38A 82.0 82.0 83.0 83.0
37A 80.0 82.0 83.0 88.8
37A 81.0 83.0 83.0 83.0
38A 77.0 77.0 77.0 80.0
14A 75.0 78.0 80.0 82.0
13A 77.0 77.0 77.0 77.0
12A 71.0 72.0 72.0 74.0
11A 67.0 72.0 73.0 74.0
10A 77.0 79.0 80.0 82.0
8A 68.0 70.0 71.0 71.0
X7A 79.0 79.0 79.0 82.0
X7A 78.0 80.0 82.0 82.0
X7A 80.0 83.0 84.0 89.0
7A 75.0 78.0 78.0 78.0
X6A 81.0 80.0 81.0 83.0

3-29



EXPliCIT 3-2

VEHICLE TIME HIS'IDRIES:"SLI_" M_I_R I_ESPONSE

The following figures show the t_l_ histories of _e coi_action

or loading cycles for eighteen (18) of the vehicles listed in Table 3-1.

These histories were recordc_ on a Graphic Level RecOrder (GL_) with

a writing speed of 16 [_L%/secand a chart speed of 3 inn/see. _is roughly

corresponds to an averaging time of 0.5 see Or a "slow" meter response.

'l_aequivalency is only exact, however, for a 4 dBA sound level spike.

A larger spike will cause the G[/(to read low_r than the sound level

meter and a sT_ller spike will cause it to read higher.

'lhesetime histories give an indication of how t3_asou*idlevels

(in "slew" meter response) of the vehicle noise s_issions vary throughout

ti_ o0mpaetion cyale. %_ey indicate the maxim_ level at one microphone

position for the identified "vehicle;the four-position energy averag_

for each of these vehicles is listed in Table 3-1.
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SECTION 4

MEASUREMENT METHODOLOGy

GENERAL REQUIREMENTS

A noise measurement methodology is essestially an easily-conducted,

repeatable procedure for acquiring data that correlate well with noise

generated under service conditions. In this section each of these factors

is discussed as a basis for developing a measurement methodology.

Perhaps the most important feature of a measurement methodology is its

correlation with environmental impact. It is not necessary that levels

acquired in a sta,dardized way be identical to those observed under ordinary

operating conditions. What is ,'u,portantis that standardized data enable one

to correctly predict environmental levels. The consequences of inadequate

correlation are less than expected environmental protection or inefficient

allocation of noise-abatement resources. The relationship between desired

environmental control and test standards can be illustrated graphically. As

Figure 4-1 shows, the lines corresponding to the desired level of environ-

mental control and the not-to-exceed regulated level divide the noise sources

into four categories. In Category I the sources have passed the standard

test and therefore would not be controlled further, but are still environ-

mentally objectionable. _nose in Category II fail the test and are environ-

mentally objectionable. |_owever,one may presume that some of these will be

quieted to the point where they pass the test bet are still environ,_ntally

objectionable; others will be quieted at some needless expense beyond the

point where they are of concern. Similarly, all sources in Category III will

be quieted needlessly, i.e, they fail the test but are environmentally
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acceptable. Category IV sources will not be quieted, since they passed the

test and are environmentally acceptable.

In practice, the shortcomings of standard test procedures are inevi-

table, but may be minimized. Figures 4-1 shcws contrasting test procedures

that correlate poorly (a) and well (b) with environmental levels. The problems

associated with procedures that correlate poorly are inevitably worse than

those that correlate well. A rnajorobjective in developing the test procedure

was to develop a standard measurement procedure that correlates well with

environmental levels and is consistent with other test requirements.

ENVIRONMENTAL ENVIRONMENTAL
LEVEL LEVE

DESIRED
LEVEl.OF "' •

--__"/ /
CONTROL

'EZ:/ 'l' tn '. Eli
.... _ _
REG. TEST REG. TEST

(o) LEVEL STD (b) LEVEL STDLEVEL LEVEL

FIGURE 4-1

ILLUSTRATION OF TEST STANDARDS THAT CORRELATE (a) POORLY
AND (b) WELL WITH ENVIRONMENTAL LEVELS

Source: Reference 4-3.

Ease of performance is a second factor that must be carefully evalu-

ated in developing a measurement methodology. The methodology should be

readily performed by manufacturers to facilitate the many tests required
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during usual developmental phases. In addition, manufacturers will

undoubtedly wish to test at least a sample of products prior to introducing

them into commerce. Also, the methodoleqy should be easily performed by

enforcement personnel who may test at a manufacturer's facility andor at

s special test site.

Finally, repeatability _s obviously desirable. A teat which is

nonrepeatable, that is, one which does not produce the same results

when run mare than once under the same conditions, is invariably corrupted

by random or unknown factors. To be meaningful, such tests must be con-

ducted many times in order to obtain a statistical charaoteriaation. Such

s procedure can increase the cost and effort of testing by an order of

magnitude and must therefore be avoided.

90___

60 --'I- .... I ....... -I "+----'I ..... I..... I '-- "--+-I ........ l--'-
5 10 15- 20 25 30 35 40

Time (sec)

FIGORE 4-2

TIME HISTORY OF THE A-WEIGHTED SOOND LEVEL _ASURED 50 FEEP rio
THE LEF'PSIDE OF A FRONT LOADER

Source: Reference 4-3.

4-3



NOISE CHARAC'I_ERISTICS

Before proceeding to specific requirements, it is useful to consider the

noise profile of a solid waste compactor. Figure 4-2 shows a tJ/_ehistory of

the A-weighted sound level measured 50 ft. to the left side of a frost loader.

The first part of the trace is measured during the dump cycle, the second during

a sweep cyele. There are two noteworthy features of the data in Figure 4-2.

First, there are a number of very noticeable impacts, which, for this unit

correspond primarily to container impacts. For other units, especially rear

loaders, hydraulic actuators generate similar impacts. Secondly, the quasi-

steady level between impacts varies with time. This level is dominated by

engine noise, which depends on the speed that is controlled by the driver.

Thus, we see that a reasonable method for characterizing impacts must be

established, as well as a technique for specifying engine operating conditions

or cycle time.

Alternative Measurement Methodolo.g.ies

Measurement methodologies are comprised of three parts: (I) specifica-

tion of operating conditions, (2) establishment of measurement criteria

(e.g., whether to use A-weighting, B-weighting, etc.,) and (3) specification

of test site and instrtn_entation.

I. Operating Conditions

Two primary factors of concern are the spacification of cx_npaetorload

and of engine speed for engines which are not equipped with mechanical speed

control devices.
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2. C_ILpdcto_ Lo_d

l _.decision must {_ l_du as to _¢hat lead will _e [_iac_d in th_ h_o[o}x_ru£

t/_ec_,lp_ctor truck when its noise is beiK_j h_,Jsur_J. Su_jgestionu l*_Lvuu.'_:n

]f_de that a sta_Jard load should be usu_J. '[_,isload could consist oF pa[_h-,

garbage oh" bottles. UoweveL-, any such load will iuuvitdb[y vary [[u_loi%_._

sample to another al_ not im _'_producible. :d_e s_;Lp_e _uld IKJt even ix-.*us,:d

twice in t/]e s_l_ truck since it _3uld change On L_Ji;_]cc_i_oactc_dthe lit'st

time. Accordir_jly, the only reproducible load that could be d_vised would be

no load. Although as ei_uty ho_,£_erdoes not precisely sJiilulat_:actual loads,

it does [_ovide a constant baseli_ against which all trucks can l_ec_h_>arc_J.

3. E*NiI_ Speed Control

It is d_s[rable to n%ake s_l_2 provision [OF s[>ucific,,_iano6 e*_jin_ s[_c_J

fo_" trucks, suci* es front loaders, _ich ah_ not noh_._lly c_lu_p_] with

engine spe_J control devious. At least _*rc_ p;ssibie appruaches fo_"doing

this are:

o specifying an engine rl_n in the regulation

o requiring that the d_p Or oa_action cycle l_ [_2rfo_inedwithin

tl]e ti_ lh_its publishc4 in tJ%e n_nufacturer's _dvertis_,_nts

o specifyii_g th_ operation Of t/,ee*_ine at l_×im_n all_;_ible engine

or pun_p _n, whichever is icwer.

It does not se_n appropriate to specify a fixed eiK3ine _I_. Such a

, specification would be a counter-[_roduc_ive constraint on ,_nufacture_s %41o

i wis_* to achieve noise uuntrol wit/_out _apr_aisiI_j _e_'fotl_nc_ by minir,_izing

engi_*e speeds and using high capacity pumps.
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The secon,1 ai_!)coach, rC_luiring that o._cational cycle ti,nes confo_ll to

advertJGed val'Jes, h_l.1_,_r_ F_rit. f{r_ever, the obvious problems are that, on

one hafld, cycle t[+_en are *_ota,]vertis_1 fo_ ,]].Ivehicles and therefore would

not he rr_u]ated; on the ether hand, manufacturers mi_lht cease such advert[se-

1_*._ntif their nubl[cstion l_ to e×cessive noise coal:tel Droblei_g.

The th[cd t_ehnt_ue, ,_;_gcify[nqooerat[on at the ,rot×inurespell allowed by

the manufact, lrer, al_o has .'_sitive and negative attributes, it could be

argae_ that engines or puJn[Jna_e racely o_erated at ir_lxi.mu)n _l[owed sDeeds.

IIo'.;_.ver,c(_,;Jactoroperators are motivated ts o_.cate d_,_ and cr_npast_on

cycles as _uickly as [_)ssible to minimize t}_ route-collection time. In fact,

there have }men cases of o_eral:oFs chanqi)wj engine spec_] ogntrol settings foe

this |)a_qD_ze. F_rthermore, testing at m_3_imum allowable spged is consistent

with many industry prauticen. SAE test pr_.-edures tyl)ically s;)._cify,_xim_,

a,.'c_le_at_oe/._xl,nL_nnI_.ed og)]ditions. _|esefore, the Agency ct_ncluded that

Co_Dactors without .,echanical speed cx>ntrols should be. tested at the maxi,ntm_

engine or pum_ r_n allows3 by the ,_]nufacturer.

Measure_m_.nt Criteria

The key measuce_gnt problems relate to Dro_oe.rinstr_mg.ntation, dete_,ina-

ties of the a_ropriate noise le.vel reading, the number and location of the

microphone positions, _:_Idthe met_1od of cc_bining t_m level readings at the

various lacations to obtain a suiuable average level.

I. _4eighting Scale

The first question concerns which weighting scale, if any, to use in

taking the reading. Several scales have been pro_gncd, and the A, B and C
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weighting scales are available on most sound level meters. The A-weighting

scale has broad general acceptance as representing, in a single number,

the subjective perception of intensity, or loudness, of noise. As explained

in the EPA "Levels Document" (Ref. 4-4) the _-weightEng scale has been

selected by EPA as the appropriate metric to use in evaluation oE noise

impact and for assessing all sources of noise. Consequently, the

_-weighted sound level (also referred to as "noise level"), is the

quantity to be observed and reported in making noise measurements oE

truck-mounted solid waste com_c_ctors.

2. Meter Response Setting

Originally, the measurement technique used by EPA in obtaining the

noise levels of compactors entailed two separate readings: one of

"rPaxlmumsteady" level, intended to represent the essentially continuous

noise emissions of the campaction machinery; and the other of "impulse"

noise, intended to characterize the occasional abrupt sounds associated

with impacts between individual c_npenents of the compaction mechanism and

the compactor body that occur at the end of the piston stroke or similar

episodes during the compaction cycle. Both of these readings were taken

with the meter in "fast" response setting, for reasons explained in the

draft background document (Ref. 4-5).

Partly as a result of comments received during the public comment

period, the Agency recognized that the reading of "ma×imum steady level"

using fast meter setting was subject to considerable variation

among different observers. The variations were apparently based on

subjective differences in interpreting the concept of "maximum steady
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level." In most cases, the noise emitted by the refuse c_llection vehicle

during compaction continuously fluctuates in level by several decibels. THUS,

the reading taken by any observer was dependent beth on his concept of "maxi-

mun steady" and his subjective estimate of which i_osition o_ the meter needle

(or a graphic record) suitably characterized the noise. Difficulties also

were encountered in obtaining maximum impulse readings on the meter, as the

eye does not always follow accurately a rapidly moving meter needle.

A review of the original tape recorded data obtained by the Agency, plus

additional noise data, showed that the variability in readings could be

reduced by two changes in procedure: use of the "slew" meter setting instead

of the "fast" setting; and taking a singla reading of the maximum level shown

on the i:ater,rather than a "maximum steady" reading (which implied some type

o£ average reading) and a "maximam impulse" reading. With respect to im@ulse

noises, all of the tested vehicles that had impulse peaks in "fast" respo_ge

of less than 83 dBA showed maximum values under 79 dSA in "slow" response.

This is to be expected, since the impulse response of the sound level meter

in "slow" setting is generally about 4 decibels lower than it is in "fast"

setting.

Consequently, EPA reached the conclusion that the test procedure

could be simplified and the meter reading process made more reliable by

setting a single noise level limit based on a reading of the maximum

noise level observed with the meter in the "slow" response setting. This

replaces the proposed procedure, which required two separate readings,

one of "maximum steady" and one of "maximum impact", using the "fast"
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meter setting. The increase of one decibel in the not-to-exceed limit

accounts for the damped response of the meter to a mild impulse (such as

was allowed in the proposed impulse overshoot of 5 decibels in "fast"

mode, in the proposed regulation) while not degrading significantly the

control of continuous noise implied in the earlier "maximum steady" limit.

Consideration also was given _o other methods of reducing the uncertainty

of the meter reading, such as use of an integratingaveraging sound level

meter, also known as "Leq meter." Although this approach has potential

merit, it has not been specified in the test standard because of the lack

Of a national or international standard for such meters. The Agency believes

that, to ensure consistency and accuracy of the primary measurement which

establishes conformity to a regulatory limit, the instrument used should

conform to a widely recognized and accepted consensus standard.

3. Microphone Locations

Compacting-vehicle machinery is often distributed around the vehicle,

requiring noise measurements at various locations. Drive train equipment

such as the engine and fan are located at the front. PTOs and pumps are

on the side, as are auxiliary power plants. Noise-produclng hydraulic

ran_sare at the rear of rear loaders. To account adequately for these

distributed sources, we have selected measurement at four locations, 7 meters

from the vehicle surface, at 90 degree intervals around the vehicle.

4. Combining Noise Levels

Since compactor noise levels are measured on all four sides, a single

number is needed that best characterizes the noise emissions of the vehicle.
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The total noise emission of the compactor vehicle is obtained by taking

an energy average of the four noise level measurements. Mathematically

speaking, this energy average is calculated by averaging the antilogarithms

of the levels mgasured on the four sides of the compactor and then taking the

logarithm of the result.

EPA MPA_UREMENT M_OD

Based on the foreqoing considerations, the following measurement

methodology has been adopted.

Instrumentation

The following instru,_ntation shall he used, where applicable,

for the measurement required.

I. A precision sound level meter which meets the Type I require-

ment of the American National Standards Specification for

Sound Level Meters, $1.4-1971.

2. As an alternative to making direct measurements using a

sound level meter, a microphone or sound level meter may be used

with a magnetic tape recorder and/or a graphic level recorder

or indicating meter, providing the system meets the require-

ment.sof the Society of Automotive Engineers (SAE) Recomnended

Practive J184, Qualifying a Sound Data Acquisition System.

3. A sound level calibrator with an accuracy of +0.5 dB.

4. A microphone windscreen may be used provided that its effect

on the "A" weighted sound level is negligible under zero wind

velocity conditions for the type of noise source being

measured.

5. A stopwatch having an accuracy of better than one percent.
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Test Site

The following test site requirements shall be considered the minimum

necessary to conduct effective measurements.

An approved test site shall consist of a level open space free of

large reflecting surfaces, such as parked vehicles, signboards, buildings,

or hillsides, within approxi.k_tely 15 meters (50 feet) of either the vehicle

or the microphone.

The microphone shall be located 1.2 meters (4 ft) above the ground

plane and 7 meters (23 ft) from the mid-point of the surface of the

truck on the side on which the measurements are being made. Measurements

will be made at four microphone positions to the front, rear and each side of

the vehicle.

The measurement area shall, as a minimum, extend from the microphone to

the farthest extremity of the truck or trailer. The area shall he surfaced

i with concrete, asphalt, or similar hard material, and shall be free of

powdery snow, grass, loose soll or ashes, or other sound-absorbing _aterials.

Test Procedure

I. The compactor m/st be operated with the vehicle stationary.

2. The compactor engine must be started and allowed to reach its

recommended operating temperature and conditions. If the

ambient temperature is below 16°C (about 60°F), the container

handling and compaction equipment shall be operated through

enough cycles to ensure that hydraulic oil and co_poeents

have reashed a stable temperature and operating condition.
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3. _le co.actor must be operated empty.

4. The compaction equipment and container handling mechanism (wherR

appropriate) must be operated in accordance with their normal

operating procedures except that no container shall be used.

Ths compacter engine must be operated at a speed in mpm

corrasponding to the maximum allowable speed of the hydraulic

pump which powers the compactor mechanism. If the compactor

includes an engine speed control or governor which is operational

during the container handling and compaction cycle, the test must

be run at governed speed, provided that the governor cannot be

overridden by an operator during normal in-use operation.

5. Tha sound level meter must be set for "slow" response and on

the "A" weighting network.

6. The container handling and compaction equipment must be

operated through two complete cycles for each noise measurement

taken. If the test results (4-position energy-average) differ

by more than 2 dB, further tests must be mn until the two

results agree within 2 dB and the average of the two will be

reported.

7. Noise level measu_ments must be taken at each of the four

mierophone positions around the co.actor, and the following data

will be z_ported:

a. Maximum noise level during a complete cycle of container

handling and compaction at each microphone position;
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b. The four-position energy average noise level, cc_.puted

according to the equation:

4 r 3_= 10 Iog N kant(Li/lO) - 6 dB (4-I)i=I

where: _ = energy average noise level, in decibels; Li is the

A-weighted noise level corresponding to the i'th microphone

location; and ant(x) means antilogarithm(x), which equals 10x;

e. The time fr_n the beginning to the end of each operational

cycle.

8. The entire acoustical instrumentation system including the

microphone and cable must be field-checked before and after

each test series.

General Comments

It is strongly reco_nended that persons technically trained and

experienced in the current techniques of sound nleasurementselect the

equipment and conduct the tests.

Proper use of all test instrumentation is essential to obtain valid

measurements. Operating manuals or other literature furnished by the

instrument manufacturer should be referred to for both reco_nended

operation of the instrL_Tentsand precautions to be observed. Specific

items to be considered are:

I. The effects of ambient weather conditions on the perforn_nce

of all instruments (for example, temperature, h_nidity, and

_,! barometric pressure).
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2. Proper signal levels, terminating impedances, and cable lenghts

on multi-imstrument measurement systems.

3. Proper acoustical calibration procedure, to include the influence

of extension cables, etc. Field calibration shall be msde

i_mediately before and after each test sequence, Internal

calibration means are acceptable for field use, provided that

external calibration is aecomplished inraediatelybefore or after

field use.

4. Proper orientation of the microphone relative to the source of

sound as specified by the manufacturer.

5. Measuremant shall he made only when wind speed is below 12

m_h (19 Km/hr).

6. The ambient sound level (including wind effects) from sources

other than the vehicle being measured shall be at least 10 dBA

lower than the level of the tested vehicle.

7. Because bystanders have an appreciable influence on meter response

when they are in the vicinity of the vehicle or microphone, not

more than one person, other than the observer reading the meter,

shall he within 15 meters (50 ft) of the vehicle or instrument,

and that person shall be directly behind the observer reading

the meter, or on a line through the microphone and the observer.

SUGGF.q"FEDREFERENCES

Suggested reference material is as follows:

ANS $1.1-1960 Acoustleal Ter,%inology.

ANS SI.2-1967 Physical Measurement of Sound.
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ANS SI.4-1971 Specifications fx_rSound Level Meters.

SAE.Recommended Practice J-184 - Qualifying a Sound Data Acquisition

System.

Applications for copies of these documents should be addressed to the

American National Standards Institute, Inc., 1430 Broadway, Now York, New

York, 10018; or, The Society of Automotive Engineers, Incorporated, Two

Pennsylvania Plaza, New York, New York, 10001.

DISCUSSION OF M_HO_OLOGY

There are a n_m]ber of points in the methodology Dresentsd above which

need further explanation. Decisions have been made concerninq c_ertaln

parameters in the methodoloqy, and the reasons for t/]esedecisions need

to he enL_erated.

Measurement Distance

Two measurement distances are commonly employed in the measurement of

nolse from vehicles: the SAE generally adopts a 50 ft distance, while the

International Standards Organization (IBO) adopts a 7 m (23 ft) distance.

In this methodology, we have selected the latter distance (7 m) for two reasons.

Virst, the shorter distance allows use of a smaller measurement site.

Buildings and reflecting surfaces need only be 50 ft away from the truck and

microphone, whereas they need to be 100 ft away if a 50 ft measurement

distance is employed. .Smallersites are more readily available. Second,

since the noise levels to be measured are not very high, there will be less

interference,from ambient noise at a 7 m distance than at a 50 ft distance.

Accordingly, all noise measurements in this study are quoted for a distance

of 7 m (23 ft).
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Operation of the Col_}actorTruck Empty

As indicated earlier, the only practical, reproducible load that could

be devised was no load. An empty hopper may not be a good simulation of

actual loads, but it does provide a eOnstant baseline against which all

trucks can be compared. Also, one series of measurements made on compactors

indicated an average increase in noise of only 0.5 dB between empty and full

load conditions (Ref. 4-2).

Energy Average

The truck noise levels are measured on four sides. The SAE generally

takes the highest of the four levels measured and quotes that level. This is

arJpropriateif one is concerned with determining if there is an excessive

noise level in any direction. However, in this study, EPA is concerned with

the total i_oact of the noise on the community. _nis is best evaluated by

taking an energy average around all sides of the vehicle. The energy

average is obtained by averaging the antilogarithms of the levels on the four

.sidesof the truck and then taking the logarithm Of the result. That is, if the

four measurements are LI, L2, L3 and L4, the energy averaged level, E, is

[ LI/I0 L2/I0 L3/I0 L4/I0 ]= Iogl0 _/4 (18 + 10 + 10 + i0 )

(which is another way of writin_ equation 4-1). The resultant value is influenced

stronqly by the highest level(s) measured at individual microphone position(s),

and may be considered analogous to a sound power measurement.
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SECTION 5

EVALUATION OF EFFECTS OF TRUCK-MOUNTED SOLID WASTE
COMPACTOR NOISE ON PUBLIC HEALTH AND WELFARE

INTRODUCTION

The purpose of this section of the regulatory analysis is to explore

in quantitative terms the health and welfare impact of the noise of truck-

mounted solid waste compactors, and the benefits, in terms of reduction

of this impact, to be expected from a regulation limiting the noise emis-

sions of newly-manufactured compactors. Various regulatory options are con-

sidered.

Predictions of both the costs and benefits involved are necessary

inputs to define the trade-offs among the various options for the regulatory

levels to be included in the final regulations. Presented in this analysis

are predictions of the potential health and welfare benefits of selected

noise control options that cover a range of possible regulatory progra_ of

new truck-mounted solid waste compactors.

Because of inherent differences in individual responses to noise, the

wide range of situations and environments which relate to compactor noise

generation, and the complexity of the associated noise fields, it is not

possible to examine all situations precisely. Hence, in this predictive

analysis, certain stated assumptions have been made in order to approximate

typical, or average, situations. The approach taken to determine the benefits

associated with the noise regulation is a statistical effort 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.
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Effects of Noise on people

The phrase "health and welfare", used in this analysis and in the context

of the Noise Control Act, is a broad term. It includes pe.rsonalcanfort and

well-being, and the absence of mental anguish, disturbances and annoyance, as

well as the absence of clinical symptoms such as hearing loss or demonstrable

physiological injury (Ref. 5-20). In other words, the term applies to the

entire range of adverse effects that noise can have on people, apart fr(_n

economic impact.

Noise affects people in many ways, although not all noise effects will

Occur at all levels. Noise associated with trash collection activity may

or may not produce the effects mentioned below, depending on exposures and

specific situations. The discussion here refers to noise in general.

The bast-known noise effect is probably noise-induced hearing loss.

It is characteristic of noise-induced hearing loss that it first occurs in

a high-frequency area of the auditory range which is important for the

understanding of speech. As a noise-induced hearing loss develops, the

sounds of speech which lend meaning become less and less discriminable.

Eventually, while utterances are still heard, they beomre merely a series

of low rumbles, and the intelligibility is lost. Noise-induced hearing

loss is a permanent loss for which hearing aids and medical procedures

cannot compensate.

Moreover, noise is a stressor. The body has a basic, primitive

response mechanism which automatically responds to noise as if to a

warning or danger signal. A complex of bodily reactions (sc_netimescalled

the "fllght-or-fight" response) takes place which is beyond conscious
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control. _hen noise intrudes, these reactions include elevation of blood

pressure, changes in heart rate, secretions of certain hormones into the

bloodstream, changes in digestive processes, incrmased perspiration

on the skin and n_ny others.

Tnls stress response occurs with individual noise events, but it is not

known yet whether the reactions seen in the short term become, or con-

tribute to, long-term stress diseases such as chronic high blood pressure.

Therefore, the stress response to noise eannnt yet be quantified.

On the other hand, some of this stress response may be reflected in

what people e×pross as "annoyance", "irritation", or "aggravation".

The analysis in this section does quantify the generalized adverse

reaction of groups of people to environmental noise. To the extent that

stress and verbalized annoyance are related, the "general adverse

response" quantity may be seen to partially represent or indicate the

magnitude of stress resgonse.

The general adverse response relationship to noise levels may

also be seen as partially representing another area of noise effects:

activity interference. Noise interferes with many important daily

activities such as sleep and communication. These effects (sleep dis-

turbance and communication interfermnce) can be quantified. Thus,

conDutations of benefits based on the potential of interference with human

activities are included as part of the analysis in this section. In

expressing the causes of annoyance due to noise, people often report that

noise interferes with sleeping, relaxing, concentration, TV and radio
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listening, and face-to-face and telephone discussions. Thus, the general

adverse response quantity may be seen also to be indicative of the severity of

interference with aetivities.

Measures of Benefits to Public Health and Welfare

People are exposed to noise generated from trash c_nDaeting operations

most notably when inside their homes during late night or earlv morning

hours. Reducing noise related to trash compaction activity may produce

the followinq benefits:

I. Peduction in average urban noise levels and associated cumula-

tive long-ter_ impact upon the exposed population.

2. Fewer activities, i.e., sleep and speech communication, disrupted

by intense individual noise events.

Improveme.nt3in public health and welfare are regarded as benefits of

noise ogntrol. Public health and welfare benefits may be quantified both

in terms of reductions in noise exposures and, more meaningfully, in

terms of reductions in adverse effects. This analysis first quantifies

noise exposure from noise associated with trash collection activity (i.e.,

numbers of people exposed at different noise levels), then translates

this exposure into an estimate of community impact.

Predictions of noise levels under various regulatory schedules are

presented in terms of the noise levels associated with typical trash colle.c-

tion operations. The trash produced within a unit area of land will be

generated at a rate dependent upon population density and ].anduse. The

collection and compaction of this trash is expressed on an amount-per-person-

Dot-day basis for the unit area. The number of noise-producing compaction
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cycles is a function oE this dally collection. The basic unit of area used is

the hectare (ha). This unit is about the size of a city block (175 x 600

feet for an oblong block or 330 x 330 feet for 3 square block).

Reductions in the average urban noise levels from current conditions

(i.e., with no conDaotor noise emission regulations, but taking into account

the noise regulation for medium and heavy frocks) are presented for comparison

with reductions expected for a number of regulatory options on newly manufac-

tured truck-counted trash crmpactors, projections of the population impacted

by compactor noise during the regulatory period are determined fr_n estimating

reductions in the average noise levels in various types of residential land

use areas.

[bwever, measuring nationwide impact in terms of average urban noise

levels does not adeau_tely account for extremely annoying situations arising

from a single trash compactlon o._eration,since annoyance or other responses

to noise frequently depend on the activity and location of the individual.

In addition, measures of average urban noise levels Lend not to account

for the disruptive and annoying peak noise intrusions produced by individual

trash c_npaetion cycles. Significant benefits may be obtained by reducing

current noise levels generated during a single compaction activity. These

benefits arm evaluated in terms of interference with people's activities

at current noise emission levels and at the reduced levels associated with the

reduction of noise attributable to an individual trash compaction cycle.

Sleep disturbance and speech interference are used as indicators of activity

interference and the associated adverse i_aet of noise.

Regulatory Schedules

Predictions of the population impacted by noise related to trash collec-

tion activity arm presented for the regulatory options shown in Table 5-1.
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_he base option assumes no specific noise regulation for compactors, and

hence the total reduction in noise impact is the result of the noise regula-

tions on medium and heavy duty trucks. Options i, 3, 5, and 7 were selected

from a large list of options which was reduced to these final four, for

further study. In all cases, each compactor type is being regulated to the

same level. The Silent option (an idealized case) is included for comparison

purposes to indicate the lower limit of noise reductions, and the impact of

eliminating compactor noise.

TABLE 5-1

REGULATORY OF_I(_IS: NO_-TO-EXCEED
A-WEIC_TED SOUND LEVELS AT 7m

Compactor (all types)
Options* 1980 1982

Base U** U**

Option 1 81 76

Option3 U** B0

Option5 U** 76

Option 7 79 76

Silent 0 0

*In all cases, A-weighted sound levels for truck regulations
are 83 dB in 1978 and 80 dS in 1982 at 15 meters.

**U = unregulated.

c
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Outline of the Health and Welfare Section

A description of the existing trash (refuse) compactor noise enviro_rent is

presented in the following section. The next section presents the predicted

reduction in impact for the population within various land uses due to the

reduction of average community noise levels by regulating truck-mounted solid

waste compactors. Following that, predictions of relative potential changes in

human activity disturbance due to individual trash collection cycles are

estimated for each land use for the regulations Under consideration.

REFOSE COLLECTION NOISE LEVELS

A single collection cycle is defined as a refuse collection vehicle

arriving at a location, loading trash into the hopper, e_acting the trash,

and finally, pulling away. This collection event may he considered a stationary

noise source which predueea a noise field that decreases in intensity with

distance. A collection activity wit/loutcccpaction is not considered a

collection cycle in this analysis. Collection activity without the accompanying

compaction of trash occurs primarily in the less densely populated areas and

most of the reduction of noise from collection activities without compaction

will result primarily fru, reducing the truck noise.

Four elements must he evaluated in order to define the population expo-

sure produced by the noise environment of a single trash collection cycle:

o The noise level of the truck which carries the compactor

o The noise produced by the compaction cycle of the c(_npaetortype

being evaluate_
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O Propagation of tilenoise fr(_nthe sourc_ to t/]ereceiver U]rc_gh

situations which range fran narruw streets to open areus

o Attenuation of the sound by huildings or walls.

_ese elen_nts lilybe c_nbined and translated into average levels by

considering the number Of collections occurring per u_litarea and the mix

of collection trucks.

Truck Noise Per Collection _ele

Much of the total collection cycle noise is generated by _]e truck

whidl carries the osnpactor. T_r_ histories of the noise emitted durir_

typical residential trash collection cycles are sL_Tarized in Figure 5-1.

'l_ruckengir*_noise occurs while the truck pulls up, while it is idling and

is being loaded, while _le engine is acoelerating during the compaction cycle,

again while it is idling, and while it is driven off.

0,E.D,.S,0.=00LE
DRAK£$QU[AL LOAg" Ct'CLE _ULL.AWAYI

25so© ' 40see 20see "15see '
I t J ? I I I I I I I

10
TIHr,seconds

FIGUI_E5-1

TYPICAL COLLEC2I(INCYCLE NOISE LEVELS AT 7 M

Source: Reference 5-29.
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Medium and heavy gasoline and diesel trucks (the type which carry

trash compactors) have been recognized as major contributors to environ-

mental noise (Ref. 5-8). The noise produced by these vehicles has been

regulated to a not-to-exceed A-weighted level of 83 dB (based on the J336b

test) effective in 1978 and to a level of 80 dB effective in 1980. A more

stringent regulation may be promulgated at a later time. As these quieted

trucks are introduced into the compactor-truck fleet, the noise associated

with the collection cycle will decrease.

Table 5-2 presents an estimate, based on Reference 5-1, of the collec-

tion cycle noise levels produced by these quieted trucks. Table 5-2 also

presents estimates for levels of truck noise reduction under the medium and

heavy truck noise emission regulation (Ref. 5-1). The average values of

truck noise used for the analysis in this report are calculated by summing the

equivalent energy of each component in the cycle during pull-up, Idle and

pull-away phases (independentof the increased noise level during the compac-

tion cycle).

Compactor Noise Per Collection Cycle

A summary of measurements Of the noise emissions associated with the

compaction cycles on 44 trucks (Ref. 5-2) is presented in Table 5-3. The

measured sample was not intended to be representative of refuse compactors in

general, but rather, measurements were made on available tL'ucks. Since a

relatively large number of quieted compactors were in the measured sample, the

average sound levels were weighted according to the estimated percentage of

quieted and conventional compactors in the total population of vehicles.

For purposes of this analysis it is assumed that the maasuremant results

presented in Table 5-3 are representative of average national values,
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TABLE 5-2

ESTIMATED A-WEIGHTED SOUND LEVELS
AT 7m OF THE NCN-COMPACTION

COMPONENTS OF THE COLLECTION CYCLE

Regul_ Truck Noise
Event Level@ 15m.

Duration dB

(see) Ha 83 80

Pull-up 25 80 74 71

Brake Squeal 0.5 90 90 90

Idle while Loading 40 67 66 65

Trash Loading Impacts (4) (ca) 0.5 77 77 77

CampaetionCycle (SeeTable 5-3)

Idle 20 67 66 65

BrakeRelease O.5 90 90 90

Pull-away 15 86 80 77

Average (not including
compaction cycle) 100 77.2 72.8 71.2

Note:
Ha = existing unquleted trucks

Source: Reference 5-29.
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TABLE 5-3

WEIGHTED* AVERAGE NOISE LEVELg AT 7m OF EXISTING REFUSE COMPACTORS

Continuous Noise Impact Noise

Maximtlu

Sound CompactionCyols LS** Sound
Compaotor Level Time Level Ls**
Type dB (seconds) dB

Average Range Average Range Range Average Range Range

Front-loader 82.7 73-87 34 20-55 88-100 91.9 75-98 85-97

Side-loader 75.8 71-77 32 8-75 84-95 83.4 78-84 79-80

Rear-loader 78.8 67-87 23 8-40 82-96 85.4 75-94 68-87

NOTES: * Sound levels are weighted according to number of quieted and conventional
._ cc_pactors in total population; compaction cycle times are not _ighted.

•* Calculated from Ls = LA + 10 log (duration)
where Ls = Sound Exposure Level
and LAiS Sound Level

Souroe: Table 3-2.



although a number of larqe cities (e.g., New York and San Francisco) require

the use of quieted trucks, and thus some densely populated urban areas may be

subjected to compactor noise levels lo_r than those reported in Table 5-3.

Indepehdent measurements made by the EPA (Ref. 5-3) are in agreement with

the average values listed in this report.

Table 5-3 inch;des measurement results obtained at 7 meters of the

sound level (maximtuncontinuous), the impact sound level, and the time over

which these levels were attained during a compaction cycle. 'l_etotal noise

level of the compaction cycle used in this analysis includes both the steedy-

state and the impact sounds. EPA data indicate that the nu_er of impacts

during a cycle varies with the type of oompactor. An average of 8 impacts was

noted for each _ront-loa_er compaction, 2 for each side-loader and 5 for each

rear-loader. Fach impact noise is assumed to have a duration of 0.5 sec. _ne

average noise level for compaction was calculated using:

where

tc = compaction time, in seconds, from Table 5-3,

tI = impulse time = number of impulses x 0.5 seconds,

Lc = A-weighted sound pressure level, in decibels, of steady-state
campaction, from Table 5-3,

LI --A-weighted sound pressure level, in decibels, of impact noise,
from Table 5-3.

Table 5-4 presents the results of these calculations for the three

compactor types and defines the noise levels of existing compaction cycles.
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TI_/_LE5-4

AVEI_AGE (A-WEIGHTED) NOISE L_VEL OF COMPACTION
AT 7rnPRODUCED BY DIFFEI_4T OL_|PAL'IDRTYPES

C(mipactot _ dB ....

Front-lo_der 85.4

Side-loader 76.4

l_ear-loader 80.2

Average Collection Noise Lewls P_r Unit Area

Each ccmpactor ty[_agenerates a different noise level, and the mix of

c_mpactor types in each land-use category varies as presented in Table 5-5.

TABLE 5-5

AVERAGE PERCENT OF DIFFERENT TYPE COLLECfOR VEHICLES
OPERATING PER _ IN EACH lAND-USE CATEGORY.

Collector
Front-imader Side-Loader Rear-Loader

Land Use _rcent Percent Percent

Surburban Single- 7.4 21.5 71.2
Family L_tad_ed

Suburban 6.6 21.7 71.6

Duplexes

Urban ]_ 15.B 18.7 65.5
Apartments

DenseUrban 19.4 17.5 63.1

Apartments

VeryDense 31.8 13.5 54.8
Urban

Apartments

Source: Reference 5-29.
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To simplify the health and welfare calculations, an sveraqe noise level

Per collection for each land-use type was calculated as follows:

(I) The truck noise level (Table 5-2) was energy-averaged with the

e_npaetion noise (Table 5-4) as:

LiL = 10 log 0 + 0 (5-2)

where

LiL = the noise level for each truck-compactor combination, in decibels,

iT = truck noise level, from Table 5-2, in decibels,

t9_ = duration of truck noise for the collection cycle (cmitting

cv_paction time) = 100 sec,

Lc = average noise level for each compactor type, from Table 5-4,

in decibels,

tc = compaction time from Table 5-3, in seconds.

(2) The noise level for each compactor type was multiplied by the

use factor from Table 5-5, for a mix of truck types in a qiven area.

Lj = collection noise level in a given land use area,

fFL = fraction of front-loaders in a qiven land-use area,

from Table 5-5,

LFL = noise level of front-loaders from Fguation 5-2;

and the subscripts SL and RL refer to side-loaders and rear-loners,

respectively.

5-14



(3) 0.5 dB was added to the result to account for trash in the compactor.*

The result is the avenge A-weighted sound pressure level produced by a single

collection unaffected by reverberant build-up. The data are sunmarized in

Table 5-8.

REFUSE COLLECI'I_ NOISE ENVII{C_MENT

Sound Pro_a_ation and A_olificstion

Sinme sound levels propagate spherically from the source in a free-field

environment, the sound pressure level loss due to propagation varies inversely

with the square of the distance between the noise source and a receiver. In

other words, in the free-field enviror_ent the propagation loss is equivalent

to 6 dB for each doubling of distance between the source and the receiver,

i.e., a -6 dB/dd attenuation rate.

Trash compactor noise, however, does not occur in a free-field environ-

nent. Non-uniform attenuation rates have been developed to estimate the

sound level attenuati_1 in varying eeviror_,ents(Ref. 5-4). For this

analysis, unifo_n attenuation rates providing an approximation to the non-

uniform attenuation rates are used for each land use category. The uniform

attenuation rates selected are -6dB/dd for the suburban single-family detached

and suburban duplex dwelling categories, -6.5 dB/dd for urban row apartments,

-8 dB/dd for dense urban apart_nts, and -8.5 dB/dd for very dense urban

apartments. Tileseattenuation rates apply to distances beyond 50 feet fr_mL

the source. Up to 50 feet the rate of -6 dB/dd is used for all land use

categories.

*The measurements all relate to empty coj1pactors. A recent study (Reference
5-14) indicates that, on the average, there is about a 0.5 dB(A) difference
between the load and no-load conditions.
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A sound level at a given distance from a source located on an urban

street may be considerably higher than the sound level at the same distance

from the source in a free-field environment. This phenomenon is referred

to as reverberation build-up and occurs because the walls of the buildings on

each side of the street cause several multiple-reflection sound propagation

paths between source and receiver.

In urban areas where the height of a flanking facade is nearly continuous

and is greater than or comparable to the street width, there is a reverberant

build-up of sound. Furthermore, there are shielding effects from different

types of barriers or buildings on apparent source intensity. For a U-shaped

space, which approximates an urban street, amplification factors may be esti-

mated. These factors are dependent on the width of the space. For example,

when building fronts are separated by 15 meters (49 feet) the amplification

factor is estimated (with linear approximation) to be 2.2 dB. A 7.6 meter (25

feet) separation of building fronts is estimated (with linear approximation)

to amplify sound at the source by 8 dB. Therefore, a sound source of 80 dB,

referenced at 7 m free-field, would, on a 15 meter wide street, be amplified

to 82.2 dB and on a 7.6 meter wide street (alley) to 88 dB (Ref. 5-4).

NO data were found for the frequency of alley pickup versus street

compactions, or on the relative distribution of alley and street widths

between buildings in urban areas. A sample survey, therefore, was conducted
*

in four metropolitan areas to relate distance between building fronts to

collection location for various population density categories. On the

basis of this survey it is assumed that one-half of the compactions occur

*Los Angeles, Berkeley, Atlanta, Washington, D.C. Distances between build-
ing fronts were paced or estimated.
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on streets wider than 24 meters end one-half on streets narrower than 24

meters where amplification may he a problem. In urban row apartment areas,

25 percent of the i_pact situations will be on steets less than 15 meters (36

feet) and 25 percent on streets less than 7.6 meters (25 feet). In the dense

urban and very dense urban apartment areas compaetions are assumed to occur

i0 percent of the time in 4.5 meters (15 foot) wide alleys, 20 percent on 7.6

meters 25 foot) streets, and 20 percent of the time on 15.2 meters (50 foot)

streets. Table 5-6 gives the percentage of collections estimated by the

survey for different street widths and the amplification factor associated

with that width.

TABLE 5-6

AMPLIFICATION FACTORS DUE TO REVERBERANT BUILDUP IN
_RROW STREETS (G_3UND REFLECTION IGNORED)

Width Between Percent of Amplification
Buildings Total Factor, dB

meters feet Collections

7.6 25 25 8.0
urban Row 15.2 50 25 2.2

Apartments >24 >78 50 -1.6

DenseUrban 4.5 15 i0 11.6
Apartments 7.6 25 20 8.0

15.2 50 20 2.2
>24 >78 50 -1.6

VeryDense 4.5 15 i0 11.6 I

Urban 7.6 25 20 8.0 I
Apartments 15.2 50 20 2.2

>24 >78 50 -1.6

!

a Assumes continuous building fronts
i

Source: Reference 5-29.
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SinCe the apparent build-up in sound level is a function of the width

between facir_j buildings, the technique described in Reference 5-4 was used

to calculate _/*e _iLplification and pro_)agation factors for representative street

widths. Adjustr_st factors of 11.6, 8.0, 2.2, add -1.6 dB added to the noise

levels on streets 4.5 meters (15 feet), 7.6 meters (25 feet), 15 r_eters (49 feet)

and 24 or nora meters (>78 feet) wide respectively, best represented truck-

_Dunted solid waste trash cc_tpactor activity in urban areas. _ese reverberant

build-up factors _ere added to _e noise levels associated wi_l _]e collections

oecurrir_l on various street widths in urban areas (se_ Table 5-6).

No reduction in noise level duu to _e shielding of a row of buildings

between the suurce and the observer was ounsidered for t/_e suburban single-

family de_dched and suburban duplex laDD-use cats3ories. The typical collec-

tion noise levels in _*ese areas are Icw enough that they will De insignifi-

cant on an adjoining street. For the denser dwelling ar_as, the barrier

effect of a row of buildings is taken into acoount in _Le sc_ind propagation

(atteeuation) rates.

Sound Attenuation Within Buiidii_s

'lb estJJ_ate indoor noise levels frc_a outside noise sources, tJleattenu-

ation factor of building walls and windows must be calculated. Although

d_elling walls attenuate sound, wiDDcws generdlly provide ix:or insulation

_ron exterior noise. %_len windows are open tJ_e difference between itldcor and

outdoor noise varies from 8 to 25 dB; while wi_l wirK|ows closed, t_e attenu-

ation varies from 19 to 34 dB, and wi_] double-glazed windc_#s, noise may be

reduced as much as 45 dB. Average differences between values for open windGw

and closed window conditions are 15 dB aDD 25 dB respectively (Raf. 5-19).

'l_e maxim_b closed value is seldcln ad_ieved in older urban areast for

in these areas _e noise reduction is governed by the minute cracks and spaces
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around the glass panels and the window and door frames. In this analysis an

attenuation value of 15 dB will be used for the suburban single-family detached

and the suburban duplex areas (assuming window open conditions), and a value of

20 dB will be used for the other dwelling areas to represent the attenuation

of outdoor noise by the exterior shell of the house (assuming a mixture of

windows open and closed). These attenuation factors represent an average

between summer and winter, and now construction and old construction.

Consideration of Ambient Noise Levels

The preceding description of compactor noise ignoresthe contribution

of background ambient noise, i.e., levels of noise due to all other con-

ditions. To better assess the health and welfare i_pactssome assumptions

must be made with respect to the ambient noise levels.

In a study relating population distributions in the U.S. and outdoor

noise levels (Ref. 5-7), it was determined that day and night ambient

levels can be represented as a function of population density as follows:

_ = 7.90x logPD+ 29.1 (5-4)
= 9.73 x log PD + 17.4 (5-5)

where

.LAD= ambient daytime equivalent sound level, in decibels

_N ambient nighttime equivalent sound level, in decibelspopulation density (people per square mile)

However, using the above formulae, the resulting a_bient noise levels in all

residential areas under consideration are significantly above the target

ambient levels determined to be requisite to protect the public health and

welfare. Therefore, for purposes of this analysis, where ambient levels

exceed the minimum community noise level identified by EPA as protective

Of public health and welfare (Ldn = 55 dB) (Ref. 5-5), the ambient levels

were set instead to a level of 1 dB under the identified level (Ldn = 54dB)
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under the assumption that ambient levels will, in the f,lture, be lowered by

coordinated Federal, state and local efforts to reduce,noise, and to better

reflect desires of.states and municipalities for a quieter environment.

When the ambient noise level at a given location is taken into account,

the function that describes the relation between the noise level at that loca-

tion and the distance R of that locatinn from the source is given by equation

5-6. This relation is used in computinq the distances associated with eaeh

I dB decrease in the noise level. This portion of the analysis consists of

defining the annular areas associated with each noise level value (in I dE]

increments) and "counting" the population within that area; the appropriate

impact (as described later in this section) is associated with that noise level.

(3..01/d)

R = RO I lOndlO "]LI0I,o_i0LAnlIo (5-6)

where

R = distance frum source

Ro = reference,noise source distance (Tin)

IO = L at 7m from source

LR = Ldn at distance R from source.

L_n = ambient noise level

d = attenuation rate (6, 6.5, 8 or 8.5 depending on land use
category)

NOISE METRICS

As discussed in the introduction of this section, two methods are used

to evaluate the health and welfare benefits of reduced trash compactor noise

emissions on the h_an population. The first method estimates the general

adverse response due to trash collection cycle noise as a component of the
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overall noise in urban areas. The second method estimates the potential human

activity interferences (sleep disturbances and speech conmunieation interfer-

ence) attributable to individual trash collection cycles.

Three primary noise metrics are used in the two methods. The primary

measures of noise exposure for general annoyance are the equivalent A-weighted

sound level (Leq) and the day-night sound level (Ldn). Sleep disturbances

are calculated using the Sound Exposure Level (Ls) of the individual event

as the primary measure of noise impact. Speech interference is calculated

using the Leq of the individual event as the primary measure of noise

impact. A brief description of these three noise metrics follows.

Equivalent Sound Level (L_)

This analysis uses a noise measure that condenses the physical acoustic

properties characteristic of a given noise environment into a simple indi-

cator of the quality and quantity of noise. F_reover, this measure correlates

quite well with the overall long term effects of environmental noise on public

health end welfare. _A has selected the equivalent A-weighted sound level in

decibels, Leq, as its general measure for environmental noise (Ref. 5-5 and

5-14).

The basic definition of Leq is:

P2(t)•d (5-7)
Leg-- 10 log10 2_ti p20 i

i

where t2 - tI is the interval of time over which the levels are evaluated,

p(t) is the time-varylng magnitude of the sound pressure, and P0 is a

reference pressure standardized at 20 micropascals. When expressed in terms
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of A-weighted sound level, LA, the equivalent A-weighted sound level, Leq,

is defined as: .....

( I .t_12 [1oLA(t)/10 l.dt) (5-8)Leq= 10 Iog10 t2.t-----_ I

When associated with a specific short time interval, t2-tI, or T, the

;_q (T) represents the energy-averaged sound level over that interval Of time.

C(m_only used time intervals are 24-hour, 8-hour, ]-hour, day and night,

symbolized as Leg (24), Leq (8), Leq (I), Ld and [n, respectively.

Day-Night Sound Level (L_n)

In describing the _mDaet of noise On peosls, the measure called the

day-night sound level (Idn) is used. This is a 24-hour measure with a

weighting apDlied to nighttime noise levels to account for the increased

sensitivity of people to intruding noise associated with the decrease in

background noise levels at night, me Ldn is defined as the equivalent

noise level during a 24-hour meried, with a 10-dS weighting applied to the

equivalent noise level during the nighttime hours of 10 p.m. to 7 a.m. The

basic definition of Ldn in terms of the A-weiqhted sound level is:

IZ 0 LA(t)/10 "_2000700(LA(t)+I0)/I0 dr) (5-9)

Ldn= 10 1_10 --1 _O dt + _./_'_o
24

This may also be expressed by the following e_luatiOn:

= +9 10(_+l°)/m (5-i0)

where Ld is the "daytime" equivalent level obtained between 7 a.m. (0700)
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a[Id10 p.m. (2200), and Ln is the "nighttime" equivalent level obtained

between i0 p.m. and 7 a.m.

The total day-night sound level, Ldn, including ambient levels and

collecticm sound levels is calculated as follows:

Ldn = I0 log [10L_n/10 + I0_/I01 (5-ii)

where

L_n = the collection scond level

L_n = ambient noise levels.

Sound Exposure Level (Ls)

Most of the criteria which relate noise exposure to human impact deal with

pervasive environmental noise rather than discrete noise events. Specification

of the noise environment in terms of equivalent A--weightedsound level is ade-

quate for pervasive noises. Single events, like a trash collection cycle, may

contribute an insignificant amount to the total environmental noise, yet be of

significant impact. Fortunately, some effects of noise on people have been

quantified in terms of sound level over a particular duration. A simple metric

which measures sound level, taking into account the duration of the event, is the

Sound Exposure Level (Ls). The sound exposure level is the integral of the

sound power per unit area t_eeived at a specified distance during a single

occurrence of a noise producing event. The sound exposure level, in decibels,

is defined as:

Ls = 10 log O /_%' p2(t) dt
(5-12)

,J
p2 o

where p(t) is the A-weighted sound pressure at time t, P0 is the reference

pressure (20 micrc;pascals),and T is the duration of the noise event. For
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a rectangular pulse time history of approximately constant average sound

level, LA, such as a trash collection cycle, an approximation is:

Ls _ Lmax + i0 log.(T) (5-13)

where T is the time in seconds over which the sound is present and [max is

the maximum A-weighted sound level.

REFUSE COLLECTION NOISE LEVELS UNDER REGULATORY OPTICNS

Avera@e Sound Level (LA) for Collection Activity

The average life of a conpaetor is about 7 years (Ref. 5-6). There-

fore, 1/7 of the c_aotor fleet is replaced each year.* It was assumed

that manufaeturere would design to a level 2 dB below the not-to-exceed level,

to account for normal production variations. Using this assumption, the

regulatory schemes presented in Table 5-1, the regulated track noise levels of

Table 5-2, and the noise metrics outlined in the preceding section, the average

sound level, LA, for each land use area to the year 2000 was calculated. The

results of these calculations can be found in Exhibit 5-A at the end of this

section.

Sound Exposure Levels for Collection Activity

Sound exposure levels were calculated for each c_,ponent of truck

collection noise shown in Table 5-2 and for compaction and impulse noise

shown in Table 5-3. For steady-state noise pulses, Equation 5-13 was

used. For triangular pulses, the sound exposure level was approximated by:

iS= Lmax + I0 log(t/2) (5-14)

where Imax is the maximum sound level.

*Reference 5-6 reports that a compactor body may be remanufaetured and
placed on a new tmJek. This analysis assumes the remanufaeturad units
meet the noise standards of new units.
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An average collection cycle time containing a compaction (tavg}

for each land-use class was calculated. This average time changed

as th_ mix of collector vehicles, each with different compaction times,

changed. The average time Of c(xnpact_onfor each compactor type is listed

in Table 5-3, the average time of non-compacting truck noise during the

collection cycle is given in Table 5-2, and the fraction of collections per-

formed bv each ty_e of compactor in each land-use class in Table 5-5.

The average collection time in each land use category was thus calculated

as:

where

te = compaction time for a given oompaetor type.,Table 5-3,

fc = fraction Of collections by a given compactor type in the lar_-use

class being examined, Table 5-5,

tT = non-compacting truck noise time.,Table 5-2,

i = rear loader, siOe loader or front loader compactor type.
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Average times for the complete collection cycle and components of the

collection cycle are shown in Table 5-7.

_BLE 5-7

AVERAGE COLLECTICN CYCLE
T]_4ESFOR VARIOUS [AND-USE ARFAS

Average Average Average
Compaction Track Sound Collection

Land Use Time Time Cycle Time
(seconds) (seconds) (seconds)

Suburban Single-
Family Detached 25.8 100 125.8

Suburban

Duplexes 25.7 100 125.7

Urban Row

Apartments 26.4 100 126.4

Dense urban

Apartments 26.7 i00 126.7

Very Dense Urban
Apartments 27.7 100 127.7

The calculated Sound exposure levels were col_binedin the same manner as

the sound levels to produce sound exposure levels for the entire trash col-

lection activity, including compaction. Table 5-8 presents the results of

these calculations and describes the existing noise environment for a single

compaction llneneo_paetors are unregulated. Exhibit 5-F at the end of this

section contains sound exposure levels for each year and regulatory option.
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TABLE 5-8

EKISTING A%_RAGE A-WEIGHTED SOJND LEVEL.q AT 7 METERS
FOR 9-ARIOUST240D-USECATEGORIES (ADJUSTED FOR

TRUCK MIX, _%_SH NOISE AND _,RBERA_ AMPLIFICATION)

Land Use _ LA f_ Propagation
(From Equations
5-2 and 5-3)

Suburban Sinql.e-
Family Detached 78.6 99.2 -6 dB/dd

Suburban

Duplexes 78.6 99.2 -6 dB/dd

Urban Row
Apartments 82.6 103.4 -6.5 dB/dd

Dense Urban
A_rbnents 84.3 105.2 -8 dB/dd

Very Dense Urban
Apartments 84.8 105.8 -8.5 dB/dd

The sound exposure level data are of concern primarily with respect

to sleep disturbance effects discussed later Jnthis section. The data

listed in Table 5-8 give sound exposure levels for the collecting cycle

times shorn in mable 5-7. Although the pablished data upon which the

sleep disturbance criteria are based do not extend beyond a 30-second

duration, it is EPA's judgment that extrapolation up to the time periods

use_ in this analysis is valid.

Pauivalent Noise level (Leg)

similarly, the L_g for a 24-hour period for each year of each option

was calculated in the following manner:

I. The average collection cycle times listed in Table 5-7 were used.
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2. The number of seconds per day the noise source operated in each

hectare (ha) of land-use class for each year up to year 2000 was

calculated. The average collection time was multiplied by the number

of compactions per ha per day (Table 5-9) for each land-use class

for each year. The number of total daily co."_pactionsfor each

year was taken from Table 5-10 which incorporates the yearly

growth factor into daily compactions. The total daily collection

times for the different land-use categories for selected years are

listed in Table 5-11.

3. Leg (with ambient noise) for each year and dwelling category was

calculated as:

where

ts = time of source, from Step 2 abcue

tr = reference time, 86,400 see/day

L = A-welghted sound-pressure level from Table 5-7 and Exhibit 5-A.

The resulting 24-hour Leq for each year of each option is given in Exhibit

8-B at the end of this section.

Day-Night Average Noise revels (Ldn)

Similarly, Exhibit 5-C gives the values of Ldn for the five dwelling

categories to the year 2000. The values for [d and Ln ware calculated using

Equation 5-10. The reference times ware 54,000 sec for day and 32,400 sec for

night and the data for the number of comPactions occurring in the day and in

the night ware used from Table 5-10.
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TABLE 5-9

DAY-NIGHT DISTRI_[_IOM OF AV_,PAC_,COMpAC_IONS P_R HECPARE FOR 1976

Front-Loader side-Loader Rear-Loader Total

Lan_ Use

Day Night Day Night Day Night Day Night Total

Suburban

Single- 0.0219 0.0003 0.633R 0.0009 0.2115 0.0029 0.2972 0.0041 0.3011
Family
Detached

Suburban 0.0541 0.0035 0.1734 0.0111 0.5725 0.0365 0.8000 0.0511 0.8510
Duplexes

urban Row 0.2733 0.0849 0.3235 0.1005 1.1332 0.3520 1.7301 0.5374 2.2674
Apartments

Dense Urban 0.6455 0.5817 0.5822 0.5247 2.0994 1.8919 3.3271 2.9982 6.3253

Apartments

Very Dense
urban 2.6084 2.3505 1.1046 0.9954 4.4990 4.0549 8.2120 7.4009 15.6136
ADartments

e_urce: Reference 5-29.



TABLE 5-10

PFKITECTIONSOF AVERAGE ,_OLIDW_T0 TRHCK COMPACTIONS
PER HECTARE _D THR YF_R 2000

Very Dense
Surburban qinqle- _uburban []rban_w Dense Urban Urban

YEAR _amily Detached Duolexes Apartments Apartments Apar_rents
(SSP) (8D) ([_) (DU) (VDU)

1976D 0.2972 0.8000 1.7301 3.3271 8.2128
1976N 0.0041 0.0511 0.5374 2.9982 7.4009
1976T 0.3013 0.8511 2.2675 6.3253 15.6137

1977D 0.3026 0.8145 1.7614 3.3873 8.3615
1977N 0.0042 0.0520 0.5471 3.0525 37.5349
1977T 0.3068 0.8665 2.3085 6.4398 15.8963

1978D 0.3081 0.8292 1.7933 3.4486 8.5128
1978N 0.0042 0.0530 0.5570 3.1077 7.6712
1978T 0.3123 0.8822 2.3503 6.5563 16.1840

1979D 0.3136 0.8442 1.8258 3.5111 8.6669
1979N 0.0043 0.0539 0.5671 3.1640 7.8101
1979T 0.3180 0.8982 2.3929 6.6750 16.4770

1980D 0.3175 0.8546 1.8482 3.5542 8.7735
1980N 0.0044 0.0546 0.5741 3.202q 7.9062
1980T 0.3219 0.9092 2.4223 6.7571 16.6796

1981D 0.3214 0.8651 1.8709 3.5980 8.8814
1981N 0.0044 0.0553 0.5811 3.2423 8.0034
1981T 0.3258 0.9204 2.4521 6.8402 16.8848

1982D 0.3253 0.8758 1.8940 3.6422 8.9906
1982N 0.0045 0.0559 0.5883 3.2822 8.1018
19829_ 0.3298 0.9317 2.4823 6.9244 17.0925

1983D 0.3293 0.8865 1.9173 3.6870 9.1012
1983N 0.0045 0.0566 0.5955 3.3225 8.2015
19835" 0.3339 0.9432 2.5128 7.0095 17.3027

1984D 0.3334 0.8974 1.9408 3.7324 9.2132
1984N 0.0046 0.0573 0.6029 3.3634 8.3024
1984T 0.3380 0.9548 2,5437 7.0958 17.5155

1985D 0.3378 0.9071 1.9618 3.7727 9.3127
1985N 0.0046 0.0579 0.6094 3.3997 9.3920
1985T 0.3417 0.9651 2.5712 7.1724 17.7047

1986D 0.3406 0.9169 1.9830 3.8134 9.4132
1986N 0.0047 0.0586 0.6160 3.4364 8.4827
1986T 0.3453 0.9755 2,5989 7.2499 17.8959

1987D 0.3443 0.9268 2.0044 3.8546 9.5149
1987N 0.0048 0.0592 0.6226 3.4736 8.5743
1987T 0.3491 0.9860 2.6270 7.3281 18.0892

Source: Reference 5-29.
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mABLE 5-I0 (Continued)

Very Dense

Rurburban sin_le- Suburban [lrban_ow Dense Urban Drban
VVAR Family _etached Duplexes Apartments Apartments Apartments

(SSF) (SD) (_) (DU) (VDU)

19880 0.3480 0,9368 2.0260 3.8962 9.6177
1988N 0.0048 0.0598 0.6293 3.5111 8.6669
Ig887 0.3528 0.9967 2.6554 7.4073 18.2845

19890 0.3518 0.9470 2.0478 3.9383 9.7215
1989N 0.0049 0.0605 0.6361 3.5490 8.7605
1989T 0.3567 1.0075 2.6841 7.4873 18.4828

1990n 0.3546 0.9546 2.0645 3.9702 9.8003
1990N 0.0049 0.0610 0.6413 3.5777 8.8314
1990T 0.3595 1.0156 2.7058 7.5479 18.6317

19910 0.3575 0.9624 2.0812 4.0024 9.8797
1991W 0.0049 0.0615 0.6465 3.6067 8.9030
1991T 0.3625 1.0238 2.7277 7.6091 18.7826

I9920 0.3604 0.9702 2.0981 4.0348 9,9597
1902_ 0.0850 0.0620 0.6517 3.6359 8.9751
1992T 0.3654 1.0321 2.7498 7,6707 18.9348

1993_ 0.3633 0.9780 2.1151 4.0675 10.0404
1993N 0.0050 0,0625 0.6570 3.6654 9.0478
19937 0.3683 1.0405 2.7721 7.7328 19,0882

19940 0.3663 0.9859 2.1322 4.1004 10.1217
1q94N 0.0051 0.0630 0.6623 3.6951 9.1211
19g4_ 0.3713 1.0489 2,79a5 7.7955 19,2428

19_5D 0.3688 0.9927 2.1469 4,1287 10.1915
1995N 0.0051 0.n63_ 0.6669 3.7206 9.1840
1995T 0.3739 1,0562 2.8138 7.8493 19.3755

19960 0.3713 0.9996 2.1618 4.1572 10.2639
1996N 0.0051 0.0638 0.6715 3.7462 9.2474
1996T n.3765 1.0634 2,8332 7.9034 19,5092

19970 0.3739 1.0065 2.%767 4.1859 10.3327
1997N 0.0052 0.0643 0,6761 3.7721 9.3112
1997T 8.3791 1.0708 2.8528 7,9580 19.6438

1998n 0.3765 1.0134 2.1917 4.2148 10.4040
T998N 0.0052 0,0647 0.6808 3.7981 9.3754
1998T 0.3817 1.0782 2.8725 8.0129 19.7794

19990 0.3791 1.0204 2.2069 4.2438 10.4757
1999_ 0.0052 0.0652 0.&855 3.8243 9.4401 :
1999m 0.3843 1.0856 2.8923 8.0682 19.9159

2000D 0.3817 1.0275 2,2220 4.2731 %0.5480
2000N 0.0053 0.0656 0.6902 3.8507 9.5053
2000_ 0.3870 1.0931 2.9122 8.1238 28.0533
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TABLE 5-I I

PROJP,CTIONS OF DAILY COLLFL_I(IN TIMEq (IN SECO_DS) PER HECTARE
FOR SELECTED YFA_%g TO THE YF/LR 2000

Suburban Single- Suburban Urban Row Dense Ilrban Very Dense

Year Family Detached Duplexes Apartments APartments Urban Apartments

1976 37.9 107.0 286.6 8nI.4 1993.9

Ig80 40.5 114.3 291.8 856.] 2130.0

1985 43.0 121.3 306.2 908.74 2260.9

1990 45.2 127.7 342.0 956.3 2379.3

1995 47.0 132.8 355.7 994.5 2474.3

2000 48.6 138.0 368.1 1029.3 2560.8

Source: Table 5-10 and Table 5-8.
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The minimum value of Ldn is attained at the time that the entire fleet

is composed of trucks quieted by the regulation. After this date, the values

of Ldn rise, reflecting the growth rate of the refuse collection activity.

The results of Ldn calculations when ambient noise is considered are

presented in Exhibit 5-D at the end of this section.

IMPACT OF REDUCTION OF REFUSE COLLECTIOt_NOISE - GENERAL ADVERSE RESPGNSE

In order to project the potential benefits Of reducing the noise of refuse

collection vehicles, it is necessary to statistically describe the noise

exposed population (on a national basis) both before and after implementation

of the regulation. %_e statistical description characterizes the noise ex-

posure distribution of the population by estimating the number of people

exposed to different magnitudes of noise as defined by metrics such as

day-night sound level. This is conceptually illustrated in Figure B-I of

Appendix B, which compares the estimated distribution of the noise exposed

population before and after implementationof a hypothetical regulation. This

type of approach provides a basis for evaluating the change in noise impact

due to the regulation.

It is also necessary to distinguish, in a quantitative manner, between

the differing magnitudes of impact upon different individuals exposed to

different values of Ldn. That is, the magnitude of human response to noise

generally inceases progressively from an identified "no response" threshold

to some extreme maximum projected impact -- the greater the exposure, the more

extreme the response. Hence, once the identified level is exceeded, the degrees

of htmmn response associated with the noise will increase with increased

noise exposure.

EPA has adopted a procedure, based on recommendations of the National

Academy of Sciences Committee on Hearing, Bioacoustics and Biomechanics (CHABA),
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that permits the assessment of environmental noise imnact by mathematically

taking into account both extent and intenslty of impact (Ref. 5-21) (See

Appendix B). _his procedure, the fractional imDact method, computes total

noise impact bv simply counting the number of DeoDle exposed to noise at

different levels aed statistically weighting each person by the intensity of

response to the noise exposure. The result is a single nunber value which

reoresents the overall magnitude of the imoact.

To assess the impact Of trash collection activity noise using the fractional

impact _rocedure, a relation between the ehanqes in collection noise add the

responses of the people e×Dosed to the noise is required. _lumanresponses may

vary depending upon previous exDoanre, age, socioeconomic status, political

cohesiveness, and other social variables. In the aq_regate, however, for

residential locations, the averaqe response of nrouns of people is related to

cunulative noise exposure as expressed in a measure such as I_n. For example,

the different forms of response to noise, such as hearing damaqe, speech or other

activity interference, and annoyance, were related to Le_ and [_n in the

RPA Levels Document (Ref. 5-5). For the purposes of this part of the analysis,

criteria based on Ldn presented in the EPA levels Doctment are used. Further-

more, it is asstm_edthat if the out_]corlevel of Ldn is less than or equal

to 55 dB (which is identified in the EPA Levels Doeu_mentas requisite to protect

public health and welfare), no adverse impact in terms of general annoyance and

adverse community response exists.

The community reaction and annoyance,data contained in AnPendix D of the

Levels Docunent (Ref. 5-5) show that the exT_ectedreaction to an identifiable

.sourceof intruding noise changes from "none" when the day-night average sound

level of the intruding noise is 5 dB helcw the level existing without the presence
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of the intruding noise to "vigorous" when the intruding noise is 20 dB above

the level before intrusion. For this reason, a level which is 20 dB above

Ldn = 55 dB is considered to result in a near maximum impact on the people

exposed. Such a change in level would increase the percentage of the

population that is "highly annoyed" by noise to 35-40 percent of the total

exDosed population. Further, the data in the Levels Document suggest that for

environmental noise levels which are intermediate between 0 and 20 dB above

Ldn = 55 dB, the impact varies linearly. That is, a 5 dB excess (Ldn = 60 riB)

constitutes a 25 percent impact, and a 10 dB excess (idn = 65 dB) constitutes

a 50 percent imOact.

For convenience of calculation, a function for weighting the magnitude of

noise L_Daot with respect to general adverse reaction (annoyance) has been used.

This function, normalized to unity at Ldn = 75 dB, may be expressed as repre-

senting percentages of impact in accordance with the following equation (see

Appendix B) :

10"X 5 (Ldn-C)forLdn_.> CW(Sdn)= forLdn< C (5-17)

where W(Ldn) is the weighting function for general adverse response, Ldn is

the measured or calculated community noise level, and C is the identified thres-

hold below which the public is not at risk (Ldn = 55 dB).

A recent compilation of 18 social surveys from 9 countries (Ref. 5-21 and

5-22) shows, in fact, that the response curve relating "percent highly annoyed"

to the noise measured around respondents' homes is best represented by a eurvilieear

function. However, it has also been shown that the single linear function can be

used with good accuracy in cases where day-night sound levels range between

Ldn values of 55 dB to 80 dB.

Using the derived relationship between community noise exposure and general
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adverse rcsponae (Equation 5-17), the Level-Weighted Popelation (D';P)*associated

with a given level of trash collection noise (L_n) may be obtained

by multiplying the number of people exposed to that level of noise by the

relative weighting associated with that level as follows:

(5-18)

where [/_Piis the m_gnitude of the impact on the population exposed to trash

collection noise Ldln and is numerically equal to the number of people who

would all have a fractional impact equal to unity (i00 percent). W(L_n) is

the weighting associated with a day-night sound level of Li and Pi is• dn'

the population exposed to that level of noise. To illustrate this concept, if

there are 1000 people living in an area where the noise level exceeds the identified

threshold level by 5 dB (and thus are considered to be 25 percent impacted,

W(Ldn) = 0.25), the environmental noise impact for this group is the same as the

impact on 250 people who er_ 100 percent i_acted (1000 x 25% = 250 x 100%). A

conceptual example is portrayed in Figure 5-2.

When assessing the total impact associated with trash collection noise, the

observed levels of noise decrease as the distance between the source and receiver

increase. The magnitude of the total impact may be computed by determining the

partial impact at each level and summing over each of the levels. Tna total i_0act

is given in terms of Level Weighted Population by the following formula:

=fLWPi= _W(L_n)Pi (5-19)

where W(L_n) is the fractional weighting associated with L_n and Pi is

the population exposed at each L_n.

The change in impact associated with actions leading to reduced noise emissions

frc_ trash compactor vehicles may be assessed by comparing the magnitude of the

*Other terms such as Equivalent Population (Peg) and Equivalent Noise Impact (ENI) are
used interchangably with LWP.
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JJ/
FIGURE 5-2

LEVEL WEIGHTED POPUIATIGH: A I_IHOD _O ACCOUNT FOR _IE EXTENT AND SL_]ERITYOF NOISE IMPACT

The computation of 5WP allows one to combine the n_r of people
jeo_)ardized by noise above an Ldn of 55 dB with the degree of
i,llpactat different noise levels. %_lecircle is a source which
emits noise to a populated area. _he various partial anDunte
of shading represent various degrees of partial _mpae£ by the
noise. The partial impacts are summed to give the _P. In this
example, 6 people who are adversely affected by the noise (par-
tially shaded) results in a Level v_eightedPopulation ([_¢P)of 2
(totally shaded).



impacts, both before and after implementation of noise reduction measures,

in terms of the Relative Change in Impact (RCI), which is calculated from

the following expression:

RCI = 100 fLWP (before) - LWP (after)] (5-20)
LWP ]before)

This basic fractional impact procedure may be used to compute noise impact

using a variety of additional criteria (e.g., activity interference, hearing

damage risk, etc.) other than general adverse response (Ref. 5-30).

RESULTS OF ANALYSIS

While the exact value of present or future LWPs may not be known precisely,

the relative reductions of the LWP due to noise regulations - of primary interest

here - are known with much greater accuracy than the absolute value of the LWP

since the changes in the theoretical components of LWP can be well defined. For

instance, it may not be possible to determine whether the present estimated LWP

due to noise from trash collection activity, an absolute valse, is actually 0.1

million tom high. However, it is possible to determine, for example, that the

regulation of rear loading truck-mounted trash compactors will not reduce the

LWP by more than 0.I million. Extensive investigation of such small changes may

seem unnecessary if it is not kept in mind that, although truck-mounted solid

waste compactors represent only a small part of urban activity in the United

States, their impacts may be considerable when measured by metrics other than

L_. Thus, the changes found to occur in L?;Pmay help indicate what equivalent %

changes would occur in impact measures which are not used in this analysis but

whose absolute values may reflect more accurately the effects of compactor noise

on people.

As discussed above, the concept of fractional impact, expressed in units

of LWP and RCI, is most useful for describing relative changes in impact from a
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s_cified baseline for the purpose of comparinq benefits of alternative regu-

latory schedules. In order to assess the absolute impact or benefits corre-

s_ondinq to any regulatorv schedule, information on the distribution of pOpu-

lation as a function of noise environment is rec_ired. This information is

included in this section in the form of tables showing the number of people

exposed to different levels of compactor noise. The anticipated absolute

impact of noise upon those individuals exposed to any given noise level may

be traced by referrin_ to the various noise effects criteria presented in the

ravels _ocu_ent as well as in this analysis.

The resulting noise impact, in terms of LWP, for each land use area is

calculsted (takinq ambient into account) for each regulation schedule and

study year by applying the noise reduction of new trucks in combination with

lessened missions from the compactor unit. A summary of the results of this

analysis for genera] a_verse response (annoyance) is displayed in Table 5-12.

Also included in Table 5-12 is the _ar bv year parcentaqe benefit in extent

and severity of imr_ct relative to the impact in 1976. Tabulated complete

results of L_ and _Cl are presented in Rxhlbit 5-E at the end of this section.

Table 5-12 shows that up to a 3Q% reduction in the extent and severity of

noise i_ct (a reduction in LWP of about 63D,0D0) from refuse collection

noise will occur in 1991 because of the truck (chassis) noise regulation,

without a compactor regulation. _e regulatory schedules under consideration

for refuse ccllection vehicles are anticipated to result in up to a 75 _erccet

benefit (ODtlons 5 and 7) over the 1976 (base year) case (a reduction in

LW_ of about 1,570,000). Likewise in 1991, Options 5 and 7 show a 64% reduc-

tion in noise impact over and above that achieved by reduction of truck

chassis noise alone (a reduction in LWP of about 940,000). Benefits
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TABLE 5-12

LEVEL _E.IGrFPP.DPOP[KAT[ON IMPACTED (LWP) (in millions)
AND PERCENTAGE BEN3_FIT (RCI)

(Taking ambient into accOunt, from Exhibit 5-D)

Options
Base One Three Five Seven Silent

1976 Total 2.11 2.11 2.11 2.11 2.11 2.11
RCI 0.8 0.O 0.0 O.O 0.O 0.0
RCI* O.O 0.0 0.0 N.O 0.0 O.O

1982Total 1.71 1.44 1.62 1.60 1.40 1.31
RCI 19.0 31.7 23.1 24.4 33.5 38.0
I_CI* 0.0 15.8 5.2 6.4 18.1 24.0

1991Tota] 1.48 .54 .77 ._4 .54 .38
RCI 30.0 74.5 63.4 74.5 74.5 82.2
RCI* 0.0 63.5 48.0 63.5 63.5 74.3

2000 Total 1.57 .58 .82 .58 .58 .40
_CI 25.5 72.7 61.0 72.7 72.7 80.9
RCI* 0.0 63.0 47.8 63.0 63.0 74.5

RCI: Peroantaqe reduction in impact fro, base year (1976).

RCI*: Percentage reduction in imr_ct from base option. Base option
includes benefits from medium and heavy truck requlation.

appear to lessen (i.e., more impact) relative to the 1976 case beyond the

year 1991 due to the projected increase in collection activity and population

exposed.

To further illustrate the benefits and relief afforded the population by

reducing new trash cx_npactor noise levels, Tables 5-13 and 5-14 are presented.

In Table 5-13, the nm_er of people exposed to Ldn above 55 dB, in 5-dS

increments, for the existing noise level and the 1991 maximu_ quieted level

for each option is shown. Table 5-14 is presented as an example to show that

the impact is not uniform over the entire population. Note that the noise

impact is confined primarily to dense urban areas.
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TABLE 5-13

NUMBER OF PEOPLE EXPOSED TO Ldn (in millions)
(Takinq ambient into account)

Ldn Raseline 19910Dtion1976 Rase One Three Five Seven Silent

55-60 17.36 12.66 5.50 7.41 5.50 5.50 4.10

61-65 1,77 1.20 0.46 0.59 0.46 0.46 0.33

66-70 0,45 0.32 0.05 0.12 0.05 0.05 0.02

>70 0.09 0.03 - - -

Total 19.67 14.21 6.01 8.12 6.01 6.01 4.45

TABLE 5-14

FOPULA_ION EXPOSED TO TMSWC NOISE (in millions)

(Taking ambient into account)

1976 1991 1991 1991
Type of Area 5dn Baseline Baseline Option 7 Silent

Sinqle Family 0.0 0.0 0.0 0.0

Suburban Duplex 0.0 0.0 0.0 0.0

55-60 6.82 4.66 1.82 1.24
urban _w

61-65 0.46 0.20

55-60 8.34 6.23 2.92 2.26
Dense 61-65 1.02 0.76 0.36 0.25
Urban 66-70 0.34 0.24 0.02

>70 0.05

55-60 2.20 1.77 0.76 0.60
very Dense 61-65 0.29 0.24 0.10 0.08
Urban 66-70 0.11 0.08 0.03 0.02

>70 0.04 0.03 - -

Total
55 19.67 14.21 6.01 4.45

All Areas
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REDUCTION OF NOISE IMPACP OF INDIVIr_JALTRASH COLLECTICX_EVE_q

TO this Point, the analysis of truck-mounted trash compactor noise impact

has been concerned with the contribution that compactors make to average day-

niqht urban noise (Ldn). The impact contributions, which are calculated in

this way, are somewhat qeneralized and _o not necessarily represent specific

impact situations. On some.occasions, noise associated with trash collection

activity will be completely masked out hv other noises, makinq the conclusions

reached by usinq Ldn essentially correct. At other times or in other situs-

tions, one can expect that other noise sources will not mask trash collection

noise, and thus trash compactors will cause a finite immact. The actual

impact from trash compactors is certainly due to a comhination of various

levels of trash collection noise and other environmental noise. _lus, the

Preceding analysis does not reflect the fact that almost the entire amount of

daily acoustical enerqy contributed by trash compactors in an area may be

aenerate_ in only a few minutes of noise durinq trash collection activity.

Yet this intrusive, short, intense event may be one of the most annovinq

noise-related situations faced over the entire day by a large nL_nberof resi-

dents. Admittedly, such annoyance is s difficult reaction to treasure. It may

Dass rapidly and the actual cause may remain [mnoticed. Or it may add to

other aqents causinq stress and lead to Dhysioloqical Droblems (Ref. 5-14

and 5-15).

A loud, short-duration noise event may also interrupt people's activities,

such as conversation or sleeDinq. The interruptions may aqain lead to annoy-

anoe, but in themselves they may represent a deqradation 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,
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annoyance was seen to be mediated, at least in part, by speech interference.

Not only is the TV program or other _erson speaking more difficult to hear

during the time in which there is a noisy event, but it has been observed

that the distraction which may occur frc_ the conversation in which the per-

son is engaged may contribute in itself to annoyance (Ref. 5-9). The speaker

may behaviorally atte_nptto cope with the noise intrusion either by increas-

ing his or her vocal effort, or in more severe cases, by discontinuing con-

versation altogether. Such behavioral reactions may be quite indicative of

aeneral annoyance and disturbance with the intrusive noise event, similarly,

the reaction to a noise intrusion during sleep may be, in many cases, diffi-

culty in falling asleep, a change in sleep stage (from "deeper" to "lighter"

stage) or, if the intrusive noise is intense or lena enough, an actual awaken-

ning. In either case, rePeated disturbance of people's activities may be

exPecte_ to adversely affect their well-being (Ref. 5-24 and 5-25). Covari-

ance of verbalized annoyance_with the interference of activities has been

amply demonstrated in many serial surveys (Ref. 5-5, 5-12, 5-16, 5-17, 5-18,

5-23, 5-26). In fact, one recent survey (Ref. 5-23) found respondent indica-

tions of interference with sleep and speech omTmunicatlon to correlate

more highly with feelings of generalized annoyance than with any other factor,

including actual SOUnd levels measured outdoors.

For these reasons it seems appropriate for an analysis of noise impact

to examine in some detail the importance of individual event exposures upon

human activities (Ref. 5-27 and 5-28), in particular, the activities of speech

communication and sleep. Such an analysis was undertaken both in order to

determine the direct eF.fecttrash compactor noise may have on these activi-

ties, as well as to aid in an estimation of the total annoyance attributable
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to the noise. These single event noise intrusions become particularly

Important in light of other regulations and efforts to reduce,the noise from

other urban noise sources, i.e., without a reduction in emissions from trash

compactors, these units may very well stand out as one of the most intrusive

noise sources.

Sleep Disturbance

The sleep Periods of h_nans are typically elassifie_ into five stages.

In Staqes I and II sleep is light and the sleer_r can be 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 cf

sleep. An additional stage is termed REM (rapid eye movsrent) and corre-

sDonds to the dream state. When exposed to an intrusive noise, a sleeper may

(I) show response by a brief change in brainwave pattern, without shifting

sleep stages; (2) shift to a lighter sleeD stage; or (3) awaken. The _reat-

est known impact occurs due to awakening, but there are also indications that

disruDtion of the sleep cycle causes impact (irritability, etc.) even though

the slee;_ermay not awaken (Ref. 5-14).

A recent study (Ref. 5-10 and 5-11) has s_mmarized and analyzed

sleep disturbance data. Tnls study demonstrated a relationship between

freauency of response (disturbanceor awakening) and noise level of a stimulus,

and further determined as well that the duration of the noise stimulus is a

critical parameter in predicting response. The study also showed that the

_.reauencyof sleep disruption is predicted bv noise exposure better than is

arousal or behavioral awakening. It is immortant to note that sleep disturb-

ance is defined as any physloloqical change which occurs as a result of a
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stimulus. The person undergoing such disturbance may be completely unaware

of being affected; however, the disturbance _ay disrupt the total sleep

quality and thus lead to, in certain situations, behavioral or physiological

consequences (Ref. 5-14).

To determine the magnitude of sleep disturbance caused by trash com-

pactors, some consideration must be made of the hours of trash collection

activity. Table 5-15 shows the percentage of day, evening and nighttime

collections used for this analysis. Although some fraction of the population

sleeps during the day, it is assumed for this analysis that sleep occurs only

during nighttime hours. Therefore, only the fraction of total refuse collec-

tion activity that occurs during nighttime hours is applicable.

To determine the impact of trash collection noise on sleep and the reduc-

tion in sleep disturbance achievable with noise emission regulations for com-

pactor trucks, the following steps were followed:

Step i. Average sound exposure levels at 7 meters were computed for

all collector truck types (rear, front and side loaders).

%hese data arm presented in Exhibit 5-F at the end of this

section.

Step 2. qhe distances from the compactor operation at which the noise

levels from Step 1 decreased in 1 dB intervals were calculated.

Prapagation laws employed for each land use area were discussed

previously in this Section.

Step 3. %he number of people living in each 1 dB band was calculated bF

,ultiplying the population density within each land use area in

which trash collection activity takes place by the area of the

1 dB bands (calculated in Step 2). _nis is then multiplied by
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TABLE 5-15

PERCENTAGE_ OF _AL REPUSE COllECTIONS

Daytime Collection Eveninq Collection Nighttime Collection

6:00 am- 6:00 m 6:00 _m- 10:00 pm 10:00 _m- 6:00 am

Land 1976 Population Population Population

Use Population % of Involved % of Involved % of Involved
Category (millions) Collections (millions) Collections (millions Collections (millions)

Wilder- 2 NA NA NA NA NA NA
eess

_]ral 57.0 100 57.0 0 0

Suburban

._inale- 106.1 98 103.9 0.7 0.7 1.4 1.5
c. Family
I Detached

Suburban 17.4 91 15.8 3.0 0.5 6.0 1.1
DuDlexes

Urban Row 22.2 64.5 14.3 11.8 2.6 23.7 5.3
Apartments

DenseUrban12.0 28.9 3.5 23.7 2.8 47.4 5.7
Apertments

Very Dense
Urban 2.0 28.8 0.6 23.7 0.5 47.4 0.9
APartments

Source: _eference 5-29.



the number of trash collections within the given land uses.

(9_e n_ber of trash collections by land use area is presented

in gable 5-10.)

Step 4. The average sleep impact is calculated for each of the 1 dB

bands. The impact, expressed as a fraction, is found from

functions that relate sleep disturbances to .soundexposure

level (Figure 5-3 for disruption and Fiqure 5-4 for awakening).

This procedure is analogous to the fractional impact method

used for calculating LWP for general adverse resoonse.

gtep 5. The relative total imPact is computed in each hand by multiply-

ina the number of people living in each band (frcm Step 3) by

the associated fractional impact (from Step 4).

To determine the resulting sound exposure level inside the home, transmis-

sion losses were apolied to the propagated noise levels, depending on land use

as discussed previously in this section.

9he function relating the disruption of sleep by noise is given in Fig-

ure 5-3 where the frequency of sleep disturbance (as measured by changes in

sleep stage, incledinq behavioral awakening) is plotte4 as s function of the

sound exposure level of the intruding noise. It also should be noted that,

in the calculations of the impact of trash collection noise, the analysis

arbitrarily ignored impact contributions below Ls = 55 dB indoors. This

cut-off was selected to account for the continuous presence of low, nighttime

a_bient noise levels indoors, on the order of 40 - 45 dB.

The frequency of behavioral awakening as a function of sound exposure

level is shown in Figure 5-4. The relationships, displayed in Figures 5-3 and

5-4, adat)tedfrom Figures I and 2 of Reference 5-]0, consist of data derived
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from a review of most of the recent experimental sleep data and noise

relationships. The curves of Figures 5-3 and 9-4 have been modified slightly

from those contained in References 5-10 and 5-11.* The regression equations

used are:

Y = 1.35x - 50, for sleep disturbance, and (5-21)
Y = 1.10x - 49.5, for sleep awakening.

The functions (y) indicate the approximate degree of impact (percent disruption

or awakening.)as a function of noise level derived from the indoor Sound

Exposure Level (x). FurthernDre, the noise data contained within these

references were measured in terms of "effective perceived noise level" with a

reference duration of U.5 second (LEPNL(0.5 see)) • Tnismeesurewas

converted to Ls by the following approximate relationship:

ts = LEFNL(0.5 see.) - 16 dB (5-22)

The LWP for sleep disturbance and awakening was derived for each of

the regulatory schedules and study years under investigation using equation

5-_8, substituting Ls for _n" The weighting functions for sleep disturbance

and sleep m_akening are based on Figures 5-3 and 5-4, modified as follows:

The probability of disruption was a compound probability which accounted

for the number of nightly compactions in each area.** The crmpound probabil-

ities were calculated as:

i i
Pa = I - [(Pna)C] (5-23)

*PersoNal Ccmm_/nieation,J. S. Lukas, July, |976.
**For example, if the probability of awakening is 0.34 for a single event

it is 0.56 for two events and 0.71 for three. Compound probability applies
here, as each noise event is considered to be independent of the other
events in terms of its probability of disrupting sleep, and the number of
individual noise events per unit area could be derived.

5-49



where

pi : probability of sleep disruption at Li

U_a = probability of no disruption = 1 - [(Li - 37) (.0135)]

C = compaptions per night per hour from Table 5-15

L_ = sound exposure level in the ith increment.

The probability factor was multiplied by the population oDntsimed in the I dB

band and the sum of the bands resulted in the nLmlher Of equivalent psople

per night with s probability of 1.0 of havinq sleep physiologically disrupted.

The probability of an awakening was computed in the same manner as the

probability of disrumtion except that the probability of no awakening used

the followinq basic equation:

m_a : I- [(Li -45) (.011)] (5-24)

Table 5-16 shows the sleep disturbances (LWP) for each option and the

;_ercent reduction in impact acecmDlished by each requlation with reference to

the no regulation case for selected years. A complete listing of the results

is provided in Exhibit 5-G at the end of this section.

Table 5-17 shows the LWP for sleep awakening and the percent reduc-

tion in awakenlng-related impacts accomplished by each regulation with ref-

erence to the no regulation case for selected years. A complete listing ks

Presented in Exhibit 5-}! at the end of this section.

In order to explain more fully the contents of Tables 5-16 and 5-17, an

example follows. In Table 5-17, by consulting the year 1991 row, it is

found that for regulatory options 3 and 7 the potential sleep awakening,
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TABLE 5-16

SLEEP DISTURBANCES

(LWP in millions; RCI percentage benefits)

Cptions
Base One Three Five Seven Silent

1976 Total 13.85 13.85 13.85 13.85 13.85 13.85
RCI 0.0 0.0 0.O O.O O.O 0.O
RCI* 0.0 0.0 0.O 0.0 0.0 O.0

1982 Total 11.41 9.59 10.83 10.66 9.36 8.75
RCI 17.6 30.8 21.8 23.0 32.4 36.8
RCI* 0.0 16.0 5.2 6.7 18.0 23.3

1991 Total 9.49 2.84 7.48 2.84 2.84 1.57
RCI 31.5 79.5 67.6 79.5 79.5 88.7
RC_* 0.O 70.1 52.8 70.1 70.1 83.5

2000 Total 10.O1 2.99 4.73 2.99 2.99 1.66
RCI 27.7 78.4 65.9 78.4 78.4 88.1
RCI* 0.O 70.1 52.7 70.1 70.1 83.4

RCI: Percentage reduction in impact from base year (1976).

RCI*: Peroentage re.ductionin impact from base Option. Base Option
includes benefits from medium and heavy truck regulation.
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TABLE 5-17

SLEEP ANAKENING L_

(LWP in millions; RCI percentage benefits)

Options
Base One Three Five Seven Silent

1976Total 11.5 11.5 11.5 11.5 11.5 11.5
RCI 0.O 0.0 0.0 0.0 0.0 0.O
RCI* 0.0 0.0 0.0 0.0 0.O 0.0

1982 Total 9.51 7.99 9.02 8.88 7.80 7.29
RCI 17.3 30.6 21.6 22.8 32,2 36.6
RCI* 0.0 16.0 5.1 6.6 18.0 23.3

1991Total 7.94 2.37 3.74 2.37 2.37 1.31
RCI 31.0 79.4 67.5 79.4 79.4 88.6
RCI* 0.0 70.1 52.8 70.1 70.1 83.5

2080 Total 8.38 2.50 3.96 2.50 2.50 1.38
RCI 27.1 78.2 65.6 78.2 78.2 88.0
RCI* 0.O 70.1 52.7 70.1 70.1 83.5

RCI: Percentage reduction in impact from base year (1976).

RCI*: Percentage reduction in imPact from base option. Base option
includes benefits frem medium and heavy trcck regulation.

LWP (measure of the extent and severity Of the impact)due to trash collection

noise is reduced to 3.74 million per night and 2.37 million per night, respec-

tively. _herefore, the relative difference in L_P between the options is 1.37

million. Examining the percent reduction in extent and severity of impact, w_

find that the 3.74 L_ value translates to 67.5 percent reduction in impact r_la-

tlve to the 1976 case prior to regulation. Likewise, the 2.37 million I_;Pvalue

translates to a 79.4 reduction relative to 1976. However, relative to the year

2000 base case (where only truck chassis noise is reduced), the benefits for

_@tlons 3 and 7 translate to only 52.8 percent and 70.1 percent, respectively.
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As was the case for the analysis of General adverse response, Options

5 and 7 show the qreatest benefits. Benefits are reduced slightly beyond

1991 due to projected increases in refuse collection activities and popula-

tion growth.

It should be noted that this analysis examines the effects of reducing

trash collection noise alone, and does not take into account the presence of

other noise sources in the environment. It is obvious that other environ-

mental noise sources create background noise over which, in many situations,

trash collection noise will not intrude. The benefits presented in this

analysis represent the benefits accrued durinq those times when the collec-

tion activity noise clearly intrudes over an ambient background. The absolute

sleep impact attributable to trash collection noise isq of course, dependent

on the backgroun_ ambient levels characteristic of the environments where

trash collectlon vehicles are operating. However, the relative benefits

stated (in terms of percent reduction in impact) are representative of the

relative reductions of trash collection noise over any given ambient level.

.g..r_echCommunlcation Interference

As is the case with sleep disruption, speech interference occurs as a

result of individual noise events. The potential for speech interference

(i.e., the interruption of conversation) due to trash collection activity

occurs when externally-propagating collection noise exceeds certain levels.

However, unlike sleep disruption, the impact of no_se on speech interference

is not ctmulative. That is, the duration of the noise event causing speech

interference does not affect the kind of interference, it only affects the

duration of the interference. This is in contrast to sleep disturbance where
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the cumulative effect of noise can change the impact fron one of sleep stage

disturbance to actual sleep awakening. Therefore, the appropriate noise

metric for measuring speech interference potential is an Leg Occurring for

the duration of the event, rather than a sound exposure level which considers

the effects of the duration of the event.

Also, unlike sleep disruption, interference of speech may occur when

people are either indoors or outdoors. The degree of speech interference

from noise is dependent on the particular circumstances involved, such as

noise level and duration, separation distance of the conversers, and vocal

effort. %_nerelationship of these factors is described in Reference 5-5.

The methodology for determining outdoor and indoor speech interference will

be discussed separately in the following sections. It should be understood

that the i_pacts calculated represent potential interference with speech,

not actual occurrences, as it cannot be assumed that people are en_aged in

conversation continuously. Further, the analysis assumes that people do

not converse during the nighttime hours (when they are presumed to be asleep}.

Thus, only daytime and evening refuse collection is considered.

Outdoor Speech Interference

The population exposed to potential outdoor speech co0m_uniestioninter-

ference are those people who are outside of any building but not along s

street. This analysis does not take into account pedestrians or people

engaged in other forms of transportation during the day. Rather, it is in-

tended to include those time-periods in which people are relaxing outdoors -

either outside a home, business, or cultural institution.

Outdoor speech interference potential due to trash collection activity

occurs _4nenthe noise level of the activity exceeds a typical Outdoor back-

ground level of 55 riB. Although average outdoor urban ambient noise (L_n)

in many areas may tend to be greater than the assumed Outdoor background
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level, a concerted effort to reduce u_ban noise in the future would make the

55 dB level a _ore apprcpriate figure to use for this analysis.

Propagation loss is computed for each land use category in the same man-

ner as discussed in the section, Sound PrOpagation and Amplification. _he

distances at which the noise levels fall off in 5 dB steps are computed, and

the number of people living within each band is derived using the functional

relationship pertaining to outdoor speech communication interference shown in

Figure 5-5 (Ref. 5-5). This number is multiplied by the number of collections

occurring during the time in which people are estimated to be outdoors each

day (0.4 hours, i.e., 2.7 percent of the day) (Bef. 5-29) to give the total

LWP due to outdoor speech interference.

The potential LWP for outdoor speech communication for selected years

is given in Table 5-18 for the study regulation schedules, me relative

change in impact obtained with these regulations also is tabulated. Complete

results are presented in Exhibit 5-I at the end of this section.

In.doorSpeech Interference

Indoor speech interference is assucnedto occur when trash collection

activity noise penetrates through walls of residences or buildings and remmins

above a tyPical indoor background level of 45 dB. The crltere of impact for

indoor speech interference are given in Figure 5-6 (Ref. 5-5). _le curve

is based on the reduction of sentence intelligibility relative to the intelli-

qiblity which would occur at 45 dB. If people are Conversing indoors during

the time a trash collection operation is occurring, the prc_ability of a

disruption in communication is given by Figure 5-6. Before impact is computed,

the same reductions in levels due to transmission through walls which wore
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TABLE 5-18

OUTDOOR SPEECH I_FfERPERZNCE

(5WP in millions; RCI percentage benefits)

q_tions
Base One Three Five Seven Silent

1976Total 29.63 29.63 29.63 29.63 29.63 29.63
_CI 0.0 0.0 0.0 0.0 0.0 0.0
RCI* 0.0 0.0 0.0 0.0 0.0 0.0

1982 Total 22.72 19.54 21.71 21.32 19.01 17.67
RCI 23.3 34.] 26.7 28.0 35.8 40.4
RCI* 0.0 14.1 4.4 6.2 16.3 22.0

1991 Total 18.53 7.34 10.46 7.34 7.34 5.32
RCI 37.5 75.2 64.7 75.2 75.2 82.1
RCI* 8.0 60.4 43.6 60.4 60.4 71.4

2000 Total 19.24 7.65 10.90 7.65 7.65 5.54
RCI 35.1 74.2 63.2 74.2 74.2 81.3
RCI* 0.0 60.2 54.2 60.2 60.2 71.4

RCI: Percentage reduction in inloactfr_n base year (1976).

RCI*: Percentage reduction in i_oact frcm base option. Base option
includes benefits fr_n medium and heavy truck regulation.
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used previously must be taken into account. During times when trash collec-

tion activity is not occurring, no trash collection speech interference

oeco_s. It is estimated that people spend an average of 13 daytime hours

inside each day, i.e., they spend about 86.7 percent of the day inside (Ref.

5-29). Taking the fraction of the daytime hours spent inside and the number

of collection cycles occurring during these hours, the indoor speech impact

can be computed in the same manner as the outdoor impact. A summary of the

estimated II_Pfor potential indoor speech interference and the percent reduc-

tion is given in Table 5-19 for each of the regulatory options. A co_olete

listing of results is pre_ented in Exhibit 5-J at the end of this section.

Adding these impacts to the potential outdoor impact described above

gives the total estLmated equivalent noise impact due to the potential inter_

ferenma of speech by trash collection operations. The result is the equivalent

number of people %_o are unable to conduct normal conversation during each two

minute collection cycle as shown in Table 5-20. The associated percent reduc-

tion is also shown in Table 5-20.

Again, it should be noted that the single event noise analysis examines

the effects of reducing trash collection noise alone, and hence does not take

into account the presence of other noise sources in the environment. It is

obvious that other envirormlentalnoise sources create background noise at such

levels in certain situations that trash collection noise will be masked.

This analysis only represents the benefits accrued during those times when

trash collection noise clearly intrudes over the ambient or background noise.

The overall absolute speech and sleep impact is, of course, dependent on the

background level assumed. However, the present reduction of [;_Pis represen-

tative of the relative reduction in impact of trash collection noise over any

given ambient level.
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TABLE 5-19

INDOOR SPEECH INTERFERENCE

(LWP in millions; RCI percentage benefits)

Options
Base One Three Five Seven Silent

1976 Total .84 .84 .84 .84 .84 .84
RCI O.0 0.0 0.0 0.0 0.0 0.0
RCI* 0.0 0,0 0.0 0.0 0.0 0.0

1982Total .65 .56 .62 .61 .55 .51
RCI 21.8 32.8 25.3 26.6 34.7 39.4
RCI* 0.0 13.8 4.6 6.1 15.4 21.5

1991 Total .54 .21 .30 .21 .21 .14
RCI 35.0 74.9 63.6 74.9 74.9 82.9
RCI* 0.0 61.1 44.4 61.1 61.1 74.1

2000 Total .57 .22 .32 .22 .22 .15
ECI 31.4 73.4 61.5 73.4 73.4 81.9
RCI* 0.0 61.4 43.9 61.4 61.4 73.7

RCI: Percentage reduction in impact from base year (1976).

RCI*: Percentage reduction in impact from base option. Base option
includes benefits from mediun and heavy truck regulation.
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TABLE 5-20

qV]PALO[_TDOORPLUS INDOOR SPEECH INTERFERENCE

(LWP in millions; RCI percentage benefits)

Base One Three Five seven Silent

1976Total 30.47 30.47 30.47 30.47 30.47 30,47
RCI 0.0 0.0 0.0 0.0 0.0 0.0
RCI* 0.0 0.0 0.0 0.0 0.0 0,0

1982Total 23.37 20.1 22.33 21.91 19.56 18,18
RCI 23.3 34.0 26.7 28.1 35.8 40,3
RCI* 0.0 14.4 4.5 6.2 16.3 22,2

1991 Total 19.07 7.55 10.76 7.55 7.55 5,46
_CI 37.4 75.2 64.7 75.2 75.2 82.1
RCI* 0.0 60.4 43.6 60.4 60.4 71.4

2000Total 19.81 7.87 11.22 7.87 7.87 5.69
RCI 35.0 74.2 63.2 74.2 74.2 81.3
REI* 0.0 60.3 43.4 60.3 60.3 71,3

RCI: Percentage reduction in impact from base year (1976).

RCI*: Percentage reduction in impact from base option. Base option
includes benefits from medium and heavy truck regulation.
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StMMARY AND CONCSUSIONS

The calculation of noise impact from trash compactor noise is based

primarily on a single equation:

_wP= WCLdn)x P

where

LWP = the level weighted population,

W(Ldn) = the weighting function representing severity of impact,

P = the population impacted.

This basic equation finds many forms as the investigated area of impact changes

from urban noise to individual collection events. Table 5-21 summarizes the

forms used in the preceding sections. Three areas of impact are distinguished:

a. General adverse response (annoyance) from environmental noise
(expressed in terms of day-night sound level);

b. Sleep disturbance from individual events;

c. Speech interference from individual events.

The expected benefits from the major options considered are presented

in summary form in Table 5-22. The table summarizes the expected improvements

in environmental noise impact for the key options considered for two specific

periods: 1984, which represents a "near-term" period, and 1991, which typifies

the period when essentially the entire fleet will consist of vehicles that are

in compliance with the standard.

_e following conclusions may be drawn from the data shown in Tables

5-12 5-10, 5-17, 5-20, and 5-22;

(i) substantial benefits in terms of reduction in extent and severity

of impact may be realize(]as a result of a compactor regulation in

concert with the regulation reducing new truck noise emissions as

promulgated (Ref. 5-1).
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TABLE 5-21

SU_PP_Y S_UATTON DESCRIBING CASCUiATION
OF TRASH COMPACTOR NOISE IMPACTS

Basic Equation: Level Weighted Population = Fractional Impact x
Population

a. Impact of total urban noise.

= r LdnmaxLWPtraffic (W(_n) x Popi)
i = 55 dS

where

0 Ldn< 55dsW(_dn)ann°yance = .05(Ldn - 55) Ldn > 55dB

b. Sleep disturbance and sleep awakening from individual events.

/:aoxi a)
LWPsleep = W(i_n)sleep x Pop. Density x Size of Are

disturbance |i = 37dB disturbance

(awakening)\ (50) (awakening)

where

Wsleep disturbance = |-35 Ls - 50.0

Wsleep awakening = 1.10 Ls - 49.5

e. Speech interference from individual events.

_s_ch = zk_ /WC_n)apeeeh_Pop._ity xSizeofArea)
disturbance i = 55dB _ disturbance
outdoors (45) l outdoors
(indoors) \ (indoors)
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TABLE 5-22

SU_IMARy OF EXPECTED BENEFITS
FROM VARIOUS REGULATORY OPTIONS

(LWP in millions; RCl percentage benefits)

General Adverse Response

Regulatory 1976 1984 (Near-term) 1991 (Long-term)

Option LWP LWP RCI RCI* LWP RCI RCI*

Baseline (Quieted
truck chassis only) 2.11 1.47 30.4 -- 1.48 30.0 --

1 2.11 0.94 55.5 36.1 0.54 74.5 63.5

3 2.11 1.20 43.4 18.4 0.77 63.4 48.0

5 2.11 I.ii 47.5 24.5 0.54 74.5 63.5

7 2.11 0.90 57.5 38.8 0.54 74.5 63.5

Silent 2.11 0.75 64.4 49.0 0.38 82.2 74.5

Sleep Disturbance

Regulatory 1976 1984 (Near-term) 1991 (Long-term)
Option LWP LWP RCI RCI* LWP RCI RCI*

Baseline (Quieted
truck chassis only) 13.85 9.93 28.3 -- 9.49 31.5 --

1 13.85 6.29 54.6 36.7 2.84 79.5 70.0

3 13.85 8.05 41.9 18.9 4.51 67.4 52.4

5 13.85 7.49 45.9 24.6 2.84 79.5 70.0

7 13.85 6.03 56.4 39.3 2.84 79.5 70.0

Silent 13.85 5.07 63.4 48.9 1.57 88.7 83.5

RCI: Percentage reduction in impact from base year (1976).

RCI*: Percentage reduction in impact from base option. Base option
includes benefits from medium and heavy truck regulation.
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TABLE 5-22 (Continued)

Sleep Awakenin__

Bequlatory 1976 1984 (Near-term) 1991 (Lone-term)

Option L,.WP U_2. RCI PC;* LW_ _CI RCI*

Baseline (Quiete_
truck chassis only) 11.50 8.28 28.0 -- 7.94 31.0

I 11.50 5,25 54,4 36,6 2.37 79.4 70.2

3 11.50 6.71 41.7 19.0 3.74 67.5 52,9

5 11.50 6.25 45.7 24.5 2,37 79,4 70,2

7 11.50 5.03 56.3 39.3 2.37 79.4 70.2

Silent 11.50 4.23 63.3 48.9 1.31 98.6 83.5

Outdoor speech Interference

_gulatory 1976 1984 (Near-term) 1991 (Long-term)
ODtion U99 LWE RCI RCI* Lg_ RCI RCI*

Baseline (Ouleted
truck chassis only) 29,63 19.02 35,8 -- 18.53 37.5

I 29.63 12.65 57,3 33.5 7.34 75.2 60.4

3 29.63 15.80 46,7 16.9 10,46 64.7 43.6

5 29.63 14.60 50.8 23.2 7.34 75.2 60.4

7 29.63 12.08 59.2 36,5 7.34 75.2 60.4

Silent 29.63 10,03 66.2 47.3 5.32 82.1 71.3

_ndoor Speech Interference

Regulatory 1976 _984 (Near-term) 1991 {Long-term)
option_ u_ r_ RC.[ E.;*. u¢_ _cI...E._,*

Baseline (Quieted
truck chassis only) 0.84 0.55 34.4 _ 0.54 35.0 --

I 0.84 0,36 56.6 34.5 0.21 74.9 61.1

3 0.84 0.45 45.6 10.2 0.30 63.6 44.4

5 0.84 0.42 49.9 23.6 0.21 74.9 61,1

7 0,84 0.35 58.6 36.4 0.21 74.9 61,1

S11est 0.84 0.29 65,7 47.3 0.14 82,9 74.1
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By 1991, the nLm_e.rof people exposed to environmental noise levels

above r_n = 55 dB due to solid waste collection activities is expected

to have decreased fran the baseline of over 19 million to approximately

6 million. _ese 6 million people will also benefit from the reduced

levels of environmental noise. The severity and extent of general

adverse response and annoyance are expected to be reduced by 74%.

A reduction of 75-80% in the occurrences of sleep disturbances and

speech interferenme events is also anticipated.

(2) Options I, 5, and 7 are shown in Table 5-21 to produce identical

benefits in the long-term (1991), and all produce greater benefits

than ODtion 3. However, Option 7 Dreduces greater near-term benefits

(1984) than either Option I or 5.

(3) Relief affor:]edby limiting noise emissions from newly manufactured

truck-mounted trash _npaetors adds significantly to the benefits

consequent to a new track regulation, i.e., absence of a trash

o:mpactor regulation will nngate the full potential benefits that

may be realized from the truck noise regulation.

(4) As new truck regulations become more stringent, greater relative

benefits are realized from noise emission restrictions on trash

compactors.

(5) Regulating a truck-mounted compactor more stringently than is done

in Option 7 would result in only slightly greater benefits because

Of the noises other than compaction occurring during the collection

cycle.

(6) Benefit is afforded mainly to those Deople in dense urban areas.

These areas are currently the most heavily impacted. The popula-

tion living in suburban or low density urban areas, being initially

impacted to a less_r degree, receive fewer benefits.

5-66



REFERENCES
Section 5

5-1 Environmental Protection Agency, Transportation Noise Emission Controls,
Proposed Standards for Medium and Heavy Trucks, Federal Register 39:
210 (Part II), 38338, October 30, 1974.

5-2 "Noise Control/Technology for Specialty Trucks (Solid Waste Compactors)",
Dolt, Beranek and Newman, Inc., BBN Draft Report 3249, February 1976.

5-3 Letter from R. A. Sirrmons,Supervisor--Noise Control Program, U. S.
Environmental Protection Agency/Region VIII to Fred Mintz, EPA/ONAC,
dated August 24, 1976.

5-4 Plotkin, K., "Assessment of Noise at Community Development sites,"
Appendix A, Noise Models. Wyle Research Report, WR75-6, October 1975.

5-5 Environmental Protection Agency, Information on Levels of Environmental
Noise Requisite to Protect Public Health and Welfare With An Adequate
Mar@in of Safety, EPA 550/9-74-004, March 1974.

5-6 "Cost and Economic Analysis: Specialty Truck Components", A. T. Kearney,
Inc., Preliminary Draft report submitted to EPA Office of Noise
Abateeent and Control, February 6, 1976.

5-7 Environmental Protection Agency, Population Distribution of the U. S.
As A Function of Outdoor Noise Level, EPA-550/9-74-009, June 1974.

5-8 Environ;rentalProtection Agency, Background Document for Medit_nand
Heavy Truck Noise Emission Regulations, EPA-550/9-76-008, March 1976.

5-9 Gunn, W., T. Shighehisa, and W. Shepherd, "Relative Effectiveness
of Several Simulated Jet Engine Noise Spectral Treatments in Reducing
Annoyance in a TV-Viewing Situation." NASA Langley Research Center,
Draft Report, 1976.

5-10 Lukas, J. S., Measures of Noise Level: Their Relative Accuracy in

Predictin@ Objective and Subjective Responses to Noise Durin9 Sleep,
SPA Report No. 600/1-77-010, Februa[y 1977.

5-11 Lukas, J. S., "Noise and Sleep: A Literature Review and a Proposed
Criterion for Assessing Effect", Journal of the Acoustical SocietZ
of America, Vol. 58(6):1232-1242, December 1975.

5-12 Mc;_ennell,A.C., "Aircraft Noise Annoyance Around London (Heathrow)

Airport," U.K. Government Social Su[vey Report, SS.387, 1963.

5-67



5-13 Sutherland, L., Braden, M., and Colman, R., "A PrOgram for the

Measurement of Environmental Noise in the Community and its Associated
Hi,nanResponse, Volume i", Wyle Research Report WR-73-H for the
U. S. Department of Transportation, December 1973.

5-14. Environmental Protection Agency, Public Health and Welfare Criteria
for Noise. EPA 550/9-73-002, July 27, 1973.

5-15 Welch, B. L. and Welch, A. S. (Eds.), Physiological Effects of Noise.
New York, Plenun Press, 1970.

5-16 "Noise-Final Report," Cmnd. 2056, July 1963, Her Majesty's Stationary
Office, London.

5-17 Grandjean, E., Graf, P., Lauber, A., Meier, H. P., and Muller, R., "A
Survey of Aircraft Noise in Switzerland", Proceedings of the International
Congress on Noise as a Public Health Problem, Dubrovnik, yugoslavia, May
13-18, 1973, pp. 645-659.

5-18 Sorenson, S., Berglund K., and Rylsnder, R., "Reaction Patterns in
Annoyance Response to Aircraft Noise", Proceedings of the International
Congress on Noise as a Public Health Problem, Dubrovnik, yugoslavia,
May 13-18, 1973, pp. 669-677.

5-19 Sutherland, L. C., "Indoor Noise Environments Due to Outdoor Noise

Sources", Noise Control Engineering, Ii(3), 124-137, 1978.

5-20 "Constitution of the World Health Organisation", WHO Office of public
Information, Geneva, Switzerland, 1948.

5-21 "Guidelines for Preparing Environmental Impact Statements on Noise,"
Report of Working Group 69, Committee on Hearing, Bioacaustica and
Biomechanics, The National Research Council, Washington , D.C., 1977.

5-22 Schultz, Theodore J., "Synthesis of Social Surveys on Noise Annoyance",
The Journal of the Acoustical Society of America, 64(2), 377-405,
1978.

5-23 Fidell, Sanford, "The Urban Noise Survey", EPA Re_ort No. 550/9-77-100,
August 1977, and "Nationwide Urban Noise Survey", The Journal of the
Acoustical society of America, 64(17), 198-206, 1978.

5-24 Borsky, Paul N., "The Use of Social Surveys for Measuring Responses

to Noise Environments", Transportation Noises: A Symposium on
Acceptability Criteria, J. D. Chalupnik (Ed.), University of Washington
Press, Seattle, 1970, pp. 209-227.

5-25 Gunn, Walter J., "A General Discussion of 'Reactions to Aircraft

Noises'", in Reaction to Aircraft Noises: A Symposium Re_ort_
E. A. Allvis (Ed.), Journal of Auditory Research, 15, Supplement 5,
pp. 214-217, 1975.

5-68



5-26 Hall, F. L., Taylor, S. M., and Hirnie, S.F., "Co,unity Response to
Road Traffic Noise"s McMaster University, Hamilton, Ontario, Canada,
December 1977.

5-27 Swing, John W., "A Case for single-Event Intrusion Criteria in Achiev-
ing Noise-Compatible Land Use ", Noise Control Engineering, 11(3), 98,
1978.

5-28 Allen, J. D., Faulknsr, L. L., Rsn, F. G., and White, A. M., "The
Automobile As a Component of Community Noise", Phase 1 Final Report,
Battelle Columbia Laboratories, June 1978.

5-29 Rowland, R. H., and Gould, K. E., "Draft Environmental Impact Statement
in Proposed Truck Mounted Solid Waste Compactor Noise Regulations",
General Electric Company - TEMPO, December, 1976.

5-30 Goldstoin, J., "Assessing the Impact of Transportation Noise: Human

Response Measures," Proceedings of the 1977 National Conference on
Noise Control En.gineerin@,G.C. Maling (ed.), NASA Langley Research
Center, Hampton, Virginia 17-19 October 1977, pp. 79-98.

5-69



SECTION 5 E_IIBITS

The following Exhibits present tabulations of computations concerning

the health and welfare impacts for the various cases being examined for each

year and land use type. Results are presented fo_ each of four final regula-

tory Options (I, 3, 5, and 7), the Base Case (no regulation) and the Silent

Case (see Table 5-1).

The Exhibits are presented as follows:

Exhibit 5-A: LA (Average A-weighted sound level) for Collection Cycle At 7m

Exhibit 5-S: leq (Equivalent sound level for a 24-hour period) At 7m

Exhibit 5-C: [tin(Day-night sound level) At 7m

Exhibit 5-D: LdnA (Day-night sound level with &mbient) At 7m

Exhibit 5-E: LWP and RCI for General Adverse Response

Exhibit 5-F: Ls (Sound Exposure Level) At 7m

Exhibit 5-G: LWP and RCl foL Sleep Disturbance

Exhibit 5-H: LWP and RCI for Sleep Awakening

Exhibit 5-I: LWP and RCl for Outdoor Speech Interference

Exhibit 5-J: _ and RCI for Indoor Speech Interference

Symbols defining columns are as follows:

SSF - Suburban Single Family Detached

SD - suburban Duplexes

UR - urban Row Apartments

DU - Dense urban Apartments

VDU - Very Dense Apartments
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Exhibil5.A: LA[Avm_eA.WeighU'.dSoundLevel)forCollerfi_Cycleat7 m

BaselineOption Option!

YE&q SSF $_ UK DU VDU YEAR SSF 5D UR DU VDU
1976 78.575 78.551 82.577 84.316 84.758 1976 76.575 78.551 fl2.577 84.316 84.768
1977 78.575 78.551 82.577 84.316 84.758 1977 78°575 7H.651 62°577 84.316 84.75fl
1970 7_.310 78.281 82.332 R4.0RO 84°546 1978 78.310 78o284 82.332 84.0B0 84.546
1979 78°028 78.000 R2.073 P3°P_O 84.324 1979 78.028 78°000 82.073 _3.830 84.324
1980 77.727 77,h97 81.797 83.5&4 84,090 1980 77°603 77°676 81.632 83°383 93.859
1981 77.;03 77.370 81.507 83.2R2 83.843 19BI 77.132 77.10_ 81.142 82.886 83.337
1982 76.988 76.9E2 B1°129 82.924 83.532 1982 76.406 76.381 80°401 82.139 82o_74
19_3 76.530 76.489 80.720 82._34 83.1qfl 1983 78.533 75o510 79°506 81°238 81o647
1984 76.017 75.971 P0.269 82.106 82.837 198_ 79.441 74.420 76.383 B0°099 80°466
1995 75.93_ 75.88_ 8_.197 _2.038 82.780 1985 73.822 73.808 77°667 79.343 79°579
1986 75.552 75.R03 80.12_ 81.970 82.722 1986 73.099 73.096 76.809 78.426 78.463
19q7 75,76b 75.717 B0.051 81.900 82.664 1987 72°644 72.642 76°347 77°962 77°989
1988 75.679 75.629 79.975 _1._29 82°605 1908 72.136 72.135 76.831 77.442 77.;56
1999 75.679 75.629 79.97_ AI.829 82.605 1989 77.136 72.135 7_.83| 77.442 77,466
1990 75.579 7_.629 79.97_ 81.829 82.605 1990 72.136 72.135 76.831 77.442 77.466
1991 75.679 75.629 79.97_ 81.829 82.605 1991 72.136 72.135 7_.831 77.442 77.;66
1992 75.679 75._29 79.975 81.k29 _2.605 1992 72.136 72.135 76.8_1 77.442 77.456
1993 75;679 75._29 79.975 81.629 82.605 1993 72.136 72.135 76.831 77.442 77.466
1994 75.579 76.6_9 79.975 81.829 R?.605 1991 72.136 72.135 7_.831 77.442 77.466
1995 75.679 75.629 79.975 81.P29 82.605 1995 77.136 72.135 75.831 77°442 77.466
1995 75.579 75.629 79._7 _ ,1.829 82.605 1996 72.136 72.135 75._1 77.442 77.466
1997 75,679 75.629 79.97_ _1.829 _2.605 1997 72.13_ 72.135 75,831 77.442 77.466
1998 75,679 75.629 79.97_ _1.F29 82.605 1998 72.1_6 72.135 75._31 77.442 77._56
1099 1_.679 75.629 7_.97 _ _1.829 _2.605 1999 72o135 72.135 75.831 77.442 77.456
2_:_0 7r.67'_ 7_._?_ 7_.97_ _1.1_29 82.605 2000 /;'.1_5 72.135 75.831 77.442 77.4_6



Exhib_5-A:LA (AverageA.weijhtedsoundlevel]for¢oflecfloeCycleat 7 m

Option3 Olttimo5

YEAR $SF SO LIP _U VDU YEAR SSF $n UR OU VOU
1976 78.575 78.5_1 82.577 64.316 84.758 1976 76.575 7fl.58l 82°577 84o3|6 84°758
1977 76.575 70.551 62.577 64.3]6 84.7_8 1977 78.575 78.551 62.577 84.316 84.758
197E 78.310 78.284 82.332 64.0F0 84.546 1976 76.310 76.264 82.332 84.080 B4.546
1979 78.028 76.000 92.073 83.R30 H4.324 1979 78.028 76.000 87.073 83.830 84.324
|�AO 77.727 77.697 81.797 _3.564 84.090 ]98D 77.727 77.697 81.797 83.564 84.090
1951 77.403 77.370 R1._03 63.282 83.843 1981 77°403 77.370 61.503 83.282 83.843
1962 7&.811 76.77P B0.907 P8.6P5 83.241 1982 76.724 76.691 80._27 82.606 83.170
1983 76.125 7_.093 R0.21_ 61.997 82.543 1983 75.9_0 75.886 80.025 81.806 92.373
]98_ 75.311 75.276 79.3_ 61.16_ Al.711 1984 74.932 74.8qR 79.041 80.824 81.397
1985 74.945 74.917 78.964 00.712 81.178 1965 74.383 74.354 76.433 80°193 80.695
1986 74.545 7_.523 78.4P7 60.203 80.571 1986 73.755 73.732 77.7_6 79._54 7q.659
1987 74.104 74.090 77.95_ 79.626 79.865 1987 73.02] 73.006 76.661 78.564 78.821
19HB 73.61_ 73.608 77.3_7 76.961 79.071 ]9BR 72.]36 72.135 7=*.83! 77.4_2 77._56
1989 73.614 73.608 77.337 7R.961 79.021 1969 72.136 72.135 75.P31 77.442 77.456
1990 73.614 73.608 77.337 76.9hl 79.021 1990 72.136 72.139 75.831 77,442 77.456
1991 73.61_ 73.608 77.337 76.9_,] 79.071 1991 72.136 72.135 75°63! 77.4_2 77.456
1992 73.514 73.608 77.337 78.961 79.071 1992 72.136 77.138 75.631 77.442 77.456
1993 73.51_ 73.b06 77.337 78.961 79.071 1993 72.136 72.1_5 75.831 77.442 77.456
1994 73.614 73.608 77.337 76.o61 79.021 1994 72.136 77.135 75.63! 77.44? 77.456
1995 73.614 73.608 77.337 79.951 79.071 1995 72.136 72.135 75.831 77.642 77.456
1996 73.614 73.608 77.337 7P.qhl 79.02) 1996 72.13_ 77.135 75.P31 77°442 77.456
1997 73.514 73.608 77.337 76.961 79.021 1997 72.136 72.135 75.631 77.442 77.4_6
199R 73.514 73.608 77.337 78.q61 79.021 199_ 72.136 72.135 75.831 77.442 77.456
1999 73.614 73.6G8 77.337 7fl.961 79.021 199q 72.136 72.135 75.631 77°442 77.456
2000 73.61_ 73.f, nq 77.337 7P.q61 7q.021 2000 72.13h 77.135 7_.P31 77.442 77.456

....... L....



Exhibit5.A:LA(AverageA.wei_htedsoundlevel)forCollectionCycleat7 m

Option7 SnentOptm

YEAR SSF SD UR DU VOU YEAR SSF SO UR OU YOU
1976 78.575 7P._1 P2.577 84.31b 84.7_8 1976 78.575 78o551 82.577 84.316 84.758
1977 7B.57_ 78.5'1 P2,577 840316 84.758 ]977 78.575 76.551 82.577 84,316 84.758
1978 7_o310 7_.2P@ 02.332 84.000 84.5@6 ]978 78.310 7P.284 82.332 64,080 84.546
1979 7B.02_ 7R.000 B;.073 B3.P_D 8&.324 1979 76,02B 7P0000 02.073 83.630 64.)24
19B0 7705_5 77.520 B]._6 _3.337 83.8]5 1980 77._54 77.427 81°_91 83.2_5 B3.730
1901 77.025 76.9q9 Rt.O_R F2.782 83.230 1981 76.793 76°78b 80.819 82.569 83.041
1982 76.279 76.254 B00278 82.017 P2.455 1902 75.930 75.904 79.968 81.694 82.156
1983 75.37_ 75.355 79.356 BI.OB7 01.500 1903 740852 74°82fl 78.857 80.598 810043
1904 74.240 7_°2|9 7B.]E_ 790932 00.272 1904 73,415 73.393 77.397 79.12B 19.544
1905 73,589 73.576 77.432 79.107 79.340 |995 72.456 72.44_ 7b.322 7B,OOB 79°268
1986 72.023 72.621 7&.521 700133 78.151 1986 71.223 71.227 74,B91 760480 76._5_
1907 72.493 72.4q2 7_.190 77.001 77.017 1987 70.971 70.97_ 74,63q 76,236 76,202
1988 72,13b 72.135 7_.R31 77.442 770456 1908 70.703 70.707 74.371 75.965 75.939
|989 72.136 720135 75.031 77.442 770456 0989 70°703 70°707 7_,371 75,950 75.934
1990 72.13F 72.]3_ 75.fl31 77.442 77.456 1990 70,703 70.707 74,371 75.9bn 75_934
1991 72013& 720135 750031 77.442 77.456 1991 70,703 70.707 74.371 75.989 75,93_
1992 72.13_ 72013_ 7_.831 770442 77._6 1992 70.703 70.707 740371 75.960 75.934
1993 72013_ 720135 7_.831 77.442 77.4_6 1993 70.703 70.7(_7 74.37] 7_.9bB 75,93_
1994 72.136 72.235 75.R31 77.442 77,_5b 1994 70.703 70°707 74.371 75.960 750934
1995 720136 72.13_ 75.831 77.442 77.4_6 1995 70.703 70.707 74,371 75.9_9 75,93_
1996 72.136 720135 75,n_1 77.442 77.45_ 1996 70.703 70°707 74.371 75,960 75.934
1997 72013& 72.135 7_.P31 770442 77.456 1997 70.703 70.787 74.371 75.9bB 75.934
1998 72.136 7_.13_ 75°P31 77.442 77°456 ]990 70.703 70.787 74.37] 75.9b_ 75.934
]999 72.Z36 72.]_5 75.P3] 770442 77.456 1999 70.703 70°707 7_°371 75°9bB 75.9_4
2000 72.13( 77.135 7_.0_31 77.442 77.45_ 200D 70.703 70.707 7_.37! 75.96B 75.934



[xhibit5.B:Leq{[quivalentSoundlevelforn24.HoarPericdlat7 m

BaselineOption O_in I
YEA_ SSF Sr UR DU VDU YEAR SSF 5D UR DU VDU
1976 44.997 _9.479 _7.7P6 63.990 6R.389 1976 _4.997 49.479 57.7_4 63.990 68.389
1977 45.074 49.5_7 57.862 64.067 68.467 ]977 45.074 49°§57 57.862 64.067 60.467
1978 46.FR9 69.3fR 57.696 63.909 68.336 ]97_ 44.888 49.368 57.696 63.909 68.336
1979 64.5_4 69.1f? 57.%14 63.737 68.]90 1974 44.684 60.]67 57.5]4 63.737 68.190
1990 46.635 &8.q]] 57.297 63.525 5_.N09 1980 64.312 4_.791 57.127 63.343 67.777
1991 46.166 4P.6_R 57.05] 63.295 67.H14 ]99] 43.843 6P.374 56.6P9 67.f198 67.309
J98Z 43._09 6f_.273 5(,.73C 62.99! 67._57 1992 43.220 47.702 56.002 62.205 66.599
1993 _3.39F 47.P63 56.376 62.656 67.276 19H3 42.401 66.884 55.162 61.357 65.725
3954 62.939 47.398 55.976 62,279 66.967 19H4 61.369 45.867 54.090 60.277 66°697
1955 42.909 47o361 _.951 62.258 66.957 1955 40.789 6_.2_2 53.420 59.562 63.757
]996 62._66 67.323 55.925 62.235 66.947 19R6 40.]16 44.617 52.609 68.692 62.688
1997 _2.827 47o2P6 5F.P97 62.2]2 66.935 1957 39.705 69.209 52.19@ 68.276 62.260
]9_9 r2.787 67o262 65.8_9 62.!98 66o922 19HR 39°244 63.749 51.72_ 57.801 61.773
1999 62.933 47.2_9 55.915 62.234 66.969 1989 39.291 43.795 51.771 67.P68 61.820
1990 42.968 47.396 _5.950 62.269 67.004 1940 34.326 63.830 51.806 57.883 61.855
1991 42.906 67.3_9 55.9P_ 62.304 67.039 1991 39.36] 43.H65 51.84| 57.9]8 6].890
1992 47.939 47.394 5_.020 62.339 67.074 1992 30.396 43,900 51,876 _7.953 61.925
1993 42.97_ 47.429 56.0_6 62.374 67.109 1993 39.431 43.935 51.911 57.9R8 61.960
1994 43.009 _7.466 56.090 62._]0 67.144 ]994 3_.466 63.970 51.947 58.023 61,995
1995 ¢3.039 47.496 56°1_0 67.439 67.]76 ]995 39.496 _4.000 5].976 58.053 62.025
1996 43.068 67.529 56.150 62.469 67°20_ ]996 39.525 64.030 59.006 5P.083 62.055
1997 4_.09P 67.556 56.180 62°499 67.234 |997 39.555 44.060 52.036 5H.113 6_.085
1998 63.]2F _7.5P4 56,21_ 62.529 67.266 ]q9B 39.5_5 44.090 52.066 98.142 b2.Jl4
1999 43.15_ _7.hl_ 56.?_P 62.550 67.994 1999 3q.61_ 66.120 52.096 58.192 62.144
20_0 _.11,_ _7./63 _f.?7P 69.',_9 67.323 200D 34.665 _4°150 52.!26 58.202 62.176



[xhih_5-8:Leq[Eq,iwale"soundhnl forI 24.hoarperk|)at 7 m

Option3 Optima5

YEAR SSF SD LJR OU VDU YEAR 5SF SO UR DO YOU
]976 64.997 69.679 57.784 63.990 68.3P9 1976 44.997 69.679 57.786 63.990 68.389
1977 65.07_ 69.557 57._62 66.067 6A._7 ]977 45.076 69.557 57°062 66.057 68.667
197A 66.0HB 69.36R 57.696 63,q09 68.336 1978 44.080 69.360 57.696 63.909 68o336
]979 44.b_6 49.162 57._16 63°737 64.}90 1979 66.686 69.]62 57.514 63.737 68.190
1980 66,435 48.911 _7,_Q2 6_._25 6_,009 ]980 66.63_ 48.911 57.292 63.525 68.009
199] 64.166 68,638 57.051 63.295 67.014 ]981 66.166 48.63A 57.051 63.295 67.816
1982 63.626 68,C99 56.50P 62.7_1 67.266 ]982 63.539 68.012 56.427 62.673 57.196

1983 42.993 67.6f7 55.H70 62.112 66.621 1983 62.708 47.260 55.6?9 61.925 66o651
1994 42.232 66.706 55.182 61._40 65.P62 ]9_6 61.85_ 66,3_5 56°768 _0,997 65.528
19_5 61.913 _6.39! 56.718 60.432 65.3_6 1985 61.351 65.87R 56.1fl7 60,612 66.073
1986 41.559 46.044 54,2F7 60.669 66.795 ]996 60.770 65.253 53.827 59,7_0 66,083
]9_7 61.]65 6_.657 53.796 59.939 64.1_6 1987 60.0fl2 66.576 52.72fl 58,076 63.092
1988 40.721 65.722 5_.730 59.370 63.339 ]908 39.246 43.769 51.725 57.80| 61.773
1999 40.768 45.269 53.277 59.367 63.3F5 1989 39.29| 43.795 5].771 57.848 61o820
1990 40.803 _5.306 53.312 59.602 6_.620 1990 39.326 63.830 51.806 _7.803 61.0_5
]991 60,830 4_.339 5_.347 59.637 63._%5 1991 39.361 43,865 51._41 57.918 61.890
1992 40.57_ 48.376 53.3_2 59.672 63.690 1992 39.396 63.900 51.fi76 57.953 6|.925
1993 60.90L* 6_.609 53.417 59.507 63.525 1993 39.63| 63.935 51.911 57°988 6|.960
1996 60.943 65.664 53°6[,2 59._62 53.5_0 1996 39,666 63,970 51.967 58.023 61.995
1995 60.97? 45,k76 53.6F2 59.572 63.59D 1995 39,696 64.000 51.976 58,053 62.0_5
1996 41.003 48._04 53.512 59o_02 63.6_0 1996 39.525 44.030 52.006 5fl.083 62°055
1997 61.033 _5.534 5_.562 59.6_? 63.6_0 1997 39.555 4_.0_0 52.036 58.113 62.085
1998 61.063 4g.5(,6 53._71 59._67 63.6E0 199R 39.585 44.090 52.066 5R.142 6Z.116
1999 61.093 _5.593 53.601 59o691 63.710 1999 39.515 44.120 52,096 5fl.172 62,166
2000. 61.1Z_ 6r,.(,23 5_._,_1 .9°7_1 63.7_0 2000 39.645 64o150 52.126 58.2_ 6_.176



£xhib_5.B:Leq([qaivulentsoundlevelfora24.hoarperiod]at7 m

Option7 SffentOpthta

YEAR SSF SO UR _U YOU YEAR SSF SD OR DU YOU
1976 46°997 69°679 57°786 63.990 68,389 1976 44.997 69°479 57°786 63°990 68°389
[977 65°076 69.557 57.862 64°067 68°667 1977 65.074 49.557 57.862 66.067 68°667
1978 66._88 69.868 57.696 63.909 68.334 1978 66°888 69.368 57.696 63,909 68°334
[979 66.586 69.162 57o516 63.737 68.190 1979 44.684 69.162 57.814 63.737 6B.lqO
1980 66,266 68,743 57°0_I 63.798 67.786 1980 64.163 48.642 56°966 63.205 67°668
1981 _3.786 68.267 56o5_ 62°79_ 67.21D 198] 43.555 48°034 56.367 62.582 67.012
1982 6_.096 67.575 55.878 62.083 66.460 1982 42,765 47.225 55.549 6[.76] 66.181
1983 62.2_6 66.729 5_.010 61.206 65.577 1983 41.720 66°2_2 56°511 60.?17 65.121
195_ 61,161 65.666 53.891 60°076 64.603 1986 60.337 46._20 53,104 59°30| 63.675
]985 60.557 45.050 53.165 59.326 63,5|7 ]9_5 _.624 _3.917 52.076 58.225 67.666
1986 39,838 66.342 52.321 58°399 62.375 1986 38.238 4_°747 50.692 56°754 60°678
1987 39,556 64°0_9 52.037 5R.116 62.088 19_7 3_.032 42°542 50°6E6 56.5_B 60,673
1988 89.246 63.749 51.72_ 57._01 61.778 1988 37.811 42.321 50.265 56.327 60.251
1989 39.291 63.795 51.771 57._8 61.820 1989 37.858 42.367 50.311 56.374 60.298
[990 39.326 63.fi30 51.806 57._53 61.8_5 1990 37.893 4_.402 50.366 56.609 60.333
1991 39°861 43.8_5 51.841 57.91_ 61.890 1991 37.928 42°_7 50.381 56°4_6 60°366
1992 39.396 43°900 51.876 57.953 61.925 1992 37.963 62.472 50°416 56°479 60.603
1993 89°431 43,985 51.911 57°988 61.960 1993 37.998 42°507 50.652 56°516 60°638
1996 39._66 43.970 51.967 58.023 61,995 199_ 38.0_3 42.542 50.687 56°549 60°673
1995 39.496 66,000 51.976 58.053 62,025 1995 38,063 42.572 _0.516 56.579 60.503
1996 39.525 46,030 52.006 5_.083 6?.055 1996 30.093 42.602 50°546 56.609 60°533
1997 39°555 64.060 5_.036 5e.113 67.085 1997 38.123 4_.632 50.576 56.638 60.563
1998 39.5fi5 6_,090 5_.066 5_.I_2 67.116 1998 3_.|5_ 47.6(,2 50.606 56.658 60.593
1999 39.615 ¢4.170 52.096 58°|72 62.166 1999 3_.182 42.69? 50.636 56.698 60.622
2000 39._! 64.1_P 52.176 56.?07 67.17_ 2000 36.712 42.7;? 50.666 56.728 60.652



Inhibit5.C:Lda[Day.R_htSenndLevel)at 7 m

BaselineOptmn 0_! I
YEaR SSF SD Lf_ DU YOU YE6R SSF $0 UR OU YOU
1978 45.499 51.355 62.744 71._0_ 75.604 1q76 45._99 51.355 62.744 71.204 75.604
1977 _5.577 51.433 62._72 71.7_2 75.6_2 1977 45.577 51._33 62.872 71.292 75.682
1978 45.390 51.2_4 62.655 71.]74 75.569 )978 45.390 £).244 67.655 7).124 75.549
1979 45.186 5).03_ 67.474 70.952 75.4P4 1919 45.106 51.039 67.476 70.952 75.404
1990 44.938 50.71R 62.251 70.739 75.223 19PO 64.814 50.667 62.086 70.558 74.992

1951 44.h67 50.514 62.010 70._10 75.029 1901 44.39_ _0.250 61.649 70.113 74.524
1902 44.30_ 50.149 61.690 70.205 74.772 19_2 43.723 40.579 60.962 69.420 73.813
1993 _3.900 49.739 61.334 69._69 74.49| 19B3 42.904 68.761 60.122 68.572 72.939
19_4 43.441 49.274 60.936 69.493 74.)02 )994 4].865 47.723 59.049 6?°486 71.012
1955 43.405 49.238 60.911 69.472 74.)72 )985 41.292 67.159 5B.3EO 66.777 70.972
19_6 43.36_ 4o.2C0 60._P4 69.4_0 74.161 )906 40.617 46.403 57.569 65.907 69.902
1987 _3.330 _9.1_0 60./_%7 6_.427 74.150 )957 40.ZOB 46.0_6 57.154 65.489 69.474
1980 43.ZB9 49.11Q 60._?0 6_.407 74.137 19AR 39.747 _5.62_ 56.6_4 65.016 60.9PR
1909 43.336 69.165 60._75 69.449 74.)F4 19H9 39.799 45.67_ 56.73t 65.063 69.035
1990 43._71 49.200 60._10 69.68_ 74.219 1990 39.829 4_.707 56.766 65.098 69.070
1991 43.406 49.235 60.9_5 69.519 76.256 1991 39o86_ 45.742 56.P01 65.133 69.105
1992 43._41 49.270 60.9_ 6o._56 74.2A9 1992 39.999 45.777 56.836 65.168 69.140
199_ 43._7¢, _9.305 61.0)5 69._,H9 74.324 1993 39.934 45.R17 56.871 65.203 69.175
1994 43.511 49.340 61.0_0 69.624 74.3_ 199_ 39.969 45.847 56.q06 65.238 69.210
1995 43.541 49.370 61.0F0 69.654 74.3_9 1995 39.999 65.877 56.936 65.268 69.240
1996 43.571 49.400 61.11P 69.6_6 74.419 1996 40°0?9 45.907 56.966 65.297 69.269
1997 43.h01 69.430 61.14_ 69.714 74.449 1997 40._5P 45.937 56.996 6_._27 69.299
1999 43._30 _9.460 61.17_ 69.744 74._7R 199_ 40.ORB 65.966 57.026 65.357 69.329
)999 43.660 4(*.490 61.)_9 69.77_ 74.508 _qq9 40.118 65.996 57.055 65.397 69o3_9
ZOO0 43.f, 90 49.57_ _|._29 69._0_ i4.539 _000 40.14R 66.076 57.0P5 65.417 69.389



Exhib_5-C:Ldn(Day.nightsoundlevel)at 7 m

Option3 01rtlml5

YE6K SSF 50 UR DU VOU YEAR 5SF 50 UR OU VDU
]976 45°499 51.35_ 62.744 71.20_ 75.604 1976 45°499 5].355 62.744 71.Z04 75.504
1977 45.577 51.4_3 62._22 71.2P2 75°6R2 1977 45.577 51.433 52.822 71.282 75°682
lq7P 45.390 51.744 67.6_5 71°174 75°549 1978 45.390 51.246 52.655 71.174 75.549
]979 45.1R6 51.03_ 62.476 70.952 75.40_ 1979 45.10_ 51.038 52.474 70.952 75.404
1980 44.939 50.78_ 62.251 70.7_9 75.223 1900 44.938 50.7PR 62.2 _] 70.739 75.223
]981 44.6_7 50.514 67.010 70.510 75.024 1981 44.667 50.51_ 62.0]0 70.510 75.029
1982 4_.128 49.975 61.41,7 69._66 7_.481 1982 44.04] 49.P89 51.387 69.887 74.409
]9_3 43.496 49,_&3 60._0 _9.326 73°836 19_3 43.790 49.137 50.6_8 69.|40 73.566
191_4 42.735 t*_.5_2 60.0_I 6_._55 73.0r, 7 198_ 42.355 4fl.201 59.7OR 6B.212 72.742
]985 42.415 4_°267 59.677 6P.146 72.571 1985 41.fl5; 47.70; 59.]47 67.627 72.088
19_6 4_.062 47,920 59.246 67.694 77.010 1986 41.272 47.129 58.486 56.935 7|.298
1987 41.668 47.5_3 5P.756 67.1_4 71.351 1987 40.505 46.450 57.6P8 66o091 70.307
1988 4].724 47°099 _P.190 66.5_5 70.553 )9BB 39,747 45°6?5 56.684 65.016 6B.988
]989 61.271 47.145 59.236 66._? 70.600 1909 _9.794 45.672 56.731 65.063 69.035
1990 41.306 47°1f=0 5F.271 66,617 70.635 ]990 39.829 45.707 56.766 65.098 69°070
1991 41.341 47°215 5_.306 66,6_2 70.670 1991 39.fl64 45.74_ 56.801 65.133 69.105
1992 41.37_ 47.250 58._2 66._87 70.70_ 1992 39.B99 _5.777 56.8_6 65.158 69,140
|993 42.411 _7.2_'_ 5_.377 66.722 70.740 1993 39.934 4_.812 56.P71 65.203 69.175
1994 41.446 47.320 5_._12 66.7¢7 70.775 199_ 39.969 45.647 56.906 65.238 59.210
1995 _1°47_. 47.3_0 5_._41 65.7R7 70.805 1995 39.999 _.877 56.9_6 65°258 69.240
1996 41.50& 47.3P3 5_.471 6_,.P17 70.0_5 1996 40.029 45.907 56.966 65.297 69.269
1997 41.536 47,410 5P.501 65.P46 70.8_5 1997 40°058 4%.9_7 56.996 65=_7 69.299
199_ _1.565 47._40 5_.r, 31 66.P7_ 70.895 1998 40.088 45.966 57.026 65.357 69.329
]999 41.595 47.470 5=.b_l 6fr.¢_05 70.925 1999 _O.IIP 4%.995 57.055 65,3fl7 69.359
200_ _1.62 r 47._00 5"._1 t,f,.';36 70.q_4 20UD 40.14_ 4f_.026 57.0P_ 65.417 69o3B9



Exhibit5.C:Ldn(Day.nfEhtsoundlewel)at7 rn

Optfon7 SifeetOptM

YE6R SSF SD LrR nU VDU YEAR SSF $D UR OU ¥DU
1976 _5.499 51o35_ 62.744 7].20_ 75.604 ]976 45._99 51.355 62.744 7].204 75.604
]977 45.577 _].4_3 62._22 71.252 75.662 1977 45.577 51.433 67.622 71.2H2 75.662
1975 45.39C 5].244 62.6_5 71.]24 75.549 1978 45.590 51.244 62.655 7].]24 75.549
]979 45.]86 5].036 62°474 70.952 75.40_ ]979 45.166 5].038 62.47_ 70°952 75.404
1950 44,766 50.620 62,040 70.519 74°94_ ]980 46.665 50o516 6].965 70,_20 74°863
]951 44.2H9 50°1_3 6].5_5 70.0]0 74°42_ 198] 49.057 49.911 61.326 69.797 74.227
1982 43,596 49.451 60.838 69°296 73.695 ]952 _3.247 49.109 60.505 66,975 73,395
1953 42.7_H 46.605 59.969 66.42] 72.792 1953 42.223 4P.075 59°471 67.932 72°336

1994 41.664 47°573 5_._51 67°299 71.61B 1954 40.539 46.697 58°063 66.516 70.890
1995 1.060 66.926 56.1_5 66.54] 70.732 199_ 39.927 45.79_ 57.036 65.640 69.661
1956 40.3¢] 66°2]R _7.2e1 65o614 69.590 1956 38°742 44.624 55.65l 63.969 67.893
19R7 40.357 95°975 96.996 65.328 69.303 ]957 36.536 44._]fl 55.646 63.763 671667
]9BR 39.7G7 45.625 56.6_ 65.0]6 65°9_6 19fl8 36°315 44.197 55.22_ 63°542 67°466
1989 39°79_ _5.672 56.731 f,5°063 69.035 1959 36.362 44.244 55.27] 63.555 67°5]5
]990 _9.829 45°707 56.766 65.098 69.070 1990 36.397 44°279 55.306 63.624 67°548
1991 39.86_ 45.7_2 56.00] 65°]33 69.105 1991 38.432 44.3i4 55.34! 53.659 67°583
]992 39.599 4_.777 56°P36 65.166 69.140 1992 36._67 44.349 55._76 63°694 67.6]6
]993 39°93_ _5.9]? 56.67] 65.20) 69ol75 1993 3_.502 44._4 55.41] 63°729 67.653
1994 39.969 45._47 56.906 65.238 69.210 1994 36.537 44._1q 55.446 63°76¢ 67.6P8
2995 39.999 _5._77 56.936 65°266 69°240 ]995 36.567 44._49 55.476 63.793 67o718
1996 40°029 4_.907 56.966 65.297 69°269 ]996 38.596 4_.479 55.506 63.823 67.748
1997 _0.055 4_.9_7 56o9_6 65.327 69.299 ]997 _H.626 64.509 55.5_6 63°R53 67.777
199B _O°ORb 45.966 57.026 65.557 69.329 1998 _6.656 44.536 55°5_6 63.PB3 67.807
]999 _O.t|F 4_.0o6 57.0'_ 65°3_7 69.359 1999 38.686 46.566 55.595 63.913 67._37
_050 40.1_P _ ,o2_ 57._l_6 _._,417 69,3f_q 2000 _8,7]6 4_,596 5K,625 63,943 67,_67



[xhib_5.0: LdnA(Doy.NJEhtSoundLevelW_hAmbient)at7 m

BaselineOption O_in1
YEAR SSF S_ UP no vnu _EAR SSF SD UR ou you
1976 54.57_ _5.ne6 63.2_P 71.286 75.634 1976 _4.57_ 55.886 63.28n 71.286 7_.636
1977 5fi.5_3 55.914 63.357 71.363 75.711 ]977 56,583 55.916 63.357 71.363 75,711
1978 54°560 55.867 63.210 71.207 75.579 1978 56.560 55.867 63.210 71.201 75°579
_979 54.536 55.777 63.0_1 71.038 75._36 1970 56.536 5_.777 63.051 ?1.038 75.636
|980 54.50fi 5_.695 62.857 70.830 7_.2_6 ]9R0 56.495 55.666 6Z.713 70.653 75.026
J95[ 56°479 55.608 67.66_ 70.606 75.063 ]q_] 54.65] 55.528 62.337 70.2!8 74.562
]982 56.463 55._9_ 62.377 70.30fi 74.808 19_Z 56.389 55.339 6]°758 69.643 73.P58

1983 56.605 55.3P3 62.070 69.979 74.530 ]993 _6.325 55.1_1 6|.07] 68.7Z! 72.99_
]996 56.366 55.261 6].737 69.61_ 74.2?4 ]954 56°758 56.919 60.23] 67.677 71.803
199_ 56.363 _5.Z5_ _].736 69.59_ 74.716 1985 54.227 54.8]7 59.730 67.000 ?].D_R
1956 56.360 55.242 61.6_4 69.572 74.203 !986 _6°195 54.710 59.151 66.]79 70.012
1987 56.357 _5.232 61.67] 69.550 74.19] 1987 56.178 54.651 58.867 65.787 69.596
1988 56.354 _,.272 6].647 69._26 74.179 1989 56.160 _4.5R9 5P._57 65.3_7 69-123
1959 fl_.356 _023_ 61.6_6 69.57] 74.225 1999 54°]62 54.595 5_.5R7 65.390 69.169
1990 _4._60 _:.?4Z 6!.71_ 69.605 74.260 1990 56.163 54.600 5R.610 65.4_Z 69.?03
1991 56.363 5_,251 _].744 6q.639 74.295 ]99] 56.164 _4.604 5R.633 650655 69.237
199E 56.366 5_,./h0 61.773 69.6?3 74.329 199_ 56.166 94.609 50.656 65.607 69.271
1993 _6.369 5[.26q 61.803 6_.707 74.36_ ]993 56.167 _4.6]6 58.61_ 65.5Z0 69.305
199_ 56.372 55.276 61._37 6°.7_? 74.399 1q94 56.166 _4.618 58.702 65.553 69.339
1995 54.374 55.285 61.857 69.771 74.628 199q 56.169 _6.622 58.722 65.580 69.368
1996 56.377 55.293 6].P82 69.800 76.658 1996 54.171 56.626 58°742 65.608 69°397
I997 56.379 _5.30! 61.q_7 6q.P_9 74.488 1997 54.172 56.630 58.7_| 65.636 69°4?6
199H 56.38? 55.30_ 61._32 69.H_P 74.517 ]o98 56.173 _6.634 58.781 65.654 69.6_5
1999 5q.3ft6 hS.3lf 6].9_7 69.P_7 74._47 19o9 54.1_ _,4°6_fl 5_°801 65.69? 69°4R6
2000 _q.3n7 ¢_.37_ fl.r_? _o°ql6 ?6.576 2000 _6.|7_ g6.642 58.P?] 65.7]9 69.5]3



Exhibit5.0:LdnA[Oay-nightsoundlewdwithambient]at7 m

Option3 Optllm5

YEaR SSF SD Ur CU VDU XEkR SSF 59 UR DU ¥DU
1976 56.574 55.886 63.286 71.296 75.636 1976 26.516 25.886 63.268 71.286 72.636
1977 26.583 25.916 63,357 71.363 75.711 1977 56.583 _5.914 63.357 71.363 72.711
197P 26o5_0 55.B47 63.210 71.207 75°579 1978 56°560 55.B67 63°210 71.207 75°579
1979 56.5_6 F5.777 63o021 71.03_ 75°636 1979 56.536 52.777 63o021 71,038 75°436
]9RD 56°508 55.695 62.657 70.830 75.256 1980 56°508 55.695 62.857 70.830 75.256
1991 5_o_77 55.608 62o66P 70._06 75.063 1981 56.979 65ob08 62°668 70.606 72°063
1952 2_._2b 55°668 62°1l_3 70,07_ 7_.520 ]982 56._18 _5.626 62.]15 69o998 7_°66n
1983 64.370 55°278 61.66Q 69.6_2 73.8BI 1983 56.326 55.227 61o491 69.271 73.71_
19E6" 56°3|3 55.096 61.022 6_.705 73.110 1956 56.288 55.016 60.761 68.373 72.800
1955 _°Z91 52.028 60°717 6fl,310 72.531 1985 54.257 26°915 60°302 67°81] 72.122
]996 5G.Z69 56.9_7 60.382 67,866 72°078 1986 56°226 54.812 59°809 67.120 71o378
1987 5_.267 56.883 60.009 67.359 71.630 1967 26.193 fi6.703 29o23_ 66.351 70°607
19B_ 26.223 56.R07 29°222 66.77| 70.668 1988 24.160 54°289 28°227 65.367 69.123
|989 56.22b 56°R1_ 29.62_ 66°815 70.696 1989 54.162 56°295 28°587 65.390 69.169
1990 26°227 56.821 29.651 66°_68 70.728 1990 56.163 54°600 58.610 65.422 69°?03
U99] 54°229 56.827 _Q°677 66°85] 70.762 1991 54.166 54.606 28.633 62.655 69°?37
]992 26°231 _6.B33 59.702 66.Q15 70.797 1992 54.|_6 _6.609 2fl°656 65.607 69.271
1993 56.233 56.B_9 59°728 66.96P 70.8_1 1993 54°167 54.61h 28.679 62.220 69.302
1996 5_.235 _.fl45 59.7_ 65°981 70°B65 1994 56olflP 54.518 58.702 62.253 69.339
1995 56°236 _6._50 59.77& 67°010 70.895 1992 54o169 54.622 28.722 62.280 69.368
]996 56+238 54.866 59o79_ 67°038 70°926 1995 54.171 54,626 28°762 62.608 69°397
1997 5_.239 _6._61 59.P20 67.0_5 70.9_3 1997 54.172 54.630 58.76| 62.636 69°626
]99_ 5_.2_1 56.Bf, fl 59.P_ 67.0_5 70.982 1998 54.173 54,636 58°781 62°66_ 69.652
1999 56°2_3 56o672 5q.Rf6 67.123 71.012 |999 56ol76 54°638 58.R0| 62.692 69.486
2003 56.2_ _.P77 59._P_ 67.1_1 71.061 2000 56.175 54.6_2 58.821 62.7|9 59.513



Exhibit5.D:L_lnA(Day.niEhtsoondlewdwithambient)at7 m

Option7 SgeatOpt]oil

YEAR SSF SO t/R OO VDU YEAR SSF SO UN DO YOU
1976 54°574 _5.8B6 63o2P_ 71.286 75°634 1976 _4.574 55°886 63.208 71.206 75.634
1977 54.5_3 55.91_ 63,357 71.3_3 75.7]l 1977 _4.5B3 55.914 63.357 71.363 75.71!
197R 54.560 55°947 63.210 71.207 75.579 19TO 5_.560 55.847 63.210 7].207 75.579
1979 54.536 _5.777 63.0_1 71.036 75.436 1979 _4.536 55.777 63.051 71.030 75._36
1980 54._P9 55.64) 62.674 70.60P 74.983 1980 5_.479 55.609 62.592 70.518 74,898
X9Rl 54._4! _5.497 67.249 70.]]P 7_.464 ]991 54.419 55°4_0 62.064 69.909 74.260
1982 54.379 55.30_ 61.6_5 69._24 73.741 19_2 54.351 55.218 61.364 69.11! 73.445
19R3 54,314 55,102 60oq49 _8._75 72.849 ]993 54.279 _4.9R9 60.555 68°104 72,399

J ]996 56.246 54.80] 60.OFO 67.4P8 71o6q2 |984 54.205 54.741 59.501 66°752 70.978
]995 54.214 54,77_ 59°_60 66o77_ 70.R23 ]985 5_.167 54.61] 50.700 65.741 69.777
1996 54.103 54°669 58.9_3 65°903 69.708 19B6 54,128 54.47_ 57.914 64.386 bB°067
1987 _4.172 5_.630 5P.762 65.637 69°429 ]997 54.122 54.45_ 57.793 64.199 67.869
]988 5_.160 54.589 58.5_7 65°347 69,123 1998 54°116 _4o432 57,665 63.999 67.657
2999 54.1h2 5_,595 5P.SB7 65o3q0 69.169 1989 54.117 54°437 57.692 64.041 67,702
1990 54.163 54,600 5P.610 65.422 69,203 ]99D 54.118 54°440 57.712 64°073 67.935
1991 54.164 54.604 5R.633 65._55 69.237 1991 64°119 54.443 57.732 64.105 67.769
1992 54.16t, _4,609 _R.656 6_.497 69.27] 1992 54.120 54.447 57.753 64,136 67.803
1993 54.167 _4,614 5_.679 65._20 69.305 1993 54.121 54,450 57,773 64,X68 67.836
1994 5_°16_ 5_,61B 5P,702 6_.553 69.339 1994 54.122 _4.4_4 57.793 64.200 67.870
1995 54,X69 59,622 98.722 65.58D 69.36R 199_ 54,123 _4,4_7 57.B11 64,227 67.89B
]996 54.171 5_,626 5P,742 65.60P 69.3q7 1996 54.123 54.460 57,82R 64.254 67,927
1997 54°172 _4.6_0 5_,761 6_°636 69,426 1997 54.]24 54,463 57,R46 64.281 67.956
1999 54.173 54,6_4 5_.7e1 65.654 69.455 199R 56°125 54.4/:6 57,8L.3 64o30R 67°984
1999 _4.|7_ 5_.65_ _P,PO] 65.692 69°4R_ 1q99 54°126 54,4_9 57.P_1 64.335 6R.013
2000 54.17 _ 54.A42 _8._21 65.719 69.513 2030 54.127 54.472 57.Ee9 64,362 6B.042



Exhibit5E: IWPandRCIforGeneralAdverseResponse

BaselineOption

YEAR SSF SO UR OB YOU TOTAL _l
)97b 0.0 0.0 575076.9 ])74)01.0 _6345D.9 2))2629.0 OoO
1977 0.0 0.0 5R7007.2 1]9201_.0 368493.9 2|47515.0 -!.7
)97P 0.0 0.0 561792.b )|55822,0 3_9902.2 2077506.0 1.7
)979 0.0 0.0 535539.9 1||772)o0 35DP3)o4 2004091°0 5ol
)990 0.0 0.0 504287.5 1072097.0 339755.2 1916139.0 9.3
1931 0.0 0.0 472180.9 1074695.3 328243.6 1625119.0 13.6
1992 0.0 0.0 4325q7.6 96_909.4 313535.1 1711031.0 l�.O
1933 0.0 0.0 3q24_8.9 90265F.4 299174.4 1_93281.0 24.6
193_ 0.0 0°0 350623.8 637273.1 2_2124.% 1_70020.0 30.4
1955 O.O 0.0 34B123.1 833737.4 281615.1 1_63475.0 30.7
1q36 0.0 0.0 345530.l 830027.7 2P1070.0 1456627.0 _l.)

, 1937 0.0 0.0 3_2F32.5 826156.6 2P0479.2 1_49_68.0 31.4
_988 0.0 0.0 340025.9 82210fl.O 279855.4 144|989.0 31.7
)999 0.0 0.0 3_589.2 62qRSq.3 2P22||.5 1_6659.0 _l.O
)q90 O.O O.O _4_055.1 835711.7 2_3988.1 1q67754.0 30.5
1991 0.0 0.0 351557.) 841606.8 2P3778.? a_7894).0 _0.0
1992 0.0 0.0 355091.9 B47550.| 281576.7 1490218.0 29.5
)993 0.0 0.0 3_R660.7 8_3522.1 269380.9 )_01570.0 28.9
199_ 0.0 0.0 362269.2 859544.4 2ql212.5 1_1_025.0 28.4
)995 0.0 O.O 365370.7 864700.0 2q2772.3 1522862.0 27.9
1995 0.0 O.O 368494.7 860807.6 29_3_3.4 1532735°0 27.4
1997 0.0 0.0 3716_9.6 H75124.6 295q22.7 1542696.0 27.0
199_ 0.0 0.o 37_2q._ _P036_.7 297507.0 1_52706.0 26._
)999 0.0 0.0 378036.9 PP565(.7 299102.6 |_,62795.0 _b.O
2000 0,0 n,O 3f_1270.3 _C0974._ 3007D6.6 15729F0.0 25.5



Exhibff5.(: LWPandRCIforGeneralAdverseResponse

Option 1

YEAR SSF SO UR OU YDU TOTAL iCl
197b 0,0 0.0 57507_.9 I]74101.0 363450.9 2112629.0 0.0
1977 0.0 0.0 5P7007.2 1192015.0 368493.9 2149515.0 -1.7
2975 n.O 0.0 5617R2.6 11_R27.0 359902.2 2077506.0 1.7
]979 0.0 0.0 535539.9 1117721.0 350831.4 2006091.0 5.1
1980 0.0 0.0 4P2093.q ]036460.P 326095.6 1842649.0 12o8
195] 0.0 0°0 _27791.2 q_7455.4 2_9933.6 1675179°0 20.7
]9_2 0.0 0°0 353224°6 e25035.b 264003.4 1442263°0 31.7
]953 0,0 0.0 277779.9 694855.4 225291.8 1197927°0 43°3
1994 0.0 0.0 201118.1 555203.6 183061.8 9393R3.6 55.5
1955 0.0 O.C 162H94.0 478194.7 1_6453.6 797542.4 62.2
1996 0,0 0.0 12_17R.0 396450.3 127680,4 649308.7 69.3
1997 0.0 0,0 10R702._ 36]749.2 117535.5 5R7987.1 72.2
19F_ 0.0 O.O 91_09.5 325627.6 106935.6 524372.6 75.2
1959 _°D 0.0 9335R.6 329027°1 107911.4 530291.1 14°9

1990 _.n 0.0 9_%_0.6 331601.4 108648.6 534790.6 74.7
1991 0.0 0.0 95737.6 33_197.7 109392.2 53_321._ 74°_
1992 0.0 0.0 96950.2 336811.7 110140.3 543902.2 14.3
1993 0.0 0°0 9pI7B.4 339447.1 I10P92.5 568518.0 74°0
1994 0.0 0.0 99423.6 362099,6 111650.6 5531?3,P 73.F
1995 0°0 0.0 10049B.0 344377°9 112299.7 557175.6 73.6
1996 0.0 0.0 101583.0 346670°9 112953°4 _61209.2 73.4
1997 C.O 0.0 102681°4 34R975.7 113611.3 5/,526R.4 73.2
199_ _.0 O.C 103791.0 3_129P,1 114271,2 569361.1 73,0
199Q C.O 0.0 104914.5 35_63_.4 114935.7 5734R5.7 72.9
20_D n.o O.C 1060_9.2 3_987°P 115f,04o2 577641,2 72.7



Exhibfl5.E:LWP_d RCIforGenialAdverseResponse
Option 3

YEAR SSF SO UO OU VDO TOTAL R¢I
1976 O.O O.C _7507R.9 1174101.0 363450°9 2112629o0 0.0
1977 0.0 O.C _7007.Z 1192015.0 369493.9 2147515.0 -1.7
1979 0.0 0.0 5617A?.b 11_5A22o0 35q902.2 2077506°0 1.7
1979 0.0 0.0 535539.9 1117721.0 35093l._ 2004091°0 _.]
]990 0.0 0.0 50_2R7.5 1072097.0 339755.2 1916139.0 9,3
1991 0.0 0.0 672190.8 102469_°3 37R243.6 1925119.0 ]3.6
1982 0.0 0.0 40707_.4 970251.4 29763_.0 1624959.0 23.1
]953 0.0 0.0 3_0177.4 _09629.1 265flR].l l_14996.0 33.0
199_ 0.0 0o0 273022.5 6_2_B1o2 230157°6 1195661.0 43.4
1985 0.0 O.C 2_3212o4 636739.! 210562o7 1090513°0 48.4
19q6 O.O O.C 213_67.7 578651.3 189q]3o9 992032.9 53._
1957 0°0 0o0 IP_O?4oO 517733°4 167969.3 R69766.7 5P.B
1988 0.0 9°0 153122.2 453092.6 14_5_0.2 751655.1 64.4

I 1999 0.0 0°0 15546q.1 45R566o7 14592A.b 799859.4 64o0
1990 0.0 0.0 1572_6.6 _f.2036.2 14680D.6 766083.4 63.7
1_91 0.0 0.0 1590_9._ _65532ol 147780.6 172362.0 _3.4
1992 O°O 0.0 |b0975o3 _(,9052.7 149764.9 778692.0 63.1
1993 0.0 0°0 162720.0 _725o2.1 149757.6 78_069.7 62o0
199q o.0 0°0 16_587o8 476163o2 Ib0156°6 791_07°6 62.5
1995 O°O 0.0 165195.2 _79210.3 151613.0 1o7019o_ 62.3
1996 0.0 0.0 1_7_20.6 492236°1 152472.4 80252q°] 62o0
1997 0.0 0.0 169460.6 49529t,.3 15333R.4 809095.2 61.7
199_ 0.0 0._ 171117.3 4993_.9 1_4207.0 913673.2 blo5
1999 0.0 0.0 1727_0.1 4q1_33.6 1_507°.] [¢lq302°7 61.2
2000 G.O O.G 17_477.5 _453Fol 155950.9 _24966.4 6|.0



Exhibit5.E:LWPandRCIforGeneralAdverseResponse

Opffon 5

YEAR SSE SO UR gO VOO _L

]976 C.O 0.0 575078.9 1174101.0 863_50.9 2112629,0 0,0
1977 0.0 0.0 5P7007o2 l|9ZOl_.O 368493°9 Z|4751_.0 -1.7
I979 0.0 0.0 _61782.6 II_PPT?.O 35990Z.2 2077506°0 1o7
a979 0.0 0.0 _355_9.9 11]772]o0 350831._ 2004091°0 5.1
1950 0.0 0.0 50_297.5 1072097.0 339755°7 1916139°0 9.3
1991 0o0 O.O 477190.5 102_695.3 32P_43,6 1_P5119.0 13,6
1982 0,0 0.0 39f1183.0 90fi064°1 793fl37.7 15980fl_°0 24._
1953 0.0 0.0 3Z20_5.5 779060.7 257041.2 1350947.0 35.7
1989 0.0 O.C 24_457.2 64_33_.8 217305,4 1100098°0 _7.5
1985 0.0 0.0 207120.9 571fl01.6 1o2655.3 971578°0 54°0
19B6 0.0 0.0 ]6fl631._ 4q4_21.? 166306.5 8293_9.P 60.7
1987 0.0 0.0 130097.9 417_36.9 137922.6 600555.2 67.P
1988 0.0 0.0 91809.5 3?56?7.6 106935.6 524372°6 75.?
1939 0.0 0.0 Q3358o6 329027.1 107911.4 530297°1 74.9
1990 0,0 0.0 94_0o6 331601.4 I086_8.6 536790°6 74°7
1991 0.0 0.0 9%737°6 336197.7 I0_39_o2 539327°5 74o5
1992 0.0 0.0 96950.2 33fi011.7 110140.3 543902.2 74°3
1993 0,0 0.0 9H178o6 339647ol 110P92.5 54851fl.0 74°0
109_ 0o0 0.0 99423.6 342099.6 111fi_0.6 553173.P 73.8
1995 0.0 0°0 1004QR.O 36_377°q |1229_.7 5_7175.6 73°6
1996 0.0 0.0 101_83.0 366670.9 112953,4 _61207.2 73.4
1997 0.o 0,0 1026_1.4 34097_.7 11_611.3 565268.4 73._
199H 0°0 0.0 103791.8 351290.1 11_71.2 569361°1 73°0
1999 0.0 0.0 10491_._ 3_363_._ 11fi935.7 5734P5.7 72.9
2000 O.f) O.C ]06060.2 3_QFT.fl 11_606.Z 5776_1.2 72.7

...................... I



Exhibit5.E:LWPandRClforGeneralAdverseResponse

Option7

YEAR SSF SD U_ DU VDU TOTAL RCI
1976 0.0 0.0 57507B,9 117_101.0 363450.9 2112629°0 0.0
1977 0,0 0.0 GB7007.2 1192015.0 368493,9 _1_7515.0 -1.7
1978 0.0 0,0 561782°5 1155822°0 859902.2 2077506.0 1.7
1979 0.0 0,0 585539°9 II17721.0 350631.4 2004091,0 5.1
1950 0.0 0.0 47605_._ I025Z17,4 323571.6 1824552°0 13._
1951 0.0 0.0 415798°8 92837R,1 29_65q.4 1636830.0 22,4
1952 0.0 0.0 340975°7 80_902.6 25840_,7 1q04362.0 33,5
1983 0.0 0°0 265655.2 673670.7 219295.6 1150531.0 45.2
198_ 0.0 0.0 189q20.I 5326T2.9 17655_.8 698647.7 57.5
1985 0.0 0.0 1fi0905,7 _545_2.4 I_9531.9 7549P0.0 64.3
1986 0.0 0o0 113785.9 371859.7 12020_.6 605850,2 71.3
1987 0.0 0°0 102698.4 34906_o2 113690.4 565456°9 73.2
1988 0.0 0,0 91609.5 325627.6 105935.6 524372°6 75°2
19e9 0.0 0.0 93358.6 3_9027.I I07911,_ 530297.1 7_19
1990 0,0 0,0 9_5_0,6 331601.4 1086_8,6 53_790,6 74,7
1991 0.0 0.0 95737ob 33_197o7 I09392.2 539327.5 7k,5
1992 0.0 0,0 96950.2 336811.7 1101_0.3 543902.2 74,3

1993 0.0 0.0 98175._ 339_47.1 110992.5 548519.0 74*0
199_ 0.0 0°0 99423.6 3q2099.6 111650.6 553|73*8 73°8
1995 0o0 0.0 100498°0 3q_377°9 112299.7 557175.6 73°6
1995 0,0 0.0 I01583.0 3_6670.9 112953°_ 861209.2 73,4
1997 0°0 0.0 I02081o_ 348975,7 113611,5 565268,4 73o2
199_ 0°0 0.0 I03791.9 35129P°1 11q271.2 569361.I 73,0
1999 O.O 0.0 10_914.5 353655°4 11_935,7 5734_8.7 72,9
2000 0.0 0,0 1060_9.2 3559P7°R 11560_.2 577641,2 72,7
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Exhibit5.F:Ls)SoundExposureLevel)at7 m

P_serTneOption Oltthm1

YEAR SSF SO UR DU YDU YEAR SSF • 8! II III
1976 99.26 99.23 10_.39 105.18 105.75 1_76 99.96 99.23 103.39 !05.18 105.7_
1977 99.26 99.23 102.39 105.1_ 105.75 1977 99.2_ 99.23 103.39 105.18 105o75
1978 99.99 90.95 103.15 10_.9_ 105.54 1978 98.99 98.95 103.15 106.94 105.54
1979 98.69 98.65 1_?.88 10_._9 105.32 1979 98.69 98.65 I02.RR 106o69 105._2
1980 98.38 9_.33 I02.60 10_.62 105.09 1980 q_.23 98.20 102.41 10_.21 106.82
1981 9_.06 07.99 102.31 10_.16 lOfi. A_ 1991 97.72 97.68 101.87 103.67 106.26
1992 97.60 07.55 1_1.92 103.78 104.5_ 19H2 96.92 96.89 ]01.06 102.B_ 103.43
19_3 97oll 97.05 101.51 103.39 104.22 1993 95.95 95.91 100.07 101.95 102.40
1994 96.56 96.50 101.04 102.9_ 103._6 199_ 9_.68 94.65 9_.77 100.54 101.06
1985 96._3 9(._6 loP.9_ 102°R_ 103.78 19H_ 93.85 93.83 97.81 99°5_ 99.90
1986 96.29 96.22 100.82 lOZ.7_ 103.69 19_6 92._1 92.80 96.56 99°20 98.30
1997 96.15 9_.08 1_0.71 I02.6_ 103.61 19B7 92.09 9_.00 95.R3 99°46 97.55
1988 96.01 9_.96 ]00.59 102.53 103.62 1988 91.22 91.29 94.95 96.58 96,66
1989 95.96 9e°R9 1C0.55 102.50 103.49 1989 91.08 91.08 94.82 96°44 96.5l
199_ 95.91 95._ 100.51 I02._6 103.67 1990 90.93 90.93 94.67 98°30 96.38
1991 95.87 9_.79 100.68 102°_3 103.64 1991 90.7_ 90.78 96.52 96.15 96°2_
1992 95._7 95.79 100._8 102°fi3 !03._4 1992 90.78 90.78 _4°51 98.15 96.2_
1993 95._7 9_.79 100.68 102._3 103._4 1993 90.7_ 90.78 94.52 96.15 96.2_
199_ 95.H7 95.79 lO0.fi8 102._3 i03.4_ 1994 90.78 90.98 94.52 96.1_ 96.23
1995 95.87 q_°79 100.68 02._3 103._4 1995 90.7_ q0.79 g4.52 96.15 96.23
199_ 95._7 9_.79 100._ 02._3 103._4 1996 90.70 90.78 94.52 96.15 96.23
1997 95.H7 o_.79 100._ 02._3 103.6_ 1997 93.78 90.78 94°5_ 95°15 96.23
1998 95.67 9P°79 100.68 02._3 103.fi_ 199_ 90,7_ q0.78 04.52 95.15 96.23
1999 95.07 91".79 100.4P 1'2._3 103.44 199q 90.7P 90.78 94.52 9_.15 96.23
2000 95._:7 9r,.79 1_0._ 02._3 103.66 ?000 90.7_ 90.78 94.52 96.15 95.23



Exhibit5-F:Ls {SoondffposireLevel)at7 m

Option3 Olithm5

YEAR SSE SD UR OU ¥DU TEAR S_T SI |i II t111
1996 99.96 9o.23 103.39 105.1_ 105.75 197h 99,26 99.23 103.39 105.10 105.7_
1977 99.26 99.23 ]03.39 |05.1A 105.7_ ]977 99.26 99.Z3 103.39 |O§.1R 10_.7_
1978 98.99 9r.95 1(,_.15 10_.94 10E,.54 197_ 98.99 9a.95 103.15 104.94 ]85.54
1979 98.69 98.69 |02.98 104.69 105.32 ]970 98.69 98.69 |02.99 10_.69 10_.32
|9fro 9g.3B 9_.33 1C2.60 104.42 105.09 1980 9fl.38 99.33 102.60 |04,42 ]O_.Oq
1991 99o04 97.99 102.31 10_.14 I04.85 1991 98.0_ 97.99 102.31 104.14 104.85
1982 97.39 97.3_ 1C1.66 103._0 !04.2] 1982 9to30 97.2_ 101.5_ !03o_2 104.14
1983 96o6_ 9E.60 1C0.9! 102.75 103.46 1993 96.41 96.37 100.71 102.55 I03.28
1994 95.73 9_.68 I00.00 10|.84 002._ 198_ 95.30 9_.25 99.61 I01.47 102.22
1985 95o24 9_.20 99°44 101.25 101.88 19_5 94.88 94.54 98.83 100.66 101.36
2986 9_o69 94.66 98.79 |00.56 101.09 1986 93.12 93.69 97.98 99°68 100.27
1987 9_o0_ q6.o_ _8.02 99.74 100.19 1987 92.6_ 92..62 96.66 98.40 99.83
1999 93.32 9_.31 97.09 98.76 98.97 19_ff 91.22 91.22 94.95 96.59 96.66
0989 93.23 9_.23 97.01 9_.6_ 98.79 1989 91.08 91.09 94.82 98.64 96.52
1990 93.14 93.1_ _.92 98.57 9_-78 1998 90.93 90.93 96.67 9_.30 96.39
1991 93.05 9_.05 96.83 98._8 98.62 1991 90.78 90.78 94.52 96.15 96,23
_992 93.05 97.05 96.83 99°_8 98.62 ]992 90.78 90.78 94.52 9b.15 96.23
1993 93.05 93.05 96._3 99._8 98.62 1993 90.78 90.7ff 94.5_ 96o1_ 96.23
1994 93.05 93.05 _16._3 98o_8 98°62 1994 98.79 90.78 94.52 96.15 96.23
1998 93.05 93.05 06°83 98.48 98.62 1995 93.78 90.79 94.52 96o15 96.23
1996 93.05 93.05 f.83 98°48 9P.62 1996 90°79 90,78 94°82 96.|_ 96.23
199_ 93.08 99.0_ _._3 99,_ 98.62 1997 90.79 90.79 9_._2 96.15 96.23
1998 93.0_ 93.05 9_.fi3 9fi._ 9_.62 1998 90.19 o0.78 94.52 96.|_ 96.23
1999 93.0_ 93.05 _6°_3 09°4_ 9_.62 |999 90.78 90.78 _4.52 96,15 96.23
200_ 9_.0 _. 9_.{'5 cl._? 9r_._9 9_.62 2000 90.7R 9(Io78 94.52 96o15 96.23



£xhi_5.F:I.s (SoundExposureLevel)st7 m

Op_n_7 SRm01et_

YEAR SSF SO UR DU YPU YEAR SSF SD U! DD Igl|
1976 99.26 99.23 103.39 105.1e 105.75 1976 99.26 99.23 103.39 105.18 10_.TSJ,
1977 99.26 99.?3 103.39 105.18 105.75 1977 99.26 99.23 103.39 105.|8 105.75
1978 99.99 9_.95 1C3.15 10_.9fi 105.54 1978 98.Q9 9A.95 103.16 10_.9& 10_.56
1979 99.69 98.65 ]02.QA 1Dq.69 105.32 1979 98.6g 9H.55 102.88 1D_.69 I0_.32
1990 95°1A 9e.15 1C?.36 10_.16 lOfi.7_ 1980 98.07 98.0_ 102.26 10_.07 104.69
1951 97.61 97._7 101.77 103o56 10_o15 1981 97.3_ 97.32 101._3 103.33 103.95
1982 96.79 96.75 1_0.93 102.72 I03.31 1982 96._0 96.36 100.57 102.38 102.99
1993 95.78 9_.7_ Qg.qo 101.69 102.25 1993 95.17 95.13 99.36 101.15 101.76
19_ 9_.fi6 9_.43 9A._5 100°32 100._ 19_fi 93._5 93.62 97.6? 99._2 100.03
1985 93._7 93.55 97.53 99o25 99.62 1995 92.08 92.06 96.11 97.85 98.30
199h 9E._5 9_._5 96.19 97.81 97.89 19_6 90°08 90.08 93.76 95.37 95°37
1997 91.88 91.88 9_°61 97°24 97.32 1957 89°_6 89._6 93,|6 96o75 96.76
|gBB 91.22 91.22 _6°q_ 96.58 96.66 |98_ 8_.74 88°79 92.4? 9_.03 96.03
19_9 9|,08 91.0_ 96.8? 95.¢_ 9_,52 2989 _fl._P 88.¢_ 92.17 93°78 93.78
1990 90°93 90.93 _4°67 96°30 96.38 1990 _8.21 8P.?I 91.90 99°51 93o51
1991 90.7_ 90.78 94o_2 95°15 _6.23 1991 89°93 87.93 91.61 9_°22 93.22
1992 90.78 9C.7_ 96.52 96.15 96.23 1992 87.93 87.93 91.61 9_.22 93.22
1993 9_.78 90,78 ¢6,_2 95.15 96.23 1993 87.93 87°93 91o61 93.22 93.22
199_ 90.79 90,78 96°52 96°15 96.23 199_ 87.93 87.93 91.61 9_°22 93.22
1995 90°78 90.78 _4.52 96.15 96.23 1995 87.93 87.93 91.61 9_,22 93.22
1996 9D°78 90.78 9_.62 96.15 96.23 1996 87.93 87.93 91.61 93.22 93.22
1997 90.7P 9_.78 96.52 96.15 96.23 1997 87.93 87.93 _1.61 93.22 93.22
199_ 9D,7_ 9C.78 96.52 96.15 96°23 1998 87.93 87.93 _1.61 9_.22 93.22
1999 93°7P 90.7_ ¢_.52 95.15 96.23 1999 87.93 R7.93 91.61 93.22 93.22
2000 '_3.71' 90.78 9_.52 95.15 9_.23 2000 87.93 87.93 91.61 93.22 93.22



Exhibit5.G:LWPandRCIforSleepDisturbance

Baseline Option

YEAR SSF SO OR OU YOU TOTAL m
197b 155782.75 315156.37 4954231.00 6656_73.D0 |76B332.00 ]3P46375o0 0.0
1977 15800].69 32053_.t,4 _040030.00 6750661._0 ]787_98.00 1405B230.0 -1.52
1973 152761.3l 305_50o25 4e61377.00 6506643.00 ]765696.00 13635327.0 1.54
1979 1_0540.19 206125o66 _673404°00 6371450.00 1701799.00 13189354°0 4.76
I�_D 139176°50 251056o05 44_I18_.00 6137116°00 1650141.00 12658077.0 8.59
1931 13t506.31 2(,5604,94 4221057°00 559273q°00 ]596557.00 12107864.0 12.57
19R2 121797.57 24_53_.62 3933436.00 55P1695.00 1529932.00 11411302.0 17.60
19H3 111053.12 224501.]9 363_056.00 5755710.00 ]45B295.00 10685505.0 22°84
19B4 10_054°_2 203_49.06 332647_.00 691404_.00 1354738.00 9929461.00 28.30
19_5 99446.00 199N07.50 32_2419,00 456654_.00 1374392.00 9822602.00 29.07
19B6 97767._7 196348.g1 3235547.00 4[;17365.00 1363734.00 9711762.00 29.87
I�B? 96032°06 19276_.44 318919_.00 4766353.00 1352734.00 9597082°00 30.70
1988 94230°94 IP9096.19 3140346,00 67134_5.00 ]341402.00 9478566.00 31.55
1959 94309°50 1_929Q°44 3146893,00 4723429.00 1343328.00 94973_9o00 31.42
1990 96223.00 lF_95R.44 3145088°00 6723299°00 |363263.00 9696831°00 31.4_
1991 96066.12 1_606.FI 3143093,00 4722R30.00 1363082.00 9491677.00 31.46
1992 94_26.12 19012P°25 31_7486,00 4752293.00 13_9lB1.00 9_53916°00 3].01
]993 95597°37 191661.37 3192060,00 47B]889.00 13_528_°00 96|64B?°00 30°56
1994 96366.94 193206.64 3216817.00 6_11610.00 1361398.00 9679398.00 30. S0
1995 970_°_ 19&534.12 323806_,00 4837045°00 13660Jl°O0 97332_7.00 29°72
1996 97702.69 195569o31 3259443,00 6662573°00 1371832°00 9787420.0_ 29.B2
1997 9R375,50 1_7215.12 32_0959o00 488R1 aq-DO 1377054,00 9P41_01,00 28°93
|995 990'_3._2 1o5569°44 _302h10,00 6913911.00 13_2282.00 9596626°00 28.56
1999 99737o31 100933.25 3324_9_°00 4939717°_0 1_7511.00 9951294°00 2B.14
2000 1[)0/_;'_*._1 2C1306.2S 3346321.00 49_5617°00 ]302743._0 10006412.0 27.74



[ohihit5-G:LRPandRCIforSleepOidnrhance

Option 1

¥[AR SSF SO UR DO Y_O TITAL RCI
1975 1557_2,75 3|_156.37 4954231.n0 6554P73.00 17&R332.00 13P48375.0 0.0
1977 15850].69 320_3q.4_ _040530,00 5750551.00 17A7498.00 1405A230.0 -I,52
1976 1527_,I.3] 30PP50.25 48(,1377o00 _E55543.00 ]745596.00 13f,35327.0 1.54
1979 1_554_o19 29_125°4_ 457_404.00 53714P0°00 17o1799o00 ]3189354.0 4.76
19_0 1_5190.12 273245.19 _2_5750.00 5907142oD0 1577910.00 12159237.0 12.20
1981 123344olo 249375.31 3H4412|.00 5_17554.00 1_47082o00 1|081577.0 19.9R
1982 106195.62 214751°37 32622_9.00 4733530.00 1270237.00 9_B6963.00 30.77
1993 8807P°75 17P162.10 2555740.00 3996370.00 107_7|1.00 799_06Oo00 42.25
19_ 5_00.]2 139240.37 202_4_.00 3191530°00 81,7752.00 629|777o00 54°57
19B5 5d49_.5_, 118623._! 1(.52379.00 2t. 77757.00 717209.06 5224464.00 62.27
19_6 _7631.51 96905.69 1265332.00 2|18|23.00 549606.19 4077_9R.00 70.56
19B7 _1377.12 B4|91.75 10_5942.00 1B65_7_.00 4R_B7_.31 3_,65258.00 74.26
]9R8 34_3_.R2 70P9_°50 9C0323°00 159R7BBo00 _19509.94 3024_30°00 7_.16
19B_ 341_7.30 _,9531.37 881192.69 1571C59.00 412323.44 2968273.00 7_.57
1990 _3_02._ _7910.75 6_9311.62 153a130.00 _0421_°12 290402_.03 79.03
1991 32_01.9B t(,3_.q_ P36971°19 1505fi07.00 3_5915.P7 2838235.00 79.50
1992 32B65.36 _74.3I P43_94.62 15150_7.00 397790.31 2_57061,00 79.37
1993 33130.91 _,7413.75 P_00_.¢,2 1525713.00 309_55°P1 2_7_989.00 79°23
199_ 33399°_1 67957._4 pg&6_7.75 1535_36o00 401_43._9 2P9_023.00 79.09
1995 3363Co39 /P624./,9 682371°31 1543757.00 403146°25 2911329.00 78.98
1995 _30t,2.37 _96._0 86P080.25 1552110.30 604750.]2 2027706.00 7B.B6
1997 34095._2 _935_.05 P73845.06 156049_.00 4C6355._6 2944157.00 7B.74
1990 34330.b0 t_P_4.9_ P79637.37 1_fiB913.00 407962.37 2960687.00 78.62
1999 34567.55 70_?_,f3 P_465._9 1_77362.00 409570.P1 29772A9o00 7R°_O
2000 34_0/..00 7CP07._o Pe1331.25 15P5845.50 4111V0.37 2q93969.00 7_o38



EJhibit 5.G: LWP an| R¢I for Sleep Didorbance

Option3

TEAR SSF SD UR gO fir TI_L KI
1976 1557P2.75 31=15_.37 4954731.00 665_73.00 17(.8332.00 13_40375.0 O.O
1977 158601.6_ 320R39._ 5040630.00 6750661.00 17_7_9R.00 14058230,0 -1.52
1978 152761.31 30P_SD.25 4R61377.00 65666_3.00 1745696.C0 13635327.0 1.54
1979 1_6_46o1_ ?Q_125.fi_ fi673fi04.00 63714_0.00 17D1799.00 131_9354,0 4.76
1980 139176.50 2P1056.06 44511P_.00 h137116.D0 16_0141.00 12658677.0 8.59
1981 131506.31 2hf404.94 4721657.00 589?739.00 16q6557.00 12107R64.0 12.57
1982 116P71.37 235835.94 3717557,00 5_11107.00 1445186.00 10P275_7.0 21.81
1983 |01498o31 704797.25 3194311,00 46916R8.00 12P5778.00 9478072°00 31,56
199_ B5273.62 172052.25 2649762.00 _027170.00 1113122.00 6047379._ 41.89
1985 77970.37 157502.44 23_57_5.00 3_51P96.00 I001435.06 725458R.00 47.61
1986 70371.06 142382._0 2072_97.00 3255036.00 _B2270.25 6422556o00 53.62
|9R7 62427._R 126579°R7 1768762.00 2852545.00 753918.06 _56_232.00 _9o96
1988 54134.1_ 1100R5°12 145_3P7.00 237_911°00 613586.Pl 4611103°00 66°70
1989 53737.05 1C_27_.37 1441934.00 2362403.00 60RBRI°87 6_76229°00 66.95
1990 53181.8Q ]CPl37°62 1425753.00 2340363.D0 603097°00 4530532.00 _7.28
1991 52610.63 105970.4_ I_OPRO0,O0 23177?9.D0 _97189.00 4483299.0_ 67.63
1992 53035.72 I07_33._4 l_IO75P.O0 2332387.00 _99963.P1 _512977°00 67.41
1993 53464.23 10_703.25 143079P.00 23_7109.00 6027_1°62 4542fl15.00 67.20
1994 53897,52 109579°69 1441920.00 23_18_R.00 605522°75 4572817.00 66°98
1995 54270.21 110_32.P1 14_14_6.00 2374556._0 607R95°31 459_520°00 66.79
1996 54t,_4.60 111090.37 1461072.00 2387251.00 b10270.19 462q337°00 66°_1
1997 55020.95 111_53.R1 1470739.00 240001_°00 612646.PI 4650273.00 _6.42
199B 55400°17 112_22.06 14P[)4_7.00 2412P1_.00 t,15025.62 4676328°00 66.23
1999 5571,2.5_ 1123_._,9 14q0_7°00 2_2566_.00 617406._7 4702505.00 6b°04
2000 561t,7.37 11417_.F? 1_¢)010P.00 243P¢=,R°O0 _197_R.P7 472P796.00 65.R5



Exhibit5.G:LWPandRCIforSleepDlsfarbance

O_fion5

ffAR SSF SO UR DO YDO _ML m
_976 1_fi7_2.7_ 3|_]56.37 49_423).00 6_54673.OO 17_332.00 |3_48375o0 0.0
1977 ]58601.b9 320_36.64 _060630.00 6750661.00 1787498°00 14058230°0 -I.52
1978 1527h|o_I 301_R50°75 4861377.00 6566643.00 1765696°00 13635327°0 1.56
1979 146546.]q 2c_|25.64 6673406.00 637]680.00 ]701799.00 13|89354o0 4.7b
|950 139176.50 27]056.06 66_|IF£.00 f137116.90 ]690141.00 12658677.0 8.59
1951 131506.3l 26_60_.94 622]6_7.80 _92739.00 ]_96557.00 12107864.0 |2.57
1952 ]16659.PI 23]336.8! _6_9601.00 _36631.00 ]428793.00 106_902|o0 23.03
19_3 96903.69 lo_652.56 30_6897.00 _529907.00 ]8487_3.00 912593R°00 34.10
19B4 70072.19 1_7406.53 2_3495_°00 3767849.00 1053406.00 7691691.00 45.90
19_5 bR096.75 13742R.37 P073101.00 32f19652,OO QI7065.P7 64R5143.03 53.17
1986 57620.52 11666_.8l 16979ll.00 7776086.0D 769303°_7 5417386.00 60.88
1957 46573.99 96366.66 ]3_7707.00 2?18200.00 606136°_1 6272983.00 69.16
1988 36835.82 70hq4.50 900323.00 159e788.00 4]9589.94 3026430.00 78°16
1989 34]67.30 f9_3l.37 88]]92.69 1571059.00 4123_3.44 2968273.0D 78.57
]990 33402.54 67970.75 859311.62 1539]30.3D 4042]4.12 7906028°0D 7?°03
1991 326_1.[8 t633fl.94 R3bq71.]9 1506407.30 36_916.F7 2838235°0D 79°50
1992 32fl65.36 66876o31 843496.62 ]516037.00 397790.3] 2857061.00 79°37
1993 33130°91 67413°75 850066°67 1525713.00 369665.81 ?R75989°OD 79.23
199_ 33399°41 f7957°_ H56687.75 153543b°00 401543°69 21(95023°00 79.09
1995 33630.39 68626°69 fl62371.31 15_3757.00 403146.75 2q11329.00 78.98
1996 33fl62.37 68_m4.5o 86808q.75 15_7110.00 60_750.12 2927706°00 78.06
1997 36095.52 697h8.06 R73R65.06 156049_o00 406355.56 2946157.0D 7R.74
1998 34330.60 _9F46._6 P79fi37.37 1_6_913.00 407962.37 2060687.00 78.62
1999 3_567.56 7032..50 885665.69 1577362.00 409570.81 2'77289.0D 78.50
2000 36_6.00 7_07.66 R61331°75 15_845.00 4111A0.37 2993969.00 78.38



Exhibit5.G:LWPmdRClforSleepRistarbance

Option 7

YEAR SSF SO UR gO VBO TOTAL
3975 1557_?.75 3151_6.37 4qF_231.00 655_B73.00 17_B332o00 ]3B4837_.O OoO
1977 158601.A9 3208]q.4_ 5040530.00 6750661.30 17_7498.00 14058230.0 -].82
1979 152761.3| 30PA50._5 4_1377.00 _55_643.00 1745596o00 13635327.0 !.54
1979 146_5.19 295125.4_ 4673404.00 6_T]480.00 1701799°00 13189356.0 4.76
1990 133953.94 270537._4 _222624.00 5059114.00 1_65_80,00 12052609.0 |2°9?
1991 120592°9_ 2_2794.37 3755077.00 5317499.00 ]423]]8.00 ]0861081,0 2|°57
1982 103335°87 20_953,9_ 317_ZTP.O0 4677483.00 12447Z0.00 9356771.00 ]2.43
]983 gSOgPo37 172107°9_ 256_13P.00 3P82912.00 1051134.00 77_5384.00 44°00
1984 55654.37 132A51.37 1928PbO.O0 3057944.00 H37317,69 60320_6.0_ 56.44
1995 55230.R2 112003.75 1553523.00 2545563.00 583969.87 4950389.0D 64.25
1996 44221.01 59996,94 1163517.00 197_338.00 51221?°25 3784289°O0 72°67
1987 3963_°86 P0664.31 1033993o12 179|514o00 _67206,37 3_130]3.00 75°35
]9BR 34835°_2 70894°50 900323°00 159_788°00 _19509.94 3024430.0D 78°16
1989 34167.30 69531°37 8e1]92.67 1571059.00 412323.44 2968273°00 70.57
]990 33_02.54 57970,75 059_11.62 1539130._0 404214.12 2904028.03 ?9°0)
1991 32601.98 66338.9_ 83697]o!9 1505_07°_0 395916.A7 2B_8235,00 79.50
1992 32865.36 66874.31 843494.6Z 1516037,00 397790.31 Z857061.00 79.37
]993 33130.91 674]3.75 850066.62 ]525713°00 399655.81 2875989.0D 79°2_
199_ 33399o_1 67957.4_ B56687.75 1535436.00 401543.69 2895023,00 79.09
1995 33530.39 68424°69 862371.3] 1543757.00 403]66o25 2911329.00 7Bo98
1995 33862.37 6880_°50 06_089.25 |5571]0._0 404750o12 2927706.00 78.86
1991 3_095.52 69368,05 P73845.06 1_6049_._0 _06355.55 2944157.0D 78.7_
1998 _330.60 69_4.56 879537.37 156E913.OO 407962.37 2960687.0D 78°62
1999 3_567.56 70324.50 B_465.69 1_77362.00 409570._| 2977289,00 78°50
2000 34_o6.00 70P07.69 _9]331.25 1_85845.00 411180.37 2993969.0D 78.38



Exfli_R5.G:LWPandRCIforSfe@D_rbnce

Sfle_O_bn

YLA_ $ST f_ UR Og YPO TOTAL O@
1976 15578?°75 31_156.37 _9S_251°00 _5_73.00 17hR_32o00 1_631_o0 0.0
1977 15B601°_9 3?_B_q._ _040_30.00 f.7_hS].DO ]7_7_98°_0 1405fl230°0 _1.52
I97_ 152761.31 3_PB50o25 _8A1377.00 t,_66t,_.00 17_569bo00 13_3_327.0 1o54
1979 )465_t,.19 ;_e'l_5o_ 467:_0_,00 _3fl4HO.OO 1701799.00 131P935_.0 4o76
1950 130907°55 2(,_5_9.31 _13|_o00 _759171o00 15_939o00 11P30210.0 1_.57
19_1 11450_.50 2_1407.6q 3_A9_0_.00 _;107P73.00 137%579°00 10399112.0 24.91
1952 95_07.31 IPZP?_.O0 7933073o_0 43_Pgog.DO 11F1050.00 8751221°00 _6°81
1993 75114°19 I_IP07o31 Z?E_O_2.O0 35_?_75.30 q50010o37 69R_848°00 49.55
19_ 53_1_._ 1C776Q,_I 15701_1.P0 760_4_7.D0 77_775,12 50_5531oDD b3o42

'19_5 _04_7.97 F?015°67 f1_17_4o00 197?040.30 5_5|_.19 3777_2.00 77.7_
a 19_5 25701.31 f_390°75 (,71_70.75 I?SOP_].OO 3_07_7.67 2_3_130.0D _3.)5

19_7 23615.32 4R10_.52 5_77_2,4_ 1171_.00 ?qB_B4.37 7079272.00 84.99
lqB_ 20395.17 415_5._I 5(_I_31.P7 9_4701.3] 763799.5_ lFJ)77_.OD _bo_2
1909 1949Z.4_ 3970H.II _77_67,69 9_33,57 ?_3654.FI 1735765_00 _?.47
1990 1_510.75 _77_.0_ _186?.A9 90270_°36 ?_2751.50 1653540o00 88.06
1991 17519.07 _7.99 _75275,44 8_875_.52 731505._7 I_68692.00 P8.67
1992 17560,62 3_q7_.0_ 428550,06 8b_3.5_, 732635.81 1579166.00 PB.bO
1993 17F0_.37 3fi76_._ _3|qo0.O0 fi5995q.|? 733759.37 1589697.00 B8.5_
199_ 179fi7._0 _555fi.91 435_7_.5_ R75501._7 73_90_.00 1600286.00 8R.4_
1995 1RO71o7A 3h810.3_ _3P171o19 PR04_l.|9 235_72.00 1609356.00 88.]8
1995 1819b.40 37053.17 _410_6.50 PB_2_I.q4 236_qI.25 1610q6Po03 P8o31
1997 I8371.70 3731_.C5 4_4070.44 R90151.?_ 737_11._9 1627622.00 88.25
199@ I_4_8.00 3757_._ 4_972,7_ _950_I._I 73B_@3,12 1636819.00 PB.JB
1999 1E57_.3(, 378_2.75 44_9_,_6 P_99_I.O0 739755._? 1_@6o5_.00 _8.11
2000 1_703._U 3nOFt_.7? 4_29_,19 90_P79.50 740729°0_ ]_55339°0_ P8.05



Exhib_B-H:LWPandRCIforSleepAwakeninE

BaselineOption

YEAR SSF SD UR Dg nO TOTAL _'1
1976 125112o31 253299.69 4012619,00 5569369°00 1543902.00 11504302.0 0.0
1977 12737_.75 257869,94 4083126.00 5_53096.00 1562110.00 11683581.0 -1._6
]97B 122_85.75 248246.4_ 393851].00 5502739.00 I_26925.00 11338607.0 ].44
]979 117707.9_ 23n03_.50 37R6764.00 5341806.00 14ROR41.O0 10974153.0 4.61
19_0 111795o_4 225934,37 36n7101.00 5147231.00 t4454_2°00 10537503.0 8.40
1981 105635.25 213366.44 3471495,00 4944084.00 ]399807.00 ]0083Rfl7,0 12.35
1982 97_51,25 197_12,_1 31_82_4.00 6684779.00 13406B0.00 _50A997.00 17.34
1983 B9703.87 1F0759.12 2946746.00 4412637.00 1779499.00 8909345.00 22.56
198_ 81204."1 163367.19 2696926.00 4127132.00 1215608.00 P28423_o00 27.99
1905 79909.75 160_R5,56 2661437.00 4D_8730.00 12071R2.00 8197943.00 2B,74
198_ 78564.56 1_7909.75 26244_7.00 404PP97.00 1199476.00 _10fl334.0_ 29°52
]997 77170.00 155037.06 25P6329.00 40074_7.D0 11_9458.00 _015481.00 30.33
1988 75726.62 1_20_7°69 25_6951.00 3964491.00 II_0137o00 7919395.00 31.16
]9_9 75P37.56 1522_6,56 2552_P.00 3974427.00 11_2549.00 793754B.00 31.00
199_ 75721.81 151982.75 7551197.00 397f14Rg°O0 11P2953.00 7939343.0_ 31.01
1991 7559_._7 ]51702.75 7549754.00 3976269.00 11R3297.00 7936616.00 31.01
1992 7620_,44 1_2_22.03 2569715.00 4DO731R.O0 1189]92.00 7990360.00 30.54
]993 76H25.R7 1_4161,50 25Pg_Sfi.O0 402F499.O0 1195099.00 8064409.00 30.07
1994 7744F.75 15F405,75 7_1on_7.oo 4054_05.00 1201015.00 POgR761.O0 29.60
1995 779F1.67 156673.P7 2677479.00 4077332.00 1206068.00 8145334.00 29.20
1996 78519,50 1_7549._7 26449P2.00 4099955°00 1211126.C0 BI92132.00 28.79
1997 79060,62 15R633.12 2662599°00 4]22669.00 1216196.00 _239157.0_ 2_.38
1999 7960F.37 1_q723.0_ 26n0327.00 4]454A1.00 1271269.00 PSR6408.00 27.97
1999 R0156,00 IfPPTI.5_ 269n171.00 416_3_.00 1276351.00 8333_84.00 27.56
2000 _0705.94 l_]',?,._t 271612P.00 41_13_5.00 1231_9.00 P381584.00 27.14



Exhih_5.H:LWPandRCIforSleepAwakenkz

Opl_1

EAR $SF SD UR gO 108 TIITA[ m
P?b 175112.31 2532qq.69 401261o.00 _5693_q.00 1543902.00 11504307.0 0.0
)77 ]27379.75 257869.9_ 40F3126.00 5653096.00 1_62110.00 11683581.0 -!.56
_78 |22_P_.75 24P2_6.4_ 3931951]o00 5502239._0 1_26925.00 ]1338_07.0 1.44
t79 117707.9_ 23PO_.E,O 37_6764o00 _341POh.O0 14_98_1.00 10974153.0 4.6]
PFO ]08E96.3! 219_60.b9 3_588P0.00 4o54063.D0 1382n_9.00 |(11_1249.0 |2.02
181 990P3.75 ;00_91o75 311557P.00 45_4O19oD0 12_R027.00 9228099.00 ]9.79
_82 85327.19 172679.75 26443_3.00 3971R29.00 1113435.00 7987623o00 30o_7
PB3 7077°.87 1432_7o31 21_._872.00 33_3690.00 _45735o96 _667364.08 42.04
_96 5530P°P2 112018.17 |661557.00 2f,7_163o00 760756.75 5247800.08 54.38
r85 67032o31 _.f17 1360070.00 22669_h.00 628691.P| 43581flfl.00 62.12
_86 _8307.87 77e9_.67 ]026372.Pl 1776892.00 6P]683o69 3401050.00 70.44
_97 332R4.16 _777h.75 8PoqPP.56 1_66127.00 626510.69 2q76686.0_ 76.1_
88 28029.16 5708_.62 730521.64 136106o.00 367675.94 2524181.00 7_.06
'89 274e3.62 _599|,_5 715066.2_ 131A197.00 361274.12 2678022.08 7_.46
I90 26_79.35 L,_736.e? 8973_1.56 12Ol656.00 356273.19 2426906.00 78.92
'91 2b235.52 53_25.93 679?63.?5 126643_.00 367101.12 2370480.08 79.39
92 2544p.P9 _3057.21 _P661P.3] ]272_9|,00 348899.19 2386716.08 79.25
93 266_3o|8 54292.09 689996o31 12_13_8.00 3_0701.06 2403038.0_ 79.|]
96 26879.35 56730.61 b95610._0 1280932°00 3_2506.62 2419458.00 78.97
95 27064.29 5_106.7_ 700060.00 1297269.00 3_,684A.56 243352_.00 7P.85
96 272_0.o_ 55685.8r 70_73P.67 1306_99.00 _K5593.00 2647667.00 78.72
97 27_3Po73 _,5_7o45 709649.00 1311979._0 3",7140._0 2461874.00 78.60
9_ 2762P._9 ¶6751.39 7141[_.2_ 1319_9_.00 3_8690°06 2476|53.00 78.48
99 278]_.95 _f63_.37 7]8qr. q.gl l_?f_O.O0 3f0242._6 2690499.08 78.35
O0 2_CC_.72 f,7077.%_ 723761.31 133631A°00 3fi1797._5 2'06q13.03 78.23



Exhibit5.H:LWPandRCIforSleepAwakenin_
Option3

_[AR $SF SO UR DO YOU TO_L I1_
197b 225[12.31 25_299.69 4072619.00 5569369°00 2543902.00 ]1504302°0 0.0
1977 127379.75 257859.94 40P3176.00 5653096°00 1562]10.00 11683581.0 -].56
197_ ]22_5.75 ?_87_6._ 3938511.00 5_07239.00 1526925.00 11338607.0 ].44
]979 117707.q_ 73_03_o_0 37P_7b_.O0 5341R06.30 14A9S_I.O0 |0974153°0 4.61
1990 111795._g 22593_.37 360710].00 51_7231.00 14_5_2°00 10537503.0 R.40
[9_! 1D5_35.25 21_3h6.4_ 3_2]_9_.00 494408_°00 13993D7°00 10083087.0 ]2°_5
1992 93897o12 lPn61p.q_ 301331P.00 4657304.00 |26B047.00 9022105.00 2].58
]9B3 8]552.31 ]6_687.49 25P95_1.00 39_P397.00 |1278]l°00 790193P°00 31.31
19_ 68535°56 12P3_1.o_ 21_27.00 33A103_.00 976617°06 6712995°00 61.65
1995 b2669.02 12669_.19 ]918_0_.00 3066492._0 _7flB52.37 6053113.00 47._8
198b 56_t,P.95 ]1_5_5°50 16R0795°00 273_618.D0 77_388°81 53599|5.0D 53.4|
29B7 501_0.21 1018_9.31 1434671.C0 2_7P92R°00 /,617_0.96 462736B.00 59°78
[988 _529°95 895o3.3| 117986_.00 1997793.00 536_13.P1 3648191.09 _b.55
29_9 _3213.29 _7_3.50 11_865.00 ]oP_625.00 53_565.9_ 382021]°0D 6b.79
1990 _27_8°70 _703|°67 1156810.00 1966601,00 529687.4_ 37ff2904.OD _7.12
1991 _230R.86 _09_.9_ 1243[3_.00 ]_077.00 52_6o6°0D _744311.00 b7o_5
[g92 _2652.86 P67_9°P] 11_209°°00 19_09n6.00 527}68.]9 3769895.0_ 67.23
L_g) _998._3 _7490._b 116|131.00 1o739_q.00 5300_6.06 379567_.00 67.01
199_ _33_7.07 PPI9b°P7 1170231._0 1986997.00 _3272R.62 3821499.0D 6b.70
L995 436_5°3F PS_O3.Z9 117P043.00 199P166.00 _35019.56 3P_3676.00 66,59
L995 _39_6._! 89_13°_ 11P5905.C0 20393_0.30 5_7_I_.86 3_6_959.00 66°_0
997 _2_9.17 90028.F1 II93RIP.O0 2_206_.D0 539bl2.4_ 3P88351.00 66.20

99_ _555.7_ 906_7°_ 12017PI.CO 20319_.00 r_|nl_.25 3910852°0D 66°0!
999 _R_2°32 q1271.OO 1209797.00 2D_3313,00 _2]9._0 3933462.00 65.81
OOO ;5170.04 olf_qp.o0 1217_e3.o0 20_472[.00 =,4_,52R._| 395_1_0.03 65.6!



Exhibit5.11:LWPandRCIforSleepAwd(mia|

Ol_iOR5

YEAR SSF $9 OR DU fib TOTAL I_
)9?6 125112.31 253299.69 4017519.00 5569359.00 1543902.00 1]_06302.0 0.0
1977 12737q.75 257Bbg.q_ 4DP3126.00 5653095.00 1_52110.00 11683581.0 -1o56
1978 122_85.7_ 24fl246.44 3q38511,00 5502239.00 1526925.08 11336607.0 1.44
1979 117707.94 23803_._0 378676_.00 5341806.C0 14898_1.00 10974153°0 4°61
]980 ]11795.44 22593_.37 3607101.00 5147231.00 1445442.00 10537503°0 fl.40
1981 105635°25 213366°6_ 3_21495.00 49440A4°00 1399307.00 10083887.0 12.35
1982 92122.12 1_08_.75 2958248.00 439301_.00 12527_5.00 6882153.00 22°7?
1983 778_4°50 1_71fl0.19 2_76552.00 3802295.D0 1095278.00 750q169°03 33.86
1984 6275fi.83 12661_.62 1974310°00 3162881°00 q2407_.94 6250633.00 45.67
1985 5_74]°31 1]0562.37 1601139.00 276154q.00 P0_582.56 54|2573°00 52°95
]986 _6330.39 93716.9_ 1377100°00 2330526.00 67_908.67 6572581o03 60°69
19_7 37458.01 7595_oq_ 1050P19.00 1861772.00 5315_9.31 35675_3.00 68°99
]9BB 28029.14 57086.62 730571o44 13_10_9.00 367475.94 2524181.00 78°06
1989 274q3°62 55991.95 715055.25 1318197.00 361276.12 2678022°00 78°&_
]990 26879.35 56736.92 6q7351.56 1291656.05 356273o]9 2424906.0_ 78°92
1991 26235,52 _342_.q3 67q2_3.25 126_43_.00 347101.12 2_70480.00 79°39
1992 26448.89 538_7°21 68_61P°31 1272_91.00 3_899.19 238_716.00 79°25
1993 2666_.]8 54292.09 6_99q4.31 1281_8_.00 350701.06 2403038°00 79.11
1994 26879.35 5_730._] 695410,50 128q932.D0 352506.62 241945fl.00 78°97
1995 2706_.29 85108°7_ 700050,00 12972_9.00 3548_8.56 2433528.00 78°85
1996 27250,98 55_5.80 704738._2 130_599,00 _5593.00 2447667.00 78.72
1997 27_38.73 5_867._5 709_9.00 1311079.00 357140.50 26_1874.00 78.60
1998 27_28°89 56251.39 71_I89.25 1319394.00 3_86q0°06 2476153°00 78.4R
1999 27FI_._5 56538.37 71_9_9.R1 |32f840.08 3602_2.56 2690499.00 78.35
2000 2R_0q.72 _7077._ 773761.31 133_31q.00 3617q7.25 2504913.0_ 78.23



El_ibH5-1t:L_ nd IlClforSleepAwakewhq[

Opffon7

YEAR $$F SD DR DO nO TOTAL

1976 125117.3! 75329q.69 4ol2hlq.O0 _569369.00 1543902.00 11504307.0 O.O
1977 12737q.75 257869. q4 40_3126.00 565309h.00 1562110.00 11683581.0 -1.56
1978 1226_5.75 248246.44 _q3_11.00 _50_2_9.00 1576925._0 11338607.0 2.44
1979 ]17707.q; Z38034.50 37_6764.00 _34]_06.00 1_89841.00 ]0974153.0 4.61
1990 1_7523.75 2174_5.6q 34ZlO4_.O0 492_774.00 137_019.00 |0032697.0 12.79
1981 9687_.75 19_008.|2 3044246.00 44_01_2.D0 ]?4bqBI.PO 9044870.00 21.38
1992 93032.56 16_072._4 7571436.00 3887690.D0 IOQIOlOoO0 7796191.00 37.23
1993 6838_.62 13_423.32 207_B1_.00 3756286.00 021487,56 6465392°00 _3°B0
19_4 527_2.98 106990.32 156_59_.00 ?574226.00 73_9B4.31 5031466.00 56.26
]995 44409,98 901_9.06 1260012.00 2|387_7.00 599438.69 42_q725.00 64.]0
|98h 3556_.82 72442._7 943822.2_ 1_5_972.00 4485_2.29 3|56386°00 72,56
1997 32_E_._Z 64_39.76 _R_67.69 2507712.00 409190.06 2847_89.00 75._5
19q8 2_029.24 57086°62 7_0_1.44 2_42069.00 3_7475.0_ 2_24|81.0_ 78.06
19_9 27_9_.62 55q91.95 715066,75 131FlqT.OO 36|274.17 _47B022.00 78,66
1990 2687q.35 54736,92 697361,56 17916_6.00 _4273.29 2_24906.00 78.92
1991 26235.52 _34_5.q3 67q_H_.?5 1_6h435.00 947101.12 2370480.0_ 7q.39
]992 264_g.A9 _3857.2| 6P4628.32 777891.D0 3_8899.29 2386716.0D 79.25
1993 _6663,18 56292.09 6_q994°31 ?R]3RB.O0 350701°06 2403038°00 79.1]
]994 2687_.35 5_730.41 695410.50 _8q932.00 352506°6Z 24|9458°00 78.97
1995 27064,_9 _2_6,7_ 700060.00 7972_9.D0 3_4048._6 24_35_B.00 7fl.B_
1996 27_50.qR _5_85._0 704736.62 _O_sqg.oo 3_5593°8D _447667.00 78.77
1997 2743_.73 55_67._5 7094_q.00 321979°DP _7140._0 Z46|876.00 78.60
1998 2762_._9 567_|._9 714l_.Z5 3193q_.00 _Bh_O.06 2476153.00 78.48
]9?9 _7P|P.O5 _h_P._? 7189_9.P! 32_40.00 _h0Z42._6 2490699.0_ ?P._
_000 _qOO°*7? 87077._ 72_761._1 1_343|8.80 3617o7.75 ?_0_923.03 78.23



Exhib_5.H:LWP_d RCIfor9eepAwakeninl

S_en!Option

Y|AR SSF Sg UR DU YOU TOTAL I_
1976 ]25112.31 ?_32_9._9 4012619.00 _589269.00 1543902.00 I1_0430_.0 0.0
I977 12732Q.75 2T7A6e.94 4_93126o00 fibS3096.O0 1_62]10o00 11683581.0 -!.56
]978 122685.75 24P246.64 39395]1.00 550223g.00 1526925°00 11338607.0 1,44
1979 117707°94 2_P03_,_0 378h7_4.00 5341906.00 1489841°00 10974153,0 4°6|
]980 105159.]q 212667,q_ 33482_].0fl 6PZ977h°O0 13_Z233o00 9P4P077,O0 14,40
1981 919F7o00 ]_60_4.25 2r9331].00 4284_75.00 ]2052_7.00 8661164.00 2_,71
1987 76667.50 155n63.0b 2377_55.00 364P531°O0 1035074.94 7292890o0D 36o61
]993 b0372.67 ]72112._ ]P3883q°O0 2955_6_.00 P48410o37 _82_299°00 49,36
1994 42877.42 P6724.12 127332g.00 2|q_34_o00 638503.75 4226781.00 63.26
1985 92569,36 _60_2.19 c_17993.69 165_468.D0 479215.00 3148248.00 72.63
1996 21_93.33 43_11,g6 54482_.56 1047612,_7 298905o_4 1_6664_°09 83,08
1987 19012._4 3_757.15 476990.94 9_9260._] 26D528.81 173_529.00 84.92
1988 16429.91 33_81.21 607305._! P2410b.81 230317.69 1511634.03 86.86
1989 15699.21 _2002, g_ 387656.12 791728.94 221532.06 1448617.00 87.4|
]990 1_g10o54 3039_.59 3_681R.19 7560dS.b2 212009°62 1380197.0D _8o00
1991 1_I12.36 2F768,77 345227.06 71q?71o_0 2n?187.62 1309566.00 P6o62
1992 14227o18 29001.03 347945,1q 724150°_ 203265.F1 13IS_SE.OD 88.54
1993 14342°46 2q235,24 3_0_84°00 72q056.3] 204_46.¶0 1327664o00 80,_6
1994 1_459.77 2q471.35 353443,62 733_7.94 20_42q.50 13367q0o00 88._8
1995 1_59°_4 2q674.00 3_5912.87 738212.69 206394._4 1344611°0D 8B._|
1996 1_5F.64 29_TP,2! 9591q7.00 742451.00 207281°P1 13_7471.00 88.24
1997 1_75g,65 300_3.76 360506.94 74_771.56 209210.69 136037h00 88.18
1990 1_86].97 302q0,_ 363012.00 75|003.62 209!_1.37 1368309.00 88.11
1999 1496_.19 2_49B,98 365463,2_ 75E306.52 2!0073._6 1376286.00 88°04
2000 150_6.77 _70_,_5 367Pgn._7 75q_8°5_ 2!1007._2 13_4301o00 67°97



Exhihff5.1:LWPandRCIforOutdoorSpeechInterference

BaselineOption

YEAR SSF SO UR DO YOO TOTAL
1976 72_5359.00 207P23_.00 13101522.0 59223_4.00 12_1_47.00 29628BB0.0 0o0
]977 7314777.00 210035R.0_ 132_1292°0 597501_.D0 12q2125°00 29923536°0 °0°99
]998 6937133°00 20020_5.D0 126_9B55.8 5780593.00 125BOO2.OO 28667616.0 3.24
]979 65_9060°00 ]9o05_6.00 12122163.0 5578839.00 1222_32._0 27373104°0 ?.6]
1950 blSO_Pg.00 17695H7.00 11498627.0 53541_2.00 11P25_9.00 25_55376.0 12_60
1981 5702357.00 1675737.00 10862166.0 5129671o00 1141318.00 24504032°0 17°30
]9R2 51795_9°00 153_027°00 100p357].0 4P35_38°00 ]090026°00 22724576°0 23.30
1983 _6_2726.00 1392197°00 92P7383°00 4537R17.00 1036861°06 ?08?6960.0 29°4?
|9B_ _090_6h.00 1263P79°00 847275_.00 42257_5.00 QR]636.3] ]90|7472°0 35.8]

! 1985 _02977_.00 122_267.00 839393_.00 4200146.D0 977222oR1 |P628320°0 36.45
19Bb 3966234.00 1212310.00 R313R2t,.O0 61709fiSoDO 972695.06 1R636000°0 37°|0
1997 390276C.00 1196107°00 A232101.00 hl_11_,O0 96P057°94 1F4_0|60.0 37.76
19B8 38383H3,00 1170_B9,0_ _]48B01,00 _IlO_7_.O0 9_3318,69 1P240752,0 38,44
1989 386_65_.00 11P7738o00 P2OI_IP.O0 4132_09.00 966100._0 18354704.0 38.05
1990 385_570.00 1193892°00 P2_1127°00 41_9_07°00 97170_.9_ ]P4407P4°O 37°76
1991 390_6_,5.D0 120007_°03 _2P1029.00 4|66271.00 97_317°_0 1P%27344°0 37°47
]992 392_14°00 1206_86.00 _32]11P.00 _153099.D0 q789_1°75 18614240°0 37o18
1993 39_5_P],GO 1212r.26.00 E3_1391,00 41qg_97,DO 9_2576,19 1870156_°0 36,88
199_ 396546P°00 12|PTq6.DD F_OIP_I.O0 _216960°00 986221.12 IPT_26&.O 36°58
]995 3992939,00 1224|63°0D P_36_75.C0 _231_72.D0 o89336,19 18_b4_6B,O 36,33
1996 4000_9P,00 12_9_b2.00 R_712Fo.o0 _2_$0_3.00 992_5R.69 1_939776.0 36.06
1997 _OlAl_5.O0 123_960.0_ R5061_0.00 4260642.00 99_5_B°62 19015692.0 35.P2
J99H 4035(_79°00 1240_9|,P3 _5_1|9],00 4275301.D0 99R725°9_ 19091fi?2,O 35°_6
]999 fi05370_.00 12_Pfi_.o0 _576376.00 429C009.00 1001q70._9 19167776.0 35.31
2ODD _071Gl|,O0 12f 131_.00 95116_.00 4_D47fiS.3O 1005322.P7 1924_3fl4°0 35.05



Exhibit5.1:LWPandRCItotOutdoorSpeechInferfereace

Option1

_AR SSF SD OR DO _| TOTAL lit'!
1976 72_5359.00 2078238.00 13101522.0 59?2346°00 128|447.09 29628880,0 0.0
1977 7314777.00 210035e.00 13241292.0 5975015°00 1999125o00 99923536.0 -O.q9
1970 6937133,00 ?007045°0D 126_9N_5.0 57R0593°00 1258002.00 28667616,0 3.26
1979 6549040.00 1900556.00 12192163.0 _57RR39.DO 19225_2.00 27373104.0 7.61
1980 5948427.0D 1742095.00 110Q_03_.0 5184065.00 1137936.00 2_104528o0 15,27
1981 533143q.00 157_924.00 10037516.0 4777699°D0 ID49939.00 22769728.0 23,15
1902 4453151o00 1347_84.00 A5_572_.00 420907_.00 q28897.94 19537536.0 36.06
1983 356093_.00 110_R77.00 7110R_6o00 3595477°00 799747.37 16173839.0 45.61
198_ 2_17977°00 054630.06 55765_2°00 29432q5.00 65922A.06 126_1632.0 _7.30
1905 217153Q.00 736591.9_ 477R886.00 2577429.00 569998.9_ 10834643.0 63.63
1996 1710221.00 61_409._1 3959396.00 9188674.00 473416._9 8946316.00 69,_1
1907 1556945o00 548938°25 3586003°00 2019099.00 438519.19 8147503.00 72,50
1988 1283290.00 478494.37 3204295.00 1B_27t.00 40196b.Pl 7210318o0D 75.66
1989 1295350.00 482510.67 3226101.00 1852650.00 404037.06 726064fl.00 75.69
1990 1304475.00 485_44.9_ 3242564.00 18_0480.00 405597.44 7298660.00 75,37
|9_ 1313658.00 4P_594,Pl 325q104.00 1660340.00 407162.00 7336858,0D 75.26
1992 1322901,00 491_59.s0 3975790.00 1P762_0.00 40_731.19 7375941°0D 7fi,ll
1993 1332203°00 49474C,12 3292413.00 IH841_3.D0 410304._7 7413813.00 74°98
199_ 13_156_.00 49703_.9_ 33091R2.00 1899107.00 411_R3.00 74_2572.0D 74._R
1995 ]_9594.00 5004_(,._7 339353t.00 1898909.00 _13231.P1 7485758.00 74.73
1996 13576(,6.00 50314_.31 33379_0.00 1q0_736.00 4145R3.81 7_!q084,00 74°62
1997 13557fl?,00 505_22.F7 3_5241Eo00 191?_8bo00 41593_,94 7552546.00 7k°_1
1990 1_7394_.00 5CP_07.53 _3f6944°00 19194_9.D0 417297.50 7506150.0D 76.60
1999 138214q.00 511204.0_ _1_97.00 1975355.00 418659,12 7619R94°03 74°2R
2000 13903'_7o00 _13ql]._9 33q6166.00 1q33774.00 420024,06 7f53772o00 76.17



Exhibit5.1:LWPandRCIforOutdoorSpeechInterference

Option 3

TEAR SSF SO gR Og Pq TOTAL m
1976 72_5359.00 ?07F23P.03 13101577.0 59?23_4.00 1781447.00 29628B80.0 0.0
1977 731_777.o0 710035P.00 13241297.0 _975015._0 ]?q?l?5.00 79?23536.0 -0.99
197B 6937133.00 70020fi5.00 12699R15.0 5790593.00 I?_RO0?.O0 28067616o0 3.24
1979 66490fi0°00 1900556.00 17177163.0 557R839.00 1722537.00 27373106.0 7.6|
1980 5130489.90 17F_5_7.00 114986?7.0 _354157.00 11R2549.00 2_,_55376.0 12.40
19_1 5702357.00 167F737.00 10B671_6.0 5177471.00 1141318.00 24_04032.0 17.30
1982 495273_.00 14764P2.00 _60497P.00 46330_q.00 1030473.31 21705680.0 26.76
]993 4177914.00 1270029.00 R313924.00 611793_.00 929419.44 1pP09200.0 36.52
1984 337_014.00 10_5353.00 69_6_4.00 3577285.00 P13049.06 1_0038_.0 _6.67
1985 30_1990.00 973662.69 6390_0_.00 3307793.00 747131.37 14481078.0 51.13
1986 27_7_02.00 0e_9_56.25 57P7_11.00 3037416.00 677786.31 13125151.0 _5.70
]987 2415]_7.00 _03_06.69 5160741°00 7744743.00 604420°56 11728877.0 60.41
1988 2079033.00 71_321.00 4524130.00 24_?P9_.00 f,26190.75 |0287568°0 65.28
]989 ?096551°00 720790.3] 455415P.00 245638_.00 520861.50 103_6743.0 6_.0_
]990 2109797.00 724920.67 _57682R.00 746656_.00 530R73._1 10408981.0 64.87
1991 2123]21.00 77_069._7 4599607.00 2475700.00 _32R91.75 10461468.0 64.69
1992 2136524.00 733?38.37 4_724_7.00 2487037.00 534915.56 1051_201.0 64.51
1993 2150005.00 737476._7 _645475.00 2497337.00 536945._4 105671_8.0 64.33
|99_ 2163566.00 74163_.9_ 4668_65.00 2507676.00 53_980.94 10620421.0 64.16
1995 217_1_R.00 74_73{,.7_ _E_R333.00 7516521.00 _40720.56 10665998.0 64.00
1996 7186P67o00 7_PR53._9 470H176.00 2525395.00 _4246_.25 1071175_o0 63._5
1997 219_.05.00 7_7_.37 477_104.00 2534300.00 _44712.25 107fi7705.0 63.69
]99B 7210402.00 756129.17 474_I04.00 7543234.00 545964.44 10R03833.0 63.54
1999 2222257.q0 7_9787.o_ 47fqIP3.CO 7557198.00 547770.E9 10P50145.0 63.38

?003 ??3_]6_.00 7f?_62.31 47FH347.C0 2_61191.00 ¢_94H1°06 10P96650°0 63.?2



Exhibit5.1:LffP_d RCIforOutdoorSpeechInterference

Option 5

T[AR SSF SD UR DO VDO TOTAL m
1975 72_5359.00 207P?3A.O0 13101522.0 59223_.00 12A1447.OD 29628_80.0 0.0
1977 731_777.00 ZIOO35R.O0 132412Q2.0 5975015.00 1297125.00 29923536.0 -0°99
1978 6937133.00 ?O020_5.OO ]26R9P_.O 57R0_93.00 I758002.00 28&67616.0 ].24
1979 65_9040.00 1900_56.03 12122163.0 _57PP39.00 1222532.OO 27373104.0 7.bJ
1980 6130_89.00 17/,0_87.00 11498627°0 5354122.00 1182549.0D 25955376.0 12o40
1981 5702357°00 1675737.00 108_2166°0 5122_71.D0 1|41318o00 24504032.0 17°30
1982 484_R59.00 ]_67427.09 943671_.00 456R621.00 1026088.62 21323696.0 28.03
1983 _985550.00 1_20856°0D 7970635.00 39R25_4.00 q03322°81 1P022112°0 39.17
1984 3028510.00 9_2106.94 6458713.00 3357196.00 771223._9 14577748.0 50°80
1985 2592136.00 P46755.75 5677019.00 3010375.00 _88702.87 128|_987.0 56.75
1986 21_2316.00 727655.31 4875658.00 2645123°00 600752._9 10991504.0 62.90
19_7 lb77392.00 6C4343.81 4052_62.00 2757899.D0 505946.75 9097842.00 69.29
1988 1283290.00 47P494.37 3204295.00 lPq2273.OO 401966.81 7210318.00 7§.66
1989 1295_50.80 4P2510.62 322610|.00 1852650.00 40k037°06 72606_8.0D 75.49
1990 130447_.00 4P_544.9_ 3242564°00 1860480.00 405597.44 7298660°00 7_._7
1991 1313558.00 _(¢859_.81 3259]04°00 ]86e_O.OO 407162°00 733685PoOD 75.2%
1992 13?2901.00 _91659°50 3275720°00 1F76230.00 408731°19 7375241°0_ 75.1l
1993 1332203.00 _94740.12 3292413.00 1P84153°30 410304.P7 7413813.0O 74°98
199_ 13_1_65°00 4_7835.94 33091P2°00 1P9?]O7°DO 411R83.00 7452572.00 74.8_
1995 13_9594.00 50048_.R7 3323538.00 189_909°D0 413731.PJ 7k8575_°00 1(.73
]996 1357E.66o00 503149.31 33379_0°00 1905736.D0 414583oFI 7_]9084.0D 74._2
|997 1365782°¢0 505F22.87 335241P.00 19125R6°00 415938°q§ 7_52_46°00 74._]
1998 137394_.00 50P_07.50 33669_4.00 J91_459.00 4]7297..0 ?_86150.0P 74.40
1999 13R21_9,00 51|204.05 3381527.00 192_355.00 418659°12 7_1_894°00 74°28
2000 1390397°_o 51_911._9 3396|66.00 ]93327_°00 420024°06 76_3772.00 7_°17



(xhib_5.1:Lfff andRClfor_don SpeckI_e_rucl

01_1o,7

YEAR SSF SO OR DO gO TIlL I_
1976 72q5359.nO 207P73_.00 '13101522.0 5922_.00 22R1_47.00 29628880.0 O.O
2977 7314777.00 21C035_.0D 13261292.0 5975015.D0 ]292125.00 79923536.0 "-0.99
1978 6937133._0 20020_5.00 126PQFKS.0 57R059_.00 ]258nO2.0D 29t67616.0 3.24
1979 65_9060.0P 1_00556.09 12122)63.0 _67_R39.00 1222532.00 27373104.0 7.61
]980 5_79_92.00 1729_92.00 10gH0947.0 5142227.00 ]12_693.00 24_55824.0 ]6.1l
19_1 51903_8.00 15_1042.00 9_11909.00 _(.H_Pg_.O0 103202_.94 22261104.0 24.8?
1992 4317_5_.00 ]30R599.00 P36535P.O0 _IIP_.DO 910669.67 190133|2.0 35.93
1993 3_10512.00 1066391.0D 607_0P8.00 347RTI4.DO 7P0210.01 1_630915.0 47.24
195_ 2661007.00 812366.62 5334000.00 2B39292.00 6379|6.25 1208_671.0 59.21

1985 2010500.00 693190.69 6531012.00 2_6_126.00 5_7226.R7 102_0854.0 65.40

1996 16_139.00 _7254b.06 970680_.00 2072_3.00 6_8676.31 0&49009.00 71.481997 16_7609.00 5260P1.9_ 3_5R027.00 1959_30.00 4_5738.37 7_36885.00 73.55
1958 125329C.00 _7P_.37 370_2_5.00 1P_2273°00 _01966.8| 7210_1_.00 75.66
1999 1295350.00 _P2510.62 3226101°00 1857fl50.00 404037.06 72606_R.0_ 75.49
1990 130647_.00 665566._ 3242564°00 1960680.00 605597.4_ 7298660.00 75.37
1991 131_65_.00 _PpSo6._I 32_910_°00 1B693_0.00 _07167.00 733_850.00 75.24
1992 1322901.00 69]659.50 3275720°00 1876730.00 608731.17 73752_I.0D 75.1|
1993 133_203.00 _7_0.12 32_2_I3.00 188_153.30 _1030_.67 7_13813.00 74.98
1994 13_1565.0D 497R_5.P_ 330g)_2.C0 1_92107.00 _lln_3.OO 7_52572.00 74.P5
1995 131959_.00 5_O;_b.P7 337359F.00 le_qPgog.o0 _1323].P1 7_57_°00 74.73
1996 1357666.00 5031_9.3) 3337950.00 190_736.00 4165f13.Pl 7_19004.00 74.62
1997 13657_2.00 _05P22.F7 3_?_]R.o0 1912_H6°00 4]5q90.94 7_52546.00 74.51
1998 1373943.00 50P507.',0 33_69_.00 1919_9°00 417207._0 7506150.00 7_.40
1999 139216_.00 511204.06 33_1577.P0 1076355.00 _19659.]2 7619_94.00 7_.2R
?DO0 1390397.00 _|_?l.6q _o6)6_.P0 19_27_o00 _02_.P6 7653772.00 7_.17



Exhibit5.1:LWPandRCIfurOutdoorSpeechInterference

SilentOption

YEAR SSF SO OR DO VDO TOTAL It¢l
1976 ?245359.00 207823B.OD 13)01_22.0 59273_4.00 1281447.00 2962B880.0 0.0
1977 7314777.00 21003_8.00 1)241292.0 _975015.00 1292125.00 29923536°0 -0.99
1978 6937133.00 2002045.00 12689855,0 57Bn_93.DO 12_8002.00 28667616.0 3.26
1979 6%49040.00 1900556,00 12122163.0 5578_39.D0 1222532.0D 27373106.0 7.61
1980 5735386.00 1686R38.00 10755658.0 5058072.80 1113739°00 24347664.0 17.82
1991 4694903.00 16_16RP.00 9353048.00 48104_3.00 998548._6 21219416.0 28.39
1982 3936328.00 1205809.00 7779140.00 3879563.00 8_612Z.19 17666928.0 60.37
1983 2934777.08 938098.69 6153705.00 _202650.00 722546.58 13951776.0 52.91
198_ 1n7876_.00 655216.87 6466494.00 246_314.00 5_3739.94 10028532.0 66.15
19_5 1421576.00 510527.69 3_177_D.00 2013097.00 455474.94 791f1424.0D 73.27
1986 96010_.62 363299.69 2535229.00 1520762.00 336063.50 5713639.00 80.12
1987 104964R.00 3_2512.31 240_10_.00 1457611.00 3212_1.37 5584912.00 81.15
1988 929914._7 375086.75 227053].00 1392287.00 30R023.37 5225842.0_ 82.36
1989 937232.C6 327802,_9 2286521.00 1_00334.00 309640.00 5261529.00 82.26
1990 942773.D0 3298_6.69 2298592.00 140_403.D0 310858.31 52RF482.0D 82.15
]991 9_6353.00 331923._D 2310719.00 1_12_97.00 312_80.00 531_572.00 82,06
1992 953972._1 334001.81 2322904.00 1618_15.00 313305.31 534279fl.00 81.97
1993 959633.25 336093.12 2335145.00 1_2_756.00 314536.06 5370161.00 81.88
]994 965333.87 338197.06 2347461.00 14_0922.D0 315766._b 5397659.00 81,78
1995 970225.62 360000.25 23579_7.00 1436198.00 316819._9 5621209o0D 81.70
1996 975165°69 341812.87 23_8534.C0 1441691.00 317875._0 5464859.0D 81.62
1997 980097.81 34_634.37 237g146.00 14_b801.00 319933._6 5468610.00 81.56
1998 985079.37 36_6_5.05 2389795.00 I_52130.D0 31_994o_1 5492663.00 81.46
i999 990090.62 3_7305.31 2400687.00 1_57476.00 321057._6 551_415,00 81.38
2000 9_131.12 _15_.81 2611222°00 146;_39.00 322123°25 5560669.00 81.30



Exhibit5.J:LWPandRCIfor IndoorSpeechInterference

BaselineOption

Y[AR SSF SO UR OO _O TOTAL KI
1976 241099°94 101117.81 260556°67 183666._7 467B0.93 835222.12 0o0
1977 2_5340.9_ I02_14.PI 264624.31 186085.25 49220.74 848086.00 -Io54
197B 235436°31 9_5A6.25 253871o00 180172.57 47p47o4B B15913o87 2.31
197_ 225003o9_ 94142.9_ 242664,44 174006o62 66_16._7 782234o50 5°34
1980 213028.25 _906fl.12 229990.37 166782.62 44800.62 743671.00 10.96
1981 200410°56 _3743.12 216026.12 159295.69 43134._2 703400.00 15,78
1952 154807.06 77158.75 200515.ei 149923.37 41059.31 653464.25 21.76
19B3 168386.19 70250.06 1838_7.00 14010_.25 38907.61 601535.06 27.98
1984 151337.44 63153.R5 166644.44 129_58.00 36673.82 _47667.5D 34.43
1955 150228.31 62572.57 1652_7.R7 129115.44 36489.58 543693.75 34.90
19B6 148867.37 61970.14 163892.69 128401.62 36299.95 539431°79 35.61
19B7 147455.R7 613_8.47 ]62452.62 127603.87 36105.05 53496_.81 35.95
1988 14599_.25 6070_.95 16111P.50 126776.69 35905.24 530499.56 36.48
1989 147522.75 61310.99 162607.06 127753.25 36088.79 535282.75 35.91
1990 |_8682.37 _1769.76 163732.25 |28489._4 36226°52 _38900.31 35.4_
1991 149553.12 62231.62 16_863.94 129228.06 36364.16 542540.81 35.04
1992 151030.56 62696.75 166002.06 129969.00 36501.70 546200.06 34,60
1993 152216.94 63165.01 167146.69 130712.44 36639,16 549_80,19 34.16
1994 153412,_1 63636.41 168297.75 131458.19 36776._0 553581.12 33.72
1995 15_438o37 64040._ 1692_3.94 132095.81 36flq3.4fl 556752.37 33.34
1996 1_5471.19 64447.59 1 70274.87 132735.00 37010.37 _59939o00 32.96
1997 156510.62 64_56.63 171270.56 133375.87 37127.21 563140.87 32,_8
1998 157556.nl 65268.05 172271.06 134018.69 37243,94 _66358.50 32.19
1999 158609.69 (5681.['1 173276.19 134663.00 37360.EB 569591.25 31.80
2000 159669._4 6609R._0 17_2fl6.12 13_30_.94 37_77.13 b72n39.62 31.41



Exhibit5;: LWPandRCIforIndoorSpeechInterference

Option 1

YEAR SSF SO UR DO VO| TOTAL m
1976 241099.9_ 201117oPI 260_56.62 183666°87 48780.93 835222o12 0.0
1977 245340.94 I02_14.PI Z_4626.3] ]R60nS,25 69ZZ0o74 P680A6oOD -Io54
1978 235436o3] 96586.25 2_3671.00 160172o67 47647.66 615913.87 2.31
1979 225003._4 °4147.g4 2_2666.4_ 17_006°62 46416.57 762234.50 6.34
19gO 20719_.00 E6709.12 221212.56 161019.31 43000.10 719129o0_ 13o90
1951 188677.9_ 7n923.56 ]99001.94 147469°50 3q415.66 653286°56 21,78
1992 161706.12 67769.94 1_6476.44 126411.00 _4555.11 560916°56 32.64
]953 133700.50 _6106.27 136974.61 106143°]Q 29340.45 464_65.19 44.41
1954 104332.87 6_672.9p 104439.56 86327.66 23670.97 362643.37 56.58
1955 90737.06 3_25_.12 _7724.61 7_176.37 20074.66 310966.96 62°77
1986 7645E.62 32361.66 70603._5 612A3.26 16188.38 256895o31 69.24
1957 68911°69 2_197.27 62R06.26 55754.22 14766.67 231448.00 72.29
1988 609_5._3 2_6_5.50 55094._6 49908.59 13314.02 205036.06 75.45
1969 615P7.81 26107.02 _554_.97 503]7.6_ 13390.47 206951.62 75.22
199_ 62074.51 26305.03 55945.50 50625.95 13447.91 208398.61 75.05
1991 62664,96 _50_.4§ 5_3_.4P 50935.64 13505.3_ 2098S_.75 74.67
1992 63059._5 26705.2_ 5674_.90 51246.60 13562.75 21)3]9.62 74.70
1993 63557.2? 2f,907.4_ 57149.77 5155_°79 13620.|7 912793.31 74.52
199_ 64059.]2 _7111.16 5755_.]2 511_72.19 13677.E8 214276.06 74.35
1995 644_9.Pq _729_._5 5790_.62 52140.25 13726.51 2155_6.81 74.]9
1996 64923.57 27461.f,0 E625_.46 52409°_6 13775.43 216824.19 76.04
1997 65_60.00 27638.37 5_0_,.43 5267q°14 13624._6 218106.25 73.69
1998 65799.37 27_16.94 !_9_,r_.1_ 52_49.P7 13673.26 2]_396.75 73.73
1999 66261.f,? 27_.16 _31_.f6 59721.52 13922.16 220696.00 73.5P
_000 hGl._f.7'_ ;F17r,.13 5_677"*06 536_4.04 |3971.04 22]999°R7 73.42



Exhibn5.J:LWPandRCIforIndoorSpeechInterference

Option 3

YEAR SSF SO UR DO 100 TOTAL M
1976 24T099.94 10)I17.P) 260556.62 )B3666.87 40780.93 835222o)2 0.0
1977 246340.94 )_2P14._1 264624.31 186085.25 49220°74 840086°00 -1.54
1978 235436.31 9_58_.25 2_3871.00 ]RD172._7 47847.48 _1S913.87 2.31
1979 225003.94 94]42.q4 242664.44 )74006.62 46416.57 782234.50 6,34
1980 213028.25 8qo6q.12 229990.37 1667R2,_2 44800.62 743671.00 10,96
1981 200410.56 F3743.12 21_826.12 ]592_5.69 43134._2 703400.00 15.78
1952 17747R.94 74185.56 1982_6.69 143043.31 38975.41 623979.81 25.29
1983 15_361.00 64151.62 162798.69 125R7A.94 34571.53 540761.69 35.26
1984 128370.81 53744.96 1345_4.06 )07_76.00 29871.75 454157.56 _6.62
|9e5 119072.19 49914.93 122163.50 98_31.44 27207o18 417109.12 _o,os
1986 109262.75 4K_87.05 109266.7_ 896_7.44 24407.98 378461.87 54.69
1987 99149.75 4)736.55 96229.62 80076.06 21449.18 338641.06 59.45
1988 88904.00 37524.57 82708.25 70036.50 ]8293.73 297467.00 64.30
1989 8983h.75 37901._4 R3487.06 70596.5_ 18394.37 300210.62 64.06
1990 905_7°06 3P_87°66 84076.00 7_018.87 1846q.91 302299.44 63.81
1991 91260.76 38475°34 _4668.44 71442.75 1R545._3 304392.62 63.56
1992 91980.00 38765°04 8_264.44 71868.25 18620.93 306490.56 63.30
1993 9270_.62 39056.71 P58h4.00 72295.25 18696.39 308616.94 63.05
1994 93434.81 39350.46 86467.06 72723°87 18771.84 310748.0D 62.79
1995 94061.62 39602.39 P69B3.94 73090.44 18836.11 312574.44 62.58
1996 94692.56 39855°85 _7503.37 734_8.06 10900.36 314410.12 62.36
1997 95327.5_ 40110.78 880;5.44 73826.75 18964.59 316255.06 62.14
1998 95965._1 40367.19 8_5_0.12 74196.69 19028.78 318109.56 61.91
1999 96610.12 40625.)5 89077.37 74567°62 19092.95 319973.19 61.69
2000 972_7.62 4CP1_4.57 Fq_07._l 7_939o_9 29157.08 321846.25 6].47



Exhibit5-i:LgPandRCIforIndoorSpeechInferference

Option 5

TEAR $SF SD UR DO YOU TOTAL Ilfl
19Tb 241099.94 101117.81 260556.62 183666.B7 48780.93 835222.1Z 0.0
1977 2_5340.94 102P14.81 26_624.31 IB6085.25 49220,T4 848086.00 -1o54
1978 235_36.3! 9B586.25 Z53871.00 180172.87 47847.49 815913.R7 2.31
1979 225003.94 _142.q_ 242664.44 174005,62 4641h,57 782234.50 6o34
19_0 213028.25 89069.12 229990.37 166782.62 44800.fi2 743671.03 10.95
1981 200410,56 P3743.12 216926.12 159295.69 63|34._2 703400.00 15.78
19B2 173q97.94 72736._ 1865_3.87 Ik0853,19 38_77.03 612718,44 26.64
1983 1_5392._1 _1235.94 165379.56 121278.12 33518.|2 517R04.50 38.00
199¢ 117457._1 4_180.13 123236.75 100_37.31 281R4.32 418414.31 49.90
1985 103961.94 43614.95 106793.81 887_2,37 24853.93 367966.81 55.94
1996 90187.31 37922.43 89945.19 76579.75 21307°62 315943.19 62o17
1967 75727.9_ 31955.88 725P7.37 63686.24 17490.23 261547.56 60.69
1988 50945,43 25845.50 55024.68 _990R.59 13314.02 205038,05 75.4_
1989 61587°_1 25107.02 5554P.97 50317._8 13390.47 206951.62 75.22
1990 62074.51 25305.03 5594K._0 50525,95 13447.91 20839P,81 75.05
1991 62564,96 2650_.4_ 55344.48 50935.64 13505.32 209854075 74.87
1992 63059.25 26705.24 56745.90 51246.60 13562.75 211319°52 74.70
1993 63_57.22 26907.48 57149.77 51558.79 13520o17 212793.31 74.52
1994 _059.12 27111.15 5755_.12 51872.19 13677._9 214276.05 74.3_
1995 6_4_9.69 27295.85 579C4._2 52140.25 13726.51 215546.81 74o19
1990 6_923.57 27461._0 58254.48 52409.28 13775.43 216826.19 74.04
1997 553_0.05 2753B.37 5fl6{)6.63 52679.14 13824.36 218108.25 73.89
1998 65799.37 27816.2_ 58960.13 52949.B7 13873.26 219398.75 73.73
1999 662_1.62 27_95.1_ _9315.66 53221.52 13922.16 220595.00 73.5B
2000 6668_.7_ 2P175.13 _9573.06 53_9_.04 ]3971.04 22|999.8t 73.62



Exhibit5-J:LWPandRCIforhl[IoorSpeechInterference

Option 7

YEAR SSF sn UR OO YO! TOTAL R_
1976 241099.94 101117.el 260556.62 183666.97 48780.93 835222.12 O.O
1977 245340,94 ]O2PI4.p] 26_674.3] 186085.25 49220.74 648086.00 -|°54
197B 235636.3l 985B6.25 253871.00 180]72.57 4?867.48 815913.87 2°3l
]979 225003.94 94142.9_ 262664.44 174006.62 46416.57 707234.50 6°34
19BO 20497b.06 85790.31 2|_R1_.50 159602.]2 42667.20 7|]B50.]9 ]6.77
lgBl 1R3947.69 77111.25 194179.67 ]44576.75 3B770.7! 638433.5D 73._6
1982 15703P.12 _5_7.4_ 1f3506.12 12_317.67 33819.20 545508.50 34.69
]983 1288T8.S6 54099.23 ]31900.64 104_67.44 78552.21 448297.BI 66.33
1994 99336°50 41792.05 99255°62 PSPB|.75 22_12.03 346077°R7 5B.56
]985 55623.37 36122.65 82467.t,9 70496.75 19157.96 293B63.37 64.82
1996 7142]._l 30Z52.20 65264.93 5739F.39 15194.66 239530.87 71.32
19_7 66?52.56 ?P077°79 60114.33 53756.$0 14273.63 227674.Bl 73.36
]9B8 6094_._3 25P45°50 55024.6e _q90q.59 133|4.02 20_038,06 ?5.45
19B9 615PT.A] 26107.07 55548.97 50317.48 1_390.47 206951.62 75.22
1990 62074.5] 26305.03 559_5.50 50625.95 13447.9] 20839B.8! 75.05
]9_1 62564.96 265_.4_ 56346.4P 50935.64 13505.32 209854.75 76.07
1992 63059.25 26705.74 567_5.90 5]746.fl0 ]3562.75 2ll319.62 76,70
1993 63557.22 26907.4P 57J4_.77 5155A,7o 13620.1T 212793.31 76.5_
1996 64059,12 77111.]6 57556°|2 51A71.19 13677.5B 21k276.06 76.35
1995 544Hg.R9 272a5.55 5700_._? 52140.2E ]3126.5] 2|5566.R1 74.]9
1996 64923.57 27461._ 50254.4_ 57409.2P 13775.43 216824°1_ 74.06
1997 65360.06 2753_°37 5R60_.43 52_7e.14 ]3R74.36 2IB|OB.?5 73.89
1998 55799.37 27q16.7_ 5_tgf, o.13 52949.B7 13_73.26 2|939B°75 73.73
|99q 6624|.57 27o9_.1_ 59315.66 53221°52 13922.]6 220696°0D 73°58
2000 5661_f,.75 2P175.1_ 5967_.06 534e4.04 |3q7].04 271999.B7 73°42



ExhibTt5.L LWPandRCIforindoorSpeechInterference

SilentOption

YEAR SSF SD UR DU nO TOTAL R_!
1976 241099.96 IOII)7.Ft 260556.67 1R3665.97 48?90°93 835222.12 O.O
1977 2_536_.9_ )O?PI_.P! 256624.3l 18608_.25 49220.74 848006.00 -1o_
1978 235_35.3! 9_5_6.25 253871.00 1_0172.87 47R67.48 B|5913.87 2.31
1979 725003.9_ 94]_2.9_ 242666.44 17_005.b2 46416.57 782234._ b.34
19H0 280351.96 P3966.52 213956.6_ 1_6752.19 42022.86 _96960o0D 16°_S
1951 17_661.75 731_5._7 18_372.25 13R578.19 37368.79 608137.81 27o19
1992 1_5005,56 b0799.03 151024.75 117535.31 32021.12 _06385.69 39.37
1983 113E61,56 47830.73 115565,|q 94912°25 26225.21 39941_°07 _2.18
195_ _1117.75 34169.09 80938.94 1025_.31 19927.76 286311.81 55.72
1995 64256,11 27178.04 61203.12 55323°_9 1_E73,11 723433.69 73.2_
1956 _6757,07 lqQ15.el 6121_.70 39237.11 I0616._6 157745.12 81.11
1987 44227,P0 1PP37._9 3_5b6.14 37]99.66 10098.96 148928.25 _7.17
1998 _1_52,28 17655.1_ 35864.56 35]90.79 957_.64 139717o31 _3°27
1989 _1869,94 17_3_.93 3_211,05 35486.09 9632.37 141034.25 83.11
1990 _2201°56 17970._9 36673.19 35708.95 9875°75 142030°2_ 82.99
1991 _2_35,7_ 1_107o_2 36736°9P 35932.77 9719.14 163032,50 82.87
1992 _2877.56 187_5,_ 37002,_4 36157°55 9752,55 1_40_0.9_ 8_°7_
1993 63211.90 19304.93 37269.59 36383.30 9805.98 145055.56 82.63
199_ _3553.91 1P526.92 37_3P,_1 3_10.00 99_9._3 14_076.56 82.51
]9_5 _3_7._7 1P6_5.03 3775_.q0 36_06.00 9_86.46 146951.81 B2,_I
1996 _4143.0_ IP765.E5 3POOO._q 36998.6P 9923._1 1_7831.5b _2.30
1997 _0.52 1_87°62 3_233.55 3719_.06 9960.56 1_8715.9_ 82.19
1998 6_739.q_ 19009,7_ 3P667,75 373o0.12 9997.62 149605,00 82.09
]999 _5{'41,36 1_I]?°73 3_703.1_ _7_5._7 IOO3_._P ]5049P.75 81.eR
2000 _%?_°70 197_6°5) 39939°P9 377_6.31 10071.74 151397.06 8|._7



SFCT_CN 6

NOT'_E CO_I'Pq(3LTECHSI(3LD_IY

INTICODOCTION

There awe fOllr _'_in SOllrc+_s of floi'_e off ,i trlluk-i_ol]ntec] so[i_ w_!_te

compactor. These are:

i. Truck chassis,

2. Power tske-offff(VID),

3. Hy_IraulicoL_nn,

4. Impact between _)m_gnents.

The control Of. truck chassis noise is not addressed by this stt_Jy,

but the garbage truck manufacturer has control over chassis noise in the

compaction cycle by his soecification of the engine speed during cx_npac-

tion. A significant reduction in noise can be achieved by restricting the

maximum engine speed during the cc_paetion cycle.

The transmission Dower take-off currently used on _ost e_nDactor

trucks nr_xlucesan obtrusive whine. Alternative designs and t.y_eso_

Fro will be discussed that _reatly reduce or eliminate this whine. The

hydraulic p_p can also make a measurable amount of noise and on some

trucks a noise reduction can be achieved by employing a quiet plmlp.

Methods for reducing the noise fra, impacts between components by means

o_ cushioning these impacts will be discussed.

It has been found that the hydraulic lines and valves on a garbage

truck qenerallv make very little noise. In a pPDperly designed system,

there is some very slight flow noise from control valves and that is

all. Sometimes a valve or very sharp,bend may produce flow cavitation

and hence noise. However, this is easily cured with a large valve or

6-I



ber_ radius. Measurements have been mm_e of the hydraulic syste,,noise of

a truck body on which no special precautions had bee.ntaken to reduce the

hydraulic system norse. The lines were hard bolted to the body and there

was no hydraulic accumulator. In spite of this, the noise was very diffi-

cult to measure and insignificant (less than 60 d_A at 7 m) when compared

with the noise from the rest of the truck. Thus, it appears unnecessary

to eddress further the matter of quieting hydraulic lines and valves.

Three stages of noise control treatment will be _iscussed for the

steady noise levels. These are:

Stage 1 - Reduction of engine speed to [200 rpm maximum.

Stage 2 - Elimination or redesign of transmission power rake-offs

in conjunction with reduced engine speed.

Stage 3 - Quieting the hydraulic pump in addition to the above.

These noise control treatments will be considered in conjunction with a

chassis noise control program and the combinnd noise levels presented.

Reduction of impact noise by hydraulic and rubber cushions will also be

discussed.

STAGE 1 - ENGIIqESPEED REDUCTICN TO 1200 RPM

The speed at which the engine is operated during the compaction cycle

is currently determined by the cycle time desired and the size of the hydrau-

lic pump. Typically, truck engines run between 1200 and 1800 r_n and e_,ploy

a pump of about 5 cubic inches/revolutlon displacement (about 20 gallons per

minute (gpm) at 1,000 rpm). _le speed of the engine while the truck is

compacting is set to a nominal value by the manufacturer, but the operator

can, and sometimes does, reset the cycle speed to any value he desires.

Thus, the manufacturer's speed may not have any particular meaning.

i 6-2



5p_ contL_ls

'lhoru ar_ a null_er of diffuLent ty[_s u[ ul_J£ne s[xzud custrols avail-

able. rfh_ sJm_plest is a solello[d or dim _:luctl:opllULU_iticcylinduc _lhich

advances _/I__Ji|:ottlelink_ue by a pLuset _K_ust wh(._t*d_u "CL_aCtOL' u_cle"

buttot_ is p_ess_-J. Other s/t!(,_,]costrol:5 _ire pnel_,t_tic guvuL':lors_lld

electronic gov_t_)rs. _k_,uver, nose (Jr!thf;su gOVeL_IOL'S _h_ t_l_}_u[-|JroOf

and all can u_ reset by tho %_et+dtur. [%/l:ther,nK)st [runt loadii_] g,_rb_ige

tL'ucks do l%ot have _sy fou,t of aut_,_,tiu s_Ju<l control. %h_!ei_jinu speu_/

duril_j cyclil_j is %x_ntroilL_Jonly by t_e u[_urator's f_Jt. '£he_e[<]_e, th_

hardw£_e r_luired fur _is levu] o_ noise t'L%JuctlollCOII:_iStS06 tWO itcheS:

I. _i electro-plle_._*t[c throttle c_;l_tt'ol0r SOl,_ uther [ULNAOf <]0v-

eri%o_. _;iilu_goverilor._ aFu u:alally isst_lled ell :re)stLx_q)actor

trucks, except fur the front loaders, this r_ui/t+hw2n_ will relate

prh,v_rily to £rcx*t loaders° _gove_lot's are i*ot usually i|istallc_J

oi% frolxt loaders sil]cu the cab (_,e_tuL" is _10 Lu u_ntrol _oth

_*e Ioadil_j cycle and ui_]ii_.• spout/.

2. A la_er llydraulic E_Lm_)is neU_JL_]if t/£esm,_ cycle thne is

to u_ acl_iev_d with a Ic_;uu ui_]ino speL_1, tbc uxm_Ip[e, if a 20

gM.t _t I,UU0 r_s DL_,p is cut'rustly used _t <,] el_giI_ s[_Jix[el

18U0 kq_.l,thel*a 30 .3pillat l,OOO r_._pu_;_)will b_ _L_juiced re<

an engine spe_4 o£ 12UU r[,,ito achieve ttl_ s_,_ volunle flow

rate.

AI_ _ngiF_ sDuu_J of 1200 r_X was chosen sinci: this is typically

the slc_st idle specY/ to which a gasoline: engine c_n be sot amJ yet

not have the ui_]int_stall duri*£g the c_:_aetion cycle. [_% e+_]inu which

is set to a IY_-l(mu s[)u_J of 12U0 E[m_will lose sE_uu_ tu about I,UUU
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rpm when it eome_sunder load. T_pieally, an engine is required to produce

20 hp, but in some-cases 40 hp may be required. _Dst truck engines rated

at 200 hp or ,.oreare capable of delivering 40 hp at 1,000 rpm.

The simplest types of governors allow a substantial speed drop, as

mentioned above. M_re sophisticated governors, such as so,heof the elec-

tronic governors, permit much smaller speed losses. HowQver, diagnos-

tic measurements show that there is no noise difference between the case

when the engine is closely regulated to 1050 rp_ with or without load,

and the case when tJ_eengine is set to 1200 r[_nunder no load and its

speed allowed to drop under load. Accordingly, there is little to be

gained in noise control by installing the better governor. However, it

can help in preventing the engine fr_n stalling under load.

Noise levels

Table 3-3 in Section 3 presented the mean sound levels of 45 truck-

mounted solid waste compactors. The noise generated by a power take-off

driven from an automatic transgission has been analyzed. The noise level

at 1200 r_n was 74 dBA at 7 m (as compared to 79 dBA at an engine speed

of 1800 rpm). 'Fable6-1 predicts the overall levels to be expected for

7 trucks which were considered. The chassis noise level, as a function

of any noise regulation, has been eon_binedwith an assumed transmission

power take-off noise level of 74 dBA at 7 • to give the overall noise

level Of the truck while cycling. An engine speed of 1200 rpm has been

assu_ned for most trucks. However, on some of the large_ diesel powered

trucks, it has been supposed that the engine can be_slowed down to 1,000

=p_. With no chassis noise regulated, no truck can be quieter than 7S

dBA at 7 m. [{owever,with an 80 dBA chassis regulation, all trucks can
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_i"I

TAJ_LE 6_I

OVERALL NOISE LEVRf_ [;NDER STAGE I of NOISE

i CONTROL (TRAN,qMI,_._IONI-_IO= 74 d[_, at 7m)

Overall Noise levels at 7 m

: Chassis R_lUlation dBA

Truck Fuel RPM Unreq. 83* 80 78 75

1 Diesel 1200 82 77 76 75 75

2 Diesel 1000 82 77.5 76 75.5 74.5

3 Diesel 1200 80 76.5 75 75 74.5

4 Diesel 1000 01 77.5 76 75.5 74.5

5 Diesel 1000 79.5 77.5 76 75.5 74.5

6 Diesel 1200 80 77 75.5 75 74.5

7 Gasoline 1200 78 78 74.5 74.5 74

i
', *This assL_mes actual truck-noise level 2.5 dB h._low regulatory level

Source: Reference. 6-I.

6-5
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_eet a 76 dBA noise level at 7 m. Figure 6-i illustrates further these

quieted noise levels based On different chassis regulations. More recent

informs]tiessubmittaL]by chassis J."anufactururuessentially corroborates

these data (REG. 6-3 and 6-4).

Four trucks were _nasured which incoq_orated this noise control method.

They all met a noise level o[ 76 dnA at 7 m. Three of the trucks wore

gasoline po_e_ed and operated with engine speeds of 1200 rpm or less. ?Dose

three were all rear loaders. One diesel-powered side loader also met this

noise level, but it employed a front power take-off instead of the noisier

translnissionpower take-off. In addition, this engine was only operated at

900 r_.7during its compaction cycle.

Fuel savings

One consequence of the lower engine speed during cycling is that the

truck engine will consume less fuel. These savings come about because

the engine has to do less _rk overcoming internal friction, even though

it develops the same power externally. Estimates have been made for the

fuel savings to be expected for both diesel and gasoline engines, which

are rated at 200 hp yet are only developing 20 to 40 hp during cycling.

TABLE 6-2

FUEL SAVINGS DUE 'reREDUCED E_]GI_Er_

Rated Utilized Standard Reduced F_el Savings
En@ine hp hE rpm rpm 9al/hr

Gasoline 200 20 1800 1200 0.33

Diesel 200 20 1500 1000 0.55

Source: Reference 6-1.
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The fuel savi_]s are larger on diesel engines than on gasoline

engines because the former have 1_oreinternal friction. If we suppose

that the trucks are cycling 25 percent of the time for an 8-hour day,

then the fuel savings are 2/3 gallon/day on a gasoline powered truck and

1 gallon/day on a diesel powered truck.

Conclusions

A noise level of 76 dS_ at 7 m can be.achieved for a refuse collection

vehicle primarily by slowing the engine down to 1200 rpm or less.

This requires an automatic engine throttle control which exists on most

compactor trucks at present, except for front loaders, In these eases,

an automatic throttle limit will be required. In order to retain the

productivity of the truck, a larger hydraulic pump is needed for these

lower engine speeds. An overall noise level of 76 dHA at 7 m can be

achieved during the compaction cycle only when this noise reduction

measure is used on a chassis which has been quieted to some extent.

STAGE 2 - ENGINE SPEED R[_DUCT[C_IAND REDESIGN OR ELIMINATION OF
THE TRANSMISSION FPO

In order to reduce the noise of compacting garbage trucks below

that of Stage i, the power take-off noise must be reduced in addition to

reducing the speed of the engine. Under Stage i, the overall noise was

dominated by the transmission power take-off gear at 74 dBA. There does

not appear to be any simple way to reduce this noise, which is the source

of the whine heard from compacting garbage trucks. Previously, it was

found that vibrations from the gears were transmitted quite extensively

throughout the truck chassis. Thus, large areas of the chassis and trans-
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mission as well as the P_D would have to be wL'aDpedwith sound deadening

material if this were to be selected as a means of [e_]uctngthe noise.

Therefore, enclosing it in a sound absorbing enclosure is not considered

to be a practical ,neansof reducing PIn noise.

One manufacturer of automatic transm[ssior%sfor trucks is currently

researching the source and means of reducing the noise from transmission

PTOs. Since the tooth design of the PTO goes back over 40 years and is

very stubby by mOdern standards, they are considering a Einer tooth

design or helical gear teeth with the prospect of generating less noise.

However, at this time it is not known what the outcome of this study will

be, nor how much noise reduction is possible by redesign of the PrO gears.

Other types of P_D which do not fnakeas much noise as the conventional

transmission Fro are discussed below and are illustrated in Figure 6-2.

Front Power Take-off

One such quieter power take-off which has been tried by a number of

manufacturers is the "Front Power Take-off." This takes the power from

the front end of the engine crankshaft. A double-jointed shaft couples

the crankshaft with the hydraulic pump which is installed on the front

bumper of the truck. This arrangement is similar to that employed on

cement mixer trucks. On diesel engines, the drive can be direct, but

on gasoline engines, which can rotate at up to 4,000 rf_n,a clutch must

be installed between the engine and pump in order to prevent the pump

from overspmeding. Most hydraulic pumps cannot be driven above approxi-

mately 2,800 r_a.
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Company P.reported that they had reliability problems with an elec-

tric cl_iteh on a _ront l_wer take-off when iqstalled on trucks. This _as

also realigned by Company P. Hov_ver, Company G claims very good relia-

bilitv for their ._e1_natic-hydraulicclutch (Figure 6-3). This clutch

comes in ,_everalqea_ ratios: 0.5, 0.75, 1.0 ar_l1.25. One c_npaotor

truek manufactL1rersays that he prefers the 0.75:1 ratio with the pump

running at only 75 percent of engine speed. This would still prevent the

pl_n_ from overspeeding should the clutch be engaged with the engine at

all hut the highest rpn. Eleet_ic interlocks can he installed to prevent

pump overspeeding and are supplied by ColnpanvH. This will digconnect

the pump should the engine exceed a certain preset C_n.

Front _ower.rake-offs have been used on front, rear, and side loaders.

There do not apmear to be any inherent problelnsin the _iseof front Vll3s.

_ven the clearance problems on frost l,m_dersdue to the meunting o_ the

pump on the front bumper can he,overcome by lengthening the lemling arms.

One rosiermenufaeturer, Company I, offered front power takeoffs on

tAeir "quieted" trucks.

A Problem with a front _ower take-off is that the drive shaft has

to pass _J1roughthe radiator. This .generallyrequires either the rais-

ing of the ra]iator for clearance, or cutting a hole in tAe ra,_iatorfor

the drive shaft. ._omstruck _r_nufacturersdo offer front-msunt_l VPO

options on their m_lium trucks. Company J offers a front _[D option on

two of its lines of trucks. However, it is called a "Limited Prague-

tics Option" which r_]uires a long lead time and special tooling charges.

Company _ and Company K (private c_nmL1nication)are also planning to

offer a front FID option on some of their Irediumtrucks.
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Flywheel power Take-off

An alternative type of power take-off which has been used success-

fully is the "Flywheel power Take-off" (Figure 6-4). This is a pTO

inse{ted between the engine crankcase and transmission. It is about

8-1/2 inches long and weighs 180 Ibs. It is currently available only

on Company L engines. This p_3 did not make any noise that could be

discerned from the chassis noise on the trucks that were measured. There

was no whine of the FrO gears as with transmission PTOs. This is pre-

sumably because the gears are all mounted in one integral housing and

are correctly aligned. Thus, a compactor truck manufacturer who employs

a Company n chassis need not employ any special hardware to achieve Stage

2 quieting other than to employ a quieted version of the chassis and

regulate the engine speed, during compaction, by the engine's own governor.

Company K has also supplied a flywheel power take-off on a number of

their chassis. It is not currently available, but they have supplied

it on Company M gasoline engines and Company N diesel engines. They have

used a toothed belt, driven off the engine flywheel, to drive the hydraulic

pump. This appears to be a very reliable system and has been in service

in San Francisco for over eighteen months.

Noise Levels

A direct drive FIe does not, Of itself, make any significant noise.

If the PTO is geared, then it may make some noise; but since the gears

are a modern design and are incorporated in an integral housing, they

are not expected to make any significant noise. The main source of
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noise comes from the chassis, with some from the hydraulic pump. In

the diagnostic study, the noise level of a Company O pump at 1,000 rpm

was 64 dBA at 7 m.

Table 6-3 shows the predicted overall noise levels of vehicles with

unregulated and regulated chassis. The unregulated vehicles are all well

over 75 dBA at 7 m, but under an 80 dBA chassis noise regulation, all

vehicles generate less than 72 d_A at 7 m, with the gasoline-powere_ vehicles

generating 67.5 dBA. The largest diesel engines have sufficient power that

they can be slowed down to 1,000 rpm, as was done on a Company D side loader

with a Company N diesel engine. The levels are also illustrated in Figure

6-5.

The fuel savings with a front PTO and reduced engine speed are

expected to be the same as for reduced engine speed (gtage i) alone.

One truck has already been measured with this Stage 2 noise control

treatment. This was a Company [ truck with the quieted option and a

Company J gasoline engine. The noise level _e.asure(lwas 69 dBh at 7 m.

Conclusions

By combining a reduction of engine speed to 1200 rpm or below, and

elimination or redesign oE the trans_nissionpower take-off, the sound

level of compactor trucks can be reduced to 72 dBA at 7 m.

,ST_E 3 - STAGE 2 PLUS A QUI_F PUMP AND 75 dBA CHASSIS

Under Stage 2 of noise control, the main noise sources are the

hydraulic pump, which generates 64 dBA of noise at 7 m, and the chassis.

When regulated for 80 dBA ueder the SAE J366b test, the chassis gives

a noise level of less than 70 dBA at 7 m during the compaction cycle.
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TABLE 6-3

OVERALL NORSE LEVELS UNDER STAGE 2 OF NOISE

CONTROL (HYDRAULIC P(]MP= 64 dBA at 7 m)

Overall Noise ;mvels at 7 m
Chassis Regulation (dBA)

Truck Fuel RPM Unreg. 83 80 78 75

I Diesel 1200 81 74.5 71 70 68

2 Diesel 1000 81 75.5 72 71 68

3 Diesel 1200 00 73 70 69 67

4 Diesel 1000 80 75.5 72 70.5 68

5 Diesel 1000 78 75.5 72 71 69

6 Diesel 1200 78 74.5 71 70 67.5

7 Gasoline 1200 76 70 67.5 67.5 66

Source: ReEerence 6-I.
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FIGORE 6-5

OVERALL NOISE LEVEL UNDER STAGE 2 OF NOISE CONTROL

Source: Reference 6-I
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If the truck chassis were regulated for 75 dBA under the SAE J366b

test, then the noise level would be 65 dB_ or less during the compaction

cycle. At this level, the truck chassis and hy_]raulicpump would generate

very similar noise levels (65 end 64 d[_Aat 7 m, respectively). Further noise

reduction can now be achieved by using a quiet pump.

Quiet Pumps

There are a number of proprietary quiet pumps on the market. One

very successful design is a German patent being marketed by Company P

(Figure 6-6). This design uses an outer gear and a _aller eccentric gear

inside. The two are spaced by a cam. This type of gear pump is particu-

larly quiet. Noise levels of less than 55 dBA at 1,000 rp_ and 7 m can

be obtained. Company Q has also developed quiet versions of their vane

pumps.

An alternative ,roansof quieting the pump is to enclose it. This

would require building a sheet steel box around the pump with seals

around the holes of the drive shaft and hydraulic lines. The box would

be lined on the inside with acoustic foam and would be mounted on the

chassis frame and not the pump. The pump _uld be isolated from the

chassis frame to reduce vibrations. This technique should give at least

a 10 dBA reduction in noise from a standard pump.

Noise Levels

Table 6-4 predicts the expected overall noise levels Of the solid

waste cumpactor trucks with Stage 3 noise control treatment. Signif-

icant differences from Stage 2 only occur when the Stage 3 treatment is
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TABLE 6-4

OVERA/_f,NOISE LEVE[.S UNDER STAGE 3 OF NOISE

CONTROL (HYDRAULrC PUMP = 55 dBA at 7 m)

Overall Noise Levels at 7 m

C2_assis Regulation (dBA)
Truck Ftlel RPM Unreg. 83 80 78 75

I Diesel 1200 81 74 70 69 66.5

2 Diesel 1000 81 75 71 71 67

3 Diesel 1200 80 72.5 69 68 64.5

4 Diesel I000 80 75 71 69.5 65

5 Diesel 1000 78 75 71 70 66.5

6 Diesel 1200 78 74 70 69.5 65.5

7 Gasoline 1200 76 69 65.5 65.5 62

_ource: ne_erence. 6-I.
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combined with a 75 dBA chassis regulation. Then all trucks are quieter

than 67 dBA at 7 m and the gasoline powered truck is 62 dSA at 7 m. These

data are illustrated in Figure 6-7.

Auxiliary En$ines

A number of c(>npactortrucks _]rivetheir hydraulic systems from

auxiliary gasoline engines mounted on the truck bedy, rather than using

the main truck engine. These engines are typically water cooled, four

cylinder engines that run on the same fuel as the main truck engine.

They usually displace between 100 and 172 cubic inchesand are cos-

siderably underrated for this _pplication. Air-cooled diesel engines

have also been used as auxiliary engines on garbage trucks.

Only one truck with an auxiliary engine was measured. It had a

Company R gasoline engine and generated 81 dBA at 7 m. These engines

are also used to drive the larger engine generator sets used in recrea-

tional vehicles and beats. Some manufacturers produce specially enclosed,

low noise engines. This is a very important selling point in the recrea-

tion industry. Noise levels as low as 66 dBA at 1 m (equivalent to 50

dBA at 7 m) have been quoted verbally by the manufacturer. This is a

very low level, and well below any noise level to which chassis powered

equipment can be quieted. Thus, it appears to be well within the state-

of-the-art to build an acoustic enclosure around a waber cooled auxiliary

engine which will make it at least as quiet as any chassis powered equip-

ment. Air-cooled engines may be more difficult to quiet, however.
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O_ieting of Impact Noise

There are a numhe_r of sources of impact noises which occur during
%

the loading and comgact[ng cycles. Garbage cans hit against the leading

hopper; hydraulic cylinde_s bottom while Fe.rformingthe o_,paction; the

container and forks of a front loader bang; sod container covers bang.

Although the q_]ietlnqof the containers is not strictly _dithinthe scope

of a com?.actocnoise regulation, it is pertinent here ts oa_nt briefly

on techniques that are expected to provide some reduction in impact

noise.

o Garbage can impacts on rear and si,_eloaders can be_min_si_,edby

covering the edge of the loading hopper with a 1/2 inch thick

ruhber strip, or by use of plastic garbage cans.

o On rear loading co_paetor trucks, one significant _ource of noise

is the impact of the hydraulic cylinders as they "button" at the

end of their stroke. Typically, the piston is drives to the end

of the cylinder which it strikes and a peak noise level of

approximately 90-100 dBA may be observed. A c_zonly used teehni.]ue

to lessen the impact is to install "cushions" inside the cylinders

at the end OE the stroke. Inexpensive cushions are iradeof

rubber, but are not very durable. A _o_e durable _=_thanismis a

pin on each side of the piston, which enga_es the hydraulic oil

exit r_ort_s _he piston nears the end oE its stroke. This

gradually shuts off the flow of oil and slows do_m the piston,

Figure 6-8 shows a cutaway view sf a hydraulic evllnder with

these cushions installed. 'Riocushions are standard items and
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FIGURE 6-S
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are rec_rme.ndedby tJlemaoLlffacturer60r alt apolicatimns with

piston speeds in eKcess of 20-25 ft/min (Iklnufaoturer's

literature). Company C rear loaders do not re@life cushions si,ee.

their cylinders rb not berths; rapider,tilestsgke is reversed

electrically before it has Ix)tto_ed. There is no evidence that

cylinder bottoming is a significant source of noise in side and

front loaders and therefore, these do F_)tre,juicecushions.

Hydraulic cushions may be required on _ear lea,lingo_,npaeb)r

trucks. There are two c_npactinq cylinders on ench truck, rexluir-

log a cushion at each end. Thus four cushions would be.rec_liredon

each truck. The hydraulic cylinders are bergen 3 inches and 5-1/2

inches bore, depending on the truck i,odel.

o Banging o_ a container takes place,while it is l:einglifted and

d_nped on the arms of the front feeder. One of the best ways of

reducing this noise is to coat the container with a danDing

I,aterialin order to da,npits noise, in addition, sobs noise

reduction might be obtained by coating the 6rent loader aclnswith

an epoxy danping material. Although this does not produce much

damping, it may lessen the impacts themselves. It is not cleart

however, how durable such an epoxy cc_p_Jnd would be under such

severe servlee.

o At the end of a front leader cycle, the lid covering the hopper

i is allowed to drop fairly rapidly and creates a large impact.
i

This impact can be,minimised by riveting a i/2-inch rubber seal

around the hopper mauth in order to cushion the impact. Dmnplng

of the container lld also would help to reduce,impact noise.
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In su_%_ry, there is a great deal which can he.applied to lesson

iqnnaet_)[se on qarl_ge trucks: hydraulic cushions, rubber e_ginqs or i-

stops, and epoxy Or other ,1_npingcsn:_inds.

COr_CL[IglI_Ng

'_hsre are three stages, or levels, of noise control which can be

applied to o_pecting gacbaqe truck IxJdies. The first stage is to

restrict the engine speed during cycling to 1200 rpn or.less. This

relu¢._.sboth engine and power take-off noise. Many rea_ and side loading

trucks already have autor_tic enqine speed controls, but front loaders do

not. These will re_Jire the installation of an engine speed control.

The second stage of noise control is the quieting of the power take-

off. Rither the transmission power take-off can be.redesigned (although

this is not widely available now) or different types of power take--ellscan

be used. A "front power take-off" is connected to the front of the

engine crankshaft. This t_j,neis quiet but requires extending the front

hu_g_orand a special radiator with a hole for t/_edrive shaft. This

radiator (with associated fan L_x_i_ications)is available fran scJne_tmJck

chassis manufacturers with _ engine combinations. A "flywheel power

take-off" is available on all C_%_arlyL diesel engines, and Company K has

engineered a design for O:_pany M gasoline and Company N diesel engines

that can also be adapted to other engines. In addition, at least one

manufacturer of power take-ells is reported to he developing a new flywheel

PTO C.Ref.6-2).

r_hefinal s_ge of noise cOntrol is to use a quiet hydraulic pump.

There are a number of proprietary designs available.
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The use of truck c_pactor noise control levels must be coordinated

with truck ehassis noise regulations. _le noise control measures will

not be very effective by themselves unless the chassis are also quieted.

The resulting overall noise level will then be a function of the level of

noise control for both the compactor body and the chassis.

Impact sounds can be reduced bF a variety of techniques which vary

with the scarce. The bottoming of the hydraulic cylinders can be quieted

by installing hydraulic cushions. Areas where impacts occur _ith garbage

cans or container lids can be covered with rubber edgings and the noise

appropriately reduced.
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SECTION 7

ECO_)OMIC ANALYSIS

The three different noise emission standards for truck mounted

compactor bodies are analyzed in this section from two points of view:

first, the additional costs associated with achieving each specified stage

of quieting are examined, and second, the various economic impacts expected

to result from achieving each stage are pointed out. The various stages

of quieting relate to specific options which have been considered by EPA.

COST A_ALYSIS*

Estimates of the costs incurred in achieving three different stages

of quieting for c_mpactor bodies are presented in this section. The cate-

gories of costs considered include: direct material and labor oosts;

overhead costs; and, maintenance and operating costs.

Direct Material and Labor Cost Estimates

Stage I. Cost Estimates

The Stage 1 quieting technology consists of governing the engine speed

to a maximum of 1,200 revolutions per minute during the compaction cycle.

To estimate the cost of this t_eat1_ent,the following assumptions have been

made:

i. The general design and capacity of side and rear loading

compactors are similar and it is not nccessarF to distinguish between

the two for costing purposes. A review of component systems (i.e.,

* The methodology used in developing the costs in this section is
presented in Section 7 Exhibit.
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hydraulics) and discussions with manufacturers of both types of vehicles

validated this assunTption.

2. The existing governors on side and rear loading vehicles can

be adjusted to achieve the desired engine speed.

3. A speed control device will have to be installed on front

loading vehicles.

4. The size of the hydraulic punp or the gear ratio of the power

take-off unit on all three vehicle configurations will be increased to

preserve the existing flow rates and con_action cycle times.

5. Special treatment _;illnot he required to prevent tampering

with speed control components.

The side and rear loading vehicle configurations will require

only minimal modifications to achieve Stage I treatment. Engine speed

controls are already standard equipment on these vehicles since they

are necessary to operate the compaction cycle from the side or rear of

the vehicle. It is assumed that these governors can be calibrated to

1,200 rpm and are sufficiently sensitive to prevent engine stalling.

Therefore, no appreciable material cost is estimated for the speed con-

trol aspects of Stage I.

Slowing the engine speed will reduce the hydraulic flow rate

and thus slow the compaction cycle on these vehicles. To sustain pro-

duetivity, a larger hydraulic pump or a higher ratio _ will he required.

The additional capacity needed will vary with the size of the cQi_actor

unit, but the incremental material cost for the average vehicle is

estimated to range hetw_en $200 and $300.
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The nd]iti,_nallai>)rcost for Stage I treatment of side and rear

l,>_dersis esti,natedI:oI>._a}_proxinlately$70. This a_)u[%trepresents

ro_]hly nine direct labor hours, _;hiehshould be.adr._]uateallowance for the

mino_ _,_ifioations involved.

Stage I treabnent for front loading vehicles [s _Dre extensive than

that for the other two u_)n_igurations. E×isting ism]elsdo not have engine

governors since the speed of the engine i_ regulated by the driver. Thus,

it will be.necessary to install a s-_ed c_gntroldevice along with necessary

instr.um_ntationand hardware co_nents. The system must maintain an

engine sliced of 1,200 rpn and lock out the.engine accelerator in the cab.

The cost for the governor and associated hardware will range between $300

and $500 depending upon the type of chassis and engine.

AS with the other two vehicle categories, the hydraulic p_np capacity

or VID gear ratio must he.increased to preserve c_,paction cycle th_es.

Again, depei%dingu_on the size Of ti%ep_p, the additional co_t will range

between $250 and $100 per unit.

The additional labor e_t will vary depending on whether the engine

governor is ordered with the chassis or must be.installed by the co,paetor

manufacturer, but it is estimated to range between $100 and $200.

St_je 2. Cost Esti*nates

The Stage 2 quieting techi_ologyconsists of employing alternate

methods of power take-off (FRO) fran the engine. 'An EPA sponsored study

has indicated that the design o£ the transmission F[D is unsuitable for

effective n_ise control. Two alternatives are: the flywheel FrO and the

direct drive, crankshaft FID.
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The flywheel PIO option is effective in noise reduction but, at

the present time, is limited in availability fran chassis rranufacturers.

Company L is the only manufacturer which offecs the flywheel FrO as a

standard option. Some other chassis manufacturers offer the flywheel FID

as a special option. An independent component manufacturer was also

identified which manufactures a flywheel VID which can be.applied to other

makes of rm_itrnand heavy duty truck chassis.

The front mounted, direct drive, crankshaft FD0 is effective in noise

reduction but is also limited in availability. Only a few tmJck chassis

are on the market which are designed to accommodate a front m_nted power

take-off unit and, because these have been designed primarily for the

c_,ent mixer market, they are much bigger and heavier than the chassis

normally used for solid waste compactors. Chassis which are not designed

for the front Fro must undergo extensive _m_ification to extend the frame

in front and to provide clearance for the plmlpto crankshaft coupling.

This makes the front PTO an impractical alternative for front loading.

trucks. Not only is the required fra,e extension on the front of the

vehicle too long to allow safe clearance between the container forks

and the fr_,e extension of the front loading truck,but the cab, fr._ne

and radiator modifications required on the cab over engine used with

front loaders are so extensive as to be impractical.

The co_t estimates for Stage 2 treatment are based on the following

asetm_ptions:

I. Stage I noise control treatment has been implemented.

2. Side and rear loading vehicles are again aSSlm_e.dto l_ethe

same for costing purposes.
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3. The ,nestcost effective trea_Jnentfor si,_eand rear loading

vehicles is the front mounted, crankshaft power take-off, (Some end users

may elect to purchase ComPany L chassis with the flywheel VD0 option but

this would generally be a more e×pensive alternative and not really

indicative of actual quieting casts.)

4. The mo_t o3st effective treatment for quieting front loading

vehicles appears to be the fl_]eel V[O option.

The cost associated with Stage 2 treatment for si,]eand rear loading

vehicles consists Of three major elements: radiator i_ification, fra,e

extension, and hydraulic system c_),[_onsnts.Each of these cost elements is

described in the following paraqraphs.

The radiator modification consists of cutting a hole in the radiator

to provide clearance°for the driveshaft connecting the crankshaft to the

hydraulic pumz)assembly. Most chassis t,am_facturersdo not currently make

,_Fieations of this nature. Therefore, the compactor body manufacturers

must assume,res_onslbility for this modification. Since radiator work is a

specialized process which most compactor manufacturers are not equipped to

handle, it is assumed that the rediator will be removed fr_, the truck

chassis _mldsent to a subcontractor for _x]ification. The additional cost

incurred in this operation will rai_gebetween $150 and $250 per vehicle.

The frm,e extension consists of extending the basic frafneof the

chassis by 18 inches to 24 inches to provide a front mount location for the

hydraulic p,anpassembly. It is assu,n_]that most ¢_npactor body manufac-

turers will fabricate the necessary structural com_)nents in-house. The

basic materials rc_]ulredare steel channel, steel sheet and miscellaneous
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hardware. The oust of material required will vary according to chassis

type and size, but should not exceed $100 to $150 per unit.

The hydraulic system components censist of the hydrm*lic pump, clutch,

and additional hardware. A clutch is r_4uired with most direct drive

ounfigurations to isolate the pump from the engine and prevent overspeed-

ing. A number of different clutches can he purchased for this application,

including electrically, centrifugally, and pneumatically operated models.

The oust of the clutch and associated hardware will vary between $400 and

$600 per unit.

It is possible that a special randy, pump could be used which _uld

eliminate the need for the clutch.

Additional hydraulic components such as tubing, d_eck valves, fit-

tings, etc., will be required since the hydraulic pump will be located in

front Of the cab and hence further away from the cempactor body. These

components are expensive and the added cost ,naybe as high as $75 to $125

per unit.

The total incremental cost of materials and subcontract wQrk for side

and rear loading vehicles ranges between $725 and $1,125 per unit.

However, an estimated $100" of this cost is offset by the fact that a power

take-off unit is no longer required. The net incremental material cost is

therefore estimated to range fr_ $625 to $1,025 per vehicle.

The incremental labor is estimated to be 25 to 35 man-hc_rs per unit

for production, assembly and checking. This is equivalent to an additional

cost of $200 to $280 per unit.

* %_e cost of the power take-off unit can vary from $75 to as high as $600
depending upon the type of transmission and the FID features desired. This
estimate reflects the labor and component cost for installation of the most
cemm_nly used FID.
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Frnst Ir_dinq vehicles are assumed to employ the Clyv_neeIV_O alter-

Dative. The iner:etqental.?ostoE this opti,3nf_c_nCompany L is approximately

$9T5 pe._vehicle. This estit_ted cost ehould be representative Of.the cost

o_.other alternatives which are _pplieaL_lato tbe fcont loading _%figuratlon.

The additienal labor cost associat,._ with the flywheel F_3 option

should be. minimal. An additional cost of S50 to $100 has been estimated to

account for [_)esibleincreases in installation add checking titre.

Staqe 3. Cost Estimates

The Stage 3 technology consists of quieting the hydraulic p_np. rS_o

alternative treatments are consS]ere_: a pump sound enclosure and a

quiet hydraulic pump.

The cost of lalnc and material for a pt_p sound enclosure is estimated

t_ CaDge beb_en $30 and $50 per unit add has the disadvantaqe of beimg

suhjeet to conta,ninationfr,_nleakimq hydraulic fluid and being costly to

maintain. However, the quiet _/mp has the d[sadvantaqe of costing between

$200 and $300 dependimg on the size and type of pump used.

The estimated cost _or Stage 3 treatment for all three vehicle ty[_es,

therefore, ranges between $3_3and $300 assuming no additional labor for

installation of the quiet pump.

Impact Noise Cost Estimates

The technolog.yto reduce impact noise consists primarily of lining the

rim of the loading hopper of each vehicle type with an impact absorbing

rubber strip. An additional treatment is needed for rear loaders to

reduce the impact noise associated with the bott_ning and reversal of the

compaction ran cylinders.
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The application Of a two-inch rubber strip to the loading hopper does

not present any significant manufacturing problems. It is assumed that

manufacturers will glue or rivet the rubber to the hopper rim at a final

assembly station without any major impact on present operations.

The cost of this treatment will vary with each type of vehicle as a

function of the hopper size. ASsuming an average veL_ielesize, it is

estimated that labor and material cost for frost loaders will range between

$35 and $50 per unit. The estimated cost for side and rear leaders ranges

between $10 and $20.

The reduction of impact noise associated with the hydraulic cylinders

of rear loaders poses a more significant problem to manufacturers. Since

most manufacturers produce their own cylinders, the seed for cushioned

cylinders requires a major redesign of the component and major changes in

the production of the cylinder assembly. It is difficult to determine at

present whether manufacturers will redesign the present cylinders and

production processes, purchase the cushioned cylinders from other manufac~

tursrs, use rubber cushions, or seek out other means of eliminating the

impact (i.e., using electrical limit switches).

Assuming that manufacturers elect to redesign their present cylindecs,

the estimated most will vary with the size of the cylinders and the

ability of the producer to modify the design and production process.

However, once the initial design and implementation costs are amortized,

it is estimated that the additional labor and material cost _or the

,nodifiedcylinders should not exceed $150 to $200 per compactor unit.
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Auxiliary Engine Cost Estimates

The technology proposed for quieting auxiliary enqines on all types 06

vehicles is to install an enqine enclosure to muffle noise emissions. Two

tF_e.sof auxilLary engines are used on _npactors: air a_)led and water

coole_.

Application oF the technology to the water cx_oledengine presents no

major problems, assuming that the enclosure is properly designed and

provides adequate venting for dissipation of engine heat. However, the

pro£)osedtechnolcgy is not applicable to air a_oled engines since the

enclosure would interfere with Cooling of the engine. As a result, the

application of the pro_gsed quieting technology will probably preclude the

use of air cooled engines on future e_npactors.

The labor a_ m_terial _)st of enclosing the water ca)led auxiliary

enqine is estimated to be $165 to $260 per unit. The cost should be

apr)roxgnatelythe same for all three vehicle types since all generally use

the same type and size of engine.

Overhead Cost Estimates

Manufacturing overhead c_sts are expected to increase in some cost

cate_ories such as additional indirect ,materials(adhesives, assembly

hardware, etc.), supervision, inspection, and manufacturing technical

support (methods, standards, production scheduling and control, etc.) as a

result of quieting.

These additional overhead coqts should not exoeed 100 to 125 percent

of the incremental direct labor associated with quieting. (The existing

manufact,_ringoverhead rate is estimated to be.2n0 percent of direct labor

COst. )
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General, Sales, and Administrative (GS&A) costs will also increase

slightly as a result of noise emission standards. These costs will arise

from two sources: the cost of planning at_dimplementing the noise control

technolngy, and the cost of ongoing compliance with the noise standard.

The necessary planning and implementation efforts will result in

additional costs amounting to 20 to 30 percent of incremental direct

labor.

The compliance costs result primarily from product testing and record-

keeping costs. It is assumed that two types of product testing will be

required. _he first type would be product verification (PV) testing by the

manufacturer to insure that initial production runs of ead_ type of vehicle

meet noise standards. It is estimated that between 2 and 15 percent of the

units produced annually will require testing. The seoond type of test

would be the selective enforcement audit (SEA) which would be conducted by

EPA officials. It is expected that 50 such requests will be made within

the industry each year and that this will average out in a way that requires

each company to test an additional two percent of the units produced a_nually.

The cost per vehicle tested is estimated to range between $350 and $600

and the annual testing costs are assumed to be allocated over the total

number of units produced each year.

Manufacturers will also be required to maintain complete records of

test results as well as records of product sales (for the purpose of

fecalI).

The total estimated cost of both these compliance activities ranges

between 35 and 180 percent of incTemental direct labor cost depending upon
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the equi,_ent cat._]o_y and level o[ quieting treatment. This variability is

re_lected in the esth_]tes oE inec._nental C_S&A o,_e_head cost Eo_ each

trsaf_ment level and vehicle configuration.

Maintenance Costs

* Staqe I

The _taqe I technology for s[,ie, rear, an,i front Ir_.lers f_]uirs_ the

adjustment or addition of a spe_ c_Jntrol device and installation of a la_er

hydraulic p_o. _3oth oE these canponents are relatively ic_;maintenance

items. For e×a_npleF a fleet of 60 trucks, representing a m[._ of front,

side, and rear loaders, showed no _intenance charges over a ten-m_nth

period associated with the engine governor and only minimal expenses for

the hy_]raulie Dump. Based on this historical data a_d an Evaluation of the

quieting hechnoloqy, it is estimated that no increases will occur in _ieten-

anoe costs For Stage I treatment of side, rear, and front Ic_ding vehicles.

* Stage 2

The installation of a front mounted, direct drive hydraulic p_p on

side and rear loaders will result in additional maintenance c_sts. It is

estimated that the clutch, @_ich is required on the hydraulic pump to

prevent overspeedin_, will re_luire replacement every four years. '_]e annual-

ized labor and material cost for this maintenance is estimated to be $100 to

$150 per vehicle° ._c,ne additional maintenance will also _ require_ on the

hydraulic system (tyPically a high maintenance, a_ea) due to the increased

number of e_F_ne*Its. This added cost is estimated to be $30 to $40 per

year per vehicle.
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Offsetting these costs will be savings in powe_ t_ke-off (PTO) i_ainten-

ance. The standard ['rOunit presently used on c_npaetors has an e_pected

life of approxi]_atelythree yearn. By eliminating this unit, ti_eannualiz_

maintenance savings are estimated to be $75 to $]25.

The net increase in maintenance costs for side and rear loaders is

therefore estimated to be approximately $60 per year per vehicle.

Front loaders are assumed to employ the flywhcel _ option which will

require no significant increase in maintenance costs.

*Stage 3

Industry experience does not now exist for the life expectancy of the

quiet pump, but it appears to pe-rformas well as standard, conventional

units, rt may, however, be more susceptible to danage fr_, dirt within the

hydraulic system. Thus, it is conceivable that ma[nbenance costs _ould

rise, but it is not possible at this time to quantify the potential increase.

The sound enclosure alternative will increase maintenance,costs

slightly since the life e_Dectancy of the sound absorbing material is

limited. The film coated fiberglass, used to line the ptmlpenclosure, is

susceptible to accumulations of dirt and grease as well as dan%_gefr_,

routine maintenance. It is, therefore, assumed that this lining will be

replaced every other year at a oost of $10 to $15 per year.

*Impact

The rubber material used to line the loading hopper will be subject to

a high level of wear and damage and will probably require replacement each

year. The annual cost of this operation is esti_natedto be $40 to $50 for

frcot loaders and $15 to $20 for side and rear loade_s.
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The use of cushioned cylinders on the rear h_ding vehicles is expected

to have offsetting impacts on maintenance costs. The effect of the cushion-

ing action should _eduo._ the a_ount of wear on the cylinder and thus, to

some e_tent, p_olonq the life of the co_%_)nsnt. Uowever, the added complex-

ity of the cylinder design will lead to increased costs when the cylinders

are rebuilt. It is difficult to ssse_s the net tradeoffs _x_tween these two

factors since there in little e_perience in the c_n_eter industry with

cushioned cylinders, but the net impact is not e×pected to be significant.

*Auxiliary Engines

The maintenance cost of the auxiliary engi,%e is sot expected to change

an a result of quietingt but srane additional t_inteeance costs are antici-

pat_ for replac_gent Of the so,_nd enclosure lining which has a limited

life exneetancy. '_e resulting annual increase in maintenance cost for

replaci_1 this l[ninq is estimated to be $15 to $9.0 ;)e.rvehicle,

Operating Oosts

The only operating e_st s[gnir.icantly impacted by the quieting techno-

logy in fuel cost. Fuel savings are projected for all vehicles due to

the Stage I reduction in engine spe_. ;%sm_ning that trucks are cycling

25 percent of the time, the fuel savings will ,_nount to 0.08 gallons per

hour for gasoline engines and 0.13 gallons per hour for diesel engines.

The eshii_b._s reflected in Table 7-I assu,_.• that:

I. The average c_,i._actor is oDe.rated 2,200 hours [)_r year.

2. Fuel prices are S.50 for nard)line and $.40 for diesel.

3. _]l front l,:_iders,iredL_.snl e_ine pewered.

4. gixty ,_.,r_entof all side a_ rear loa,_ers are ga'_llne-powe.red

engines and 40 percent are diesel-p_red.
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TABLE 7-1

F,ST[MATED ANNUAL UNIT OPERATII_G
COST REDUCTIO_IDOE 'IDFUEL EO_HO_IIES

BODY TYPE A_INUALSAVI_GS

Front Loader $114
Side Loader 99
Rear Loader 99

In view oE the increases in fuel prices since this analysis was per-

formed, it is apparent that the dollar savings in fuel will be greater

than that used in the analysis and consequently will provide i_me of as

offset in operating costs than was concluded in the analysis. For example,

assaning current gasoline prices of $1.00 per gallon and diesel fuel prices

of $.90 per gallon, the annualized oost (the str_,_rof fixed annual payments

needed to cover the discounted sum of future capital, operating and main-

tenance costs over a pre-specified period of time) of one of the regulatory

options considered is $13.4 million. This may be compared with the $21.5

million annualized cost estimated for that option given the original assumed

fuel prices of $.50 for gasoline and $.40 for diesel. Similar decreases is

annualized costs are found for other options. This result indicates that the

analysis is conservative and that the actual increase in operating costs is

likely to be lower than the estimates presented in this report.

Stunmary of Cos.t'Estimates

The range of estimated costs for direct labor and material is su_,ar-

ized in Table 7-2 and the estimated increases in overhead expenses are

su_marlzod in Table 7-3.

The overhead increases shown for Stage I treatment include the esti-

mated costs of compliance (i.e., testing and recordkeoping). These costs

are not included in the estimates of treatment beyond Stage I since it is

assumed that these oosts will remain essentially constant in that the
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TABLE 7-2

SUr_i;h_YOF ESTILJATED
INCREME_rI'ALDIRECt LABOR AND _IATERIALCOST

FOR NOISE ABATD.IENT*
(COST PER UNI'f)

FrontLoader SideLoader RearLoader

Treatment High Low Expected High _ ExEected Hi._h _ Expected

Stage 1 $i,000 $650 $825 $ 370 $270 $ 320 $ 370 $270 $ 320
Stage 2 1,015 965 990 1,305 825 1,065 1,305 825 1,065
Stage3 300 30 165 300 30 165 300 30 165
I._oact 50 35 45 20 i0 15 220 160 190
Auxiliary 260 165 215 260 165 215 260 165 215
Engine

TABLE 7-3

SU[_Y OF ESTIMATED
INCREME_Z2ALOVEm_EAB COSTS _OR

NOISE ABAT_4ENT*
ul (COSTPCRUNIT)

FrontLoader SideLoader RearLoader

Treatment [!.igh Low Expected IIish _ Expected IIi.,_ _ _Expected

Stage1 $ 690 $285 $390 $ 335 $190 $ 219 $ 320 $175 $ 200
Stage2 230 70 105 740 275 330 740 275 330
Stage3 60 20 25 60 20 25 60 20 25
Impact 70 25 30 20 5 I0 330 75 150
Auxiliary 150 50 65 150 50 65 150 50 65
Engine

*The total cost for Stages 2 and 3 are the sum of the preceding Stages and the
Impact Noise costs.

Source: Reference 7-1.



number of vehicles to be tested and the necessary documentation and procedures

will retrainthe same as the stage o£ quieting increases.

The total estimated cost increases associated with increasing stages of

quieting are shown in Table 7-4 and summarized in Table 7-5. The costs shown

in the table are based on the expected cost estimates for direct labor and mater-

ials and incremental overhead expenses. The cost £o_ each level is cumulative

over the preceding levels with the exception of impact and auxiliary engine

treatments, which have not been associated with a particular treatment level.

TABLE 7-4

SU_tMARY O_" _C_rAL ESTIMATED
COST FOR NOISE ABATEMEnt*

Front Loader Side Loader Rear Loader

Treatment High Low Expected High _ Expected Hi_ig__ Low Expected

Stage 1 $1,690 $ 935 $1,215 $ 705 $ 460 $ 535 $ 690 $ 445 $ 520
Stage 2 2,935 1,970 2,310 2,750 1,560 1,930 2,735 1,545 1,915
Stage 3 3,295 2,020 2,500 3,110 1,610 2,120 3,095 1,595 2,105
Impact 120 60 75 40 15 25 550 235 340
Auxiliary 410 215 280 410 215 280 410 215 280
Engine

*These estimates do not reflect estimated maintenance and operating cost changes.
The total cost for each Treatmant Stage is the sum of the dollar value shown
for that Stage and the cost of Inpact Noise Abatement.

Source: Reference 7-i.

TABLE 7-5

SU_RY OF '/DTALESTIMATED
COST I_ICREASESFOR

IDISE AHATEME_IT

Treatment Front Loader Side Loader Rear Loader

Stage 1 $i,215 $ 535 $ 520
Stage 2 2,310 1,930 1,915
Stage 3 2,500 2,1_0 2,105
Inloact 75 25 340
AuxiliaryEngine 280 2_0 280

Source: Table 7-4.
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The EPA cost estimates shown in Table 7-5 are compared with estimates

s_pplied by specific compactor body manufactur.ersin Table 7-6.

TABLE '7-6

t._IUFACTURERS I_PUT._ID EPA ESTIMATES

Front Loader_ Stave 1 Sta_e2* Stave 3

Manufacturer #I Estimate $1,085 $2,600 $2,870

ManuEacturer #2 Estimate 840 1,100 3,520

EPA Estimates:

- Expected 1,215 2,310 2,500
- [|igh 1,690 2,935 3,295
- Low 935 1,970 2,020

Po_r [_sders Sta_e !** Sta_9 2 St99e )

Manufactuner _i Estimates:

- _L (A) $ 775 $1,765 $1,935
- RL (B) 780 1,765 1,965
- IlL(C) 835 1,925 2,110

Manufacturer _2 Estimate 840 i,i00 3,520

EPA _stimates:

- Expected 520 1,915 2,105
- High 690 2,735 3,095
- Low 445 1,545 1,595

tX)TE: - Manufacturers not identified due to the confidential
nature of the information.

- _o response received from side loader manufacturers.

Source: Table 7-4 and Reference 7-1.

*Manufacturer _IIestimate is Dased on a £ront mount, direct drive
pump. The EPA estimate assumes the flywheel FrO option on a
Company 5 chassis.

**Stage I: Manufacturer #i estimates include hhe oost of an improved
speed control device. The EPA estimates assume that the existing
engine governor is adequate.
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The impact o_ noise oonttol c_eatii_ntson _intenunce and ope_t[ng

costs are summarized in the _ollowing table:

TABLE 7-7

SUMMARY OF INCI_IEN_ITAL_IAtNTEN/_ICI_
AND (_ERATING CQ_S DUE TO QUI_ING

(D_JI_%[_SPER VEHICLE PER YE/_()

Maint.ena,nse , erati
Frc_lt Side [_ar' Fruit Slde _-_---

Treatment Loader Loader Loader Loader Loader Loader

Stage 1 $ 0 $ 0 $ 0 $ -114 $ -99 $ -99
Stage 2 0 60 bU -114 -99 -99
Stage 3 I0-15 10-15 IU-15 -ii_ -99 -99
/mpaCc 40-50 15-20 15-20
Auxiliary 15-20 15-20 15-20

Source: Referenoe 7-1.

Lead Ti,e for I_lementation

The lead time associated with i_plementation of quieting technology

for co_oactor bodies is conservatively esti,_ted at 12 to 18 inonths. %;ith

a few ininor exc_.'ptions, the oo_osctor technolcxjy affects only the r_u,iI:ing

operation of the compactor assembly on the chassis. _le i,paet on the

production and asst_bly operations is negligible. In addition, the

components affected by the technology are pri_rarilypurchased ite,.zswhich

are readily available fr_, suppliers. Therefore, 12 to 18 months should be

sufficient for the requited engineering and marketing efforts and for

depleting present inventories and building new ones.

EC(_IOMIC IMPACT

Intre(luction

This section describes the estimated economic impacts of the

adoption of three diEferent noise treatment stages.

Market and total industry i_pacts are considered first, then the

implications of these inpacts are cortelated with other factors and analyzed

to identify speciEic impacts regarding individual firm_ or groups of firns.
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_1_1_ c_ [_f_l_t[_l_ _l!_t_l_lC_l _ _l_Ll_,lCt_ll"_.rS I _L_ _lat_l_i_l_ _r_

1 _ '_? b_l_,]_ _t-_ _:_ _na_t_l_ t_e e_l_C_t will lnur_._eo

2. 'Phe l'lal1_]f,lO_:l]re['sF withi,1 thei_ o_npetitlve Era w_ock, will

p=ins th[_ o_[: ,m i_ the forthnf an i,_crea:_ ia the diBtributor price

(1 tsL: m:i,___).

3, 'ehe ,li_tci:_utor will _las its o_st _nc:cease on in the (or,:1o_ _I

t_ov.e,llSe_s tl1_ qi_qotiated price to the end Lisec,

4. The tc,lck-._}unted solid wsste c_Dactor end user will Dass

the increase in ll[_ _.]ut,_nent,<_rchase o_sts on to his c_stt>_pr.sas an

[nccease in the l_rico of c_llection secvice.s pro,!ided. End iJsers _*ill also

l_ss on increased oasis iq o[)_.rat[ons and _r_]intesanee, iE any. In tln

case o_ .,usicipal[ties, increas.._1cnsts will be_ re_lected i_ increased

_sts [or the taRoayer.

5. Final ehdnqes in industcy _ice.s and vol,m_ps will re_lect the

changes in solid waste c_npactor nurchase prices and ol_eratinq costs.

6. Ultimately, the cossa%er will Day s hi,lhcg l_rice _or collection

; services :lue to the i.lc_.asel o]st resultinq Er_n r,._3uo_.dnoise. Thi_

_;ill he. r,._.lecte_]in higher r)riees l.aid foc tileservices _;hieh utilize

: solid waste c_pacb)rs. If the_e nee ove_.-all opst re,]uctlons as opl_o_ed

: to _)st iscrenses _ro, the adoption of _%oise c_Itrol tech_loloqy, o)n;_ti-

tire pressures will cause cost decreases to be l_ssed on dc_m the econ_nie

chain to the oDnsume_, in the gomn of lower [_ices.
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7. It is assumed that the technolt>ly and resnltinq Lx)sts usc._l in the

study would be+ the actual future technology adopted and costs incurred.

This approach is conservative because, with the ;_ssa:]e of ti,ne, new

technology at lower c_sts is likely to be dnqeloned. 'l_nus,the current

costs used in this study (which are l_ised on an assessment of on-the-shelf

technology) are essentially an up[_r bound estiit_.ite.

There are several special characteristics of the compactor I>_dy

industry which should be notnd in conjunction with the alx_ve overall impact

fra,_work. First, most nf the lat'qer r_)lid waste cock,actor _inLlfaeturers

have a noise engineering staff and are currently manufacturing quieted

products (on a special order basis at a h[qher price) while other ,_inu-

faeturers }]ave no quieting experience.. The fo_ler cx_npanies should t_

better prepared to cent the noise _,ission standards when they are set.

Their initial costs under the standards _il[ _)rd>]bly be lower than for

those F.i_ns which have little or no ex[_erience in quieting their pcc_ucts,

if they maintain their current _vantaqe. And, in that the c_,oactor h_ly

market is extr_ly priee-conpetitive, the prices o_ these larger firms

with quieting experience will tend to becone ind,lstry prices. Filmls

without quieting experience will have to ,_eet the established market price.

level ar_ can be excected to absorb costs in the form of lower orofit

margins until their costs are in line.

Second, a truck-maunted solid waste so,pastor is a capital qood

which provides a flow of pro.._uctive service over a i_riod of years.

Thus, first year cost/orice increases are refleete_ only in the _)_t[on
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of _Jnpacb)r l_lies m:Imsfacta_el an l !)tltin service that year. End user

c_sts w_ll 6_)stintle to ri._e _*ntil all the equ[.,=_ent in service [g qLlieted.

_nnthec factor to note is that, qives the Coq_tition i_ the [n,lustry,

prio_, increases F.oc servi,:es in the nnH usei: markets r]e,cesr]on tl_elevel

of cost increases, These costs include the [nco._ased price of _luii_neat,

exD:nt_itur.es _or maintenance an,] OT_ration._, and o_st_ aesoeiat_ with

decrs,Y_es, if snv, in D_iz_]uctivity fr_>. ehan_ed _:l:formance characteristics.

Pourth, another i,,,_ttant consideration is that the purchaser views

the nrice OF. a :_)lid waste o)npactor l>>]y _s only a _9_t[on of tlle total

_¢ice of an o_rat[onal unit. The o_et of the t_:sck chass[g and a,lditional

-_cce.ssories necessary to ,sake a _nplete unit can ._Dunt to 60 r_rcent r)_

the total price. 'thus, orice increases develoi>-_i 6Dr the c_>n[_act:or_x>]y

alone, ,4hen %_[,_.w_]Froq the buyer's persi_e_ctive, represent an overestimate

of the ;>e_o_nt _ice inc_eaGe.

PinalIv, eo,lpli._nee enforce, nest will focus on the final _sse,N]ler or

,_)unter of tlw ,.-o,%oactort_)dy onto the tcuek chassis. This is a f_]nctioe

now T_:_fo_m_i by distributors _or a_rox.i:nately 30 |_rc_t Of the cx_%oactsr

l_>i[es sol,@. Many o_ these distributors may not I_ caDnble off ad_luate

[ns_.allation testing and c_>npliance verification when sew noise standar,_s

_e pr_nulqated. This r.ay place smalle_ :]i_trihub_s at a c_npetit[ve

:_i_advantaqe with larger and r_)re ca_able distribub_rs in the s.%ne m_irket

area an,'I/orghi_t the installation function ul)_acd to the holy ;_nufacts_ec.

In ec_@er to avoi,@ placing an e×cessive testing bu_.]en on diatcibutncs who

assemble u_>npaetoc vehicles, the distcibutors will be _e.cmitted to rely on

the i)r_._.]uctionvnri_.ication tpsts o_ the c_,_ctor _x_]v _n,lfactur,._r if the

di:_triNltor faithE,_lly follovs tile osse,,,bly ia._ztcuctions provided by the

or_no,'_ctor,h>] M mdaiJf_et,l_ec.
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*Adjusting b) a Km_n Future

The dyna,nic._._sg_clatedwith the adoption of noise emission standards

reflect scoa,_niccosdltions which ale so_what unique. In eC'feet,the truck-

_'.a_Jntedsolid waste c_,_)acteL"slidu:_eris not res[_]ndisgto short-tem-nor

unsxpcot_ phenomena, but [atheL"to cha_ges mandated lot so_ poist in the

future--two or thr__.o_ _ssibly even eight o_ ten yeac.saway. Thus, the

r_]ui[e,nentsfor adjust,nestare neithe_ unex[_.cte,l nor the _esult of a

g_adual lonq-tecm trend. They are definite a_ sch,._uled,and the adjust-

,_.ntOesp3nse will reflect this.

The economic _npact asaesament specifically coss[ders this time range

of adjustments. Due to the planning hori?nn of two years or nDre fr_n the

date of prC_nulgation_mldthe state of expectations to]ay, it is esti,k_ted

that tJ*e,m._joradjust,nents required will be._,]e in the first year of

enforu_ement. The adjustment pc.tiedis exi_ctsd to extend beyond the first

year, but to be of second order significance.

*_xtending the Life of Ui,quietedF-qui@_ent

Du_ing the _irst year of enforce_ent, it is antieilzatedthat old .solid

waste co_pactors not subject to regulation im_yvery well _geextended in

llfe due to the economic a]vantages which they have over the more costly

compactors with noise control. These _lid waste cc_npaeto_swill he phasu_d

out of the popul_tion in future years due to increased maintenance costs as

they age physically and accumulate more hours of operation. Also, the

impact of local noise ov]inanees will narrow the range o_ applications for

the unquleted units. Further adjust_.nts will occu_ in the period beyond

one year due to adoption of practices which conserve the use of solid waste

coapactors in response to the increased costs.
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*Prebuying Unquieted F_quipment

There is also a dynamic problem in reflecting the adjustJnentswhich

may occur because of rearranging the timing of purchases to avoid buying

more expensive solid waste canpactors as long as possible. The strength of

economic incentives for rea_Tanging the timing of purchases will depend on

a number of factors. It will be a function of the size of the cost penalty,

constraints on sales set by manufacturing capacity, the availability of

capital funds and negative incentives caused by the possible application of

local noise ordinances. The latter two factors restrict the amount of

prehuylng in relation to what end users may desire solely on the basis of

the expected cost increases.

end users may replace equipment ahead of the normal cycle in

order to purchase at lower prices before the regulation takes effect. In

this case, the stock of solid waste ca,pactors will be higher before the

regulation beca_es effective. This will lead to a short-term drop in

sales of the more expensive quieted solid waste c_npactors until this

extra stock is worn out,

Manufacturers oE solid waste compactors are not operating near their

prc_uctlon capacity at the present time, and industry projections indicate

a fairly constant growth in unit volt_e over the next several years.

Consequently, existing plant capacity should be adequate to absorb a

substantial surge of prebuylng.

Extension of the life of current oa,pactor bodies and prebuying both

indicate the period of adjustment is likely to last longer than one year.

The amount of activity in each case is directly related to the size of the

ccet penalty incurred.
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P_9_guistory S_equenee

The magnitude o£ changes caused by the enforcement of the regulation

in any one given year will tend to directly affect the impact occurring in

that year. For example, EPA's model predicts that a move from current

prices and noise levels directly to a Stage 2 cost Eor truck-mounted solid

waste compactors will result in a sharper economic impact and create

more incentives for prebuying and other rearrangements to avoid the

consequences of the regulation, rather than a stair-step type of sequence

in which Stage 2 is reached alter a number of years at Stage I,

A chronological sequence of three stages was used in this section

for initial assessment of economic impacts: Stage 1 was assumed to

be.effective on July I, 1980; Stage 2 on July I, 1982; and Stage 3 on

July l, 19B5, As the effective dates have shifted, the whole chronology

o£ cumulative effects has also shifted,

[[4PACT ASSESStlE_rf

Volume Im_gct

i• Purpose

_e purpose of this section is to analyse the i_)act of the noise

standards suggested for study on the volume,of truck mounted solid waste

compactor production. Volume change is a critical occurrence since it is

reflected in other changes such as production emplo_,_ent,activity in

downstream channels of distribution and err.errstransmitted to upstream

component suppliers.

2. Baseline Forecast

The baseline forecast provides a pro-regulatlon base of estimated future

industry activity levels, which is then related to estimated post-regulation

activity levels to determine the economic impacts oE the regulations.
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The baseline forecast through 1993 and 1995 is presented in Tables

7-8 and 7-9. The forecast is a co_._poslteprojection of unit shipments

that is based on manufacturers _ forecasts.

•It can be seen that side loader and front loader shipments are

expected to grow fastest between 1975 and 1985. Rear loader shignents

are expected to decline by one percent pe.ryear over the period 1975-1985.

The growth of all three body types is expected to be 2 percent over

the period 1985-1995.

The projections are in marked contrast to the actual shipment growth

of ten percent per year between 1964 and 1974. This rapid growth rate

resulted, first from increasing market penetration by compactor bodies

during this period (open body collection trucks were being phased out) and

second, fr_n the substantial increase in total solid wastes being collected

between 1964-1974. The latter resulted from higher consume_ disposable

incomes and related purchases of _ore products with a larger quantity of

disposable packaging per product, the migration of higher incoma families

to houses with larger yards and increases in the quantity of yard

waste in the suburbs, and more local ordinances restricting open burning.

However, a number of other factors are expected to interact to reduce

the shipment growth rates and to change the loader type mia between 1975 I

and 1995. Front loader unite are expected to increase during the first i

decade (1975-1985) and level off during the second (1985-1995),due to "

increased use in the commercial and multi-unit dwelling market. Side

loaders are projected to increase significantly to about a 9-percent annual i

growth rate during the first decade and stabilize during the second period.

There will probably be an increased replacement of rear loaders by side
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Tg_LE 7-8

;_I%_I_F,[HE._i_C_,_ _y Yq_R Nil) CO,IPAC'_31_I_Dy TYPE
1980-1993

I]A.':::ELU'I!_ R_RRCA.q'P(1)
......."_56_f.....r;6;n6"'-_{_6..........."i_&hT"fS&T66..........

1980 13,700 1,600 4,1110 8,001) tI00 7,200
1981 13,g85 1,680 4,305 3,0(10 800 7,200

1982 14,2114 I,764 _,520 8,000 800 7,200

1983 14,598 1,852 4,746 8,000 808 7,200
1984 14,923 I,945 4,983 8,000 800 7,200
]985 15,275 2,042 5,233 8,000 800 7,280

1986 15,581 2,083 5,338 8,160 816 7,344

1987 15,893 2,125 5,445 8,323 832 7,491
1988 16,211 2,167 5,554 8,490 849 7,641

1989 16,535 2,210 5,665 8,660 866 7,794
]990 16,866 2,258 5,778 8,833 883 7,950

1991 17,204 2,300 5,8')4 9,010 '_01 8,109
1992 17,547 2,346 6,011 9,190 919 8,271
1993 17,899 2,393 6,132 9,374 937 8,437

gource: Exhibit IV-2 (_.efe_ence 7-I).

_otes: (I) This table iv the detailed breakdt_m oE Exhibit !
IV-2 of ReF.. 7-1 showing the p_o.iected esti,_ates

oE unit_ _oc each o_oactor hod? ty_._.

(2) Quieted inits are preduo_.d for rear loaders on]y, and
are estiHated at 18% of total rear loade_ units.

TA.SLE 7-9

CC(,'LI:_'kqI'PEMT_,_JFAC'_JR_g' PFE_TL,_'['IQN

OP I._)£'[' SHI'_N_T'._, 1975-1985

_.Avera.age. Annual Growth Rates

_]y Type 1975-1980 1980-1985 1985-1995

FrontLoader 5% 5% 2%

.gi4eLoader 12 5 2

._ear Lc_de r -2 0 2

Total 2% 2% 2%

_urce: _e_erence 7-I.
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loaders, which o_fer greater labor efficiency and b_wer operating costs.

Finally the use of rear loaders is expected to decline during the

period 1975-1985 and stabilize during the second ten year period.

These factors inclsde the fact that the packer h_]y market has been

fully penetrated so that future new unit sales will result from growth

in solid waste generation and reDlacv._,nentof units being retired.

_iso, as indicated in Section 2 of Reference 7-I, the growth o_ total

solid wastes requirinq collection is expected to be at a lower rate. This

will be coupled with so_e technoloqieal changes in [x_ckerbodies that will

result in shiDments stowing even slower than increases in solid wastes

generated. These changes ineh_e larqer packer 17odycaraeity and co,,_c-

tion density, oarticularly for municipal _leete, and the use of transfer

stations, combined with satellite units, to make waste transport collection

and disposal _noreefficient. Highway load restrictions place an unper

limit on packer body capacity and compacting density. Also, the mix of

packer bodies by type will shif.ttoward more productive ,_uipment. Front

loaders may be substituted for rear loaders for non-residential applica-

tions and side lo_ers ,naybe substituted for rear loaders for residential

apDlicat ions.

The latter is supDortud by data presenter]i_ a recent study which are

su,tq_arizedin Table 7-10.
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TABLE 7-10

ON-['_OI]PEP_0D(_TIVFCY ANt)COLLEC_I[_ CtlqTS

Vehicle PrOduotivit_/Collection Hours Costs
System Inader Crew 11c_e'._7 _-r[s/ _ Tons/ Ho,_esZ----
Number .___. Size Cre__nan Cre__n Crew_ Crew y_ea__ TOn

I Side I 107 2.5 107 2.5 $ 9.88 $ 8.29
2 Side I 56 2.0 56 2.0 15.60 8.48
3 Rear 2 53 1.3 107 2.6 11.96 9.53
4 Rear 2 58 1.5 123 3.1 ]1.44 8.72
5 F_ear 3 35 1.1 104 3.3 20.28 12.82
6 Rear 3 21 .7 63 2.0 28.80 17.13
7 Side I 84 1.2 84 1.2 19.24 13.48
8 Detachable

Contnr. 2 67 .8 138 1.7 28.52 21.15
9 Rear 3 66 1.1 200 3.3 24.96 14.67
10 Rear 2 35 .6 72 1.2 16.64 19.26
11 Rear 2 27. .6 44 1.1 24.44 ]8.41

Source: "Eleven Residential Pickup Systems Co_ared for Cost and

Productivity," Kenneth A. $huster, Sol_i_dWaste__[ana_eme.nt,
May 1975. (Reference 7-2).

_en though the above systems varied considerably, (i.e., point of

collection, frequency of collection, incentive system, loading method, and

vehlele size and type, etc.), it appears that generally, one-man crews

with side l_ers are ,.oreefficient than other collectLon syste_ns. This

is farther de_nonstratedin Table 7-11. The importance of these effi-

ciency factors for side loaders is further enhane_i when it is reco]nized

that side loaders are ,.osteffectively applied to carbside collection

systems, which presently acc_>_ntfor 60 percent of the collection systems

in the U.S. and which are expected to facther increase in im_)rtance in

future years.

It is believed that the value of ship_._ntswill increase sanewhat

faster than unit si*i_,entsdue to increased [x_dysize, 9rcx_uetimproveuents

to achieve greater _>n_ntion density, a_i other product i_ifioations.
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T/_]LE 7-I I

PERCENT OF _rA5 I![ME U_[LKZAT[ON

Crew Crew Non-

System Crew Loader Pro lue- Prague-

Number Size Ty/0e tire T in__/tiv_e_Time 'Iotal_

I I Side 98.5% 1.5% I00%

2 I Side 97.2 7..8 100
3 I Side 97.6 2.4 100

4 2 Rear 63.0 37.0 160
5 2 Rear 58.3 41.7 100
6 2 Detach.

Contnr. 69.5 30.5 I00

7 3 _ear 61.3 38.7 100
8 3 Rear 58.7 4] .3 100

9 3 Rear 61.0 39.0 100

Source: Reside'_tial Colleetion_S_ystems,
U.S. i_v[ronmental Protection Aqency,
(530/._W-97e.1), March, 1975, Paqe 24.

i (Reference 7-3).

i Consequently, it is estilnated that the average ann_Jal real growth

in value of shipments (constant 1974 dollars) will be three pe.rcent per
!
: year between 1974 and 1985, and that unit shipments will increase at two

percent per year.

Zndustr%, ship_ent levels, which reflect these growth rates, are

shown in Table 7-12. In 1985, unit shipments are expected to be 15,000,

and the value of shipments is expected to be $173 million.

Projected unit shipments for the tgne frame up to 1995 are needed to

evaluate the economic _pact of a totally quieted pepulation of solid waste

co_ctor bodies.
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TABLE 7-12

'_ISTIMATEO_D PI_]ECTED _]IT AND 13OL[AR
VOLOMklqOF 'fRUCK-._K3U_I'-]DSOLID WASTF.

CC_|PACS3R[%ODIP3,1974-85"
$(MIL[.[ONS)- UNITS (000s)

Average Annual

Estimated Projected Growth Rate
Unit Shi_nents __1974._ 1980 1985 1974-1985

Front[.oader 1.2 1.6 2.0 5%
Side[_gader 2.1 4.1 5.2 9

Rear Loader 9._0 8.0 8.0 -I

'LX_;rAL 12.3 13.7 15.2 2%

Value of

Shipments $125 $149 $173 3%

E6jF_----.W_66{_66T6ers'inter:viewsand projections.

_--66ff_£-f-o-6e-6@666are in 1974 constant dollars.

It is shown in Section 2 of Reference.7-I that total gross discards

of solid wastes are expected to increase 2.5 percent annually between

1980-1990. NO forecast is currently available beyond that thee f_ne..

Consequently, the 2.5 percent has been utilized as the best measure avail-

able. It is reasonable to assume, however, that technology advances will

increase the capacihy _er unit and offset the 2.5 percent average annual

growth estimate. Furtiler,it is not known whether the trade-ofEs between

side and rear loaders will persist ever this time fra,e. Consequently,

the projections reflected in Table 7-13 assume that the average

annual growth rates for each body type equal two percent per year.
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TABLE 7-13

PROJECTED UNIT SIIIPMENTS OF
SOnID WASTE COMPACTOR BODIESf

1985-1995
(thousands)

Average Annual
Growth _te

Body Type 1985 )990 1995 1985-1995

Front Loader 2.0 2.2 2.4 2%

Side Loader 5.2 5.7 6.3 2%
Rear Loader 8.0 8.8 9.7 2%

Total 15.2 16.7 18.4 2%

Source: Table 7-12 and Manufacturers' interviews and projections.

3a. Pricing and Price__EElasticity

Assuming a full incr_nental cost pass-along, purchasers of quieted

solid waste cxx,pactorswill be presented with price increases attribut-

able to the costs of sound attenuation, omnpliance, and enforcement.

Estimates of the price increases that would result fro,nthese costs are

stm_narizedin Table 7-14. Costs related to the treatgent of auxiliary

engines are considered separately, since these treatments have not been

associated with a particular level. The estimated cost related to

impact noise control has been included with each of the levels.

Quieted units produced on a special order basis are also indicated

in Table 7-14. It is estimated that in 1975 ten percent of rear loaders

were shipped with quieting equipment and that the unit price increase

resulting frownthe quieting treatment was approximately ten pe.rcent. In

that it was not possible to relate the.quieted units to a speeif.icnoise
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standard, the incremental price of these units is tceated as a rf_uction

in the cost to attain the EPA specified technology levels. Quieted side

or frost loaders ace not produee_.

TABLE 7-14

_I_II_V'_I_DAVERAGE LIST PRICE
PERCENTAGE [NCRF_SE BY
_ESE rzw,r__ CA'rF_I_

__. St_a3_e__l_....... Stage_.2" ..... S ta_e 3 _._
C_npaotor Stan- Stan- Stan-

B_dy_Type dar__dd Quieter] dard _Q_uie__t.ed d_ar__dd Quieted

Front [naders 6.9% -- 12.7% -- 13.7% --
Side 5o_ers 7.3 -- 25.6 -- 28.0 --
Near Loadecs 7.4 -- 19.5 9.5% 21.1 11.1%

Source: Reference 7-I.

Consideraton was also given to the costs of quieting auxiliary engine

usage on side and rear ]oeders, but analysis indicated that there was no

signif.icantdifference between the costs of quieting auxiliary engines and

the costs of quieting standard units.

The expected price increases between noise control stages for each

type of conpactor body are presented in detail in Table 7-15 and sLm_-

marized in Table 7-16.

The dyn_,ics of demand volume reaction to increasnd solid waste

compacb_r prices can be expected to vary depending upon:

A. The extent of price ineceases.

B. The significance of equLr_ent cost in the end user's cost struc-

ture, allowing specific consideration to depreciation, operating costs,

•aintonance costs, and crew productivity.

C. The ease of substitution of one paeke.rl_y type for another

(i.e., side loaders foc rear loaders).

D. The option oC renting or leasing truck-mounted solid waste

c_npacb)rs as an alternative to purchasing the equi[m_ent.
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TABLE 7-15

ESTIMATED INCRF_4ENTAL PRICE BETWEEN NOISE CO_I'ROL STAGI'_qI_yC(>IPAC_3R LYgDY TYPE

Estimated Total Total 'Ibtal Percent

Increase Stage I gtaqe 2 Stage 3 Change
Average P_ tween Average Average Average 1_etween

Standard Units Level Price Stages Price Price Price Staqes

Front Txgader To I $18,780 $1,290 $20,070 -- -- 0.9%

I-2 1,095 $21,165 5.5

2-3 190 $21,355 0.9

Side Loader TO 1 7,650 560 8,210 .... 7.3

I-2 1,395 9,605 17.0
2-3 190 9,795 2.0

Rear T_oader _b I 11,580 860 12,440 7.4

I-2 1,395 13,835 11.2

2-3 190 14,025 1.4

Quieted Units( l)

(2)
RearLoader To I -- (2)

I-2 12,740 1,095 13,835 8.6

2-3 190 14,025 1.4

Source: Exhibits V-I, V-2 and V-3 (Reference 7-I).

Notes: (I) Quieted units are produced for rear loaders only.

(2) No calculation made for Stage I rear loaders since price of

quieted units exceeded estimated cost for Stage I technology.
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TABLE 7z16

PERCE_ INCREMENTAL PRICE
B_;EEN NO_SE CO_;fROL STAGES

Stage 1 Stage 2
_CompactorBody 'l_pe _ToStagq 1 to 2 to 3

Standard Unit
FrontLoader 6.9% 5.5% 0.9%
SideLoader 7.3 17.0 2.0
RearLoader 7.4 11.2 1.4

Quieted Unit*
RearLoader ** 8.6 1.4

* Quieted _ront and side loaders are not manufactured.
*k Quieted rear loaders are estimated to cost 10 percent more

than standard units. This amount exceeds the Stags 1 expected
increase.

Source: Table 7-15.

E. The trade-off of new equipment purchases to extending the life

of used equipment.

F. The ease of substitution of competitive solid waste collection

systems.

G. The potential for achieving greater efficiency of operation.

H. The level of imports and exports.

3b. Cost Estimates of Regulatory Options

EPA considered various regulatory options. The options utilize

Stage i, 2, and 3 technology and their associated costs. The variable

elements in each option include: i) the year of implementation,

2) ,naximumnoise level allowable, and 3) quieting technology.

Because the costs of quieting are dependent upon these factors, the costs

associated with these options also vary. Estimates for these options have

been developed and are summarized in Table 7-17 for the major cost elements;
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operating (or fuel) costs, maintenance costa, and equipment costs (direct

labor and mateL-ials). Table 7-18 shows the percentage cost increase needed

to achieve the required noise levels of the regulatory options, as well as

the equivalent annual cost for implementing and maintaining the noise level

of selected options.

An illustrative example of the interrelationships between the various

cost elements end possible regulatory levels is presented in terms of one of

the regulatory options considered. '_is option requires the noise level of

truck-mounted solid waste compactor bodies to reach a msaimum o[ 79 dBA in

1980 and 76 dBA in 1982. To achieve the 79 dBA level, Stage 2 technola3y is

assumed for all compactor body types. To reach the overall 76 dSA level,

there will be a 3 dBA noise reduction in the truck itself, due to the noise

regulation which EPA has promulgated for medium and heavy duty trucks (41 FR

15538). It should be noted that the first regulatory year is 1980 and that

the revised measurement methodology has resulted in a 1 dB change in both

regulatory levels. In terms of "end-year" results, the option provides the

same benefits previously calculated and the economic analysis yields ths same

results.

The cnsts for this regulatory option are exactly equal to those

costs needed to achieve Stage 2 technology. Using the average price

!_ of the compactor body, the estimated increase in price from the

i! baseline to Stage 2 technology for option 7 is 12.7 percent fo_ front

i loaders, 25.6 percent for side loaders and 19.5 percent for rear

loaders. On quieted rear loaders the estimated percentage price in-

crease is 9.5 percent. Estimated maintenance cost increases are small

for all compactor body types. They averaged $45.00 for front
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TABLE 7-17

SUmmARY (_"FUEL, MAINTENANCE AND EQUIPMENT CC_
ESTIMATES ASSOCIATED WITH PROPOSED [d_GOLATORYO_I'ICNS

Option Year NTE* Treatment Body Type [_el Cost Maintenance Equipment
Level Stage INcrement Cost Increment Cost Isere_rest

$ $ $

1 1980 81 Stage I Front Loader-114.00 45.00 1,290.00
Side 5oader - 99.00 17.50 560.00
Rear header - 99.00 17.50 860.00

1 1982 76 Stage 2 Front Loader -114.00 45.00 2,385.00
Side Leader - 99.00 77.50 1,955.00
Rear Loader - 99.00 77.50 2,255.00

3 1982 80 Stage1 FrontLoader-114.00 45.00 1,290.00
Side Loader - 99.00 17.50 560.00
[{earLoader - 99.00 17.50 860.00

5 19_ 76 Stage2 FrontLoader-114.00 45.00 2,385.00
Side Loader - 99.00 77.50 1,955.00
Rear Loader - 99.00 77.50 2,255.00

7 1980 79 Stage 2 Front Loader -114.00 45.00 2,385.00
Side Loader - 9_.00 77.50 1,955.00
Rear header - 99.00 77.50 2,255.00

7 1982 76 Stage2 Fr_itLoader-114.00 45.00 2,385.00
Side Loader - 99.00 77.50 1,955.00
J{earLoader - 99.00 77.50 2,255.00

a 1980 81 Stage 1 Front loader-114.00 45.00 1,290.00
Side loader - 99.00 17.50 560.00
Rear Loader - 99.00 17.50 860.00

a 1982 80 Stage 1 Front LOader-114.00 45.00 1,290.00
Side Loader - 99.00 17.50 560.00
Rear Loader - 99.00 17.50 860.00

b 1980 79 Stage 2 Front £eader -114.00 45.00 2,385.00
Side DDador - 99.00 77.50 1,955.00
Rear Loader - 99.00 77.50 2,255.00

b 1982 75 Stage 3 Front Loader-114.00 57.50 2,575.00
Side Loader - 99.00 90.00 2,145.00
Rear Loader - 99.00 90.00 2,445.00

*Not to Exceed

Source: Tables 5-1, 7-5, 7-7.
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TA_LE 7-18

REGULATOELYOVf_CN_ AND CGb'_IMPACTS

198U 19_ [_]uivaleilt
Annual Costs

Option NO. Regulatory %Cost Increase Regulatory %Cost Increase $(Millic_s)
Level Level

Baseline New truck (] New truck 0 0
83 dSA @ 80 d_A @
50 feet 50 feet

1 81 3.7 76 6.2* 18.9

3 (not 0 80 3.7 2.7
regulated)

5 (not 0 76 9.9 17.5
regulated)

7 79 9.9 76 0 21.5

_oaroe:' Table 7-15, Table 7-17, and EFA analysis.

*Incremental permentage cost increase due to moving fva, Stage 1 tedlnology
to Stage 2 technology.

loaders and $77.50 for both side and _ar loaders. Fuel (operating)coots will

decrease due to the reduced engine speeds entailed in the quieted compactors.

Front loader fuel reductions are expected to be $114.00while side and rear

loader trash compactora will have reduced fuel expenses of about $99.00 per year.

It should be noted, however, that the percentage price increases are based

on the cost of the compactor body alone, not the prices of the complete opera-

tional unit which also ineledes the truck chassis and cab. The effective per-

centage price increase computed using the total price OF the operational unit

(which is the price the end user would have to pay) is significantl_ smaller;

about o_e-half of the figures for the compactor body alone, or about 6.4 percent

for fr_mt ioade_s, 12.8 percent for side loaders, and 9.8 percent for rear loaders.
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Based on price increases for the complete operational unit, the equiva-

lent annual cost for adoption of the Option 7 regulatory scenario is 821.5

million when the r.egulatoryscenario begins in 1980. Equivalent annual costs

Eor the othsc options range from $2.7 million to $18,9 million. Quieting costs

are computed through 2000.

4a. Price Elasticity o£ Demand

The price elasticity* Of demand is used as a measure of the reaction

oE the market to a price increase. It relates the change in quantity

demanded to the change in price. The estimate of elasticity reflects

the total net interaction of the preceding factors affecting the quantity

demanded as prices change from present levels.

Background & Assumptions:

A model of the "typical" solid waste compactor body end user was

constructed to evaluate the effects of price on volume and to analyse

several ether economic factors. The m_del represents a composite of all

end user types: large and small private contractors and municipalities.

It is suls,narizedin Table 7-19.

The analysis which foll_ws assumes that the "full flow-through" concept

is applicable to the market and the industry, Therefore, cost increases

experienced by the manufacturer will be passed down through the distributor

to the purchasing end user in the fo_m of price increases. The price increases

will result in higher collection fees for collection services to the consumer.

* Mathematically, the price elasticity (e) of demand can be defined as:

e = Percentage Change ,in Q_antit_ Demanded (q)
Percentage Change in Price (p)

e=dp_.p =dg'£dp q

7-38



The analysis also assumes that ,tel.and6or soli_ waste con_1_ctor

Ix_ies, as an inte_nediate product, is less sensitive to changes [n its

own price when that product represents a _nall proportion of the cost

for the final product or service,de,s3nd_ (i.e., solid waste collection).

T_U]LE7-19

[_EPR_ENTATIVE SOLII)WAqT_ CO_IPACTOR
_I} USER CO_T ,_fRUO[_]RE ,_IODEL

Percent of Oper-
Expense Cateqory a_tincI Revenues

F_Tui_ent _3intenanee I).8
Collection laho_ 47.5

P_quip_lent operation 3.7
Other expenses 32.6
Depreciation (collection equi_nment) _!4°__4

Total ex_nse 100.0%

Source: _eference 7-7. --.....

•he rationale is that for a given level o6 demand for ,a_lleetionservices,

the ilr_oaetof a change in co%oaetor b_3z prices is s,_lll when c_%oared to

the total cost of collection services and the price,cha_ged for the ser-

vices. A relatively small change in the price of collection services

implies a relatively s;nalleffect on the quantity de_,andedoF._oth

collection services of.faredand conpacb>r bodies.

Table 7-19 shows that collection equio_ent (the major _)m_oeent o6

the depreciation account) rej)resentsa small f.raetionof total ope_atlng

, expenses, less than five f_9.rcent.This incl_des truck chassis, ]x)Jies

and containers. Considering that the purchaser views the price o6 the

compactor body as only a _ortion of.the total price o6 an o_._rational

,]nit(i.e., truck chass[g an_ cab) the price increases ,]evelopc_D)r
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the compactor body alone represent an overestimate of the percentage price

increase. Thus the depreciation expense fo_ eof_pactorbodies alone is in

effect an even smaller portion (of total operating expenses) than the

amount noted here. Therefore, a change in the price of new compactor

bodies resulting fr@, noise abatement r_3ulations has a small effect on the

"derived" d_and for new c_,pactor equipment. This enhances the ability

of the compactor bedZ manufacturer to pass through additional costs

without reducing pr_}uetion volume significantly.

It is believed that there is a relatively low demand elasticity,

The reasons for ibis are:

A. Equipment cost as reflected in depreciation charges is a small

facto_ in the end user's total cost structure. OuY is,x_elindicates that

these co_ts represent 4.4 percent of operating revenues.

8. Truck-mounted solid waste con_cto_s presently have a high degree

of acceptance in the industry. There a_a no viable c_,petitive systems.

C. Differestial price increases between side and rear loaders

could precipitate a change in tJ_emix of these units. At Stage 1,

the estilmted percentage price increase o_ these body types is essen-

tially the same. No chanqe in mix attributable to this factor would

be expected.

D. The level of imported and exp)rted e_npaetor bodies will not

be affected by a price increase at Stage I, since all imported unit:_will

be subject to the s_a noise abatement standard and exports will not be

subjected to the noise attenuation standards.

E. [easing of compactor bodies will not materially change due to Stage

I price increases.
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F. The increased price for new equipment will not materially change

the trade-offs associated with buying new equipment versus extending the

life of units currently in operstion.

G. Some prebuying will occur in response to higher prices.

It is estimated that the elasticity of demand for trsck-mounted

compactors remains relatively low for Stage 2 and 3 treatment.

4b. Equivalent Annual Costs For Chan_es in Demand Elasticity
Estimates

TO test the sensitivity of the equivalent annual costs relative

to changes in the demand elasticity for compactor bodies under noise

regulation, scenarios were developed in which widely varying demand

elasticities were used for the purpose of comparison.

The equivalent annual costs of regulation for the proposed regulatory

scenario are $21.5 million. This scenario assumes: I) A _gulatory process

in which Stage 2 technology is adopted in 1980, 2) Cost increment estimates

used were these discussed earlier in this section, 3) Demand elasticity

of -.20.

Equivalent annual costs also were computed for assumed elasticities

of -i.0 and 0. The first case implies an equal reduction in quantity

demanded for a given percentage change (increase) in price; the second

case asst_,esno change in quantity demanded for a change in price (of

the magnitude discussed here.)

The equivalent annual costs of regulation assuming an elasticity of -1.0

are $19.8 million; assuming an elasticity of 0, the equivalent annual costs

are $21.9 million. In these two cases, the equivalent annual costs of regu-

lation vary from the original case, decreasing 7.9% or increasing 1.9%,
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respectively, from the original estimate of $21.5 million. It is concluded

from these results that the economic analysis is relatively insensitive to

the assumed value of elasticity, within the magnitude of change considered.

5. Volume Impact

Stage I

Estimated lead time for an orderly adoption of on-the-shelf quieting

technology has been conservatively estimated to be 12 to 18 months. The

analysis of Stage 1 economic impact is based on the regulation taking effect

in 1980.

Estimates of the Stage 1 increased list prices of standard and quieted

units are presented in Table 7-20. The calculation Of volume impact in all

cases is based on the cost of quieting for each category considered. A

separate calculation is made for each compactor body type and for standard

and quieted units. %_e volume impact is considered here in terms of the

relative increase in the price of the body alone. Analysis of the volume

impact, taking into account the total vehicle, is discussed later in this

section.

Volume reductions resulting from price increases assOCiated with Stage 1

are estimated based on an elasticity of -.20. The original baseline forecast

is presented in Table 7-8 and the expected Stage 1 decreases in demand are

shown in Table 7-21. The adjusted baseline forecast resulting from the adop-

tion of Stage 1 for calendar years 1980-87 are shown in Table 7-22.

Table 7-23 summarizes the estimated Stage 1 reduction in unit

volume in 1980.
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TABLE 7-20

DEVELOPM_WT OF ESTIMATED PRICE AEJUSTMENTS
ASSOCIATED WI_ STAGE I

NOISE F_MISSIONREQUIRFMF_qTS

STANDARDUNITS QUIETEDUNITS(I)

Average Expected Adjusted Percent Average Adjusted
Equipment List Price Average Price Price Average
Classification Price Increase List Price Increase Increase List Price

Front Loaders $18,780 $I,290 $20,070 6.9% __(2) _-

Side Loaders(3) 7,650 560 8,210 7.3 __(2) __

Rear Loaders 11,580 860 12,440 7.4 ....

Source: Exhibits 111-20 and II-6 (Reference 7-I).

Notes: (I) Cost Of Stage I quieted units estimated at 10% over standard price which is
greater than Stage I price increase. No computation of percent made.

(2) Quieted front or side loaders are not manufactured.
(3) Does not include prices for products built and sold as an integral body and

chassis unit.
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TABLE 7-21

PEI_ENT _35UME DECLINE - STAGE 1(I)

STANDARD UNITS QU__ED UNITS(2)

Percent Percent Percent Percent

Compactor Price Decrease Price Decrease

Body Type Elasticity Increase in Demand Elasticity Increase in Demand

FrontLoader .20 8.9% 1.4% ......

SideLoader .20 7.3 1.5 .....

Rear Loader .20 7.4 1.4 ......

Source." Exhibit V-4 (Reference 7-I).

Notes." (I) Voltma impact is based on the cost of quieting each compactor body type
as developed in Section II (Reference 7-I )

(2) The nu,ber of quieted rear loaders produce] is less than 10% of total
shipments. Quieted units are produced on an optional equipment, special
order basis only at an approximate price of 10% greater than standard
units. No incremental c_sts are expected due to spplyirg the specified

nois_ abatement technology to quieted units since current price premium
exceeds the estimated Stage I cost.

_%BLE 7-22

AD3USTED BASELINE FORECAST - STAGE 1 (1980 - 1987)

PR_ECrED

UNITS SHIPPED( I) FRONT LOADER SIDE LOADER RRAR LOADER(2)

Unit Decrease Adjusted Unit Adjusted Unit Adjusted Unit Adjusted
Year from Baseline Baseline Decrease Baseline Decrease Baseline Decrease Baseline

1980 192 13,508 22 1,578 62 4,038 108 7,892
1981 197 13,788 24 1,656 65 4,240 108 7,892

1982 201 14,083 25 1,739 68 4,452 108 7,892
1983 205 14,393 26 1,826 71 4,675 108 7,892
1984 210 14,718 27 1,918 75 4,908 108 7,892
1985 216 15,059 29 2,013 79 5,154 108 7,892

1986 219 15,362 29 2,054 80 5,258 110 8,050
1987 224 15,669 30 2,095 82 5,363 112 8,211

Sours: EXhibits IV-2, V-6, and V-7 (Reference 7-I ).

Notes: (I) Unit decrease equals the difference between baseline forecast and the baseline
as adjusted for stage I price increases.

(2) Quieted units are not included since the estimated cost of quieted units over
standard units is 10% and this exceeds the Stage I price increase.
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TABLE 7-23

STAGE 1 - ESTIMATED FIRST YEAR UNIT

REDUCTION FROM BASELINE FORECAST, 1980

Reduction in
Annual Volume

Compactor Body TTp_ Unite Percent

Front loader 22 1.4%
Sideloader 62 1.5
Rear loader 108 1.4

Total 19__/2 1.4

Source: Reference 7-1.

The reduction in unit %v_lumeresulting from the adoption of the Stage 1

standard ranges from 22 to 108 units depending on compactor body category,

and the total unit reduction is about 1.4 percent of baseline shipments.

The largest unit reduction occurs in rear loaders, and the smallest unit

reduction occurs in front loaders. Stage 1 does not reduce industry volume

below the 1979 baseline forecast shipment level.

Stave 2

The analysis of the Stage 2 economic impact is based on the regulation

taking effect in 1982. Estimates of the list price increases associated with

the modifications necessary to achieve Stage 2 are presented in Table 7-24.

The estimated elasticities, percent price increases, and decreases in demand

used to calculate the Stage 2 volume impact are presented in Table 7-25.

The adjusted baseline forecast associated with adoption of Stage 2

for calendar years 1980-90 is shown in Table 7-26. Table 7-27 sum,mrizes

the estimated Stage 2 reduction in unit volume in 1982 relative to the

baseline volume.
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TABLE 7-24

DEVELOPMENT OF ESTIMATED pRICE ADJUSTMENTS
ASSOCIATED WITH STAGE 2

NOISE EMISSION REQUIR_4_TS

ST_ UNITS QUIETEDUNITS(l)

Average Expected Adjusted Percent Expected Adjusted Percent
Equipment List Price List Price Price List Price
Classification Price Increase Price Increase Increase Price Increase

Front Loaders $18,780 $2,385 $21,165 12.7% __(2) __ __

Side Loaders(3) 7,650 1,955 9,605 25.6 __{2) _ _

Rear Loaders I1,580 2,255 13,835 19.5 $1,095 $12,675 9.5%

Source: Exhibits III-20 and II-6 (Reference 7-I).

Notes: (I) Cost of quieted unite estimated at 1O% ever standard price.
(2) Quieted front or side loaders are not manufactured.

(3) Does not incline prices for products built and sold as an integral body and
chassis unit.

TABLE 7-25

pERCENT VOU3ME DECLINE - STAGE 2(I)

STANDARD UNITS QUIETED UNITS(2)

Percent Percent Percent Percent

Compactor Price Decrease Price Decrease

Body Type Elasticity Increase in De_ Elasticity Increase in Demand

Front Loader .20 12.7% 2.5% ......

Side Loader .20 25.6 5.1 .....

Rear Loader .20 19.5 3.9 .20 9.5% 1.9%

Source: Exhibit V-2 (Reference 7-7).

Notes: (I) Volume impact is based on the cost of quieting each cempactor body type as
developed in Section II (Reference 7-I).

(2) Quieted units are assumed to require the same technology package as
unquleted units for this level. Quieted units are priced ten percent

higher than the equivalent unquleted units.
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TABLE 7-26

ADJUSTED BASELINE FORECAST - STAGE 2 (1980 - 1990)

TOTALPROJECTED STanDARD QUIllED
UNITSSHIPPED(1) FRONTLOADER SIDE LOADER REAR LOADER REARLOADER(2),

Unit Decrease Adjusted Unit Adjusted Unit Adjusted Unit Adjusted Unit Adjusted

Year from Baseline Baseline Decrease Baseline Decrease Baseline Decrease Baseline Decrease Baseline

1980 545 13,155 40 1,560 209 3,891 281 6,919 15 801
1981 558 13,427 42 1,638 220 4,085 281 6,919 15 801
1982 571 13,713 44 1,720 231 4,289 281 6,919 15 801
1983 584 14,014 46 1,806 242 4,504 281 6,919 15 801
1984 599 14,329 49 1,896 254 4,729 281 6,919 15 801

1985 614 14,661 51 1,991 267 4,966 281 6,919 15 801
1986 626 14,955 52 2,031 272 5,066 286 7,058 16 800

"_ 1987 639 15,254 53 2,072 278 5,167 292 7,199 16 816
1988 651 15,560 54 2,113 283 5,271 298 7,343 16 833
1989 664 15,871 55 2,155 289 5,376 304 7,490 16 850
1990 672 16,194 56 2,199 295 5,483 310 7,640 17 866

Source: Exhibits IV-2, v-6, and V-9 (Reference 7-1).

Notes: (i) Unit decrease equals the difference between the baseline forecast and the baseline
as adjusted for the incremental price increase from baseline to Stage 2.

(2) Quieted units are applicable to rear loaders only and estimated at 10% of total
units.



TABLE 7~27

STAGS 2 - ESTIMATED _IRST YEAR UNIT

REDUCTION FROH BABELIN£ FO[_ECAST,1982"

Reduction in
Annual Volume

Compactor Body Type Units Percent

Front Loaders 44 2.5%
SideLoaders 231 5.1

RearLoaders 29__6 3.9

Total 57__!i 4.0%

Source: Tables 7-8 and 7-26.

The total reduction in unit volume resulting from the adoption of a Stage 2

standard is about 4.0 percent and ranges from 44 to 296 units, depending on the

type of conpactor body. The largest unit reduction occurs in the rear loader

category. The largest percentage reduction occurs in the category of side loaders,

reflecting the higher cost of meeting a noise standard. The smallest unit and

percentage reduction occurs with front loaders. The introduction of a Stage 2

standard reduces industry volume approximately two percent below the 1981 baseline

shipment level. The adjusted baseline forecast represents a reduction of about

four percent from the average annual volume during the period 1982 to 1990.

Table 7-27 shows the volume impacts (annual volume reduction) for 1982 which

would follow from adoption of a regulatory option requiring applicaton at Stage 2

technology starting in 1980. The unit reduction in annual volume for the complete

operational unit is one-half of the figures shown in Table 7-27, e.g., total

* The uni6s of vo'_e reduction for Stage 2 assume implementation of
that level exclusive of the impact of previous levels.
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'D'd _LE 7-28

DLAPdLOPHE[_I'OF ESTI_._A'fEI_PRICE ;_IU_THEN'_

ASSOCIA'II_U WI'I]I_rAGE 3

I_3ISE [.3_ISSIt_]_UII_IENTS

GT_/'JD?d_DUHI%_ QJII'_ED Ui_I'l_d(I)

Average Expected Adjusted Percent Expected ;_ljusted Percent
Equipment List Price List [_ice Price List Price
Classification Price Increase Price Increase Increase Price If*crease

Front Loaders _18,780 $2,575 $21,355 13.7% _.(2) ....

Side Loaders(3) 7,650 2,145 9,975 2B.0 --(2) ....

Hear Loaders 11,580 2,445 14,025 21.1 $1,285 $12,865 11.1%

Source: Exhibits III-20 and II-6 (Reference 7-1).

Notes: (i) Cost of quieted units est_lated at 10% over standard unit price.
(2) Quieted front or side loaders are not inanufacture_d.

(3) Does not include prices for products built and sold as as

integral body ai_] chassis unit.

TABLE 7-29

PUl_2h_ VOLUblE DECLINE --%_AGE 3(I)

S'fAND2H_DUNITS _UIL_ED UNI_(2)

: Percent Percent Percent Ferc_nt

! Ccmpactor Price Decrease t_iue Decz'ease

Body Type Elasticity Increase in De2._nd Elastigity Increase in Den_.nd

i FrontLoader .20 13.7% 2.7% ....

SideLoader .20 28.0 5.6 ......

Rear Lo_der .2U 21.1 4.2 .20 11.1% 2.2%i

Source: Exhibit V-I (Reference 7-i) and EPA Contractor _sti/,_ates.

Notes: (i) Volume b_pact is based on t/_e cost of quietir_j for each cumpaetor body ty_e
as developed in Section II (Reference 7-1). _%:is includes a separate

calculation for each body type.

(2) _uieted units are ass_ed to r_quirs the s_ technol(x/y package as
h_4uieted units for t/_is level. Quieted units ar_ priced ten p_rcent

higher t/_an the equivalent unquieted units.
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TAHLE 7-30

ADJt_3TED BASELINE I_RE_kST - STAGE 3 (1985 - 1993)

TOTALPRO3ECfED ETI_DARD QUIHfED
UNITS SHIPPED(I) FF_ONTLOAD_ SIDE LOADER }{EARLOADER l_%R LOADER(2)

Unit Decrease Adjusted Unit Adjusted Unit Adjustu_ _it Adjusted Unit Adjusted

Year from Baseline Baseline Decrease Baseline D_crease Baseline Decrease Baseline Decrease Baseline

1985 668 14,607 55 1,907 293 4,940 302 0,898 18 7_2

1986 681 14,900 56 2,027 299 5,039 308 7,036 18 798

1987 695 15,198 57 2,068 305 5,140 315 7,176 18 _14
1988 710 15,501 59 2,108 311 5,243 321 7,320 19 _30
1989 723 15,812 60 2,150 317 5,348 327 7,467 19 845

1990 738 16,128 61 2,194 324 5,454 334 6,616 19 864

1991 753 16,451 62 2,238 330 5,564 341 7,768 20 881
1992 767 16,780 63 2,283 337 5,674 347 7,924 2U 899

1993 783 17,116 65 2,328 343 5,789 354 8,083 21 916

Source: Exhibits IV-2, V-6, and V-II (Reference 7-1).

Notes: (i) Unit decrease equals _e difference between baseline forecast and _e baseline
as adjusted for d%e incremental price increase between baseline and Stage 3.

(2) Quieted units are applicable to rear loaders only and esthated at 10% of the

total units produced.



reduction in volume for 1982 is 286 representing a 2.0 percent decline in

demand. Since the price of the compactor body is approximately one-half

the total price of the complete operational unit, the impacts on the co,plot,

unit--price increases and declines in demand--are one-half of those impacts

considered in terms of the compactor body alone.

Stage 3

The analysis of economic impact is based on Stage 3 regulations taking

effect in 1985.

Table 7-28 provides the estimated price increases relted to Stage 3 modi-

fications. The estimated elasticities, percent prioe increases, and decreases

in demand used to calculate Stage 3 volume impact are presented in Table 7-29.

The adjusted baseline forecast associated with the adoption of Stage 3 for

the calendar years 1985 through 1993 is shown in Table 7-30. Table 7-31 su_nar-

izes the estimated Stage 3 reductions in unit volume for the first year, 1985.

: TABLE7-31r

' STAGE 3 - ESTIMATED FIRST YEAR UNIT

i REDUCTIONFROMBASELINEFORECAST,1985"

Reduction in
Annual Volume

Compactor Body Type Units Percent

Front Loader 55 2.7%
Side Loader 293 5.6
RearLoader 320 4.2

Total 6684.3

*The units of volume reduction for Stage 3 assume
implementation Of that level exclusive of the

impact of previous levels.

Source: Tables 7-8 and 7-30.

The total reduction in unit volume resulting from adoption of Stage 3

standards is approximately 4.3 percent. The decrease in projected units
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rsn_es frown55 to 320 units. The largest unit reduction is in the rear

loader category. The largest percent reduction is is side loaders. The

smallest unit decrease and percent reduction are in front loaders. Intro-

duction of Stage 3 standards reduces total projected volume approximately

two percent belo_ the 1984 baseline forecast shipment levels.

I_oact of Prebu?in_ on Volume

qhe solid waste compactor body industry will be subject to some pre-

buying activity immediately prior to the effective date of each noise abate-

ment level. The time period for prebuying is estimated at three months

to one year prior to the effective date for each noise level regulation.

The amount of prebuying is assumed to depend on three factors:

i. The amount of excess capacity Of manufacturers available to

produce compactor bodies above the baseline production level at that time.

2. The ec_1_nic benefit of purchasing compactor bodies earlier

and the potential savings resulting frQn early purchase.

3. The risk of the technology required to quiet the compactor

bodies as related to possible increased costs o_ a_ir*tunanceand operation.

TABLE 7-32

ESTIMATED EXCESS PR(/)UCTIONCAPACI'fYBY
BC_Y TYPE IN YEAR PRI(_ TO REGU[ATI(3N

Estimated Unused as Per-

cent of Total Capacit_
Stage 1 Stage 2 Stage 3

Compactor Body Type 1978-80 1981-@2 1984-_5

Front 5oader 9% 0 0
Side Loader 0 0 O
Rear loadsr 20% 20% 20%

Source: Reference 7-1.

_xhibit V-13 of l_e[erenoa7-1 estimates unused capacity in excess of 30

percent for the years prior to each noise level regulation date. EPA
estimates this level to be excessive since some rear loader manufacturers

will shift production1away from rear loadem in favor of side loaders or
other non-ccmpactor body production.
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Estimates of the excess prpduetion capacity available in the year

prior to ead] effective date of the noise level r_lulation are summarized

in Table 7-32, and the prebuying anticipated in the year prior to the

effective date for each new noise standard is summarized in Table 7-33.

TABLE 7-33

ANTICIPATED pREBUYING
IN YEARS PRIOR TO EFFECTIVE DATES

(Percent Increase in Total Units
Shipped Cver Baseline Forecast)

1979-80 1981-82 1984 -85

Front Loader 2% 0 O
Side Loader 0 0 0
Rearloadsr 6% 25% 25%

Source: Reference 7-1.

_he unused capacity will allow prebuyiag to increase the 1979-80

production appreximately six percent for rear loaders and two percent for

front loaders. There will be no excess capacity available to support

prebuying for side loaders. Prebuyiag is not expected to exceed these

percentages, since the technology applied to attain Stage 1 noise abate-

ment has no risk involved to suggest significant increases in maintenance

and operations cost.

The Stage 2 price increase for rear loaders is 19.5 percent (based

on the body only) above the base period price, It is expected that

all available prcduction capacity will be utilized to accommodate

prebuyiag. This assumes an annual cost of capital of ten percent.

At Stage 3, the incremental price difference for rear loader

bodies is 21.1 percent. Unused capacity is available for rear loader

production and sufficient economic advantage exists to enceursge a

fall year of early purchasing, given an annual cost of capital of .ten
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percent. AS in the previous two noise stages, the technology applied to

achieve Stage 3 does not involve increased risk and is not considered a

factor in stimulating prebaying.

No adjustments to the baseline £o_ecast or the revised baselines for the

three levels have been made to re_lect prebuying. The adjusted baseline fore-

cast can be modified to reflect prebgying by adding the incremental volume

produced in the year preceding the effective date of the noise abatemertt

standards (1979-80, 1981-82, and 1984-85). A similar reduction in the

volume of production would be necessary in the first year of each effective

noise level to compensate for prebuying. After the first year, it is

assumed that shipments will return to the adjusted baseline levels.

Su_nar Z

In summary, the anticipated reduction in industry volume at Stage i,

estimated in terms of the compactor body alone, is relatively low (192 units).

The potential impact on volume at Stages 2 and 3 is a reduction of 571 and 668

units respectively. For the complete operational unit, the reductions could be

96, 286, and 334 units for Stages i, 2, and 3, respectively, for the first year

of regulation. The effects of respective treatment stages are not additive.

Each stage is assumed to include the units of reduction related to moving from

the preregulation baseline to the given treatment level. Movement from one

treatment stage to the next higher level would involve a reduction of the net

difference expected between the two stages. AS previously noted, the estimated

cost of quieting based on current on-the-shelf technology represents a conser-

vative estimate. Insofar as the actual costs incurred for quieting are lower,

the resulting volume impact will be correspondingly lower.
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Resource Costs:

* Purpose and Methodology

The resources which will be used to meet each noise standard are estimated

in this section, using four measures:

A. The annual increase in capital cost required by end user industries

in the first year of enforcement. This represents the additional capital,

and required to purchase the more expensive quieted units.

B. The total increase in annual costs in end user segments in the

first year of enforcement. Estiaatss include depreciation, cost of capital,

and operation and maintenance costs. This represents the incremental annual

costs to own and operate the more expensive quieted units.

C. The total increase in annual costs for operation of a 100 percent

quieted population of solid waste compactors based on a future date when

nonquieted compactors have been phased out of the population of packer

bodies in use.

D. Equivalent annual costs (for Stage 2 only) which are defined as the

constant value of an annuity whose present value is the actual annual cost

incurred over the period of study.

The estimates of first year capital casts for end user industries

are based on the increased purchase price paid and the volume of purchases

estln_ted. Pricing is at the list price level, This measure represents

the additional capital which must be financed by end user industries due

to the enforcement of the noise standard.

The resource cost factors included in the estimate of the total

annual cost increases for end users are:

A. Depreciation. Seven-year, straight-line depreciation of 14.3

percent per year is used. Current Internal Revenue Service guidelines
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allow solid waste compactors to be depreciated ever a five-year period.

However, seven years is generally accepted as the average packer body

economic life. Therefore, seven years is a better period to use in

assessing economic i_pact.

B. Capital Cost. A return on investment or capital cost rate of

ten percent of the additional capital investment is used.

C. Operating Costs. Analysis based on industry information indi-

cates that there will be a reduction in operating costs.

D. Maintenance Costs. Maintenance cost increases associated with

the modifications necessary to attain Stage 1 will be negligible.

Stages 2 and 3 are estimated to result in a slight increase in

maintenance cost.

Mid-range estimates of resource costs were developed to answer the

question: What is the annual bill society pays for quiet solid waste

packer bodies? Resource cost estimates are based on the revised base-

line forecast and the incremental resource costs from the baseline to

each respective regulatory level.

* Estimated Costs

Stage 1

The total increased capital cost to end user industries is esti-

mated to be $10.9 million for the first year of enforcement of the Stage

I noise standard (Table 7-34). Incremental capital costs represent the

adjusted baseline unit forecast multiplied by the increased unit price.

Estimated total annual cost increases in the first year for adoption

of a Stage 1 noise standard in 1980 are $1.9 million (Table 7-35).
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TAHLE 7-34

TOTAL ESr/MATED FIK_T ¥EAI_
I_REASED CAPITAL COSI'S FOR

END USER I_DUbTRIF_ - STAGE I, i_80
$(0OUs)

Increased Capital Costs

Compactor Body Type Mid-Range Estimates

FrontLoader $ 1,939
Side Loader 2,019
Rear Loader 6,923

Total $10,881

Source: Reference 7-1.

r

j TABLE 7-35

TL_AL ESTIMATED FIRST YEAR
INCREASED AN_;JALCOS_'SFOR

5ND USER INDUSTRIES - STAGE i, 1980
$(000s)

Increased Capital Costs
Compactor Body Type Mid-Range Kstimates

Front Loader $ 383
Side Loader 196

Rear Loader I_368

Total $1,947

Source: Reference 7-1.

Stage 2

Increased end user capital costs are estimated at _'27.4million in the

first year of enforcement for adopting a Stage 2 noise standaz_]in 1982

(Table 7-36). Again, inerelrentalcapital costs are detemlned by multiplying

the adjusted baseline forecast unit shipments by the unit cost increase.
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TABLE 7-36

_C;9ALESTIMATED FIRST YEAR
INCREASED CAPITAL COSTS FOR

D/D USER INDHSTRIES - STAGE 2, 1982
$(OO0s)

Increased Capital Costs
Compactor Bod_T_pe Mid-Range Estimates

FrontLoader $ 3,966
SideLoader 7,820
RearLoader 15,645"

Total $27,431

* Cost of quieted units, $839,000 included for
rear loaders only.

Source: Reference 7-1.

Estimated total annual cost increases in the first year of enforcement

of a Stage 2 noise standard in 1982 are $6.5 million (Table 7-37).

TABLE 7-37

TGTAL ESTIMATED FIRST YEAR
_CREASEDANNUAL COSTS FOR

E_D USER INDUSTRIES - STAGE 2, 1982
$(00Os)

Increased Annual Costs

Com_ctorBody Type Mid-Ran@e Estimate

FrontLOader $ 954
SideLoader 1,852
RearLoader 3,714

Total $6,520

Source: Reference 7-1.
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Stage 3

Stage 3 increases in capital cost are presented in Table 7-38.

TABLE 7-38

'IOTALESTIMATED FIRST YEAR
INCREASED CAPITAL COSTS FOR

END USER INDUSTRIES - STAGE 3, 1985
$(O00s)

Increased Annual Costs

Compactor Body Type Mid-Ran@e Estimate

FrontLoader $ 4,931
SideLoader 9,811
RearLoader 16,909*

$31,651

*Includes $977,000 for quieted rear loaders.

Source: Reference 7-1.

The total estimated increases in annual costs for Stage 3 are presented

in Table 7-39.

TABLE 7-39

•OTAL ESTIMATED FIRST YEAR
INCREASED ANNUAL COSTS FOR

END USER INDUSTRIES - STAGE 3, 1985
$(080s)

Increased Annual Costs

Compactor Body Type Hid-Range Estimates

Front Loader $i,ii0
Side Loader 2,114
Rear Loader 3,679

Total $6,903
Source: Reference 7-1.

The total annual costs (capital expenditures, operating and main-

tenance costs) for a 100 percent quieted compactor body population in

1993 and beyond are estimated to be $43 million.
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The equivalent annual costs represent the stream of equal annual payments

needed to cover the sum of discounted future capital and operating and mainte-

nance expenditures due to the regulation, over the time period chosen.

* Summary

Analysis of the resource costs required to quiet solid waste compactor

bodies indicates that the capital costs associated with noise control are not

insignificant, but are believed to be reasonable in the light of the environ-

mental benefits to be gained from the regulation. Total solid waste compactor

body sales were approximately $125 million in 1974. First year capital costs

are projected to be approximately $1(].8million for Stage i, $27.4 million for

Stage 2 and $31.6 million for Stage 3.

For a 100 percent quiet population at Stage 3 in 1993 and beyond, total

annual costs are estimated to be $43 million.

Equivalent annual costs are $21.5 million for Stage 2 treatment.

Market Impact:

* purpose

This section describes additional impacts anticipated from the adoption

of noise control technology, and includes consideration of both the upstream

component suppliers and the downstremm distributors and end users.

* Suppliers

General suppliers to truck-mounted solid waste compactor body manu-

facturers will not be adversely affected by the adoption of noise control

technology, mainly because all suppliers derive only a small portion of

their business from the packer body industry. The effects of quieting

solid waste compactors on the mjor suppliers are briefly described below:
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A. Truck Chassis Manufacturers. The major truck chassis manufac-

turers are large, financially sound companies with strong technical

capabilities. The truck chassis on which solid waste compactors are

typically mounted constitutes approximately eight (8) percent of the

heavy truck chassis market.

No meaningful change in sales volume is expected as a result of

regulation. Using an extremely conservative truck chassis shipment level

(i.e., 1975 medium and heavy duty shipments), the unit reductions associ-

ated with Stages i, 2, and 3 are .09, .27 and .31 percent respectively.

B. PrO, Pump and Valve Manufacturers. Power Take-Off units, hydraulic

pumps and valves are the major components affected by the proposed regula-

tions. The components utilised by the solid waste compactor body industry

are standard product items, and the volume purchased by the industry is

insignificant relative to total pD_duction and sales. No significant

changes are expected.

C. Distributors.

Solid waste compactor body distribution channels and distributor

operations will not be significantly affected by the noise emission

standards. Although the definition of "manufacturers" under the Noise

Control Act includes distributors who assemble the complete vehicle by

mounting a ccepaetor body on a chassis, the regulation allows the distri-

butor to rely on the production verification testing done by the compactor

body manufacturer, if the distributor assembles the unit in confomnance

with the body manufacturer's instructions. Consequently, there is

expected to be little or no economic impact on distribution due to testing

requirements.
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D. End Users

The potential impact of the regulation on end users will be reflected

in their ability to finance purchases of new packer bodies and the

incremental annual costs to operate quieted units.

(i) Ability to Finance New Unit Purchases. End users view

the packer truck as being comprised of a packer body and truck chassis

as a unit. The regulations under study affect only the packer body.

Consequently, the price increases reflected in this report overstate

the perceived price increase from an end user perspective. It can be

seen in Table 7-40 that the total packer truck price increases are

moderate.

TABLE 7-40

ESTIMATED TC_A5 PACKER TRUCK
pRICE INCREASES BY REGULATORY LEVEL

STAGE1 STAGE2 STAGE3

Compactor Compactor Compactor
Bodyand Bodyand Bodyand

Compactor Truck Compactor Truck Compactor Truck
Type Body Chassis Body Chassis H_dy Chassis
of Price Price Price Price Price Price
Loader Increase Increase* Increase Increase Increase Increase

Front 6.9% 3.5% 12.7% 6.4% 13,7% 6.9%
Side 7.3 3.7 25.6 12.8 28,0 14.0
Rear 7.4 3.7 19.5 9.8 21.1 10.6

* It is conservatively estimated that the packer body and truck chassis
individually account for 50 percent of total purchase price.

Source: Table 7-6.

It is anticipated that price increases may reduce overall demand for

packer bodies by both the private hauler and the municipality end user.

The level of reduction is reflected in the estimates of price elasticity

previously presented.
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(2) Incremental Annual Costs. Changes in depreciation, mainten-

ance, capital costs and vehicle operating costs resulting from regulation

are reflected in increased annual costs per vehicle as shown in Table

7-41. It should be noted that the total annual costs to operate a quieted

compactor vehicle are less than one percent greater than preregulation

levels for Stage 1 and less than 1.4 percent greater for Stages 2 and 3 for

all types of compactors.

Cost increases of this level will not be difficult to pass on to

consumers in the for_ of either higher collection rates for private

haulers or higher taxes to fund _/nicipsl collection operations.

I_oact on Solid Waste Compactor Manufacturing Operations:

* Purpose

The purpose of this section is to evaluate the potential impacts

from adoption of noise standards on _ranufactureraof solid waste compactor

bodies.

The assembly operations in the manufacturing process are most

affected by noise abatement technology (Ref. 7-1). _asically, new

purchased components are substituted for purchased components currently

utilized. Consequently, significantly differant plant and equipment

investments are not expected to result frQn regulation.

Assessment of the impact of the regulation on overall industry

employment involves consideration of the expected raduction in units

produced and the incremental labor required to integrate the new tech-

nology. These factors are considered for each regulatory level in the

following paragraphs.

7-63



TABLE 7-41

_I3TAL A_;NHAL COST PER VEHICLE

FOR STAGES i, 2 AND 3

Annual Costs Estimated Percent
Change in Total

Impact Annual Equipment

Capital Depre- Mainten- Operating Mainten- Operating Cost pe{
Cost ciation ance Cost Cost ance Cost Total Vehicle per Year .I)

sta@e 1

Front Loader $129 $185 0 $-114 $45 $255 .58%
SideLoader 56 80 0 - 99 18 64 .15
Rear Loader 86 123 0 - 99 18 137 .31

Stage 2

FrontLoader $238 $342 O $-114 $45 $521 1.19%
Side Loader 196 280 $60 - 99 18 464 1.06
Rear Loader 226 323 60 - 99 18 537 1.22

I

Stage3

FrontLoader $258 $369 $13 $-114 $45 $581 1.32%
SideLoader 214 307 73 - 99 18 522 1.19
Rear Loader 244 350 73 - 99 18 595 1.36

Source: Exhibits V-4, B-2 and Table III-6 (Reference 7-1).

Notes: (i) Calculated by dividing the total cost for the body type by
$43,912, the average annual operations cost per vehicle,
Exhibit B-2. (Reference 7-1).



* Stave 1

_Dtal unit reduction under Stage 1 regulation is expected to be approxi-

mately 1.5 percent, with a similar reduction in employment. However, this

reduction is offset by increases in enployment to integrate the new technology.

The estimated nu_oer of incren_ntal direct labor hours required to intogcate

the new technology for each regulatory level are shown in the following table:

TABLE 7-42

_STIMATED CDRR_T A/_ If_CR_E_AL
DIRECT [ABOa HOURSBY

RSGUIATOR_ LS'VI:.:L

Current
unit INCRE_I.ENTALDIRECT tABOR HC_RS**

Direct Stage 1 Stage 2 Stage 3
Compactor I_bor Abso- Percent _so- Percent Abso- Percent
T_e Hours* lute Increase lute Increase lute Increase

FrOnt Loader 290 18 6.2% 27 9.3% 27 9.3%

Side 5oader 120 9 7.5 39 32.5 39 32.5

Rear Loader 180 9 5.0 39 21.7 39 21.7

Source: Reference 7-1.

Note that direct labor inputs to produce units ine_ase from 5.0 to

7.5 percent depending upon body type. A net increase in employroentis

expected under Stage i.

*Estimated direct labor hcers were derived by utilizing the typical
manufacturer model shown in Section II (Reference 7-1). Total direct
labor costs account for 12 percent of total list price. £abor hours were
calculated using $7.80 per hour.

**Incremental direct labor houre are taken fr_u Section II (Reference 7-1).

!;
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* Stages 2 and 3

Reduction in demand resulting from Stage 2 regulation would produce an

employment reduction of 2.5, 5.1 and 3.9 percent for front, side and rear

loaders, respectively, viewed from the perspective of the compactor body alone.

If viewed from the standpoint of the complete unit, employment declines result-

ing from treatment Stages i, 2, and 3 are 1.3, 2.6, and 2.0 percent, respectively.

It can be seen in Table 7-42 that these reductions are more than off-set by

increases in direct labor required by the new technology. The same pattern is

expected to result under Stage 3.

Foreign Trade:

* purpose

This section covers the impact of the regulation on export and import

patterns for truck-mounted solid waste compactor bodies. Noise regulations

do not apply to export products, hut do apply to products inported for use

in the United States.

* Exports

Domestic solid waste compactor body manufacturers will be able to export

quieted and unquieted products to foreign countries depending on the requirer_ents

of the foreign market. To the extent that some foreign markets require quiet com-

pactor bodies, domestic manufacturers will be in an improved competitive position.

We expect no negative change in compactor body expert patterns to

result from regulation.

* Imports

Imports have not significantly penetrated the United States solid waste com-

pactor body market. This indicates that U.S. producers have s net cost/technology

advantage over foreign producers. This is not expected to change as a result

of regulation.
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* Balance of Trade

Based on the factors reviewed above, no material impact on the balance

of trade is anticipated from setting any of the noise abatement levels.

Individual Impacts:

* Purpose

This section addresses differential impacts which may develop,

affecting a single firm or set of firms.

* Truck-Mounted Solid Waste Compactor Body Manufacturers

The modifications necessary to meet all regulatory levels require a

minimum level of technical expertise in quieting technology. Small manufac-

turers may be less able to support requirements for specialized personnel than

larger co_panies, but the relative impact is considered minimal in view of the

technology. Further, it is believed that the lead times are adequate for com-

pliance with the impending regulations. Consequently, no differential impacts

on manufacturers of different size or mix of product offering are expected.

Disruptive Impacts:

* Purpose

This section assesses the potential for disruptive economic impacts due

to the establishment of noise standards per se. It concerns "real" world

impacts as opposed tc impacts which are a change in a forecasted future.

With adequate lead time and appropriate planning, business management is able

to adjust its plans to reflect changing conditions and avoid adverse impacts

on its operations. Future over-capacity, unemployment and other adverse

conditions are avoided, through adjustments in planning.

* Assessment

The adoption of the noise emission levels suggested for study could have

the follewing probable effects:
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A. Stage 1 _ 1980. No disruptive impacts are indicated at this

level. Cost changes for the bodies are from 6,9 to 7.4 percent, and volume

changes are minor from baseline conditions. The solid waste compactor body

industrF would be expected to continue its normal growth pattern with a Stage 1

noise standard. No absolute uner,loloymentwould be anticipated.

B. Stage 2 -- 1982. Adoption of a Stage 2 standard could result in high

costs reflected in substantial price increases (12.7, 25.6 and 19.5 percent for

front, side and rear loader bodies, respectively). This can result in an

overall four (4) percent decrease in domestic solid waste compactor body demand.

Price increases for the complete units may reach 6.4, 12.8, and 9.8 percent for

Stages I, 2, and 3, respectively. These price increases for the complete

operational unit could result in an overall two (2) percent decline in demand.

The growth pattern of the solid waste _sctor body industry should remain

st the baseline average annual rate. No absolute unemployment is anticipated.

C. Stage 3 -- 1985. Compactor body price increases for Stage 3 can

range from 13.7 to 28.0 percent. D_mand could decrease h:F 4.3 percent.

No atsolute unemployment is anticipated and the grc_th of the industry

should continue at the baseline average annual rate.

Given the size of the solid waste compactor body industry, no signifi-

cant econcmlc disruption to the national or a regional economy should occur

from these changes.

Summary:

In this section, the economic impact has been assessed based on

product technology modifications required by _PA. A brief summary of the

results are:

A. Compactor body prises may increase as shown is Table 7-43 and would

probably be passed on to end users.

7-68



TABLE 7-43

SUMMARY OF ESTIMATED COMPACTOR BODY LIST PRICE INCREASES

Percent
List Price Increase

Compactor Body Type Stage 1 Stage 2 Stage 3"

Front Loader 6.9% 12.7% 13.7%
Side Loader 7.3 25.6 28,0
Rear Loader 7.4 19.5 21.i
Quieted Rear Loader --- 9.5 ii.i

Source: Tables 7-14, 7-15.

B. Compactor body unit volume will be affected as indicated bel_w:

TABLE 7-44

SUMMARY OF ESTIMATED FIRST YEAR UNIT
REDUCTIOn]FROM BASELINE FORECAST

Unit Reduction

Stage 1 Stage 2 Stage 3

Compactor Body Type (1980) (1982) (1985)

Front Loader 22 44 55
Side Loader 62 231 293
Rear Loader 108 296 320

Total 192 571 668

Source: Tables 7-24, 7-28 and 7-33.

Stage 1 can result in an overall 1.4 percent decline in unit volume,

Stage 2 in an overall 4.0 percent decline in unit volume, and Stage 3 in

an overall 4.3 percent decline in unit volume.

Possible price i,ereases and volume demand declines for the complete

operational unit are shown below in Table 7-45.
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TABLE 7-45

SU_IARY OF LIST PRICE INCREASES
AND DEMAND DECLINES FOR COMPLETE

OPERATIONAL UNIT - FIRST YEAR OF REGULATION

Stave i _ Stave 2 Sta_e 3 ___

Percent Percent Percent

Compactor Price Unit Price Unit Price Unit
Body Type Increase Reduction Increase Reduction Increase Reduction

Front Loader 3.5% II 6.4% 22 6.9% 28

SideLoader 3.7% 31 12.8% 116 14.0% 146

Rear Loader 3.7% 54 9.8% 148 10.6% 160

Total 96 286 334

Source: Tables 7-41, 7-45.

Stags 1 can result in an overall 0.7 percent decline in unit volume,

Stage 2 in an overall 2.0 percent decline in unit volume, and Stags 3 in

an overall 2.2 percent decline in unit volume.

C. The cost of noise abatement is presented in Table 7-46.

TABLE 7-46

SUM_t_RYOF THE RESOURCE COSTS
ASSOCIATED WIT8 NOISE ABATEMENT

$(0O0s)

First Year of Enforcement

Noise Standard Capital Costs Annual Costs

Stage 1 - 1980 $10,881 $1,947
Stage 2 - 1982 27,431 6,520
Stage 3 - 1985 31,651 6,903

Source: Reference 7-1.
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The oost of noise attenuation is not insignificant in relation to the

total 1974 dollar volume of the solid waste compactor body market of

approximately $125 million.

D. There should be little effect on upstream component suppliers,

or downstream distributors or end users.

E. There should be no effect on factory operations at any of the

regulatory levels.

F. No absolute unemployment is expected to occur at any of the

regulatory levels.

G. NO changes in i_oort and expert patterns should occur because

of noise regulations.

H. _bmanufacturers are likely to withdraw from the solid waste

compactor body market as a result of regulation.

I. There are no expected disruptive impacts from adoption of noise

standards.
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SECTION 7 E_IIBIT

METH(_3OLOGYFOR DEVELOPMENT
OF C(3_ ESTIMATES

The methodology used to develop cost estimates for applying noise

abatement technology is described in this Exhibit.

ME_]ODOLOGY

The approach used to estimate the costs of applying noise abatement

technology is summarized below:

1. Conducted plant visits.

2. Collected published data relating to _nufacturers' cost structure.

3. Identified costs expected to be affected by noise regulation.

4. Collected component cost data from suppliers, manufacturers

and end-users.

5. Utilized industrial engineering analysis of production and in-

use changes.

6. Analyzed changes in overhead expenses.

7. Formulated the proEile of a typical company and developed the

overall estimated cost and ehazges resulting fzom noise regulation.

Plant Visits

The plants of several manufacturers of truck-mounted solid waste compac-

tor bodies wera visited in order to obtain an understanding of the production

process, the level of vertical integration in manufacturing major components,

and the nature of other products being made at these plants.

The basic manufacturing process for compactors is similar among the

maeufaetumars, although a wide variation appears to exist in the technical

sophistication of the process. In gene_l, compactors are ,_nufactured in

the following sequence:
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i. Purchased sheet steel is cut to size using sheare and torch-

burning equipment. (One manufacturer purchases coil stock, which

is more economical, and shears the coil sheet to size).

2. The cut-outs are fomi_d and _achined to final specifications.

3. The basic body parts am kitted and moved to the first assembly

station where they are placed in assembly fixtures and spot welded.

4. Dimensions and tolerances ars checked and welding of the body

is completed.

5. Welds are ground down and checked for quality.

6. The balance of the compactor components, including the hydraulic

system, are assembled onto the body.

7. The body is moved to the paint shop for prime and top coats.

8. The completed body is inspected (and reworked if nemessa_y) and

then moved into storage or to the mounting area.

9. The compactor bodies are lifted onto the truck chassis and secured.

Hydraulic and control systems are installed, and the completed unit

inspected prior to shipment.

Sc_e of the individual characteristics of compactor menufacturers ere

discussed in more depth subsequently.

Manufacturers' Cost Structure

An overall estimate of manufacturer cost str_/etu_ was constructed

from data fran the 1972 Census of Manufactumere and Dun & Bradstreet,

Analytical Financial Reports for selected companies. The Agency's

own experience with the spereting ratios of similar industries was also

utilized in this analysis. A representative cost structure for the

industEy is shown in the following table:

7

i
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TABLE 7-47

REPRESERfATIVE SOLID WASTE
O0_PACTOR _%_NUFACTURERCOST AND

P[_DFITSTRUCTURE

Net percent of
Element SalesRevenue

Direct _]aterial 44%
DirectLabor 12

Manufacturing Overhead 24
Total Cost of Goods 80%

General, Sales, and
Administrative 13

Profit 7
Total 100%

Source: Reference 7-1.

Impacted Costs

The nature of costs expected to be impacted by noise regulation are

specified below in accordance with the sequence in the production process:

i. Plannin 9. Re planning effort associated with noise control is a

one-time overhead cost consisting of preliminary design and review in the

functional areas of engineering, marketing, and data processing. The

engineering effort generally includes:

a. A review and possible redesign of affected components
and systems.

b. Testing of prototype vehicles to assure desired results.
Co A review of manufacturing facilities, layout, equipment,

tooling, etc., to insure opti,al manufacturing practices.

The marketing effort censists of a review of sales and technical

literature, updating of training program.s,and evaluations of warranty and

other policies. _ne data processing effort includes design or modification

of manufacturing support systems required by process changes.

2. Implementation. Implementation of the noise control technology is

a one-time overhead cost incurred as a result of location of sources of mate-

rial, tooling and equipment acquisition, production facility changes, hiring
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and training, management information system modifications, and marketing

changes.

3. Production. _he production cost represents an ongoing incre_Ten-

tal cost associated with each unit produced. It is comprised of direct

labor and direct material costs. The direct labor cost reflects the

additional time required to manufacture and/or assemble quieting components.

It also includes the cost of any additional production checking or inspec-

tions. The direct material cost reflects the cost of additional raw

materials and components or the cost increase over existing levels.

4. Enforcemect/Compliance. The enforcement/compliance costs repre-

sent an on-going overhead cost related to product warranty and anticipated

EPA requirements related to testing and recordkeeping. Additional warranty

costs may result if the noise control technology reduces the component life

and/or reliability of the equipment. Testing costs include sound measure-

ment equipment and the cost of administering tests. Recordkeeping costs

relate to the need to maintain test data for product verification and

selective enforcement audits.

Overhead Expense

Overhead is broken down into two areas: manufacturing overhead; and,

general, sales, and administrative (GS&A) overhead. Overhead costs are

usually allocated to a product as a percentage of the direct labor cost.

As indicated in Table 7-47, manufacturing overhead is estimated to be 200

percent (24/12) of direct labor and GS&A is estimated to be an additional

i08 percent (13/12) of direct labor. It is likely that the application of

noise control technology will result in some increases in overhead cost, but

it is unlikely that the increase will be as large as that derived by applying

the existing rates to the additional labor cost resulting from the quieting

technology.
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C(MPANY PRCFILE

The typical company developed for the purposes of estlmating coets does

not represent an existing manufacturer, but instead reflects a co1_positeof

firms in the industry. The composite is based on an evaluation o£ the indus-

try in temms of production rates, manufacturing processes, and estimated cost

and profit structure. The following paragraphs describe the general and spe-

cific assunptions on which the typical company is based, and the factors used

to estimate the cost of noise control technology.

(a) Pack@round and General ;_su_otions

%%_egeneral manufacturing process for truek-s_unted solid waste compactor

bodies is described in Section 2 (Ref. 7-1). ?_ile the basic process is

essentially the same for all manufacturers, there are s(_nevariations in the

methods of operation. The following paragraphs describe the differences among

Jranufaetumersnoted in te_ of manufacturing _ethods and technology, product

mix, prc_uetion rates, and level of vertical integration.

The differences in manufacturing _ethods and technology are most

pronounced in the areas of physical plant, tooling, and equipment sophisti-

cation. These di£ferences are characterized in the followlng company

profiles. One manufacturer has a lazge, modem plant, a large number of

technologically advanced, numerical control machines, and sophisticated

assembly 3igs and fixtures. A second manufacturer also has a modem

plant, but does not have as much state-of-the-art equipment as the first.

The third manufacturer has a very old and generally run down facility,

does not appear to have any numerical control equipment, and uses

relatively unsophisticated jigs and fixtures in the assembly process.
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Although the _ange of labor intensive to capital intensive manufacturers

is considerable, the Agency concluded that the prmposed noise control tech-

nology would not have a significant impact on either existing manufacturing

cperations or labor. Therefore, the ragulation should not result in unique

cost advantages to either the labor intensive or the capital intensive

manufacturer.

Diffsrsnoes wers also noted in production rates. Some manufacturers

produce track-mounted conpactors in sufficient volume to justify continuous

production lines, while others pDodsee in intermittent small lots. The

prq)osed quieting treatment is concentrated primarily in the mounting

operation where the compactor body is mounted on the chassis. The techno-

logy has little impact on the actual prodmation of the compactor body

itself. Thus, the quieting technology does not appear to result in cost

disadvantages to either continuous or intermittent producers.

All of the manufacturers visited pmaduce items other than truck-mounted

compactors, ineludin9 stationary compactors, dump bodies, hoists, and trash

containers. The overall product mix varies with each company. The prima_y

reason for the industry's general product mix is commonality of manufacturing

processes°

According to manufacturers, them is very little commonality of non-

purchased components between these products. Thus, it was concluded that

product mix should not be a factor in the cost of applying quieting r

technology.

It appeara that the make versus buy mix for the c(mponents affecte_

by the quieting technology is similar among manufacturers. All menufao-

tursrs purchase power take-off units, instrumentation and speed control
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components from the same group of vendors. In addition, most companies

purchase the hydraulic pumps used on compactors, floweret,it appears that

most companies produce their own hydraulic cylinders since the process is

relatively simple and the necessary equipment can be used to produce

cylinders fo_ a wide line of pr_x_ucts.

_e implementation of noise standards should not significantly affect

the existing make versus buy mix. It can be assumed that those romponents

presently purchased will still be purchased after quieting, and the same

type of purchase savings will be achieved. The only potential impact of

significance relates to the in-house production of hydraulic cylinders for

rear loading vehicles. If cushioned cylinders are requirsd to reduce

impact noise, then soma manufacturers may elect to purchase these items

rather than incur the expense of redesigning the cylinder and production

process.

IN sur_ry, the _enc_/ concluded that the prc_os_ noise control

technol_y would not resuln in any major changes or disruptions in the

existing pattezns of mperation. Consequently, the Agency developed cost

estimates for noise control technology based on the profile of a "typical"

coapany.

(b) Specific Assumptions for the Typical Company

1. Prcx]uetionRates. The esti_ted production levels for the

industry and estimated market share of existing ccxnpanieshave been presses-

ted in the economic profile phase of this study. Using this information,

the following production rates have been assumed for the typical company

manufacturing one of the three types of equipment:
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TABLE 7-48

ESTIMATED UNIT PRODUCTION
OF A TYPICAL COMPANY

Typical
Company
product ion

Manufacturers of: (units/year)

FrontLoader 200
SideLoader 300
Rear Loader 400

Source: Reference 7-i.

The production rates for the typical company have been used to

estimate annualized unit cost (i.e., annual cost/units per year = cost

per unit).

2. Cost Structure and Profitability. Manufacturers have not

divulged cost and profitability data, so it was necessary to develop estimates

based on Analytical Financial Reports (Dun and Bradstreet,Inc.), industry

statistics (1972 Census of Manufacturers), and the Agency's experience in

similar industries. The following cost and profit estimates are assumed to

be representative of the "typical" company:

TABLE 7-49

ESTIMATED COST _FRHCTURE
FOR A TYPICAL COMPANY

Percent

Percent of Average
Cost Cste_or_ of COGS* Sales Price

DirectMaterial 58% 44%
Direct Labor 15 12

Manufacturing Overhead 30 24
General, Sales and

Administrative -- 13
Gross Profit _ 7

Total i-0-0-% _

*Cost of Goods Sold.

Source: Dun and Bradstreet, Inc., Analytical Financial Reports and
1972 Census of Manufacturers.
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This breakdown shows that direct reterial represents the lagest

o_st element, and the total cost of goods sold is approximately 80 percent of

the average sales price.

3. Overhead Expenses. Based on the assumed overhead cost

structure for the typical corn@any,the full overhead allocation would be

308 percent of direct labor costs.** It is unlikely that quieting will

lead to overhead cost increases of this regnitude and, therefore, estimates

o£ the actual incremental overhead expenses for the typical company have

been developed.

*IFull O_erhead _ (ManufacturingOverhead (24%) + GS&A (13%)]
/Direct Labor (12%) = 308%
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SEC'UI_I B

GENE}_L

_%e EP/% enforcen_ut strdtL_gy will piece a L_jor share of tl]e r_s[Junsi-

bility on _]e I,anufacturers who will De r_uired to _nduct _)re-sale testit_g

to dete_Lline the c_._plial]ce of t_uck-mounted solid waste col,_)actorswi_1 this

regulation and noise emission standards. £esides relievir_3 EL'A of an adi_inis-

trativ_ burden, this approach benefits tilet,_]nufdcturers l_ leaving their

persolmsl is control of many aspects of _/*e c_;*[)limlce pr_gr_ and if,_Ix_si[_3

only a minim_m_ burden on t/_eir business. %]*erefore, monitoring by EPA

[>ersonnel Of t/_e tests and m_nufaeturers' actions taken in ux_apliance wi_%

these re_ulati_Is is advisable to ensure t_%at _s A_ninistrator is provided

wi_% _%e accurate test data necessary to dete_.%ine %_%ether _le c_.ipactors

distributed in c_m_erce by i._anufacturers are in col_)lia_*cewi_/l _ese

r_Hulations. Accordir*91y, _*e regulations provide tl_at EPA ]_forcei_st

Officers, u_der previously promulgated usd recently _,odified r_/ulations

(40 CFR Part 205 Subpart A), are eilpowered to insider records and facilities

in order to assure _%at Ii_n0faeturers are carrying out _%eir respoDsibili-

i ties properly. 5_der a recent U.S. Supreme Court decision (Marshall v.

Barlow's, Inc., 436 U,S. 307, (1978)), such ins_ctions i_ay be conducted so

long as (I) _/]emanufacturer consents or (2) t/_eofficers have obtained a

i warrant.

ii! %_]e enforcement strategy pro[x_sed in these regulations consists of three

par_s: (i) _roduction Verification, (2) Selective Enforc_nt Auditit_g, and

, (3) In-Use Cc*,_li_ce Provisic,_so

! _-i
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PRODUCT[C(I VEI{IFICATICN

_ruduction wrification is testing by a 1,%anofacturer of selectL_d early

production i_dels of a co_)figur_ion intended for sale, 'D_e objective is to

verify that a i_n_/factursr has t/_erequisite noise control technology in

hand to comply wi_/_ t/%e stazY3ard at t/_e time of sale and is capable of

applying the technology to the ]_anufacturing process. 'l_e early p_oduction

modsls of a c_onfiguration tested must not exceed the level of _/_e standa,,_d

]ninus _]e noise level dL_/radation factor (NLDF) befure any i_odels in _at

configuration may De distributL_ in c_snerce. Any testi_ shall ue done in

accordance wit/% t/_e proL_sod t_st procedure.

Production v_rification does not involve any formal Ei_A approval or

issuai_ce of certificates subsc_luent to i_anufacturer t_sti_g_ nor is any

extensive testing required of EPA. All testing is performed by t/ismanufac-

turer, l_owever, t/%e Administrator reserves _%e right to be present to monitor

any test (includirg s_,%ultane0us testing wi_% Agency t_ui_nent) or to require

that a i_%anufaeturer supply the Agency wi_* products for testing at EPA's Noise

Ei_forc_nent Facility in Sa2_usky, Ohio or at _y o_er site _e Administrator

may find appropriate.

_*e production unit selected for testing is a product configuration. A

product configuration is defin_ on _%e basis of t/_eparan_eters delineated in

section 205.205-3 of the regulation. The basic par_eters for configuration

identification include t3_e type of truck engine, cc_ipaetor body, csnpactor

power h?]stem or power take-off and t/_eex/_aust orientation.

A manufacturer shall verify production products prior to sale by one of

two ,_ethods. _*e first *_ethod will involve testing an early production

preduct (intended for sale) of earl% configuration,
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Alternatively, [Jroduction verification testing of all u_nfiguL'ations

prGduced by a manufacturer i[_y not be _L_uired where a manufacture_ can

establish t/]at t/_e SOUlld levels of sc_ne u_nfiguratio*_s (basu_] on tests or

on er_jineering jud_gr_nt) are consistently reL)_esentative Of other configura-

tions. In such a case, that product which emits t/le highest noise level would

be t/leonly configuration r_quiril_] verification rusting.

%]lis secol]d _t/lod allows a manufacturer, in lieu of testing products

of every configuration, to group configurations into categories. A category

will be defined by basic par_nsters of truck eD_jine type, ¢_npacLor type, and

c_Llpactor power s_ystem. Again, tilemanufacturer may designate additional

categories based on additional parameters of his dloice.

Wit/_in a category, the configuration emitting the i_ighest A-weighted

soul_] pressure level at t/%eend of the AcOustic_l Assuranc_ L>eriod is deter-

mined either by testing or good engineering judglr_nt. 'lhe [."anufacturer can

t_%en satisfy tile production verification r_quir_nents for _II configurations

wit/tin r/fat categoD] by d_aonstraLing that the loudest configuration cog_lies

with the applicable standard minus the NLDF for that cunfi_3uration. '1_liscan

eliminate the need for a substantial amount of testing, li_ever, it must be

emphasized that the loedsst configuration must be clearly identified and the

NLDF fo_ each configuration must be r_rted.

_ese regulatioru_ also provide that the Achninistrato_" may Lest produe_s

at a [m_nufacturer's facility using Agency equi[x._ent. 'finiswill provide ths

Adlllinistrator with an OppOrtunity to detemnine t/fat H%e manufacturer's

test facility satisfies the requirements of section 205.204 and is qualified

as specified in section 205.204 to conduct _/%e tests required by t/lis subpart.

If it is detern_ined that the equi@_ent or facilities are |lotqualified, t/_e
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Administ_'ator 1_y disgudlify t/lelafr_n further use for testing undsr r/*is

subpah't. P_'oc_dures that are available to t/is manufacturer subsequent to

disqualification are delineated in the regulation.

A production verification re[_ort fob" a configuration Inust be filed by

t/isinanufactuL'er before any products of tJlat configuration are distributod

in colmnerue. A product configuration is cansiderc_ to be production verified

when the Hmnufacturer has sh_l, bas%x] on the a[_plication of the noise m_a-

surel_nt test, that a configuration confom_%s to tJlestandard, aildwhen a

t_m_ly re_ort has been ,_iled to EPA indicati[_j that it cU_nDlies with _/le

stai_/ard.

If a manufacturer is _able to test due to _aather coi_]iti_is or other

cunditiolls L_yoI_ his colltrol, the production v_rification of a c_ifiguration

may be delayed for a period of up to 90 conseeutiv_ days wi_lout _/lei_anufac-

tutor's request provided t/fat _/*e test is perfumi_2d oi_ t/le first day that _le

l_al_ufacturer is able and t/IsIL_nufacturar l_intains reoo_ds of the conditions

wbicll I_ke t_sti_ im_*)ssible. If testir_j has IlutL_-_un by _le 45_/iday _/le

m_nuf,_eturer I_s 5 days to notify tJ*eAd;,inistrator in writir_ that the

pruduets have been distributed and must provide doo/m_ntation Of t/isconditioIls

which have prevented testing, qhis p_ocedure will minimize disruptions to

*sanufauturing facilities.

If a _laI%Ufactureradds a new configuration to a product line or _langes

or deviates fr_a an e×isting configuration wi_h respect to any of _/leparameters

_lieh define a _nfiguration, _/_e l_anufaeturer faust verify t/isnew configuration

either by testiilg a product and subi_ittir_jda_ Or by filing a report whirl%

demoi%strates verification on _le basis of pr_vi_sly sublnitted data.
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Production verification is an annual requirement. However, the Adminis-

trator, upon request by a manufacturer, may permit the use of data from

previous production verification reports for specific product configurations

or categories. The considerations that are cited in the regulation as being

relevant to the Administrator's decision are illustrative and not exclusive.

The manufacturer can submit all data and information that he believes will

enable the Administrator to make a reasoned decision. It must be again

e_hasized that the manufacturer must request the use of previous data. If

the _anufacturer fails to do so, then all categories and configurations for

each subsequent year must be production verified.

The manufacturer need not verify configurations at any particular point

in a year. The only requirement is that a configuration be verified prior to

distribution in commerce. The inherent flexibility in the scheme of categori-

zation in many instances will allow a manufacturer to either verify, based on

representation, a configuration that may not be produced until late in a year,

or else wait until actual production of that configuration to verify it.

If a manufacturer fails to properly verify and a configuration is found

! not to conform with the regulations, the Administrator may issue an order

requiring the manufacturer to cease the distribution in ceeweroe of products

of that configuration. The AOsdnistrator will provide the manufacturer

the opportunity for a hearing prior to the issuance of such an orde=.

Production verification performed on the early production models provides

EPA with confidence that production models will conform to the standards and

limits the possibility that nonconforming products will be distributed in

commerce. Because the possibility still exists that subsequent models may

not conform, selective enforcement audit testing of assembly line products

8-5



will be made a part of t/lisenforcement strategy in order to determine whether

production products continue to comply with the standard.

DISTRIBUTOR MANUFACTURER

Under Section 3(6) of she Noise Control Act, a "manufacturer" is "any

person engaged in the manufacturing or assembling of new products, or the

importing of new products for resale, or who acts for, and is controlled by,

any such person is connection with the distribution of such products."

This definition encompasses a distributor who mounts a compactor body and

attendant power take-off (FID) equipment on truck chassis and is the last

person to have control of the completed vehicle before it enters the stream

of co_m_rue.

At the same time EPA recognizes the difficulties t/leproduction verifi-

cation requirements could pose for a small distributor. 5_A also is aware of

the close relationship between the manufacturer and distributor and the impli-

cations it may have in easing the distributor's difficulty. Distributors have

stated that, in assembling a vehicle, they follow the compactor body manufac-

turer's detailed installation instructions. If an unusual configuration is

encountered, the distributor generally consults with the body and/or chassis

mnufacturer. In view of this close relationship, ssctiu_]205.205-I(d) has

been revised to allow distributors and any other manufacturers who only mount

compactor bodies on chassis, to rely on the completed production verification

tests of the co|,pactorbody manufcturer if t/%eyfollow the compactor body

manufacturer's installation instructions.

If the distributor fails to follow t/_einstructions given to him, then

the responsibility for compliance wit/]production verification testing reguire-

manta is shifted beck to him.
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SELECTIVE ENFORCEI_ENTAUDIT

Selective enforcen_nt auditing (SEA) is the term used to describe the

testing of a statistical sample of production products from a specified

product category or configuration selected from a particular assembly plant

in order to determine whether production products cc_ply with the noise

enission standard and to provide tJ_ebasis for further action in the case

of noncompliance. The selective enforcement audit plan is designed to

determine the acceptability of a sample of items for which one or ,nDre

inspection criteria have been established. As applied to product noise

emissions, the items being inspected are compactors and the inspection

criterion is the noise emission standaDd.

Testing is initiated by a test request _icb will be issued to the

manufacturer by t/_eAssistant Administrator for Enforcement or his author-

ized representative. A test request will address itself to either a category

or a configuration. The test request will require the manufacturer to test a

sample of products of the specified category or configuration produced at a

specified plant. An alternative category or configuration may be designated

in the test t-equestin the event products of the first category or configu-

ration are not available.

Upon receipt of the test request the manufacturer will select the sample

from the next run of products of the specified category or configuration that

is scheduled for production.

The Administrator reserves the right to designate specific products for

testing. Generally, a sample will he defined as the number of products

predueed during a t_e period specified in the test request. A sample

defined in t/lismanner will allow the Administrator to select sample sizes
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small enoush to keep the n_nber of products to be tested at a minimum and still

enable EPA to eventually draw statistically valid conclusions about the noise

emission performance of all products of the category or configuration which is

the subject of the test request.

One important factor that will influenc_ the decisions of the Administrator

not to issue a test request to a manufacturer is the evidence that a manufac-

turer offers to demonstrate that a product category or configuration complies

with the applicable standard. If a manufacturer can provide evidence that his

products are meeting the noise emission standard based on testing results, the

issuance of a test request may not be necessary.

A product is considered a failure if it exceeds t/_enoise emission

standard.

An acceptable quality level (AQL)of 10% was thcsen to take into account

sure test variability. The number of failing products in a sample is compared

to the acceptance and rejection numbers for the appropriate sampling plan. If

the number of failures is less than or equal to the acceptance number, then

there is a high prcbability that the percentage of noncumplyieg products is

less than the AQL and the SEA will hays been passed. On the other hand, if

the number of failing products in the sanple is equal to or greater than the

rejection n_nber, then the SEA has been failed.

Regardless of whether an SEA is passed or failed, failed products would

have to be repaired or adjusted and pass a retest before they can be distri-

buted in con_erce.

It is anticipated that t/%eaudit plan will estsblish two types of

inspection criteria. These are no_inalinspection (SEA) and continued testing.

Normal inspection (SEA) is used until a decision can be made as to whether a
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sample has passed or failed. _en a sanple is tested and passed in respo_e

to a test request, the iranufacturer will not be required at that time to do any

further testing pursuant to t/_at test request. _en a s_nple is tested and

failed, then the Administrator i,ay rcguire continued testing of the compactors

of _lat category or configuration produced at that plant. 'Die Administrator

will r_tify t/_e i_anufacturer of the intent to require co_*tinued testify. The

manufacturer can rt_luest a hearing on the issues of whether t/heaudit was

properly conducted, and whether the criteria for a sample failure have been

met. %1*e manufacturer l_y also raise issues or supply any ii_fo_ation he

believes to be relevant to the appropriateness or scope of a continued testing

order.

Since the nm_o_r of c_mlpactors tested in response to a test urder _ay vary

oonsiderebly, a fixed time limit cannot be placed on completing all testing.

The p_q_se of t/_e approach is to establish the time limit o.n a test-time-
i

per-product basis, taking transportation requir_rents, if any, into consid-

eration. '_]e jranufacture_ will be allowed a reaso0able amount of time to

transport products to a test facility if one is not available at t/_eassembly

plant. The Administrator estimates that iranufacturers can test a minimum of

five (5) eanpactors per day.

ADMINI_fRATIVE ORDERS

Section ll(d)(I) of the Act provides that:

"_enever any person is in violation of section 10(a) of t/*isAct, the

Administrator nay issue an order specifying such relief as he _etermines is

_ necessary to protect t/_e public health and welfare."

i
Clearly, this provision of the Act is intended to grant to the Administrator

discretionary authority to issue administrative orders to supplement the penalties

i:i
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of Section ll(a). If compactors which were not designed, built, and equipped

so as to comply with the noise emission standard at the time of sale were

distributed in co,,merce,such an act would be a violation of Section 10(a) and

remedy of such non-compliance would be appropriate. Remedy of the affected

products shall be carried out pursuant to an administrative order.

The regulation provides for the issuance of such orders in the follo_;ing

circumstances: (i) recall for the failure of a product or group of products

to comply with the applicable noise emission standard, (2) cease to distribute

products not properly verified, and (3) cease to distribute products for

failure to test. These provisions do not limit the Administrator's authority

to issue orders, but give notice Of cases where such orders would in his

judgment be appropriate. In all such cases, notice and opportunity for a

hearing will be given.

COMPLIANCE LABELING

This regulation requires that compactors subject to it shall be labeled

to provide notice that the product complies with the noise emission standard.

The label shall contain a notice of tampering prohibitions. The effective

date of the applicable noise emission standard is also required on the label.

A coded rather than actual date of manufacture may be used so as to avoid

disruption of marketing and distribution patterns.

APPLICABILITY OF PREVIOUSLY P_OMIJLGATEDREGULATION

Manufacturers who will be subject to these regulations must also comply

with the general provisions of 40 CFR Part 205 Subpart A. These include the

provisions for inspection and monitoring by EPA Enforcement Officers of manu-

facturers' actions taken in compliance with this regulation and for granting
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exemptiot_sfr_n this regulation for testing, prev_rification products,

national security reasons, and export products.

IN-USE COMPLIANCE

"illeseprovisions include a requirement t/_atthe _m_nufactursrprovide a

wa_anty to purchasers [required by Section 6(d)], assist the Administrator in

fully definimj t|mse acts which constitute tampering [under Section 10(a)(2)(A)],

and provide retail purchasere with instructions specifying the proper mainten-

ance, use and repair required to minimize degradation during the life of the

ccmpactor, and with a log book to record l_intensnce and repairs perfom,ed.
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SECFION 9

EXISTING LOCAL, STATE, AND FOREIGN NOISE REGULATICNS

According to Section 6 of the Noise Control Act of 1972, the

Federal noise regulation for new truck-mounted solid waste compactors will

preempt new product standards at the local and state levels* unless those

standards are identical to the Federal standards. Further, according to

Section 9 of the Act, regulations will be issued to carry out the provi-

sions of the Act with respect to new products imported or offered for

importation,

EPA conducted a comprehensive assessment Of state and local noise

programs in 1977 and early 1978 (Ref. 9-2). The major element of the

assessment was s survey questionnaire mailed to officials in the 50

states and 2 territories, and to all 824 communities with a population

greater than 25,000. This was supplemented with information obtained

from other studies and surveys.

From this info_matlon an assessment can he made of the number of

existing regulations that are applicable to refuse truck noise and

that may be affected by the proposed Federal regulation. Of the 50

states queried, 3B responded to the questionnaire. Of these states,

four responded that they had enacted legislation that includes noise

performance provisions for truck-mounted solid waste compactors. Two

*Local and state governments are not prohibited from "establishing or
enforcing controls on environmental noise through licensing, regulation
or restriction of the use, operation or movement of any product" or
from establishing or enforcing new product noise standards got types
of equil_ent not regulated by the Federal Government.
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of t/]efour states _lat have applicable legislation responded that they

have carried out enforcsilentactions under t/_eirlegislation. However,

none of the states responded that theiL"pr_jr_iihad l_de significant

progress in reducing the noise levels or noise intrusiveness of truck-

mounted solid wast_ ccx,pactors.

_e EPA sur_leyalso queriu_J824 cesta,unitieswitdl[_opulationsu_

over 25,000. Of tJlese,562 c(anmunitiesresponded to _/lesurvey. Sixty-

six of the responding coJmnunitiesstat_] t/]att/layhad enacted legisla-

tion that includes noise perfs_nance provisions for tL'uck-nDustedsolid

waste compactors. Twenty-seven of t/lesixty-six have carried out enforce-

ment actions under t/lairlegislation. Of the coFmnunitiesrespondiDg,

42 stated that their prOgram had made significant prc_ress in reducir_3

the noise levels or nois_ intrusiveness of truck-mounted solid waste

compactors.

A representative sample of the existing state and local laws t/_at

apply to noise from truck-i_unted solid waste co*,pactors is presented in

the following sections, qi*isinfo_nation comes frcm a study conduct_w/

for EPA (Ref. 9-1) as part of t/_eregulatory analysis process. The laws

ar_ s_si_rized in 'fable9-1, _ere it can be observed that there is a

great deal of variation fro, one jurisdiction to t/lenext. Sa._ specify

sound levels; same rely upon curfew provisions, usually applying only to

residential areas, prohibiting night collections of refuse; and scme con-

tain both types of provisions.
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LOCAL [A_S AI_PLICABLE TO REFUSE 'fliUCKNOISE

'_:e local solid waste compactor truck noise laws which specify a

i_xim_n source level have a very wide variation in those levels. The

deHr_e of variation is shown by the scale in Figure 9-1, which shows

the source levels in equivalent tem_s of dB(A) at 7 meters. Those

regulations _]ich call for a different m_asurement distance ]]ave been

normalized to equivalent 7-meter levels, ass_ing a 6 dB decrease [_r

doubling of distance in the spreadir_] of sound. It can be Observed that

the normalized levels range fruLl 91.7 dB(A) for Saginaw to 62.8 riB(A) for

New York City. (The apparent higher level of the Springfield, N. J. law

is discussed on page 9-11).

'lhe cummunity programs vary as ;,luc|:in their degrc_ of enforcai_nt

as in t/:eir levels, ranging frQ, c_ntinuous in-use enforc_st on all

garbage trucks to no enforcement at all. In the subsections @*ich follow,

each of the local noise laws listed in Table 9-1 is briefly ,_iscussed.

The last suusection presents the texts of the refuse truck noise provi-

sions for each jurisdiction. 'I_*eorder of discussion is cities first and

then counties, wit/l cities addressed in alphabetical order by the states

in which they are locatc_/.

i. Los m_eles, California

The Los Angeles noise law provides for a 9:00 p.m. to 6:00 a.m.

curfew on garbage collections. _lere is no numerical sound level speci-

fied in this law for truck-mounted solid waste co_pactors. As in other

laws that specify curfews, the provisions apply to the scsveI_jer opera-

tions thsmselves rather than to the truck or t_le compactor. Violations

of t/]e law are treated as a misdsneanor, as in iJDst municipalities, with
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--SAGINAW, MI (85 @ 50')

90

_ TOLEDO, OH (82 @ 50')

SACRAMENTO COUNTY, CA (B0 @ 50')

85

--SAN FRANCISCO, CA, SAN ANSELMO, CA (75 @ 50')

-- ARVADA, CO, NORMAN, OK, SALT LAKE
COUNTY, LIT (74 @ 50') GREELEY, CO

80 (S0 @25')

II--- SAN JOSE, CA (75 @ 25')
75

e-- NEW ROCHELLE, NY (80 @10')

7O

65

NEW YORK, NY (70 @ 10'I

60 ¸

:: FIGURE 9-1

RANGE OF MAXIMt%_ SOURCE LEVELS FOR SOLID WASTE

C[3MPACIDR TRUCKS IN NOISE ORDINANCES*

i
*All levels not measured at 7 meters have been normalized to an

equivalent level at 7 meters.
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fines ranging up to $200 or imprisor_nent ranginq up to 6 months. The

law is enforced by the Los Angeles Police Department, with the cooperation

of the Acoustics Division of the DepartJ,entof Environmental Quality.

2. San Anselmo_ California

San Anselmo has a law specifying a maximt_nsource level for the

compactor of 75 dB(A) at 50 feet. There is an unusual provision in the

San Anselmo law that states that noise is "not unlawful if sound deadening

devices are used to the extent reasonably feasible." The law is enforced

by the Police Department.

3. San Diego_ California

The former San Diego noise law was one of only a few in the nation

that cOntained both a ourfew provision and a ,mximum source level provi-

sion for refuse trucks. However, an amended version of the law was

adopted in March, 1977 which struck the source level provision and left

only the curfew. The maximum source noise level provision was repealed

beoause it was not felt to be as effective as the curfew in their

situation.

The maximum source level provisions of the noise law in San Diego

were administered by the Noise Abatement and Control Administration of

the Building Inspection Depart_rent. This was one of the more active

noise programs in the nation. They performed noise measurements of solid

waste c'_mpactortrucks at a test site near the Chollar landfill. The

measurements were made at a distance of 50 feet at four points: front,

rear, and both sides. The tests were conducted on a spot check basis,
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with the duration of each test running one to five minutes for two

compacting cycles. The conpany name, license n_ber, and vehicle type

were recorded for each test. Scavenger o_,panies received copies of the

test reports on their vehicles and were required to correct vehicles

found to be excessively noisy.

The remaininq portion of the law, the garbage eurf_ provision, is

enforced by the Noise Abatement and Control Administration. The refuse

companies have cooperated by planning their routes and schedules around

the curfew.

4. San Francisco, California

San Francisco has one of the most active refuse truck noise abate-

ment programs of any city in the United States. The noise standard

of 75 dB(A) at 50 feet is enforced on an in-use basis by mobile units

operated by the Bureau of Environmental Health. These units generally

operate fron marked cars equipped with sound level meters and strip

chart recorders. The sou_ measurements they perform are unannounced

spot cheeks of refuse vehicles operating on the streets, often in the

pre-dawn hours of the morning.

One of EPA's study investigators observed the San Francisco refuse

truck noise measurement procedure during an actual enforcement operation.

After locating a refuse truck on the street, an Enviror_ental Health

employee pulled his car up 50 feet to the rear oE the truck. This

particular truck was rear-loader No. 3941, operated by Company F, having

a Company I compactor and a Company K chassis. Measurements were made

with a GR 1933 sound level meter with the microphone on a 5-foot probe
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out the driver's side car window. Sound levels were recorded on a

Simpson Model 2745 strip chart recorder. In recording a compacting

cycle, the peaks fr_n the sounds of bottles popping and cans c_ushing

during compaction were noted on the strip chart. The sound level assigned

to the trace was 76 dB(A), the highest level attained aside from the

extraneous peaks. Wl_enthis measurement was taken the standard was 80

dBA at 50 feet, so this vehicle was in compliance.

In the course of enforcing the San Francisco refuse truck noise

law, over 150 such strip chart recordings have been mede by the Depart-

ment of Environmental Health. On the basis of the strip chart recordings,

the Department has issued abatement orders to the scavenger c_,panies

when trucks have been found to exceed the noise limit. The companies

have qenerally been cooperative in retrofitting their trucks when neces-

sary to meet the limit.

5, San Jose, California

The San Jose refuse truck noise level is a part of the r_]ulation

of garbage and rubbish vehicles which was added in October of 1975.

The law is administered by the Property Cedes Departlrentof the Bureau

of Housing and Community Development. The Department has tested newly-

manufactured refuse trucks and found them to comply with the law. Besides

enforcenent through refuse truck licensing, San Jose puts similar wording

in its contracts with scavenger o_nies for municipal trash collection.
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6. Arvada, Colorado

The Arvada noise ordinance provides a maximum noise level of 74 dB(A)

at 50 feet. The administering agency for the noise law is the Police

Department. Penalties up to $300 are p_ovided for violations.

7 & 8. Lakewood, Colorado and En@lewood, Colorado

The Lakswood noise ordinance has been in effect since 1973. It

provides a I0 p.m. to 7 a.m. curfew on scavenger operations in residential

districts or within 300 feet of a hotel or motel. Lakewood has an active

enforcement program for the curfew using a "soft fuzz" (i.e., gentle enforce-

mast) approach. Good cooperation has been obtained from the scavenger

companies by the Department of Cognunity Development in changing routes and

schedules. The Department has required these changes on several occasions

in response to citizen complaints of refuse truck noise at night.

The Englewood, Colorado, refuse truck noise provision was apparently

patterned after that of Lakewood, Colorado.

9. Greeley, Colorado

The Greeley noise ordinance was enacted on October 5, 1976. It declares

that it is unlawful to operate, or cause to be operated or used, any refuse

compacting vehicle which create_ a sound pressure level in excess of 80 dBA

at 25 feet (7.5 m) directly to the rear of the vehlele.

10. Littleton, Colorado

Littleton, Colorado, is another co_unitylocated near Denver with

considerable noise awareness. The population of 30,000 people has an

active noise abatement program dating from 1974. The refuse truck noise
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provision provides a curfew of 10 p.m. to 7 a.m., which was copied fron

the Lakewood ordinance. In drafting the Littleton noise ordinance the

noise officer used as inputs the Lakewood ordinance and the National

Institute of Municipal Law Officers (NIMLO)/RPA model ordinance.

The enforcement approach is s_ilar to Lakewood alw]Englewood in

trying to work with the scavenger companies in qettlng them to change

routes and schedules in response to complaints. In Littleton, however,

one scavenger co_oany refused to cooperate, and it was cited and taken

to court. The company was convicted and issued a $30 fine. Apparently

this was still not convincing enough for them and they were later brought

into court again for a second violation and received a $45 fine. Upon

being convicted the second time the company changed its schedules.

The Littleton refuse truck curfew appears to be a success, like

its neighbors in Lakewood and Englewood. After proving the seriousness

of the law with convictions, Littleton appears to be receiving coopera-

tion fra, the scavenger c_mpanies.

11. Chicago _ Illinois

The Chicago noise ordinance provides a 9:30 p.m. to 7 a.m. curfew

for all areas of the city except the downtown business district and

the airport. The ordinance is enforced by the Police Department and

provides fines up to $500 for the second and subsequent offenses.

12. Dubuque f Iowa

The Dubuque noise ordinance provides a 9 p.m. to 7 a.m. curfew

on scavenger operations in residential areas. The law is enforced by

the Police Department. The law provides penalties of fines up to $100

and imprisonment of up to 30 days.
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13. Saginaw, Michigan

'filenoise law in Saginaw became effective June 30, 1977, and declares

that it is unlawful to operats a garbage compactor which produces a noise

level in excess of 85 dBA at 50 feet. qhe office of Envirem_ntal Improve-

ment and _]e Police L_partaLentare respensible for the law's enforc_n_nt.

Violators are required to appear in court. Howsver, consideration is given

to voluntazy c_nplianee with the law befor_ the court appearance.

14. Princeton, New Jersey

The Princeton noise ordinance provides a 7 p.m. to 7 a.m. curfew

on scavenger operations Monday through Saturday, with scaver_jeroperations

prd%ibited caapletely on Sunday. %_lisparticular law is unusual in

providing a provision for its own suspension for emergency garbag_ col-

lections. The law is enforced by th_ Police De[mr_nent, and penalties

for violations can go up to a $200 fine or 90 days imprisoi_rent.

15. Sprin_field_ New Jersey

The Springfield, New Jersey, noise law specifies a maximum noise

level for garbage trucks Of 94 dB(A) at 50 feet. 'ibislevel is far

higher than that specified in any other noise law. The reason is that an

erroneous prevision of the New Jersey Model Co_,unity Noise Ordinance was

copied by Springfield. According to the State of New Jersey Noise

Control Office, the New Jersey Model Community Noise Ordinance (discussed

further in this report under state laws) supplied noise levels for the

NIMLO/EPA model ordinance. Unfortunately, the level which they supplied

for "compactor" was copied fran another noise ordinance, which referred

to a piece of construction equipment used for compacting the ground and
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not to a device which goes on a garbage truck. _l_ewriters of the

Sprirgfield ordinance accepted _le 94 dB(A) level without checking any

further or makimj any measurements. %3%islevel is so high that even t/_e

noisiest c_,pactor is not likely to exceed it.

%_ieSpriz_field nuise law also contains a curfew provision of i0 p.m.

to 7 a.m. They receive about 5 complaints per year for refuse truck

c_npactor noise, which is approximately what they received before passage

of t/_elaw. _e rate of cemplaints generally runs higher in the stumrer

when people keep their windows open. %_e scavenger co,_anies have resisted

any chm%ges in schedule, claiming that the changes interfere with the

logistics of getting to the dump on time.

Apparently ths noise law had been passed primarily wit/*quarry noise

in mind and with the refuse truck provisions as an aftert/%ought. _ere

was no input frc_ the scavenger companies in founulating the noise law

and there was no discussion of t/,srefuse truck provisions at the hearings.

One difficulty wit/1the noise law is t/_atit was paes£4 as a Board of

Uealth ordinance rather than a township ordinance, which l_akesits

_llforc_nt weaker. Besides t/isquarry noise situati_b the law h_s

been used pr_,arily in neighbor vs neighbor noise t_-_laints.

16. _4ew}_chelle? New York

The New Rochelle noise law was enacted April 13, IH76. Under the

ordinance, it is unlawful to operate or to [_e_aitto be _rated, ai_y

z_fuse collection vehicle such that the noise exceeds B0 dBA at i0 feet frc_L_

any surface of t/,eunit during collection or co.action. The law is enforced

by the Police D_partment and a violation is a misdemeanor. The penalty is
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up tO a $50 fine and/or up to six months in jail. %_e [>oliceDepartment

can also order violators to cease and desist and, with a court order,

can seal any device that is in violation of the law. A/_interesting

provision of the ordinance states that Department of Public Works vehicles

are ex_,pt until vehicles are available that c_,ply wit/_t/,elaw and until

the City Council aut/lorizestheir acquisition.

17. New York, New York

_he New York noise ordinance as amended provides a maximum noise

level of 70 dB(A) at i0 feet for vehicles manufactured after December 31,

1978. The law calls for measurements with the "slow" scale of t/_esound

level meter. The earlier version of the tCewYork noise law called for

70 dB(A) m_asured at i0 feet from the side of the compactor using the

"fast" scale. However, the city was not able to obtain trucks which met

the provision and held up in service. The _l_nded version of the law,

therefore, relaxed the requirement to 70 dB(A) at a distance of 10 feet

from the hopper with the "slow" scale. The New York City Environmental

Protection Agen&_ has measured newly-manufactured refuse vehicles which

insetthe relaxed r_quirement.

Since New York's noise law applies to newly-manufactur_] refuse

vehicles, it is the type of law which would be preempted by a Federal

new product noise rsgulation for truck-m0unted solid waste _pactors

when it is pranulgated by EPA.

18. Toledo, Ohio

'lhe_)ledo noise ordinance is unique in its refuse truck provision

i_ in that it provides a curfew-like maximt_ noise level requir_rent, with a
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higher level permitted during the day. The daytime level is 82 dB(A) at

50 fe_t and the nighttime (9 p.m. - 7 a.m.) level is 80 dB(A) at 50 feet.

This, in effect, provides t/,atonly quieted L_ui[*sentmay operate at

night, m_ additional margin of 5 dS is allowed for impulsive sounds frum

the compactor.

The law is _ministered by t/leToledo i_llution Control Agency. It

has an unusual penalty provision, in t/_at_le fine is $I00 for an indi-

vidual but $1000 for an organization.

19. Norman, Oklah_i_a

The noise coetrol act in No_Iranwas enacted on August 23, 1977. It

is a violation of the Act to cperate, or cause or p_h]i£ to be operated

or used, any refuse compacting vehicle which creates a sound pressure

level in excess of 74 dBA at 50 feet (15 m) fr_ the vehicle. It is also

a violation to collect garbage, waste, or refuse between 9 p.m. and 7 a.m.

_e following day in, or within 300 f_et of, any area zoned residential

or in any land use district so as to cause a noise disturDance. Enforo_-

I_entof the Act is carried out by t/_eEnvironmental Protection Officer

and the Polic_ Department. Violators of t_lelaw are subject to up to a

$i00 fine and/or up to 30 days i,nprisor,nent.'lhecity can also get a

sum_ry restraining order Or injunction against any source considered

to be a nuisance. The 5_nvirem_ntal Protection Officer can recunmend

disAissal of first offenses if they are voluntarily brought into

plianee before the court appearance.
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20. Ogden_ utah

Ogden, Utah, has a 7 p.m. to 6 a.m. curfew on scavenger operations

in areas zoned residential. The law has been in effect there since

1972, with enforcement responsibility given to the City Manager. Penal-

ties provided are fines up to $300 and imprisonment of up to 30 days.

21. Salt Lake City, Utah

The Salt Lake City noise law provides a curfew Of 9 p.m. to 7 a.m.

for scavenger operations. The curfew applies in areas zoned residential

and is enforced by the City-County llealthDepartment. Penalties provided

in the law are fines up to $299 and imprisonment of up to 6 months.

22. Sacramento Countyr California

The Sacramento County, California, noise ordinance became effective

on July I, 1976. The maximum refuse truck noise level provision of 80

dS(A) at 50 feet, however, became effective on January I, 1977. This

level will be lowered to 75 dB(A) at 50 feet on January I, 1980. The

refuse truck provisions are quite similar to those in nearby San Francisco

!
except for the later effective date.

! The noise ordinance was written by a co,_ittee which included the

industrial hygienist who administers the noise program. There have been

a large number of complaints Of garbage collection noise at night in

Sacramento County, typically averaging about 200 per year. This is

particularly true of areas near hotels and schools in the city areas,

where co,faints often refer to such things as banging of cans and racing

the motor.

The law has a maximum .penalty of a $500 fine or 6 months imprison-

ment and is enforced by the Environmental Health Office,

9-15



23. Co_k County, Illinois

Cook County, Illinois, in which Chicago is located, has a noise

law which provides a 6 p.m. to 7 a.m. curfew for scavenger operations

in residential zones.

Cook County's enforcement progr_n is unique because of the policy

of routinely giving citations for refuse truck curfew violations. It is

est_nated that 15 citations per year are handed Out to the scavenger

cc_npanies. %alenthis occurs the c_npany has to appear in court with its

lawyer. Convictions alh_st always are returned. _11eonly exception is

%4%enthe arresting officer has a discrepancy in his report, such as an

error in transcribir_3 the license num.,bet.Fines of $50 are typically

required. Generally, t/%escavenger cc_panies hectarevery careful in

their schedules once they have gone through the inconvenience of hiring a

lawyer and appearing in court to answer a citation. Because of this

_olicy of strict prosecution, the situation has cc_e to the point where

im_stof the fitl_scited are small l_w c_npanies that do not know the law.

_here has been good cooperation fron the larger fi_l,Sin oOeying curfews.

24. Salt Lake CoLunty,Utah

The Salt Lake County noise law was enacted on April 18, 1977. O_erat-

in_, or causing or pem.lit_ingto be operate_, any refuse ccapacting vehicle

whith creates a sound pressure level in excess of 74 dBA at 50 feet (15 m)

from the vehicle is a violation of t/_elaw. It is also a violation to

collect garbage, waste, or refuse ketween 9 p.m. and 7 a.m. the following day

in, or within 300 feet of, an area that is zoned residential or in any

land use district so as to cause a noise disturbance. Primary enforcement
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res_or_ibility for the law rests wit/*the Salt Lake City-County Health

Department and the local law enforce_nentagencies. Violators are subject

to up to a $300 fine and/or up to six ir_nthsimprisoDment. Each day of

violation is considered to be a separate offense.

Conclusions - Local Refuse Truck Noise Laws

The laws described above indicate that refuse truck noise laws sp_ci-

fyiag curfews sean to be nDre popular and to be enforced core effectively

than those specifying maximt_m noise levels.

Curfews, however, have varying effects on _/legarbage collection

process in different local areas. %_e interference with collection

logistics appears to be least in fiat areas with wide streets t/fatare

not too dermely populated. In those areas _i_erecurfews san be applied,

largely rural areas, t/_eyappear to offer the pOssibility of relief from

refuse collection noise. A vigorous enforcement of the curfew, however,

i
is a necessary factor in such an approach.

STATE IAWS APPLICABLE _D REFUSE TRUCK NOISE

The States of Florida and New Jersey have model ccsm_unitynoise

ordinances which have provisions covering refuse vehicles. The text of

their refuse truck provisions are provided below as examples.

Model C_mm/nity Noise Control Ordinance, Florida

8.1.1 Refuse Collection Vehicles. No person shall collect

refuse with a refuse collection vehicle between the hours of 7 p.m.

and 7 a.m. the following day in a residential area or noise sensitive

zone.
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It is apparent from the above language that this is a typical curfew

provision, similar to the ones found in the local jurisdictions discussed

in the previous section.

Model Co,munity Noise Ordinance, New JerseZ

9.1.3 Refuse Collection Vehicles. No person shall:

(a) On or after (2 years) following the effective date of
this ordinance, operate or permit the operation of the
compacting mechanism of any motor vehicle which compacts
refuse and which creates, during the compacting
cycle, a sound level in excess of 86 dB(A) when measured
at 50 feet from any point on the vehicle

it the operation of the compacting mechanism
of any motor vehicle which compacts refuse, between the
hours of 8 p.m. and 6 a.m. the following day in a residential
area or noise sensitive zone;

(c) Collect refuse with a refuse collection vehicle between

the hours of 8 p.m. and 6 a.m. the following day in a resi-
dential area.

[Choose b or c]

The above provisions have been recommended by New Jersey since

1976. Before that tlmo a provision with a 94 dB(A) level had appeared

in the New Jersey Model Community Noise Ordinance, as shown below:

6.2.11 Refuse Com_aetin_ Vehicles. The operating or permit-

ting to be operated, of any motor vehicle which can compact refuse

and which creates, during the compacting cycle, a sound pressure

level in excess of 94 dB(A) when measured at 50 feet from any point

of the vehicle, or between the hours of 10 p.m. and 7 a.m. the

following day (in residential use districts).

This provision combines a maximum sound level and curfew similar

to the method recommended in the NI_ItO/EPAmodel ordinance. The difficulty

in the above model ordinance is that it contains an erroneously high level of
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94 riB(A) at 50 feet for the co_paetor noise requirement. This resulted

when those who promulgated the New Jersey Model Ordinance mistook the

word "compacter" in another ordinance for a solid waste c0_pactor. The

"compactor" whose 94 dB(A) level they put into their model ordinance

was in fact a piece of construction equipment used for compacting the

ground.

Other applicable state laws are those specifying general truck

noise levels. These have been tabulated by the Motor Vehicle Manufac-

turer's Association (Exhibit 9-I). These general truck noise laws are

only of limited interest for this study because:

o Those truck noise laws that specify levels of newly-manufactured

vehicles are preempted by the recent EPA new truck noise regulation.

o The laws specify passby levels. Since the e_npaetor is generally

not in operation when the truck is underway, the passby tests

do not measure oDmpactor noise.

FF/DERALREGULATIONS APPLICABLE TO SPECIALTY TRUCK NOISE

Current Federal regulations applicable to specialty truck noise are

the EPA noise emission standards for motor carriers engaged in interstate

com._ree (39 FR 38208) and the EPA noise emission standards for mediLFn

and heavy trucks (41 FR 15538). The U.S. Bureau of Motor Carrier Safety

of the U.S. Depart_nentof Transportation has also issued regulations for

the purpose of establishing measurement procedures and methodologies for

determining whether commercial motor vehicles conform to the Interstate

Motor Carrier Noise Emission Standards of EPA.
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EPA Interstate Motor Carrier Noise Regulation

The above mentioned regulation was promulgated by EPA under authority

of the Noise Control Act of 1972. Section 18 of the Noise Control Act

requires the Administrator to promulgate noise emission regulations for

motor carriers engaged in interstate cc,m_roe. The Secretary of Transpor-

tation is responsible for pr_nulgating regulations to insure compliance

with the EPA standards, through the enforcement and inspection powers

authorized by the Interstate Commerce Act, the Deparbnent OE Transporta-

tion Act, and the Noise Control Act of 1972,

Section 18(c)(I) of the Act requires that "no State or political

subdivision thereof may adopt or enforce any standard applicable to the

same operation of such motor carrier unless such standard is identical

to a standard applicable to noise emissions resulting from such operation

prescribed by any regulation under this section."

On February I, 1973, an Advance Notice of Proposed Rulemaking was

published in t_e Federal Register soliciting public comment. Proposed

standards were published in the Federal Register (38 FR 20102) on July ]7,

1973, and final noise emission standards were established on October 29,

1974 (39 FR 38208). The standards went into effect on October 15, 1975.

The maximum noise level under test conditions established by DOT is 86

dB(A) at 50 feet from the centerline of the lane of travel on highways

with speed limits of 35 mph or less_ or 90 dB(A) at 50 feet on highways

with spee_ limits of more than 35 mph.

The interstate motor carrier emission standards are relevant to

future specialty truck noise emission regulations. The proposed standards

did not originally specify clearly whether "auxiliary equipment" noise
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is to be included in the specified "total vehicle" noise levels. Based

on the comments received during the public comment periods and hearings,

the final regulation included a clarification as follows:

"The provisions of subpart B (Interstate Motor Carrier Operations

Standards) do not apply to auxiliary equipment which is normally

operated only when the transporting vehicle is stationary or is

moving at a speed of 5 miles per hour or less. Examples of such

equipment include but are not limited to, cranes, asphalt spreaders,

ditch diggers, liquid or slurry pumps, air compressors, welders,

and trash compactors."

The noise from trash osmpactors is not included in the "total vehicle"

noise. The Interstate Motor Carrier Noise Emission Compliance Regulations

issued by the U.S. Department of Transportation on September 12, 1975,

included additional language in the scope of the regulations. It is

stated that the rules do not apply to the sound generated by auxiliary

equipment which is normally operated only when the motor vehicle on

which it is installed is stopped or is operating at a speed of 5 mph

(8 kph) or less, unless such a device is intentionall_=/operated at speeds

greater than 5 mph (8 kph) in order to preclude an otherwise valid noise

measurement. Trash compactor noise would be included in the total vehicle

noise under such circumstances. The need for this language arose out

of _E_nts received by the Director of the Bureau of Motor Carrier

Safety after publication of a text of the proposed regulations in the

Federal Register (40 FR 8658). Several oommenters suggested that it

would be possible to intentionally thwart noise measurements by sounding
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warning devices or by operating auxiliary equipment even if it is not

designed for operation above 5 n%oh.

EPA Noise Emission Standards for New Nedium and Heav_ Duty Trucks

The .EPAnew truck noise standards appeared in the Federal ]{egister

on April 13, 1976 (41 FR 75538). _he standards set a new truck low

speed acceleration passby noise level of 83 riB(A)at 50 feet, effective

January I, 1978. _e level will be reduced to 80 dB(A) effective January

I, 1982, and may be reduced further to an as yet unspecified level

effective January I, 1985.

'lhemedium and heavy truck noise regulation standards apply to any

vehicle which has a gross vehicle weight rating (Gi_R) in excess of

10,000 pounds, which is capable of transportation of property on a high-

way or street, and which meets the definition of the term "new product"

in the Act. However, in paragraph 205-50(b) of Subpart B, it is stated

that the vehicle noise emission standards included in this suhpart "do

not apply to highway, city, and school buses or to special purpose

equipment whiQh may be located on or operated from vehicles. Tests

performed on vehicles containing such equipment ;raybe carried out with

the special purpose equipment in nonopereting condition. For purposes of

this regulation special purpose equipment includes, but is not limited

to, construction equipment, snow plows, garbage o_,@actors, and refrige-

ration equipment."

Clearly, the intent of this statement is tJlatgarbage cc_0actors

are to be regulated under independent rules and operating conditions,

after the Administrator has determined that noise emission standards

are feasible for these types of special purpose equipment.
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FOBEIGN SPECIALTY TRUCK NOISE LAWS

'_leomly foreign specialty truck noise law on which information

has been found is a municipal solid waste compactor truck noise ordinance

which is in effect in StockhoLm, SWeden. 'lhe law sets a noise limit

during loading of 70 dB(A) at a distance of 3 refers frcm the truck

side. It is c_nparable to the New York City noise ordinance level of 70

dB(A) at i0 feet whidl went into effect on December 31, 1978.

An extensive effort has been made to uncover other foreign laws

relating specifically to specialty trucks. For example, there appear

to be no specialty truck noise laws in such industrialized nations as

Australia, Japan, Switzerland, or Ge_11_ny. _hs Stockho_n law is, indeed,

t/_eonly one kno_1 by EPA.

_DDEL LOCAL RE&'USE COLLECTION VEHICLE NOISE ORDINANCh_

This section provides suggested sections dealing with solid waste

c_npactor trucks t/tat can be included as part of a c_nprehensive local

noise law.

As can be observed from examining the local noise laws discussed

earlier, there are many different legal approaches to controlling refuse

truck noise. Basically the approaches are of _u ty_es: maximu_n sourc_

noise level standards ald curfews. _he app_'oach proposed here, which

_ canbines both, is patterned after the section dealing with refuse trucks
{:

_ of the *[_el community noise control ordinance prepared by the National

Institute of Municipal Law Officers (NI_O) in conjunction with EPA. %_e

NI_KE is_del provision for rsfuse trucks is as follows:
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Refuse Collection Vehicles. No person shall:

[a) On or after (2 years) following the effective date of this

ordinance, operate or permit the operation of the compacting

;rec/lanis_,of any motor vehicle which compacts refuse and which

creates, during the compacting _Tcle, a sound level in excess

of dB(A) when measure_ at -- feet (meters) fran any

point on the vehicle; or

(b) Operate or pezlnitthe operation of the compacting mechanis_

of any nYotorvehicle which canpacts refuse, between the hours

of p.m. and __ a.m. the follcm4ingday in a residential

area or noise sensitive zone; or

(c) Collect refuse with a refuse collection v_hicle bet%_en the

l_urs of p,m. and a.m. the follc_ing day in a

residential area or noise sensitive zone.

'he only modifications w_*ichhave been made to the NIMLO model are

to introduce sc_e noise _l_asurementprocedures which are used in t/_e

San Francisco enforcement prcgram and to include maxim_n sound levels

which reflect t/]elevels set in _/_eEPA noise _nission regulation for

newly-manufactured truck-mounted solid waste coi_pactors.

(i) Definition

In each noise law a definition of each product to be regulated

is usually provided. _e definition adopted by EPA is:

"A truck~n_unted solid waste caL_pactoris a vehicle comprising

an engine-pu_ered truck cab and chassis or trailer, equipped

will machinery for receiving, cc_%pacting,transporting and

unloading solid waste."
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The above definition was chosen to specifically exclude non-compacting

container handling vehicles, non-compacting open top dump trucks,

stationary compactors not mounted on trucks, and containers.

(2) Model Ordinance Provision

By combining the NIMLO provision with the San Francisco measure-

ment procedure and the EPA regulatomy levels, one can generate a broad

and effective ordinance, as follows:

Refuse Collection Vehicles. No person shall:

(a) While engaged in the collection of refuse, cause to he

emitted noise levels in excess of 76 decibels as measured

within three feet of the closest doorway or window of

the residence closest to the point of collection. (NOTE:

If the collection point is closer than 25 feet from the

measurement point, or the collection takes place in a

narrow alley, suitable correction factors may be applied.)

This noise level limit applies to noise caused either by

operation of the refuse collection vehicle or its compaction,

by banging of containers or container lids against vehicle

components, by dropping or otherwise mlshanaling refuse

containers, or by any other overt action, such as loud con-

versation or whistling; or

(b) Operate or permit the operation of the compacting mechanism

of any motor vehicle which compacts refuse, between the

hours of p.m. and a.m. the following day in a

residential area or noise sensitive zone; or

[
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(c) Collect refuse with a refuse oollection vehicle bQtween

the hours of __ p.m. and __ a.m. the following day

in a residential area or noise sensitive zone.

Note that, in the above model provision, the hours of the curfew

have been left blank. The curfew hours should be strictly at the

option of each community. In the ordinances surveyed, the curfews

were observed to start as early as 6 p.m. and as late as 10 p.m.

Curfews ran until 6 a.m. in some localities and 7 s.m. in others.

As EPA noise levels are specified for an empty compactor, some

adjustment may have to be made in the noise level in the above co_rmunity

noise ordinance, to account for the slight additional noise when loaded,

and possible reverberant effects in narrow streets and alleys.

The provision in the model ordinance for load condition as found

on the street is patterned after the successful San Francisco program.

There is much to be said for the repeatability of measuring vehicles

in an open-area, isolated test site, away from the sound reflecting

surfaces of the city streets, using a standard empty compactor

condition, as required by the Federal regulation. However, in an

in-use enforcement such as this, it is more important that the noise

measurement be applicable to impromptu spot checks and that it disturb

the waste collection process as ]irtle as possible. The fact that spot

checks are being made also seen%sto encourage the refuse collectors to

be quieter in other parts of the process not connected with compaction,

such as banging cans and shouting to one another.

9-26



MUNICIPAL SOLID WASTE CCMPACfOR TRUCK NOISE IA_S (FULL TEXT)

LOS An@ales, California (I/24/73)

SEC. 113.01. Rubbish and Garbage Collections and Disposal. It

shall be unlawful for any person engaged in the business of oollecting

or disposing of rubbish or garbage in any residential zone or within

500 feet thereof to oolleot, load, pickup, transfer, unload, dump, discard

or dispose of any rubbish or garbage as such tezlr_are defined in Sec.

66.00 of this Code between the hours of 9:00 p.ln.of one day and 6:00

a.m. of the next day, unless a permit therefore has been duly obtained

beforehand from the Board of Police Commissioners. Such permits shall

be issued pursuant to standards established by said Board and approved

by the City Council by ordinance.

No pe_Initshall be required to perform emergency work as defined

in See. 11.0_(c) of this chapter.

San Ansclmo, California (2/11/75)

Section 4-7.09. I_fnse Collection.

(a) It shall be unlawful for any person authorized to engage in

waste disposal services or garbage collection to provide such services

in such a manner a reasonable person of normal sensitiveness working

or residing in the area is caused discomfort, annoyance, or whose peace

is dis_rbed. For the purpose of this section noise emitted by equipment

shall not be deetr_dunlawful if the person engaged in such services has,

to the extent reasonably feasible in the judgment of the Director of

Public _;orksincorporated available sound-dsadenlng devices into equipment

used in rendering those services.
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(b) ;U_y persun autl,oriz_d to engage in waste disposal services

or _3arUa_e cullectiorl shall not operate atLy truck-rvounted waste or garbage

loading andor ccmpautil_j equi_,_nt or sJJL1ilarmed,anical device acquired

after the effective date of t/%is c/]apter in a n_nner to create noise

excec4ilg 75 dBA ]reasured at a distance of 50 feet from the equipment.

(c) f]ed_anical street sweepers shall not operate in the n_nner

to create noise exceeding 80 dBA and 75 dBA six (6) nonths and t_nty-four

(24) nDnths respectively after the effective date of this chapter.

Sac Die_o, Califo_3]ia

Present Law [since March 22, 1977]

SEC. 59.5.0406. Refuse Vehicles and Parkir_ Lot Swee}Jers.

i_o _rson shall operate or pe_*it to be operated a refuse cof._pacting,

processing Or collection vehicle or parking lot sweeper between

the hours of 7:UU p.t_%,to 7:00 a.nl. in any residential ar_a unless

a permit has oeen applied for and granted by the Administrator.

l_a_ealc_ _arch 22, 1977

SEC. 59.5.U406. l{efuse Ve_%icles. No person shall Operate Or permit

to De operated a refuse compacting, processing or collection vehicle

after D_cember 31, 1973, wit/fin the City of San Diego which whell compacting

creates a sound level in excess of eighty-six (86)decibels when measured

at a distance of fifty (50) feet frc_n alN point of the _npacting vehicle

ut_less a variance has been applied for and gr_:tt_] by t/%eAdministrator

or Appoals Board. No refuse collection shall be pe_1:litted frc_ 7:00

p.m. to 7:UU a.m. in any residential area. _btwithstandieg the above,

on or after a date forty-eight (48) months after the effective date
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of this article, no person shall operate or permit to be operated, a refuse,

co_oacting, processing or collection vehicle which when compacting creates a

sound level in excess of eighty (80) decibels when measured at a distance of

fifty (50) feet from any point of the compacting vehicle.

San FrancisCOr California (9/18/72)

SEC. 2904. Waste Disposal Services. It shall be unlawful for any

person authorized to engage in waste disposal services or garbage collection

to provide such services so as to create an unnecessary amount of noise, in

the judgment of the Director of Public Health or his authorized representative.

For the purpose of this section or Sec. 2915, noise emitted by equipment

shall not be deemed unnecessary or without justification if the person

engaged in such services has, to the extent reasonably feasible in the

judgment of the Director, incorporated available sound-deadenlng devices

into equipment used in rendering those services.

Notwithstanding the foregoing, it shall be unlawful for any person

authorized to engage in waste disposal services, or garbage collection

to operate any truck-_ounted waste or garbage loading and/or compacting

equipment or similar mechanical device in any manner so as to create

any noise exceeding the following levels when measured at a distance

of 50 feet from the equipment:

(a) On and after a date 6 months after the effective date of this

_ Article . . . 80 dSA

!. (b) On and after a date 66 months after the effective date of this

i_ Article . . . 75 dBA

San Joser California (10/14/75)

PART 7A. REGULATION OF GARBAGE AND RUBBISH VEHICLES

5307.20. Garbage and Rubbish Vehicles_ Noise Levels.
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No refuse collector shall use, in his business, for the purpose of collect-

ing, transporting or disposing of any refuse within the City of San Jose

any 11Dtorvehicle or any nDtor vehicle and trailer which exceeds, during

stationary compaction, 75 dB at a distance of 25 feet from said vehicle

at an elevation of 5 feet from the horizontal base plane of said vehicle.

Notwithstanding the above provisions specifying refuse vehicle

noise levels, the Council may arrange for other or different noise level

r_juir_ments, or dispense with noise level requirements for certain

refuse vehicles, as the Council may deem i_ecessary.

Arvada, Colorado (2/75)

Section 2.2.14 Refuse Compacting Vehicles. qhe operating, causing

or permitting to be operated or used, any refuse co,pacting vehicle which

creates a sound pressure level in excess of 74 riB(A),at 50 feet (15

meters) directly to the rear of the vehicle (is prQhibited).

Englewood, Colorado (7/18/74)

SEC 6-8-5. SPECIFIC P[_OHISITIONS

The following acts are 41eelaredto cause unnecessary noise in violation

of this Ordinance provided however that the following enumerations shall

not ne deemed to be exclusive.

(d) Loading Operations - %_e loading, unloading, opening or otherwise

handling (of) boxes, crates, containers, garbage containers or other objects

in such a meaner as to cause a disturbance; the loading of any garbage,

trash or compactor truck, or any other truck, whereby the loading, unloading

or handling of boxes, crates, equipment or other objects is conducted within

a residential district nor within 300 feet of any hotel or motel between the

hours of 10:00 p.m. and 7:00 a.m.
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Greeley, Colorado (10/5/76)

Sec. 15-133. Unlawful Noise - Special Cases.

(a) The following noises shall De unlawful:

(7) The operating, causing or per,itting to be operated or used, any

refuse compacting vehicle which creates a sound pressure level in excess

of 80 dB(A), at 25 feet (7.5 meters) directly to _e rear of the vehicle.

Lakewood, Colorado (7/23/73)

9.52.130. Truckloadir_. No person shall load any garbage, trash

or compactor truck, or any or/lettruck, whereby the loading, unloading

or handling of boxes, crates, equipment Or other objects is conducted

within a residential district nor within three hundred (30U) feet of

any hotel or motel between the hOUrS of i0 p.m. and 7 a.m.

Litt,leton, Colorado (5/74)

Truckloadin_. NO person shall load any garbage, trash or compactor

truck, or any other truck, whereby t/leloading, unloading or handling of

boxes, crates, equi_nent or other objects is u_ndueted within a residential

district nor within t/freehundred (300 feet) of any hotel or motel between

the hours of ig p.m. and 7 a.m.

_]ica_o, Illinois (12/16/69)

167.8. Soavengers. Zone of Non-Operation: NO private scavenger,

its agents Or employees shall grind garbage, refuse or other matter

(as defined in Section 267-3 of this Chapter), between the hours of

9:30 p.m. and 7:00 a.m., within the boundaries of t/%eCity of Chicago,

except that this Section shell not apply to that area within the boundaries

of O'Hare International Airport and within that area bounded by Michigan

Avenue on the East, and south branch of the Chicago River on the West,
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the North branch of the Chicago Itiveron t/]eNorth and Roosevelt Road

on the South.

Any person violating this Section shall be subject to a fine of

not less than $25.00 nor more than $2U0.00 for _lle first offense, not

less than $50.00 nor more than $500.00 for U_e second and each subsequent

offense in any one hundred and eighty (180) day period.

Dubuque_ Iowa (4/8/74)

Section 2. Noises Prohibited.

(h) Garbage collection. %3]ecollection of garbage, waste or refuse

by any person in any area zoned residential except between the hours

of 7:0U a.m. and 9:00 p.m. of any day and then only in a marinerso as not

to create a loud or excessive noise.

Saginaw, Michigan (6/20/77)

Section 603. Definitions. "Garbage Ccfnpactor." Garbage compactor is

a motor vehicle used for _e collection and transport of garbage and refuse

which has as a part of its integral operation an auxiliary mechanism for

t_lecompaetimn or compression of collected garbage and refuse.

Section 604. Unlawful Motor Vehicle Noise 604.1. It shall be unlaw-

ful for any person to operate a motor vehicle or combination of vehicles

within the city limits which preduces a noise or level of sound which

exceeds the sound level limits set out in Table I. !
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TABLE i (in part)

LIMITING SOUND L_/ELS (dB(A))

.... _he dB(A) limits set forth herein are based on a 50 ft. distan_

between the microphone location point aly/the microphone target [_ointunless

otherwise specified ....

(D) Garbage Compactor while cug_acting - 85

Princeton, New Jersey (10/10/72)

(k) Refuse collection. _e collection, transportation or disposal

of garbage, trash, cans, bottles, and other refuse by persons engaged

in t/*ebusiness of scavenging or garbage collec4:ion,whether private

or municipal, at any tim_ on Sundays, or other th_ between the hours

of 7:00 a.m. and 7:00 p.m. on all other days, except in case of urgent

," necessity in the interest of puDlic health and safety, and, i_ the nature

of the emergency will a_nit of t/_eprior procurement of a permit, then

only in accordance with a permit first obtained frun the Borough Lk*gineer
!i

pursuant to section 4 hereof.

Sprir_field_ New JeL_e_ (3/75)

6.2.11. Refuse Cc_etin_ Vehicles.

_he operating or permitting to be operated, any motor vehicle which

can ouflpactrefuse and which creates, during the co_oacting cycle, a sound

pressure level in excess of 94 dB(A) when measured at 50 feet from any

point of the vehicle, or between the hours of 10 p.m. and 7 a.m. the

! following day (in residential use districts).
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New i_ochelle,_ew York (4/13/76)

SECTION 1.03. DEFINITIONS

23. RE[_SE COLLECTING VEHICLE shall mean any motor vehicle designed

to c_npact and trans_x_rt refuss.

S._CTION3.03. REFUSE COLLECI'INGVEHICLES

No person shall operate, or pemnit to be operated, a refuse collect-

ing vehicle which when collecting or compacting exceeds a sound level of

80 dB(A) at a distance of I0 feet frun any surface of the collecting or

cc_npactingunit. (N.Y.S. Recc_.Imendation)

New York, New York (4/23/75)

1403.3-5.15. l_efuseCc_ctin_ Vehicles. No person shall sell,

offer for sale, operate or pemnit to be operated a refuse co_mpaeting

vehicle manufactured after the effective dates set out in Table IIIA,

_*ich when compacting produces a maximum sound level, when measured by

a sound level meter set for slow response at a distance of ten feet

frc_ the center line of the face of the canpacting unit, exceeding t/]e

applicable sound level set out therein.

'fable IliA

Effective date Allowable sound level

December 31, 1974 75 dB(A)

December31,1978 70dB(A)

This local law shall take effect irm_ediately.

Toledo, Ohio (1/4/75)

SECTI(_417-15-115. Waste Disposal Services.

It shall be unlawful for any person authorized to engage in waste

disposal services or garbage collection to provide such services so
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as to create an unneoessary amount of noise. For the purpose of this

section, noise emitted by equipment sball sot be deemed unnecessary

or without justification if the person engaged in such services has

to the extent reasonably feasible in the jedgnent of the Director of

Pollution Control, incorporated available sound-deadening devices into

equipment used in rendering thoSe services.

Notwithstanding the foregoing, it shall be unlawful for any person

authorized to engage in waste disposal services, or garbage loading

and/or compacting (to operate such) equipment or similar mechanical

device in any manner so as to create any noise exceeding the following

levels when measured at a distance of 50 feet from the equipment when

within 500 feet of a residential zone:

(a) On or after a date

one (I) year after

the effective date 9 p.m. - 7 a.m. 7 a.m. - 9 p.m.

of thisordinance 80dB(A) 87dB(A)

(b) On or after a date

48 menths after

the effective date 9 p.m. - 7 a.m. 7 a.m. - 9 p.m.

of this ordinance 80 dB(A) 82 dB(A)

(c) Impulsi_ sounds must not exceed the levels specified in (a) or

(b) of this section by more than 5 dB{A)

unless said person has filed an Application for Variance in accordance

with the previsions of this ordinance.
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Norman, Oklahoma (8/23/77)

Rec. 10-307. Noise Prohibited

(b) Specific Prohibitions: The following acts are declared to be

in violaticn of this ordinance:

(6) ioadin9 Operation. Loading, unloading, opening or otherwise

handling boxes, crates, containers, garbage containers or other objects

between the hours of 9 p.m. and 7 a.m. the following day in such a manner

as to violate Section 10-304 or cause a noise disturbance.

(16) Refuse Compactin_ Vehicles. The operating or causing or permit-

ting to be operated or used any refuse compacting vehicle which creates

a sound pressure level in excess of 74 dS(A) at 50 feet (15 meters) from

the vehicle.

(17) Garbage Collection. The collection of garbage, waste or refuse

between the hours of 9 p.m. and 7 a.m. the following day:

(a) in any area zoned residential, or within 300 feet of an

area zoned residential;

(b) in any land use district so as to cause a noise disturbance.

O_den, Utah (5/25/72)

19.9.2. Prohibited acts specificalll/. _he following acts, among

others, are declared to be loud, disturbing or unnecessary noises in

violation of this ordinance, . . . namely:

L. Garbage trucks. The operation of any garbage pi_ up in any

area zoned residential on at least one side of the street by the zoning

ordinance between the hours of 7 p.m. and 6 a.m.

Salt Lake Cit_, utah (8/16/72)

Section 39-9-3. Noises Prohibited - Standards. The following acts,

among others, are declared to be in violation of this ordinance . . .:
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(i) Garbage collection. The collection of garbage, waste or refuse

by any person in any area zoned residential except between the hours

of 7:00 a.m. and 9:00 p.m. of any day and then only in a manner so as

not to create a loud or excessive noise.

COUN_ SOLID WA_E COMPACTOR TRUCK NOISE LAWS

Sacramento County, California

6.68. 140. Waste Disposal Vehicles.

It shall be unlawful for any person authorized to engage in waste

disposal service or garbage collection to operate _ny truck-mounted waste

or garbage loading and/or composting equipment or similar mechanical device

in any manner so as to create any noise exceeding the following level, when

measured at a distance of fifty feet from the equipment in an open area.

(a) New equipment purchased or leased on or after a date six

months from the effective date of this chapter shall not exceed a noise

level of 80 dB(A).

(b) New equipment purchased or leased on or after forty-t_

months from the effective date of this chapter shall not exceed a noise

level of 75 dB(A).

(e) Present equipment shall not exceed a noise level of 80

dB(A) on or after five years from the effective date of the chapter.

The provlsiuns of this section shall not abridge or conflict with the

powers of the State over motor vehicle oontrol.

Cook Count_.,Illinois

9.5 Scavenger Operations

All scavenger operations in the County of Cook, c_mmemeial and

municipal, shall limit the actual contact hours involwd in the pickup
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of refuse and all other solid waste in any residential or business-

ca_mercial zone (l_i through I{6and B1 through B5) whenever _egular h_Ban

occupancy is involved by virtue of residence only and such place of

regular residence or the institutional equivalents (hospitals, nursing

h_s, etc.) to the period of 7:00 a.m. to 6:00 p.m. %_*eselimits apply only

to t_Losecontact periods wherein the collection function is in progress in

R1 through R6, B1 through B5 and contiguous portions of M1 through M4

zones and are not intended to include or confine such fasetiuns as start

up and shut do,.n_ operations at the central o_erating _x)int(transfer

station, sanitary landfill, incinerator, etc.) or the transit time of

t/_efirst trip to and the last trip frcm the defined collection areas.

Noise levels in such central operating points shall be govem_ed by the

property line values applicable for their location (Section 9.14 through

9.17). q_leexemptions on engine operation when parked, of Section 9.7

shall apply as will the restrictions on new vehicles of Section 9.8(b)

and vehicle use of Section 9.9(a). %_*enunder sever_ conditions it

can be shown to the satisfaction of t/leDirector that olx)rationoutside

these hours is in the overall public interest Mr operationally essential,

a special variance can be requested for such period as can likewise

be shown necessary.

Salt Lake County, Utah (4/18/77)

Sac. 16-15D-4. Noises Prohibited.

b. S_ecific Prohibitions. _le following acts are declared to be

in violation of this ordinance:

6. Loadin9 Operation. Loading, unloading, opening or otherwise handl-

ing boxes, crates, containers, garbage containers or other c_ojectsbetween
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the hours of 9 p.m. and 7 a.m. the following day in such a manner as to

violate Section 5 or cause a noise disturbance.

16. Refuse C_pactin_ Vehicles. The operating or causing or pe_Init-

ring to be operated or used any refuse co,pscting vehicle which creates a

sound pressure level in excess of 74 di_(A)at 50 feet (15 meters) frcm the

vehicle.

17. Garbage Collection. _le collection of garbage, waste or refuse

between the hours of 9 p.m, and 7 a.m. the following day:

a. in any area zoned residential, or wiUlin 300 feet of an area

zoned residential;

b. in any land use district so as to cause a noise disturbance.

REFEI_ENCES
Section 9

9-1. "Legal Review Re_ort on specialty Truck Noise Abatement," Boc_zAllen
_ Applied Research, Draft report submitted to the EPA Office of Noise
! Abatement and Control, July 1976.
i

9-2. U.S. Environmental Protection Agency, State and Local Noise Control
i Activities, 1977-1978, Office of Noise Abatement and Control,
_, Washington,D. C., April 1979.
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E_IBIT 9-I

STATE AND LOCAL LAWS AND REGULATIONS

ON

MOTOR VEHICLE NOISE

CONTENTS

I. List of states, counties and cities having noise
laws and regulations and date of enactment of
adoption.

2. A table showing the decibel limits of each law
and ordinance and the test proceduce utilized.

I_epar'ed by

State Relations Department

Motor Vehicle Manufacturers Association

of the United States, Inc.

June 24, 1975
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MOtoRV_I,C_NO_SE

laws and _latlons

California law enacted 1967 (amended1971, 1975_
Colorado law enacted 1971
C_nnect_c_t _ regulationenacted 1971(a_ended ]9731
FlorJ.da law enacted 1974 (ar_nded 19751
H_Wail bY _equlatlonenacted 1972
I_hO law enacted 1971
ledi_a law enacted 1971
Mir_e_ta law enacted 1971 [_,p_led 19741
Nebraska law enacted 1972
Nevada by _equla_ton enacted 1971

York _w enacted 1965
OrecjOtl by _equlatlanenacted 1974
PermsMlvanla law enacted 1972
Washil_gtmn _ regula_lone_a_ed 1975

city O_In_ces

Albt_uerque (New _exl_) law enacted 1975
Barr_n_t_ (zl1_nols) law enacted 1973
ailZ1n_ (Montana) law enacted 1972
B_._rKlh_ (Mlcf2_gao) law enacted 1973
Bosb.c_ law enacted 1972
Bou2de_ (Colora_) law enacted 1971
(_Lea_o law eaact_ _971

_nver (Colorado) la_'e_aet_ 1974
_s ._laLnes(Illl.ols) law enacted 1972
Grand _apeds (M_d_an) J.a_enacted 197_
Helena (_tana) Zaw enacted ]972
&_kewood (Coloredo) law enacted 1973
_adlson (Wisconsin) law enacted 1972
M_.nae_i_li_ law enacted 1971(amendec]I_72)
Mis_la (_k'mtana) law enacted 1972
New York law enacted 1972
Ogden (Ut_) law enacted 1972
San Fcencl_eo law enacted 1972
S_a_ta (t,_a Jersey) Zaw enacted 1972

A_lln_ton(Virginia) la_ enacted 1974
CO_ (ll%Ir_is) _BW enacted 1972
a_n_9_mer_ l_rylaed) law enacted 1975
salt: Ieke (Uf:ah) law enacted 1972

_%_In_s_ra_iveAubhorltle_

salt:brute (Ma_,larD) iaw eracted 1972
_Lslana law enacted ]972
_arglaed l_w enacted 1973 _a_en_e_ I$_)
M_l_aukee (Within) l_w enac_e_ 1973
N_mlee_ta _.awenacted 1974

Je_e_ 2_ _,_c,t:_ 1971
f,bc_h Da,ko_a /aw enacted 1971
Waa_rg_cn law enec_ed 1974

Jeceey _dcr@ike Authority Zaw enacted 1974

9"-41

_._4_. _'',',_._*'_,_'_!¢,_._I._,*,:,._._,L:,_L_,_,=._ ...... .' ; _.,:_U •. ,::.. ,.._ _.¸



TABLE OF MOTOR VEHICLE NOISE LEVEL LIMI'Y3

.(STATUTES, REGUiATIONS AND OBDINANCES)

State Law Re@ulates Automobiles Trucks Test Procedure

California Manufacturer Before I/I/73, 86 dBA Before I/I/73, 88 dBA Based On SAE
(Dealer After I/I/73, 84 dBA After I/I/73, 86 dBA
authorized After I/I/75, 80 dBA After I/I/75, 83 dBA
to certify After I/I/78, 80 dBA
compliance) After I/I/88, 70 dBA

Operator Under 35 mph, 76 dBA After I/I/73,
Over 35 mph, 82 dBA 86 dBA under 35 mph

90 dBA over 35 mph

Colorado Manufacturer Before I/]/73, 86 dBA Before I/]/73, 88 daA Based on SAE
After I/I/73, 84 dBA After I/I/73, 86 dBA

Under 35 82 dBA After I/I/73,Operator mph,
Over 35 mph, 86 dBA 86 dBA under 35 mph

90 d_A over 35 _h

Connecticut Operators 76 dBA under 35 mph After I/I/75, Measured
Onl_ 82 dBA oue_ 35 mph 84 dBA under 35 mph 50 feet from

88 dBA over 35 mph center lane
of travel

Florida Manufacturer Before I/I/75, 84 dBA *Before I/I/77, 86 dBA Based on SAE
(Certlfi- After I/I/75, 80 dBA After I/I/77, 83 dBA
catinn After ]/I/79, 75 dBA After I/I/81, 80 dBA
required) After I/I/83, 75 dBA

Operator Before I/I/79, *After I/I/75,
76 d_% 35 mph or less 86 dBA 35 mph or less
_2 dBA over 35 mph 90 d_A o_er 35mph

After I/I/79,
70 dBA 35 mph or less
79 dBA over 35 _h

* Grc_s vehicle weight over 10,000 pounds
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State Law l_ulates Mutc_Dbiles Trucks Test Procedure

Hawaii Operators Before 1/1/77, After 1/1/74, Based or*SAE
Only 73 dBA 35 *mphor less 84 dBA 35 mph or less Measured

After 1/1/77, 84 dBA _re t/_an35 n_h 50 feet from
65 dBA 35 mph or less After 1/1/77, t/iscenter

75 dBA 35 _._uhor less lane of travel
75 dBA more t/Jan35 mph

Also specified noise level limits for automobile and
truck posted speed limits at 25 _h or less to 60 mph
or nDre; m_asured at 20 feet, 25 feet and 50 feet; and
time periods when applicable for trucks.

Idaho Operators After 6/1/71, 92 dBA No provision Measured at
Only "not less

than" 20 feet
from vehicle

under any

T conditionof
•- operation

Indiana O_)erators 76 dBA under 35 mph 88 dBA under 35 _ph Measured at
Only 82 dBA over 35 mph 90 dBAover 35 nloh "atleast"

50 feet from
vehicle under

any condition
of operation

Minnesota Decibel law repealed 10/1/74.

Pollution Control Agency shall pronulgate
I_otorvehicle noise regulations.

NeDr_k_a Manufacturer Af6er 1/1/72, 88 dLIA Based on SAE
After 1/1/73, 86 dBA
After 1/1/75, 84 dBA
After 1/1/80, 80 dBA



State _aw 1{e_julates AutoJ;_biles Trucks Test procedure

Nebraska Operator After 1/1/75,
(Cont'd) 86 dBA under 35 ,ph

90 dDA over 35 mph

Gross vehicle weight of I0,000 pounds or more.

Nevada Manufacturer 1/1/72 to 1/1/73, 86 dBA 1/i/72 to i/1/73, 88 dBA Based on SAE
After 1/1/73, 84 dHA After i/i/73, 86 dBA

Operator 76 dBA under 35 mph After 1/1/73,
82 d_A over 35 mph 86 dBA under 35 ll_2h

90 dBA over 35 n%0h

Nsw York Operators 88 dBA 88 dBA Based on SAE
Only withvehicle

speeds under
35 n_h

T
ModelYear tk_delYear

Oregon Manufacturer 1975, 83 dBA "1975, 86 dBA Measured at
[Certifi- 1976-1978,80 dBA 1976-1978,_3 dBA 50 feet from
cation after 1978, 75 dBA after 1978, 80 dHA the center lane

reguirL_) oftravel

Operator Before 1976, *Before 1976, _asured at
Bl dBA 35 mph or less 86 dHA 35 mph or less 50 feet or
85 d_A over 35 rmph 90 dBA over 35 mph greater frum

the center lane
of travel

1976-1978, 1976-1978,
78 dBA 35 mph or less 85 dBA 35 [_h or less
82 dBA over 35 mph 86 dBA over 35 mph

After 1978, After 1978,
73 dBA 35 mph or less 82 dBA 35 mph or less
77 dBA ever 35 mph 84 dBA over 35 mph



State Law Regulates Autemobiles Trucks Test Procedure

Oregon *'fruckand Bus

(Cont'd) Truck - Gross vehicle w_ight of 6,000 pounds Or core.
Bus - Vehicle designed and used for carrying passengers
and their personal baggage and exprsss for conpensation.

Also specifies noise level limits for used motor vehicles
as measured by a stationary test at 25 feet or greater;
and t_,_eperiods when ambient noise limits are applicable.

Pennsylvania Manufacturer After 1/1/73, 84 dBA *After i/1/73, 90 dBA Based on SAE

Operator After 9/1/71, After 9/1/71,
82 dBA under 35 mph 90 dBA under 35 mph
U6 dBA over 35 mph 92 dBA over 35 _Ph

*Manufacturer's gross vehicle weight rating of 7,000

T poundsorco_.
L, Washington Manufacturer After 1/I/76, 80 dBA *After 1/1/76 and Measured at

Before 1/1/77, 86 dBA 50 feet from
t/_ecenter lane
of travel

Operator After 7/1/75, *After 7/1/75,
76 dBA under 35 mph 86 dBA under 35 mph
80 dBA over 35 mph 90 dBA over 35 _ioh

*Gross vehicle weight of IO,UO0 pounds or i_Dre

Cit_ Ordinance

Albuquerque Operators After 6/1/75, *After 6/1/75, Measured at
(New Mexico) Only 76 dBA under 40 mph 86 dBA under 40 nph 50 feet from

82 dBA over 40 mph 90 dBA over 40 mph t/lecenter lane
of travel

*Gross vehicle weight of 8,000 pounds or core



City ordinance }_ulates AUtOlnODiles Trucks Test Procedure

Barrington Manufacturers Before 1/1/73, 86 dHA *After 1/1/70, _S dBA _asured
(Illinois) Only After 1/1/73, 84 d_A After 1/i/73, 86 dSA 25 feet from

(Certifi- After 1/1/75, 80 dL_A After 1/1/75, 84 dBA the noise
cation After 1/i/80, 75 dHA After 1/1/80, 75 dBA source
required)

*Gross vehicle weight of B,0UU pounds or ],Dre

Billings Operators After 11/27/72, *After 11/27/72 ]4easurL_/at:
(Montana) Only 74 dBA 82 dBA 50 feet

80dBA 88dBA 25feet
fr_,lthe center
lane of travel

*Gross vehicle weight of i0,000 l>ossdsor more

Birmingham Operators Befor_ 7/1/78, *Before 7/1/78 _asured not
(Michigan) Only 76 dBA under'35 n_ph 86 dBA under 35 mph less thani

82 dBA over 35 mph 90 dBA over 35 mph 50 feet from
m After 7/1/78, After 7/1/78 vehicle

70 dBA under 35 mph 82 dBA under 35 mph
79 dBA over 35 mph 86 dBA over 35 mph

*Gross vehicle w_ight of 10,000 pounds or moL_

Boston Manufacturers Befor_ 1/1/73, 86 dBA *After 1/1/70, B8 dBA Measured
Only After 1/1/73, 84 dl]A After 1/1/73, 86 dBA 50 feet fron

After 1/1/75, 80 dBA After 1/1/75, B4 dBA the center
After 1/1/80, 75 dBA After 1/1/80, 75 dBA lane of travel

*Gross vehicle weight of 10,000 pounds of more

Boulder Operators 80 dL_A *88 dBA Maasured
Only "at least"

25 feet frc(iia
noise source

*Wit/finthe City during the hours of 7:00 a.m. to 6:00 p.m. on Monday t/Irough located within
Saturday with a manufacturer's gross weight rating of 10,000 pounds and above, the right-of-way



City Ordin_ice Regulates Autcmobiles Trucks Test Procedure

Chicago Manufacturer After 1/1/73, 84 dBA *After 1/1/73, 86 dBA Measured at
(Certifi- After 1/1/75, 80 dUA After 1/1/75, 84 dBA "not less"
cation After 1/1/80, 75 dBA After 1/1/80, 75 dBA than 50 feet

required) fro_ the center
lane of travel

L_eratoL" Before 1/1/78,
76 dBA under 35 mph
82 dBA over 35 mph

After 1/1/78, After 1/1/73,
70 dBA under 35 mph 86 dBA under 35 mph
79 dBA over 35 _oh 90 dBA over 35 n_ph

*Gross vehicle weight of 8,000 pounds or more

Denver Operators 80 dBA *88 dBA Measured
(Colorado) Only 25feetfrGm

the vehicle

*Gross vehicle weight over 10,000 pounds

Linlitapplicable between hours of 7:00 a.m. and i0:00 p._t.
Between hours of 10:00 p.m. and 7:00 a.m., limit is
80 dBA in residential areas _Id 88 dBA on heavily
traveled highways _d freeways.

Des Plaines Manufacturer After 1/1/73, 84 dBA *After 1/1/73, 86 dBA Measured at

(Illinois) (Certifi- After 1/1/75, 80 dBA After 1/1/75, 84 dBA "not less"
cation After 1/1/80, 75 dBA After 1/1/80, 75 dBA than 50 feet

t_._uireu) from the center
lane of travel

Operator Before 1/1/78,
76 dBA under 35 mph
82 d_A over 35 mph

After 1/1/78, After I/1/73,
70 dBA under 35 mph 86 dBA under 35 mph
79 dBA over 35 mph 90 dBA over 35 nloh

*Gross vehicle w_ight of 8,000 pounds Or more



City Ordinance Ragulates _mt_mobiles _ucks Test Pr_ure

Grand Rapids Manufacturer After I/I/73, 84 dBA *Before 7/I/73, 88 dBA Measured
(Michigan) After I/I/75, 80 dBA After 7/I/73, 86 dBA 50 feet from

After I/I/80, 75 dBA After I/I/75, 84 dBA center line
A/ter I/I/80, 75 dBA of travel

Operator Before 7/I/78, Measured "not
78 dBA under 35 mph less" than
82 dBA over 35 nl_h 50 feet from

center line
of travel

After 7/I/78, After 7/I/73,
73 dBA under 35 mph 86 dBA under 35 mph
79 dBA over 35 mph 90 dBA over 35 nph

*Gro_s vehicle _eight of 10,000 pounds or more

Helena O_)erators After 10/5/72, 80 dBA *A_ter 10/5/72, 88 dBA Measured from
(Montana) Only l:_2olieright-

of-way a dis-
tance of at
least 25 feet
from center
of nearest
traffic lane

*&'rOSSvehicle weight of 10,000 pounds or _Dre

Lakewood Operators 80 dSA 88 dBA Measured
(Colorado) Only 25 feet from

the vehicle,
four feet above

the greend

Madison Manufacturers After I/I/75, 86 dSA *After I/I/75, 88 dBA Based on SAE

(Wisconsin) Only

*Gross vehicle weight of 6,000 pounds or more



CityOrdinance Regulates Autonobiles Trucks Testprocedure

Minneapolis Operators Before 1/1/77, After 1/I/74, Based on SAE
(Minnesota) Only 73 dHA 35 mph or less 84 dBA 35 nph or less Measured

After 1/1/77, 84 dBA more t/tan35 mph 50 feet from
65 dBA 35 mph or less After 1/I/77, the center

75 dBA 35 mph or less lane of travel
75 dBA more than 35 mph

Also specifies noise level limits for automobile and truck posted speed limits
st 25 [_h Or less to 60 mph or inore;m_asurc4 at 20 feet, 25 feet and 50 feet;
and time periods when applicable for trucks.

Missoula Manufacturers Before 1/1/73, 91 dBA Before 1/1/73, 93 dBA Measured at
(Montana) Only After 1/1/73, 89 dBA After 1/1/73, 91 dBA 25 feet from

the center lane
of travel

New York Operators Before 1/1/78, *After 9/I/72, Measured 50

Only 76 dHA under 35 mph 86 dBA at 35 i_h or less feet plus or
82 dBA over 35 mph 90 dBA over 35 mph minus 2 feet

_o fromcenterof
After 1/1/78, the lane of the
70 dBA under 35 mph public highway
79 dBA over 35 mph in which the

n_)torvehicle

is idling or
is traveling

Before 1/1/78, *After 9/1/72, Measured 25
82 dBA under 35 mph 92 dBA st 35 mph or less feet plus or
88 dBA over 35 r_oh 96 dBA over 35 mph minus 2 feet

from center of

After I/i/78, lane of public

76 dBA under 35 _ph highway in
85dBAover35mph whichthemotor

vehicle is

idling or
*Grees vehicle %_ight of 8,000 pounds or more traveling



City Ordinance Regulates" Automobiles Trucks Test Procedure

Ogden Operators After I/I/73, After I/I/73, Measured "not
(utah) Only 86 dBA in residential area 86 dHA in residential area leas" than 50

90 dBA in other areas 90 dBA in other areas feet from the
line of travel

San Francisco (ONLy APPLICABLE TO OFF-ROAD VEHICLES)
(California)

Sparta Operators After 3/28/72, After 3/28/72, Measured at
(New Jersey) Only 88 dBA within township 88 dBA within township least 25 feet

limits limits from noise
soucee located
within the

public right-
of-way

T
_. County Ordinancetm

Arlington Operators After 7/I/75, *After 7/I/75, Based on SAE
(Virginia) Only 76 dBA under 35 mph 86 dBA under 35 mph

84 dBA over 35 mph 90 dBA o_r 35 mph

*Gross vehicle weight of 10,000 pounds or nDre

Cook Manufacturer After I/I/73, 84 dBA *After I/I/73, 86 dBA Measured 50 feet
(Illinois) (Certifi- After I/I/75, 80 dBA After I/I/75, 84 dBA from the center

cation After I/I/80, 75 dBA After I/I/80, 75 dBA line of travel
required)

Operator Before I/I/78, Before I/I/73, Measured "not

76 dBA under 35 mph 88 dBA under 35 mph less" than 50
82 dBA over 35 mph 90 dBA over 35 _ph feet from the

center line oF

After I/I/78, After I/I/73, travel
70 dBA under 35 n_h 86 dBA under 35 nioh
79 dBA Over 35 mph 90 dBA o_er 35 mph

*Gross vehicle weight of 8,000 pounds or more



County Ordinance l___ulates Autcmobiles Trucks Test Procedure

Montgomery Operators After 10/1/76, *After 10/1/76, Measured 50

(MaiTland) Only 76 d_A under 35 mph B6 dBA unde_ 35 mph feet fr_ the
82 dBA ovs_ 35 _ph 90 dBA over 35 mph center line of

travel

*Gross vehicle weight of 10,000 pounds or more

Salt Lake Operators After 1/1/73, *After 1/1/73, Feasured 50

(Utah) Only 76 dBA under 35 mph 86 dBA under 35 mph feet fran the
83 dBA over 35 mph 90 dBA over 35 mph center lane of

travel

*Gross vehicle weight of 6,000 pounds Or r_oce

O_her

[_ew Jersey O_erators After 6/1/74, *After 1/1/75, Measured 50

Turnpike C_ly 76 dHA under 35 mph 86 dBA under 35 *_h feet _r_m the
Aut/*ority 82 dHA over 35 mph 90 dBA over 35 mph center lane of

travel

After 1/1/78, After i/I/7_,

70 dBA under 35 mph 80 dBA under 45 mph
79 dHA over 35 mph 84 dBA over 45 mph

After 1/1/90,
75 dBA under 45 inph

78 dBA over 45 mph

*Gross vehicle weight over 10,000 pounds
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A- I. INTRODUCTION

This docket analysis is t/]eformal review of comments made by the public

regarding the proposed Truck-Mounted Solid Waste Compactor Noise Emission

Regulation. The proposed regulation was published in the Federal _gister on

August 26, 1977. The formal public oolmnentperiod extended from this date

until Nov_nber 25, 1977. During this period, two public hearings were held

by the Office of Noise Abatement and Control, Environmental Protection Agency.

One was held on October 18, 1977, in New York City and the other was held on

October 20, 1977, in Salt Lake City, Utah.

All cormnentsreceived by the EPA concerning the proposed regulation

during the formal public comment period are reviewed and responded to in this

analysis. Those persons or organizations contributing coma_entshave been

grouped into the following categories: (I) compactor manufacturers, (2)

manufacturers related to the compactor industry, (3) compactor distributor/

dealers, (4) trade associations, (5) governmental agencies, (6) citizens

groupe, and (7) private citizens. A list Of the specific contributors in each

Of these categories is provided in _A-2 of this Appendix. Ead_ contributor

has been given an identification number.

SA-3 provides a summary of the issues raised in comments received and

the _A response to these issues. The issues have beeen grouped into general

categories. CuL_=nts received in each category in SA-3 are uross-referen_d

with the contributors listed in _A-2.

Only sub4nissionsmade to EPA during the formal docket period are identi-

fied in this analyis. Submissions to EPA concerning the proposed regulation

that were received after the close of the docket period have received

conslderation by EPA in the responses to the issues, but are not formally

identified as submissions to the docket.
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A-2. LIST OF CONTRIBU'IORS

_lis section lists all persons or organizations contributing comments

pertaining to the regulation during the formal c_ment period of August 26,

1977 through November 26, 1977. Following each contributor's name in paren-

theses are identification numbers of the sublnissionto the docket: nLmlbers

preceded by a 'D' identify the docket nun_er of written submissions to the

docket; numbers preceded by 'NYC' denote testimony presented at the NOW York

City public hearing; and numbers preceded by 'SIC' denote testinDny presented

at the Salt Lake City public hearings.

Under the heading 'Cc_nents' following each contributor's name, numbers

are found identifying those areas in _ich each contributor made c_,ments.

These numbers correspond directly to the categories of con%Tentsin _A-3.

A-2.1 CDMPACIDR _%_NUFACTHRERS

A-2.1 .I Dempster Dumpster Systems Division
Carrier Corporation
Knoxville, Tennessee
(D-067, D-091, NYC-8)

Comments: A-3.3.2, A-3.4.2, A-3.4.4, A-3.4.6, A-3.4.7,
A-3.4.8, A-3.5.2, A-3.5.5, A-3.5.9, A-3.7.1, A-3.7.2,
A-3.7.5, A-3.8. I

A-2.I.2 Peabody International Corporation
Galion, Ohio
(D-080)

Cc_m,ests: A-3.4.4, k-3.4.12t A-3.5.5, A-3.5.9_ A-3.7.11
A-3.7.3

A-2.1.3 Leach Co.

Oshkosh, Wisconsin
(D-104)

Corm,ents: A-3.2.1, A-3.3.1, A-3.4.2, A-3.4.4, A-3.4.9,
A-3.4.12, A-3.5.2, A-3.5.4, A-3.5.9, A-3.6.3, A-3.7.2,
A-3.7.3, A-3.8. I
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A-2.1.4 _e Hell Co.

Knoxville, Tennesse
(NYC-2)

CQ%a_nts: A-3.2.3, A-3.3.2, A-3.4.2, A-3.4.5, A-3.5.4,

A-3.5.5, A-3.5.9, A-3.7.1, A-3.7.2, A-3.7.3, A-3.8.1

A-2.2 MANUFACTUP_RS RELATED TO GOMPACTOR INDUSTRY

A-2.2.I Ford Motor Company
Dearborn, Michigan
(D-II3)

C_Liiunts: A-3.1.2, A-3.2.1, A-3.2.3, A-3.4.1, A-3.4.4,
A-3.4.10, A-3.4.11, A-3.5.1, A-3.5.2, A-3.5.5, A-3.5.8,
A-3.5.9, A-3.7.2, A-3.7.3, A-3.7.5

A-2.3 CCMPACIDR DISTP_[fIDRS/DEALERS

A-2.3.1 Capital Equipment Cc_y, Inc.
Richmond, Virginia
(D-087)

Comments: A-3.7.5

A-2.3.2 Sanitation Equipment Corp.
Paramus, New Jersey
(D-074)

ODrm]ents: A-3.7.5

A-2.3.3 General Equipment, Inc.
Baton F_/ge, Louisiana
(D-083)

Comments: A-3.1.1, A-3.2.1, A-3.3.1, A-3.4.12, A-3.7.1

A-2.3.4 MacQueen Equipment, Inc.
St. Paul, Minnesota
(D-084)

Comments: A-3.7.1, A-3.7.5

A-2.3.5 GranTurk Sanitation Equipment Co., Inc.
Warrington, Pennsylvania
(D-085)

Comments: A-3.7.5
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A-2.3.6 Bell Equipment Company
Troy, Michigan
(D-I05)

Counts: A-3.3.1, A-3.7.1

A-2.3.7 Truck Equi_nent
Baltimore, Maryland
(D-107)

Ccrm_nts: A-3.7.5

A-2.3.8 C.N. Wood, Co., Inc.
Watertown, Massachusetts
(D-I08)

CumLents: A-3.4.12, A-3.7.1, A-3.7.5

A-2.3.9 Elgin Leach Corporation
Chicago, Illinois
(D-109)

Comments: A-3.2.1, A-3.7.1, A-3.7,5

A-2.3.10 Connecticut Truck & Trailer Service Co.
New Haven, Connecticut
(D'-110)

C_=,,ents: A-3.2.1, A-3.7.I, A-3.7.5

A-2.3.11 Theodore J. Burke & Son, Inc.
Flushing, New York
(D-Ill)

':' OaI,,_nts: A-3.7.1, A-3.7.5

A-2.4 TRADE OR3ANIZATIORS

A-2.4.1 National Solid Wastes Management Association (NSWMA)
i_ Washington,D.C.

(D-078,NYC-6)

CL_,_ents: A-3.1.1, A-3.1.2, A-3.2.1, A-3.2.3, A-3.3.2

A-3.3.4, A-3.4,4, A-3.4.12, A-3.5.2, A-3.5.5, A-3.5.6,
A-3.5.7, A-3.5.9, A-3.6.1, A-3.6.2, ;%-3.7.1,A-3.7.2,

A-3.7.3, A-3.7.4, A-3.7.5, A-3.8.1
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A-2.4.2 Institute for Solid Wastes
American Public Works Association

Washington, D.C.
(D-090)

Co_nents: A-3.1.1, A-3.3.1, A-3.3.2, A-3.5.9, A-3.8.1

A-2.5 C/A;EF_ENTAL _SENCIES (STATE, LOCAL, FEDERAL)

A-2.5.1 Air Pollution and Noise Control Section

Montgomery CoJnty, Maryland
(SLC-14)

Co_nents: A-3.8.5

A-2.5.2 Village of Hamburg
New York

(D"-012)

C_mi=nts: A-3.8.5

A-2.5.3 Public Works Department
City Of Fort Worth, Texas
(D-025)

Cofmnents: A-3.8.2

A-2.5.4 City of West Palm Beach
Florida

(D--028)

Comments: A-3.3.1, A-3.5.3

A-2.5.5 Public Service Department
City of Sioux City, Iowa
(D-036)

Comments: A-3.2.4, A-3.3.2, A-3.5.6, A-3.6.4 i

A-2.5.6 City of Syracuse
New York

(D-040, D-059)

Comments: A-3.3. I

A-2.5.7 Noise Control Administration

City of Colorado Springs, Colorado
(D-041)

C(_,ments:A-3.5.5,A-3.5.9
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A-2.5.S DeKalb Sanitation Department

DeKalb County, Georgia
(D-061)

Conm_nts: A-3.I.I

A-2.5.9 Upper San Juan Regional Planning Commission
Pagosa Springs, Colorado
(D-086)

Comments: A-3.1.1, A-3.3.1, A-3.6.4

A-2.5.10 Department of Streets & Public Improvements
Salt Lake city Corporation
Salt Lake City, Utah
(D-076)

Comments: A-3.6.4

A-2.5.11 City of San Diego
California
(D-089)

Cc_ments: A-3.4.4, A-3.5.3

A-2.5.12 Department of Environmental Quality
State of Oregon
(D-f12)

Cc_mTents: A-3.1.1, A-3.4.1, A-3.5.3, A-3.6.5

A-2.5.13 City of Beverly Hills
California
(D-II7)

Con_ents: A-3.4.4

A-2.5.]4 Chicago City Council
Cof_dttee on Environmental Control

Chicago, Illinois
(NYC-4)

Cauments: A-3.3.1, A-3.6.6

A-2.5.15 Bureau of Noise Abatement

Department of Air Resources
City of New York, New York
(NYC-3)

Cc_ments: A-3.2.2, A-3.4.1, A-3.4.3, A-3.5.3, A-3.5.9,
A-3.6.4
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A-2.5.16 House of Representatives (R, N.Y.)
Washington, D.C.
(NYC-I)

Comments: A-3.3.3

A-2.5.17 Metropolitan Council of Governments
Washington, D.C.
(NYC-10)

Comments: A-3.8.5

A-2.5.18 Health Systems Agency
New York, New York
(NYC-11)

Comments: A-3.4.1, A-3.5.3

A-2.5.19 Salt Lake City Health Department
Salt Lake City, utah
(SLC-I)

C_Tents: ;%-3.8.5

A-2.5.20 Salt Lake City Public Works Department
Salt Lake City, Utah
(SLC-12)

Comments: A-3.3.3, A-3.6.4

A-2.5.21 City of Boulder
Colorado

(SLC-2)

C_]m_nts: A-3.5.5, A-3.8.4

A-2.5.22 Pro%_ City Corporation Sanitation Department
Provo City, Utah
(SLC-6)

A-2.5.23 California Department of Health
Office of Noise Control
State of California
(S£C-9)

Comments: A-3.1.2, A-3.2.4, A-3.5.6

A-2.5.24 S.F. Department of Environmental Services
San Francisco, California
(SLC-10)

C_n_=nts: A-3.5.3
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A-2.6 CITIZENS GROUPS

A-2.6.1 Washington Square Village Tenants' ASSOC.
New York City, New York
(D-072)

Comments: A-3.8.5

A-2.6.2 Federation of West Side Block Associations

New York City, New York
(I_C-5)

Comments: A-3.4.1, A-3.5.5, A-3.8.3

A-2.6.3 Citizens for a Quieter City
New York, New York
(NYC-7)

Ccc_ments: A-3.1.1, A-3.1.2

A-2.6.4 Citizens Against Noise
Honolulu, Hawaii
(SLC-13)

Comments: A-3.3.2, A-3.4.1, A-3.4.3, A-3.5.3, A-3.5.9,
A-3.6.4, A-3.6.5, A-3.8.3, A-3.8.4

A-2.6.5 Senior citizens

Salt Lake City, Utah
(SIC-4)

Comments: A-3.2.4

A-2.7 PRIVATE CITIZENS

A-2.7.] K. Martin
Reseda, California

(D-001)

Comments: A-3.8.I

A-2.7.2 Willlam K. Evarts, Jr.
New York, New York
(D-OO8)

Comments: A-3.8.5

A-2.7.3 Richard F. Hahn
Woodstock, Illinois
(D-011)

Comments: A-3.1.1, A-3.3.1
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A-2.7.13 Roy E. de la Houssaye, Jr,
New Orleans, Louisiana
(D-037)

Comments: A-3.5.5, A-3,8.3

A-2.7.14 Joan B. Williamson, Ph.D.
New York City, New York
(D-03B)

Comment s: A-3.8.3

A-2.7.15 Barbara Sadagopan
Sindelfingen, Germany
(D--060)

Colm_ents: A-3.3.2

A-2.7.16 William Wale

Indianapolis, Indiana
(D-062)

Comments: A-3.3.1

A-2.7.17 Alan L. Weiser

Silver Spring, Maryland
(D-063)

Comments: A-3.3._, A-3.3.4, A-3.3.5, A-3.4.], A-3.4.3
A-3.5.9

A-2.7.T8 W.H. Mathieu
(D-065)

ColaTents: A-3.8.3

A-2.7.19 Bobert Weisberg
New York City, New York
(D-068)

)
Co_I,ents: A-3.5.3 L

A-2.7.20 Panier Esslen i

New York, New York i
(D-069}

Comments: A_3.8.3

A-2.7.21 R. _. Cook
(_-o7o)

Comments: A-3.3. I
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A_2.7.22 Jack B_atcher

Salt Lake City, D_ab
(D-07_)

CommentsJ A-3.8.5

A-2.7.23 Harry Perlstadt
E. Lansing, _1_chigan
(D-073}

Coaments: A-3.6.4

A-2.7.24 Patti Breitm_n

New York City, New York
(D-075)

Co_nts: A-3.8.5

A-2.7,25 8rabam a_d Diane Horwitz
{D-077}

Counts: A-3,8,5

A-2.7.26 MDnes E. Hawley
Washington, D.C.
(D-079)

A-2.7,27 Yvonne Van_enengel
Montreal, Canada

(D-08f

Co_nts: A-3.8.5

A-2.7,28 Francis A. Lackser, Jr.

New York C_ty, New York
(D..O82J

Comments: A-3.2.4, A-3.6.4

A-2.7.29 _arles K. McWhorter

New York City, New York
(D-I06)

C<ml_n_s: A-3,3.I

A-2.7,30 J, W. Mellinger
Co_a, Florida
(O'Vt4)

Cosines: A-3.8•5
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A-2.7.31 Erick Pfeffer
Albany, New Yrok
(D-116)

Co_nents: A-3.3.I

A-2.7.32 Thomas H. Fay, Ph.D.
New York, New York

(h_c-9)

Comments: A-3.2.4, A-3.4.1

A-2.7.33 L.K. Irvine
Salt Lake City, utah
(su:-7)

Comments: A-3.8.3

A-2.7.34 Steve Harmsen
Salt Lake City, Utah
(SIC-3)

Co,_[ents: A-3.5.9, A-3.6.4

A-2.7.35 Robert B. Chaney, Jr., Ph.D.
Missoula, Montana
(SLC-8)

Ccr_ments."A-3.1.2, A-3.4.2

A-2.7.36 Martin S. Robinette, Ph.D.
Salt Lake City, Utah
(sLc-11)

Co,ments: A-3.8.5

A-2.7.37 David Moore
Salt Lake City, utah
(SIE-5)
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A-3. SUmmARY OF COMMENTS AND RESP_SES

This section stmmarizes the oo1_sentsreceived from the contributors

identified in _A-2 and EPA's response to these cormaents.

A-3.1 HEAL_ AND WELPAI_EBENEFITS.

A-3.1.1 Magnitude of Benefits

Seven o_mgenters (A-2.3.3, A-2.4.1, A-2.4.2, A-2.5.8, A-2.5.9, A-2.7.3,

A-2.7.4) indicated that the health and w_lfare benefits derived fr_, the

proposed regulation were too _nall. (_leccmmenter re_rarkedthat noise

from truck-mounted compactors did not damage hearing and two ether co_enters

indicated that compactor i_oisewas not a serious prc_blem. However, two

co,reentersstated that the regulation should be more stringent to increase

the benefits.

Response: EPA's definition of health and welfare is based upon t/_e

definition developed by the World Health Organization which includes factors

other than the absence of clinical disease, The phrase "health and w_ifare"

denotes personal comfort aI*dwell-being including the absence of mental anguish,

disturbance, and annoyance as well as the lack of transient or permanent hear-

ing loss and demonstrable physiological injury. These factors have been

considered in the EPA analysis of health and welfare benefits. For example,
2

!; the reduction of nighttime noise t/fatis of sufficient intensity and duration
!

i! to disturb a sleeping person has been analyzed.

!.! All of these inpacts need to be considered in judging the health and

welfare benefits of the proposed regulation. Co.actor noise that results in

sleep disturbances or interference of speech is a significant aspect of the
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impact of compactor noise. Ignoring these important factors when analyzing

the potential benefits of a regulation would only present a portion of the

total benefits that could beanticipated. Truck-mounted solid wasteco_toactor

noise results in significant impacts in both of these areas, as shown in the

health and welfare analysis and as corroborated by several conm_enters.

EPA has selected a regulatory level that represents the best means of

obtaining optimal health and welfare bemafits within the constraints of the

best available technology. A more stringent regulation at this time would

not significantly improve the health end welfare benefits and could place an

unreasonable economic burden on the compactor industry.

A-3.1.2 Computation of Benefits

Three commenters indicated that the health and welfare benefits were

underestimated. One commenter (A-2.6.3) thought the criterion of Ldn = 55 dB

for adequate protection Of health and welfare was too high and suggested an

optimum goal of Ldn = 35 riB. Another commenter (A-2.5.23) indicated that EPA

may have underestimated the impact of noise on people who live in mobile

ho_es. A third commenter (A-2.7.35)remarked that criteria for limiting

sleep disturbance, speech interferenceand annoyance due to noise characteris-

tics other than the level of noise need to be incorporated into EPA's require-

ments for protecting the public's health and welfare.

Two co,menters (A-2.2.1 and A-2.4.1) commented that the health and welfare

benefits may have been overestimated since the compactor truck does not Oompact

trash at every stop.

RespOnse: The EPA health and welfare _)del represents the EPA's best

estimate of the frequency of occurrence, duration, and intensity of truck-

mounted solid waste cospactor noise and the location of compactor noise in
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the environment. The model necessarily depends on statistical representations

of reality because it must address the nation as a whole, not just a specific

geographical location. Therefore, the model may not accurately represent indi-

vidual situations that vary significantly from the norm, i.e., mobile homes.

The criterion of Ldn = 55 dB was determined by the Agency to be the noise

level requisite to protect the public health and welfare outdoors, with an

adequate margin of safety for both activity interference and hearing loss

(p.28 - Levels DOCUment). Therefore, a level of Ldn = 35 dB would not appreci-

ably add to the public's protection, and would be unrealistic and i_practical

i to achieve. An Ldn of 55 dB, the attainment of which will involve a con_erted

effort by Federal, state and local governments over many years, is a target

goal which protects the public from the impacts of noise with a margin of

safety.

Inclusion of characteristics of noise other than the frequency of occur-

rence, duration, and level of noise in the model is not feasible at this

time. There is no accepted method for relating these other characteristics

quantitatively to human impact.

As for the parameters describing the frequency of the compactor operation

in relationship to the number of collection stops, the compactor truck was

assumed to compact refuse after every fourth stop when operating in low

density residential neighborhoods.

In certain respects, the health and welfare model may overestimate impacts;

however, in other situations, impacts may be underestimated. When it was neces-

sary to choose between an assumption that could potentially overestimate the

impact and another assumption that most likely would underestimate the impact,

the latter assumption was chosen. In general, these situations tended to

A-I9



balance each other and if any of the premises used are in error, they should

tend to underestimate the total impact of refuse collection noise on the

nation's population.

A-3.2 NOISE CONTROL TECHNOLOGY

A-3.2.1 Power Take-Off (PTO)

Several commenters (A-2.4.1, A-2.1.3, and A-2.2.1) including three

distributors (A-2.3.3, A-2.3.9, A-2.3.10) indicated that the flywheel FID

and front FID that were suggested noise control features for compactor

vehicles were not readily available nor applicable to many chassis.

Fes_onse: As the demand for quiet FIDs increasesf EPA anticipates that

manufacturers will offer improved designs to meet the regulatory standards.

Some existing quieted refuse trucks use transmission FiDs. Use of a

gear ratio that allows lower engine speeds is helpful. The noise from the

FID gears may be reduced considerably by grinding gears to a finer finish, or

by wrapping the transmission and FrO case with sound deadening material. 0_e

manufacturer of transmission FIDs is considering a finer teeth design or

helical gear as an alternative to an acoustic enclosure.

Front power takeoffs have been adapted successfully to front, rear, and

side imaders. One major truck manufacturer offers front power takeoffs on

its quieted trucks and another company offers the front PID as a "Limited

Production Option". Two other manufacturers plan to offer the front F[O as

an option this year.

Only one company presently offers the flywheel power take-off option

on their engines. However, another manufacturer has supplied a number of

flywheel power takeoffs on their chassis and reports success with bath gaso-

line and diesel engines.
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A-3.2.2 Best Available Technolo_

Two conm_nters (A-2.7.15 and A-2.5.15) indicated that _ European

countries have very quiet trash collection services. They suggested that EPA

study these systems further and incorporate soma of the methods used there

into the EPA's definition of best available technology so that lower standards

could be promulgated.

Response: The EPA sthdies focused on the best technology currently

available within the United States. To propose standards based on technology

that is only being used in Europe (such as electric trucks) would place undue

economic hardships on U.S. manufacturers. However, in order to meet current

noise standards or in response to the I/qEPprogram which encourages production

of quiet compactor trucks, U.S. manufacturers may adopt, for their own use, some

of the European methods.

A-3.2.3 Fuel Consumption

Three commenters (A-2.1.4, A-2.4.1, and A-2.2.1) noted that factors

other than reduced engine speed could affect fuel consumption. They empressed

concern Over increased engine temperatures and reduced engine life resulting

from lower speeds.

Nes_onse: EPA recognizes that factors other than reduced engine speed

can affect fuel c_nsumption. HOwever, reduced speed is the only noise control

feat_:e for compactors that should affect fuel _nst_tion. EPA studies

indicate that low speed operation reduces fuel _onsumptlon wit/_outa decrease

in engine life or an increase in engine temperature. One manufacturer lists

reduced fuel consumption as one of the benefits of quieted units in his

prceDtlonal literature. EPA estimates an annual savings of 2 million gallons
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of gasoline and 1.2 million gallons of diesel fuel when the present day fleet

of refuse collection vehicles is replaced by quieted units.

A-3.2.4 Noise Sources Not Included in the Regulation

Three e_rmenters (A-2.5.23, A-2.6.5, and A-2.7.32) favored placing some

controls on the brake noise of compactor vehicles. One commenter (A-2.5.5)

indicated that vehicles equipped with "121 brakes" (Motor Vehicle Safety

Standard 121, DO2) should be explicitly excluded from the regulation. A pri-

vate citizen (A-2.7.28) indicated that air horns should be banned.

Response: This regulation aims to control chassis and compactor noise

only during the compaction cycle of a stationary truck, and is not intended

to control noise sources co[m_n to all truck chassis during transit oDerations.

Brake noise is not a problem characteristic of only refuse vehicles, but is

inherent in all medium and heavy trucks.

Air horns are not subject to Federal regulations because the noise

emitted is intended as a safety measure.

;%-3.3 ECON_4IC IMPACT

A-3.3.1 Ma@nitude of Costs

Thirteen com_enters* indicated that they opposed regulation of truck-

mounted solid waste sompactors because the costs of regulation were too high

or because the regulation was not cost-effective. Two of the above commenters

indicated that the eest of a refuse vehicle could increase by as much as $5,000,

and one commenter questioned EPA's view that capital equipment is a minor cost

element in the cost of collecting trash.

*(A-2.5.4, A-2.7.10, A-2.5.14, A-2.7.21, A-2.7.6, A-2.7.4, A-2.5.6, A-2.7.3,
A-2.3.3, A-2.4.2, A-2.1.3, A-2.7.31, A-2.7.16)
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Another eommenter (A-2.7.17) suggested that relief from some of the costs

should be provided so that the price of the equipment would not have to be

raised. This would diminish incentives for repairing rather than replacing.

Response: E2A expects that the costs of compliance with the regulation

will be passed through to the user of refuse collection services. From the

economic analysis studies that the Agency has conducted, EPA estimates that

the annual increase in cost for refuse collection will average nationwide

about 50 cents per household served. The Agency believes that this is a rather

modest mast to achieve the health and welfare benefits expected from the

regulation, which we estimate will significantly reduce the noise exposure

(caused by refuse collection vehicles) of about 19 million Americans.

EPA estimates that the increase in cost of a compactor body will be

$2000 to $3000 (in 1976 dollars, which would translate to perhaps as much as

$4000 in 1979 dollars). However, our analysis is based conservatively on a

possible increase in vehicle cost of about 10 percent. EDA has been given

estimates of as high as $75,000 for a modern, fully equipped refuse collection

vehicle which could entail a $7500 allowasee for noise control while remaining

within the bounds of the EFA economic i[_pactanalysis. Estimates from large

refuse collection organizations that have done their own engineering of

quieting features have been somewhat higher than EPA estimates. However, a

review of the higher estimates suggests that certain of the features included

in the cost were not needed for noise control. New York City has purchased a

large number of quieted refuse collection vehicles that meet the Federal

standard at an incremental cost Of $2000 for the quieting features.

_A estimates of the cost of co,pliance are based on industry-wida com-

pliance to the regulation. When products are custom designed for a limited
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market then costs may be higher. The costs estimated by EPA may, in fact,

decrease over time, after initial production line changes are made and as

manufacturers become more familiar with various types of noise control

features.

As regards the importance of vehicle capital cost in total costs of

refuse collection, independent studies have confirmed EPA's estimate that

the capital costs of vehicles represent no more than 5 percent of the hotal

cost of refuse collection service.

The Noise Control Act, under which this regulation is being promalgated,

makes no provision for financial relief for the industry impacted by the

regulation. Consequently, no funds are available to EPA for providing finan-

cial relief nor does EPA have the authority to develop other mechanisms that

would provide some form of financial relief for the affected industry.

A-3.3.2 Computation of Costs

Two compactor manufacturers (A-2.1.1 and A-2.1.4), two trade associations

(A-2.4.1 and A-2.4.2), and one municipality (A-2.5.5) commented that some of

the costs of compliance were not included in the economic impact analysis.

Costs that were underestimated, according to some of the comnenters, are:

Recordkeeping

Engineering

• Testing

Warranty

Production Verification
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Costs that were omitted, according to some of the consenters, are:

Costs of quieting containers

Costs to manufacturers of providing mounting
facilities

Transportation costs related to mounting by the
compactor manufacturer

Costs related to the decreased number of service
shops

Costs due to decreased productivity of equipment

Costs of not regulating compactors, such as medical
hills, energy costs

Besponse: The coSts that were considered by commenters to be underesti-

mated were studied carefully in the EPA economic analyses of the industry and

presented in the background dectm_nt. Estimates were bused on knowledge of

the current operating prOCedUres of the compactor manufacturing industry

provided to EPA by ccmpactor manufacturers. In the original economic analysis

the preduction verification costs were estimated based on testing 15% of the

t_nitsproduced. Many manufacturers indicated that the percentage requiring

testing would far exceed ]5%. %_e production verification schs,e has been

revised to reduce the number of units requiring testing so the costs related

to PV testing are likely to be lower than urlgi_ally estimated. EPA estimates

that fewer than 5% of the units manufactured will have to he tested, and that

very few, if any, PV tests will be performed by distributors in view of the

revisions in the regulation.

The requirement for testing compactors with the container attached has

bee_ deleted from the regulation; therefore, no costs for quieting containers
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will result frc*nthis regulation. Nevertheless, EPA believes that many com-

munities may be interested in abating the noise caused by container handling

during trash collection. Actions to this end taken locally undoubtedly

will entail costs. Such costs will be the result of local decisions and

action, and are not attributable directly to this regulation. (See Section

A-3.5.5).

Many of the n%anufacturersidentified in the EPA studies currently mount

of the compactor bodies at the manufacturing plant. Therefore, there

should be no additional cost to manufacturers for mounting facilities. Also,

with the regulati_1 revised to permit distributors who mount chassis to depend

on the body manufacturers' PV testing, there should be little or no shift in

mounting practices from the current arrangements.

Transportation costs related to mounting by compactor manufacturers were

not included in the original economic analysis. Since no change in mounting

practices is expected, based on the regulations as revised, there should be no

appreciable change in transportation costs between bedy manufacturers and

distributors.

Commenter-suggested costs related to the decreased numbers of service

shops are based en the assumption that distributors will eliminate their

service shops due to the regulation. Since mounting practices are not expected

to change, related industry practices, including the provision of service, are

not expected to change. Is any case, it seems unlikely that distributors, as

the primary sales agents, would give up providing service for compactor vehi-

cles. The provision of service is a major selling point to most purchasers.
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The quieting features that are expected to be used by manufacturers

should not affect the productivity of the equipment with respect to the

amount of refuse the truck can hold. Reduction Of the engine speed could

increase the compactor cycle time, if no compensating action were taken.

However, the cycle times for quieted trucks observed by EPA were not signifi-

cantly longer than those for unquieted trucks. In many cases, the cycle time

for quieted trucks was shorter than the cycle time for similar non-quieted

trucks. Shorter or equal cycle times were achieved by using a larger hydrau-

lic pu_. AS the engine speed is reduced, the pumping capacity of the pump

must be increased accordingly.

The c_sts of not regulating compactors, such as medical bills, were not

assessed in the EPA economic analysis. The impact was measured in terms of

the number of persons adversely impacted by c_mpactor noise. There is no

generally accepted method of analysis for assigning a monetary value to sleep

disturbance, activity interference, annoyance or an overall reduction in the

quality of llfe due to the adverse effect of noise. Nevertheless, the adverse

effects of noise represent a real social disbenefit, and to the extent that

the regulation results in reduction of these adverse effects, there will be

cost savings that reduce the out-of-pocket costs of the regulation.

With respect to energy costs, these have been taken into account in EPA's

ecsncmic analysis, in that the expected reduction of fuel costs results'in a

lower net cost of ccmpllance.

A-3.3.3 Cos_/Benefit Anal_sis

One u_1_lenter(A-2.5.20)remarked that the costs of the regulation

should be justified in terms of the benefits received. A second commenter
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(A-2.5.16) pointed out that it was impossible to quantify the costs of not

regulating, but t/fathe believed the benefits of the regulation are _orth the

cost.

Response: To perform a cost/benefit analysis of the regulation would

entail assigning a monetary value to the benefits so that they can he w_ighed

against the costs. EPA has reviewed various suggested approaches to the

problem of assigning dollar values to the disbenefits (negative impacts) of

noise and to the benefits of noise abatement. No m_thod of analysis has been

found that has broad acceptance by the scientific cemmunityo Consequently,

_A believes that it is not feasible in the present state of knowledge to

assess the benefits of noise abatement in terms of dollar values.

In view of the moderate costs of the regulation and the number of persons

whose noise exposure will be reduced (as discussed under A.3.3.2), the Agency

believes that the regulation is cost-effective, and that the benefits outweigh

the costs.

A-3.3.4 Ex_orts

A trade associatic_ (A-2.4.1) commented that costs of equipment produced

for export will be increased, resulting in a reduced demand for exported

equipment. Another Comn_nter (A-2.7.17) indicated that thoSe companies that

cam_ot maintain dual production lines will lose export business.

Response: Manufacturers may continue to produce unregulated equipment

for export. To the extent that scx_ foreign markets may require quieted

cc_pactor trucks, manufacturers will be in an improved competitive position.

Many of the noise control features identified for compactor vehicles

consist of using co_ponsnts with more advanced noise control technology.

Most of these _,,_nents are not an integral part of the production process.
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They are used only in the assembly of the total vehicle which tends to be a

custom assembly for each unit according to manufacturers and not a production

line process. Utilizing components that may be less expensive (albeit noisier)

appears to be a viable alternative for exported equipment.

A-3.3.5 Unemployment

Another economic impact assessment questioned by so,reenter A-2.7.17 was

the conclusion that no unemployment would occur as a result of the regulation.

This commenter thought the conclusion unreasonable since many workers would be

displaced.

Response: The determination of une,ployment is based upon the total

number of persons employed by the affected industry. This and other economic

i i.pacts of various regulatory alternatives are carefully assessed by EPA

prior to promulgating regulations. In selecting a regulatory standard, EPA

attempts to minimize these effects as msch as possible. The decrease in

production as a result of the compactor regulation should result in une_oloy-

ment for less than two percent of the total affected industry (i.e., fewer

than 40 persona). EPA anticipates that the job positions created by the

required application of noise control technology and by the testing and

compliance program will sufficiently offset this unemployment and may even

result in increased employment.
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A-3.4 ThaT PROCHDURE

A-3.4.I Noise Level Determination

Several commenters had questions concerning the use of energy averaglnq

for computing the regulatory noise level. One commenter (A-2.5.15) indicated

that the energy average could permit a noise level as ouch as 6 dB higher than

the regulated level on one side of the truck. Another _nter (A-2.2.1)

suggested that an arithmetic average would be preferable to the energy average.

One c_enter (A-2.2.1) remarked that there appeared to be no justifica-

tion for using microphones at seven meters because at that distance the

compactor is less like a point scarce (than at the 50-feet distance used in

the pessby test procedures for truck chassis). Also, using four microphones

will make correlation with existing stationary test procedures for trucks

difficult. Anot]%ercommenter (A-2.7.17) questioned whether the distance (7

meters) of the microphones could be considered relatively close.

Several commentsrs expressed concern that the test procedure did not

adequately represent actual conditions under which compactor noise is heard.

A number of commenters, representing local governments (A-2.5.18), citizens

groups (A-2.6.2 and A-2.6.4) and a private citizen (A-2.7.9) were concerned

that the levels did not take into account additional noise generated by reflec-

tion of noise off buildings and other barriers usually present when trash is

being collected. Possible solutions suggested by co,menters (A-2.5.15,

I%-2.5.12and A-2.5.18) included making the regulatory level applicable to

the maximum noise emission on any side of the compactor rather than the

average and reducing the distance at which the noise is measured (A-2.5.18).

A-30



Response: _%e Agency believes U_at the logaritlmlic(energy) average of

the levels at t/lefour microphone positions provides a more representative

measure of the noise emissions of the vehicle than the aritlm_tic average.

The l(xjarithmieaverage of t/_esound levels is closely related to the sound

power eeitted, which is the physical quantity generally regarded as best

expressing the "amount" of noise radiated by a noise source. Many standards

for defining the noise of machinery are based on detet1,1inationsof sound

power. It should be noted, hcwever, that the actual measurements are made in

sound pressure level. The sound power (level) is det_tlninedby cormputatlon,

using the sound pressure level data.

The comment that t/%eenergy average could pe_1,1ita level as h%uchas 6 dB

above the standard on one side of the truck is purely t/_eoretical. To achieve

this, the _neasurementson t/isot/%ert/,reesides would have to be at least 14

decibels lower than the level 0*% the noisiest side. Since the c_npactor

is net a highly directional noise source, such an occurrence is most unlikely.

In all the noise measurements made of refuse collection vehicles by EPA, the

largest spread in noise level observed among the four measurement positions

was 7 decibels, for one vehicle. In most eases, t/%espread (between the

highest and lowest noise levels Ireasuredat the four positions) was about 3

or 4 decibels.

If t/isregulation were to he based on a single maxim_ reading, a large

number of measurelnentswould be required to determine at which point the

maximum reading oecurs. EPA believes that the use of four microphones placed

at the s_ne position for each test provides the best approach to ensuring

consistent and representative measures of the noise emission of a refuse

collection vehicle without introducing unnecessary son,laxity into the test

procedure.
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The distance (7 meters) of the microphones from the vehicle surfaces is

considered to be close when the size of the product being tested is taken

into consideration. If the microphones were placed closer, the measurements

might be affected excessively by individualnoise SOurces and would not

necessarily be charaeteristic of the vehicle as a whole.

With respect to the reverberation effects of nearby buildings on ec_ioac-

tor noise: the purpose of the measurement procedure is to provide a stm_dard

method, as simple as possible, by which noise measurements can be made on

refuse collection vehicles to deterltzineif they meet the Federal standard.

Thersforet it is necessary to eliminate, to the extent feasible, those factors

which represent non-standard and complicating conditions. The reverberant

effects of reflecting surfaces of buildings have been taken into account in

EPA's analysis of health and welfare impacts of garbage truck noise, and

therefore are reflected in the regulatory limits.

A-3.4.2 Definition of Maximum Steady Sound Level

Three compactor manufacturers (A-2.1.1,A-2.1.3, and A-2.1.4) indicated

that the proposed test procedure results could be interpreted differently.

One of the menufacturers (A-2.1.1) suggested using the Leg metric since it

is a more consistent measure of sound emissions. It was further suggested

that the i_q be calculated over a 10 second period and the use of the graphic

level recorder not be permitted. Another co_menter (A-2.7.35) indicated that

the Leq was unworkable for individual occurrences.

R_s_onse: EPA recognizes that there was some a_bigulty in defining the

"_aximum steady sound level". Several revisions have been made to the proposed

test procedure, and the term "max/mum steady sound level" has been replaced by

"_aximum noise level" (defined in 205.201(a)(I7)), to clarify EPA's intent.
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If the noise fluctuates irregularly by several decibels during the mea-

surement, it _y be difficult to determine what the "average maximum" level

is either by observing the swings of a meter needle (or the changing numbers

of a digital meter display) or by "eyeballing" the trace on a graphic level

recorder.

During the course Of additional noise testing and analysis conducted by

EPA following the hearings and cuament period, it became apparent that the

difficulties mentioned above introduced subjective variations in the readings

made by different observers. Further analysis of the tape recorded data,

including review of the earlier data, showed that this variation could be

minimized by reading the maxim_n value using the "slow" response of the

meter. With respect to inpulse noises, all units that had impulse peaks in

"fast" response of less than 83 dHA showed maximum values under 79 dBA in

"slow" response. This is to be expected, since the impulse response Of

the sound level meter in "slow" setting is generally about 4 decibels lower

! than it is in "fast" setting.

Consequently, EPA reached the conclusion that the test procedure could

be simplified and the meter reading process made more reliable by setting a

single noise level limit of 79 dBA based on a reading of the maximum noise

level observed with the meter in the "slow" response setting. This replaces

the proposed procedure, which required two separate readings, one of "maximum

steady" and one of "maximum impact", using the "fast" meter setting. The

increase of one decibel in the not-to-exceed limit accounts for the damped

response of the mater to a mild impulse (such as was allowed in the proposed

impulse overshoot of 5 decibels in "fast" mm_e, in the proposed regulation)

while mot degrading significantly the control of continuous noise implied in

the earlier "maximum steady" limit of 78 dBA.
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Consideration also was given to other methods of reducing the uncertainty

of the meter reading, such as use of an integrating/averaging sound level

meter, also known as an "Leq meter." Although this approach has potential merit,

it has not been specified in the test standard because of the lack of a

national or international standard for such meters. %_leAgency believes that,

to ensure oansistency and accuracy of the primary measurement which estab-

lishes conformity to a regulatory limit, the instrument used should conform to

a widely recognized and accepted consensus standard.

A-3.4.3 Em_t_ Truck

Four commenters (A-2.5.15, A-2.6.4, A-2.7.17 and A-2.7.12) indicated

that the compactor should be tested while compacting refuse or that the stan-

dard should be applicable to the cr_pactor whether or not it is loaded.

Bes_onse: One of the primary considerations in developing the noise

emission test procedure was to design a procedure that produced consistent

and repeatable results. To require testing while refuse was aetually being

cc_npactedwould necessitate defining a "standard" load of refuse in order to

ensure some consistency between tests. The concept of a "standard" load of

refuse was considered to be too cx_plex and unwieldy to be practical for test

purposes.

Several noise tests have been conductL_dwhile the vehicle was compacting

an actual Iced of refuse. These tests have shcwn that sem_ loads do increase

the noise level slightly while others may decrease the noise level, but gener-

ally the differences are s_all. Refuse loads containing a large number of

glass bottles or other hard debris typically result in greater noise levels

than those measured with an empty truck. However, loads that contain soft
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debris such as garbage and paper can reduce the noise level to below that of

an empty truck since the soft material acts as a sound damping material when

it is pressed against the insides of the compactor. In general, considering

that the two types of refuse loads are either noisier or quieter than the empty

truck, the empty truck noise levels are considered to be a good representation

of the "average" noise emitted frcm a compactor and greatly simplify compli-

ance testing.

A-3.4.4 Operating Cycle

A trade association (A-2.4.I), three compactor manufacturers (A-2.i.1,

A-2.1.2 and A-2.1.3), and a truck manufacturer (A-2.2.1) co_nted about the

need for guidelines regarding normal operating procedure for manually operated

compactors.

Two local governments (A-2.5.11 amd A-2.5.13) indicated that many refuse

trucks compact while in motion, so the test procedure should reflect this or

more explicitly define norr_l operating procedure.

Response: _205.204(f)(4) has been revised to clarify the normal operat-

ing procedure for manually operated compactors. _he c_mpactor engine shall be

operated at a speed in r_n corresponding to the maximum allowable speed of the

hydraulic pump which powers the compector mechanism.

_he regulation was not intended to cover compacting while the truck

is in motion. This calssion should not reduce benefits for those areas where

compacting in motion is the normal operating procedure. If the compactor

manufactm:ers limit the maximum allowable engine speed during compaction,

as anticipated, this will prevent the cc_pactor truck from nPving very fast

while compacting and also from compacting at the maximum allowable engine

speed for the moving truck. _larefore, the total noise _misslon resulting
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frcm compacting while in m_tion should not exceed emissions of compacting

@_ile stationary.

A-3.4.5 Meter Error

A manufacturer (A-2.1.4} eo_ented that no allowance was made for meter

error in the test procedure.

Response: The regulation assumes tht manufacturers will design equipment

to a level at least 2 decibels below the level specified in the standard. EPA

considers this margin to be adequate for dealing with meter error or any slight

variations in noise emissions between compactors of the same configuratlon.

A-3.4.6 Tachometer

A manufacturer {A-2.1.1) commented that the truck mounted tachometers

could be used to record engine speed if the accuracy requirement for tachc_e-

ters was cmitted from the regulation.

Response: EPA has revised the regulation to allow use of _*e instrument

panel tachometer installed in the truck, and to increase the allowable error

for the tachometer readirg from 2% to 5%.

A-3.4.7 Barometric Pressure

A manufacturer (A-2.1.1) requested that the requirement for recording

barometric pressure be omitted from the regulation.

Response: Large differences in barometric pressure may have an effect

on the noise measurements and the field-check calibration, particularly by

affecting pistc_phone (field calibrator) output. _his requlrement is neces-

sary to allow EPA to evaluate potential differences in test results.
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A-3.4.8 Standin@ Water

A manufacturer (A-2.I.I) requested that the requirement for no standing

water on the test pad be omitted from the regulation.

Response: The basic intent of this provision is to ensure that there

is no snow on the test pad. The regulation has been modified to denote

this. Liquid standing water should not have any appreciable effect on the

mea_Hrements.

A-3.4.9 Radiator Fan

One manufacturer (A-2.1.3) commented that the tt_/ckregulation does not

require the radiator fan to be operating during the test procedure. The com-

pactor regulati_ should be the sate.

Response: _le radiator fan is not required in the medium and heavy truck

regulation because the fan (in a vehicle equipped with a fan clutch) is not

usually in operation when the vehicle ks moving at road speeds. Since the

noise emission tests for conpaebers will be conducted with the engine at low

speeds, the fan is needed to cool the engine. However, the noise contribution

of the fan operating at low engine speeds is expected to he negligible, based

on data obtained by EPA.

A-3.4.10 A_reement of _adin_s Within 2 dBA

A truck manufacturer (A-2.2.I) mon_nted that it is unclear why readings

must agree within 2 dBA. Further, if the readings have to agree within 2 dBA

at each microphone this would be a very diffioJlt requirement.

Response: _le energy average of the readings from each of the four

microphones should agree within 2 dBA for the two complete mon_0actioncycles

to be tested for noise emissions. It is not expected that, under normal test
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procedures, readings will disagree by more than 2 dBA. However, certain

situations such as extraneous noises, improper operation of the product being

tested, measurement equipment problems, or incorrect interpretations could

result in readings not agreeing withim 2 dBA. %his type of situation would

need to be corrected before the test results could be considered valid.

The appropriate section of the regulation has been clarified to indicate

that agreement within 2 dBA applies only to the four-microphone energy average,

not to the readings fr(_neach microphone.

A-3.4.11 Cost of Testin@

A truck manufacturer (A-2.2.1) commented that the test procedures were

too costly for small manufacturers and distributors.

Response: The coats related to the test procedure were considered in the

EPA economic analysis of the regulation. Care was taken to simplify the test

procedure thereby reducing costs wherever feasible.

There are several possibilities that small manufacturers could explore

to further reduce the costs associated with testing. For example, the test

pad does not necessarily have to be specially constructed or even owned by

the manufacturer or distributor. The Agency has found paved parking lots

to be very suitable test pads. The manufacturer can also consider contract-

ing testing service on an "as required" basis, tituseliminating the overhasd

burden of full time test personnel. Furthermore, the necessity for testing

by distributors has been minimized as discussed in the _A-3.7.5 response.

A-3.4.12 Weather Conditions

Two manufacturers of compactors (A-2.1.3 and A-2.1.2), t_ compactor

vehicle distributors (A-2.3.3 and A-2.3.8), and a trade organization (/%-2.4.1)
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_nted on potential difficulties due to adverse weather conditions in

meeting the 45 day deadline for performing tests. Particular concern was

expressed over the early months of the calendar year when the probability of

snow,,rain, or winds in excess of 72 mph precluding testing on a given day could

be higher than 50 percent.

Response: Section 205.205-2(a)(2) has been rewritten to allow for delay

of up to ninety (90) days due to weather and conditions beyond the manufac-

turer's control. Records of the conditions preventing testing must be main-

tained and, if testing cannot begin by the 45th day, the manufacturer must

so notify the Administrator within 5 days (by the 50th day). If the Adminis-

trator so requests after such notification, the manufacturer must ship products

to an EPA desiqnated facility for testing.

A-3.5 REC_LA[[ORYCRITERIA

A-3.5.1 Identification as a Major Source of Noise

A truck manufacturer (A-2.2.1) commented that, in their understanding,

the criterion for identifying truck-mounted solid waste compactors as a major

source of noise was based upon this product's Environmental Noise Impact

(ENI) (Note: ENI is actually Equivalent Noise Impact). Since the _NI

for this product is 0.2% of the population (Note: using the figures concerned,

the ENI is actually 0.8%), and much of the health and welfare analysis utilized

other noise metrics, the commenter questioned the identification of truck-mounted

solid waste compactors as a major source of noise.

Response: The environmental noise impact was one of many factors con-

sidered by EPA in identifying truck-mounted solid waste compactors as a major

source of noise. The environmental noise impact analysis involved calculat-

ing both the intensity (loudness and duration) and extent (population affected)
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of the noise source impact. The overall noise impact is determined by Frac-

tional Impact methodology (the preferred term now is "Level-Weighted Popula-

tion" (LWP)). Therefore, it is not correc_ to say that only 0.8% of the

population is affected. Many persons experience an individual impact that is

not a "100 percent" impact. Each individual impact is fractionally weighted

according to the intensity and severity of noise exposure. Simply put, 10

persons adversely i_oactod 10 percent are equivalent to one person impacted

i00 percent. E'ns actual population that is affected by truck-mounted solid

waste compactor noise is estimated at 19.7 million persons in the baseline year

for analysis (1976), mr approximately 9% of the U.S. population. Many of

these persons are impacted to a partial extent, i.e. fractionally. When the

population impact is determined using the Fractional Impact methodology, the

co_@uted Equivalent Noise Impact (ENI) or Level-Weighted Population (LWP) is

approximately 2.11 million equivalent persons who are impacted 100%.

As mentioned above, the noise impact analysis is only one of the primary

factors considered by the Administrator in determining which sources of noise

are to be identified as major sources. Other key factors are:

i. W_netherthe product, alone or in combination with other products,

causes noise exposure in defined areas under various conditions,

which exceed the levels requisite to protect the public health and

welfare with an adequate margin of safety;

2. Whether the spectral content or temporal characteristics, or both,

of the noise make it irritating or intrusive, even though the noise

level may not otherwise be excessive;

3. Whether the noise emitted by the product causes intermittent exposure

leading to annoyance or activity interference.
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In the case of truck-mounted solid waste compactors, this regulation

provides for noise control standards consistent with standards already pro-

posed for new medium and heavy trucks as noted in the Federal Pe_ister notice

on May 28, 1975, in which the Administrator of EPA identified truck-mounted

solid waste compactors as a major source of noise. The notice further stated

that EPA recognized that the "...noise impact from such special purpose

equipment (ccmpactors) alone is of a lower order of magnitude, f_owever,in

view of the actions already taken to control noise emissions from medium and

heavy duty trucks, control of these sources is required to avoid reducing the

effectiveness of those regulations".

/%-3.5.2 Data Base

A trade association (A-2.4.I), t_o co,actor manufacturers (A-2.I.I and

A-2.1.3), and a truck manufacturer (A-2.2.1) commented about the data base

used in the technology assessment of truck-mounted solid waste compactor noise

emlssim_s. The c_mmenters were concerned about the size of the data base and

apparent inconsistencies in the measurement procedures utilised. Specifically,

these co,reentersbelieved that the data base was not large enough to be repre_-

sentatlve, that too many quieted compactors were included, and that all the

compactors Were not tested under identical conditless (i.e., some Were tested

with containers, some without; some tested on different surfaces; and some

tested with variable engine speeds and cycle times).

Response: _A _ade measurements of s number of vehicles which are

bells%,_dto be representative of those in service. The data base contains

examples of front, rear, and side loaders, as Well as both gasoline and

diesel fueled trucks.
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Regarding the consistency of the test procedure, EPA recognizes that

data were collected under varying conditions. However, the measurements were

made by trained acoustical personnel with high precision instruments. Through

extrapolation and conversion factors, measurements taken under variable condi-

tions were adjusted to allow for different test conditions and measurement

distances. In setting forth the regulation, test conditions are prescribed

in detail to minimize testing variability and to eliminate uncertainties in

data acquisition.

subsequent to publication of the August, 1977 Background Document, addi-

tional noise tests of truck-mounted solid waste compactors were performed by

EPA. The results of these tests are now included in the revised Background

Document. These tests, which were conducted by EPA in accordance with the

noise emission test procedure given in the regulation, confirm EPA's original

findings.

A-3.5.3 Noise Level of Standard

Local governments, citizens groups, and private citizens (A-2.5.15,

A-2.6.4, A-2.7.12, A-2.7.19, A-2.5.18, and A-2.5.4) were all concerned that

the noise level selected for the standard was too high (not sufficiently

stringent). Most of the above commenters came to this conclusion through

familiarity with local ordinances that appeared to be more stringent than the

proposed Federal standard. Others cited cases of individual truck-mounted

solid waste compactors that were considerably quieter than the proposed

standard. One local government (A-2.5.11), objected to the proposed stan-

dards as being too stringent. They indicated that many of their garbage

trucks would have difficulty meeting the proposed standard, particularly those

whidn do not have any limits on the maximum engine speed.
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Response: The sound level selected for the standard is based on the

optimal benefits achievable within the constraints of the best technology

available for quieting the noise source. The costs of the noise control

features required to meet the standard are also carefully weighed in the

determination of the final regulatory standard. EPA's selection of the final

standard indicated that the 79 dBA level (which is further reduced to 76 dBA

two years later) will optimize the health and welfare benefits while minimiz-

ing the economic impact of the regulation.

During the EPA studies of the noise emissions of truck-mounted solid

waste compactors, several advanced technologies for quieting cot,pactortrucks

were investigated. These technologiesranged fran the exclusive use of elec-

tric vehicles to requiring special auxiliary motors for powering the compac-

tors. Since none of these more advanced quieting methodologies had achieved

any widespread use in the United States, the EPA determined that, at this

time, the economic impact of a noise regulation requiring technological

changes this extensive would be ton severe.

_A also noted that at least one locality (New York City) had issued

standards that appeared to be more stringent than the EPA standard. Further

investigation by EPA fonnd that the full benefit of such standards were not

fully realized for a variety of reasons. It is co6tly to purchase cr_pactor

trucks meeting such stringent standards, and sometimes difficult to obtain

bids from qualified suppliers. If the delivered units do not quite meet the

noise specifications, they may be accepted anyhow, in order to meet urgent

needs for refuss collection. After the effective date of the Federal regula-

tion, all newly manufactured truck-mounted solid waste compactors are expected
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to meet the Federal standard. In addition, any purchasers desiring compactor

vehicles quieter than the Federal standard may include lower noise emission

levels in the purchase specifications for such vehicles.

Suppliers of compactor vehicles will now have to incorporate noise

control features on their trucks as a routine matter to comply with the

Federal standard.

With respect to the inability of existing refuse collection vehicles to

meet the Federal standard, the regulation provides that the standard applies

only to vehicles manufactured after the effective date of the standard. The

regulation does not require retrofit of existing in-use vehicles.

A-3.5.4 Categorization of Leaders

_Wo compactor iranufacturers(A-2.1.3 and A-2.1.4) ccmme.ntedthat it did

not seem appropriate to group all types of cr*_pactorsunder one standard when

each type is distinctly different and has different end use applications.

Response: Although the different types of compactors may have different

end uses, (i.e., the front loader is used primarily for me_roial collection),

_A stedie_ indicate that all three types of compactors are found in environ-

ments where noise impacts occur. For example, the front loader is frequently

found in high density residential neighborhoods collecting refuse either from

neighboring c_i_roial establishments or frc_ high rise apartment dwellings.

Therefore, it can have significant environmental noise impact in such areas.

The EPA analysis did show that there were variations in the baseline

noise levels for the three types of compactors. However, in its testing of

compactors with quieting features incorporated, EPA found that all types could

be quieted to meet the proposed standard.

A-44



Therefore, the Agency believes that technology is available to permit

all three types of compactor vehicles to comply with the regulation. From

EPA's health and welfare analysis, the standard is set at close to an optimal

level. Setting a lower standard, especially for only part of the vehicle

population, would not significantly increase the health and welfare benefits

of the regulation and thus would not justify the additional complexity and

attendant cost.

A-3.5.5 Containers

The noise e_itted by the containers utilized for refuse collection con-

rerned many c_,_,_ntere.Two city officials (A-2.5.7 and A-2.5.21), one private

citizen (A-2.7.13), and a representative of a citizens group (A-2.6.2) com-

mented that some regulation of containers was important to the overall effec-

tiveness of the regulation. However, three compactor manufacturers (A-2.1.1,

A-2.1.2 and A-2.1.4), a trade association (A-2.4.1), and a truck manufacturer

(A-2.2.1) all objected to the inclusion in the regulation of containers which

are mechanically hoisted by the truck. One reason given for excluding con-

talners was that testing was impractical due to many different types and

materials of containers. A,other was that potential higher noise levels

_itted with containers attached were cot given full consideration in EPA

noise tests and ware therefore absent from the data base supporting the

proposed standards.

Response: _his regulation does not apply to containers as such. While

container noise may contribute to trash collection noise, the presence or

absence of a container does not lessen the beneficial effects of quieting
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the noise of the vehicle during the entire loading and compaction process.

In addition, the regulation of container noise is not considered to be feasi-

ble since it would be difficult (if not impossible) to set performance stan-

dards for containers. The difficulty is that most of the noise generated by

container arises primarily from the handling of the containers by collection

personnel. The Agency's view is that the noise emitted by containers in use

can be controlled l£oreeffectively by local regulatory and enforcement action

than by Federal regulation. The success of many local governments in reducing

trash collection noise by encouraging such practices as the use of plastic

trash containers testifies to the validity of this view. The comments that

follow are intended to provide bad<ground information for the guidance of

local officials in planning possible action to abate container noise.

Two general classes oE containers are used. One is a relatively small I

capacity container such as a garbage can, used by individual households. The

other is substantially larger in capacity, frequently used by multiple-family

residential buildings and commercial and industrial firms.

The first type usually is dumped by hand into the hopper of the trash

vehicle (rear loader or side loader). Traditionally, this container has been

of galvanized steel construction. In recant years containers made of plastic,

either cans or bags, have increasingly come into use, largely as a result of

local efforts to reduce the noise associated with trash collection.

The large commercial trash container, with capacity up to eight cubic

yards, must be manipulated by contalner-handling machinery built into the

compactor vehicle. This equipment engages the container, lifts, rotates and

dumps it, then returns it to the ground.
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Impact noises occur due to contact between tilecontainer and the handling

mechanism, truck hopper surfaces, and the ground. For the large containers

with lids, banging of the lid against the hopper surfaces and the container

body i_ one of the most prevalent causes of impact noise.

Alt|_ugh individual household containers made of plastic are practical,

large colrmercialcontainers muse be made of durable structural material; glass

fiber-reinforced plastic units are available. The application of suitable

damping materials or the use of damped sandwich panels, especially for lids,

can su_tantially reduce the sounds of container lids hitting container bodies

or vehicle hopper surfaces. Reductions of 15 dB or greater in impact noise

are achievable by suitable application of sound damping materials to steel

panels.

EPA strongly recommends that co,actor manufacturers supply elastomaric

materials, such as rubber or _olyurethane pads, to those portions of the

hopper where impacts with containers and container lids are apt to occur.

EPA also recofr_nendsthat municipalities require the use of such materials

in their communities where noise from this source continues to be a problem.

A-3.5.6 Definition of "Newly Manufactured"

Two comm_nters (A-2.5.5 and A-2.4.1) noted that the regulation needed

clarification as to the applicability of the standard to newly manufactured

compactor bodies which are mounted on used chassis or new chassis that are one

or two years old and do not meet the inediumand heavy truck noise standards

for 1978. Another c_.menter (A-2.5.23) recommended that the regulation

include refurbished truck-mounted solid waste compactors.
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Response: The EPA has clarified its definition of "newly manufactured"

in S205.200 of the regulation. Only truck-mounted solid waste compactors that

consist of chassis and compactor bodies manufactured after the effective date

of the regulation are subject to regulation. Previously used compactor bodies

or chassis that are refurbished for further use are not subject to regulation.

Likewise, for the second stage of the regulation, only chassis and compactor

bofliesmanufactured after the second effective date of this regulation are

subject to the second-stage standard.

A-3.5.7 Diesel Truck Usage

A trade association (A-2.4.1) indicated that the proposed regulation

would discourage the use of the more energy efficient diesel engines because

the diesel trucks are noisier than the gasoline trucks.

Response: Information received by EPA from large users of truck-mounted

solid waste compactors indicate that the diesel trucks operate very well under

the proposed noise control technology, mainly because such engines can operate

reliably and steadily at low speeds while developing enough torque and horse-

power to operate the cx_nioactionmechanism. Some manufacturers of ¢xmpactor

bodies have indicated that they will continue to use diesel trucks because they

are believed to be easier to quiet, even though the noise control technology

is more sestly. Nevertheless, New York's experience has shown that it is also

feasible to manufacture quieted refuse collection _hicles with gasoline

engines.

AS evidenced by the current market structure, a large number of purchasers

believe the trade-off for a higher priced diesel truck is justified because of

the energy, efficiency characteristics of diesel trucks. Since beth gasoline
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and diesel-powered vehicles can be nanufactured to meet the standard, it does

not appear that the noise emission regulation will significantly alter the

current situation.

A-3.5.8 ROute Trailers

A truck manufacturer (A-2.2.I) noted that route trailers are excluded

from consideration for regulation in the Bad<ground Document but are included

in $205.201 of the proposed regulation. The corm,enterrsco,mended that route

trailers be excluded from the regulation.

Response: The statement in the Background Document did not exclude

route trailers frcm regulation. It merely pointed out that route trailers

were excluded from consideration in the economic impact analysis because of

the small nthmberof such vehicles manufactured.

CQnpa_tors which are mounted on truck trailers (route trailers) are

subject to the noise _mission standards for truck-mounted solid waste compac-

tors. Route trailers do not differ significantly in design or operational

- aspects frcm compactors mounted on trucks. Although there are only a few
r :

route trailers in use and current production is small, an exemption for route

/_ trailers, aside from being inconsistent with the purpose of the regulation,

_:: could result in increased demand for this type of _,_actor vehicle, increasing

the potential noise inpact. This would represent unfair ua_petition for the

manufacturers of compactors subject to the regulation.
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A-3.5.9 Acoustical Assurance Period

A-3.5.9.1 Length of Acoustical Assurance Period (AAP)

Four commenters (A-2.5.7, A-2.5.15, A-2.7.17 and A-2.6.4) indicated

that the length of the ACOUStical Assurance Period should be as long as the

useful life of the truck-mounted solid waste compactor.

Response: The length of the Acoustical Assurance Period is based upon

the time the product is expected to operate without major maintenance action

other than routine periodic maintenance. It is related to the maximum war-

ranty period that reasonably could be achieved. If a high quality product is

well maintained, significant degradation should not occur over the useful

econonic life of the product. However, EPA does not consider it reasonable to

hold the mnufacturer responsible after the expected time of the first major

overhaul. At this point, it should be the responsibility of the owner to

ensure that the noise does not increase due to inadequate maintenance or

non-performance of unrepaired parts.

States and localities may also help in ensuring that significant noise

degradation does not occur over the useful life of the product by promulgating

ccmplemantary in-use standards for truck-mounted solid waste compactors in

their jurisdiction.

A-3.5.9.2 Computation of Sound Level Degradation Factor (SLDF)

Two compactor manufacturers (A-2.I.I and A-2.1.4), two trade associations

(A-2.4.1 and A-2.4.2), and a truck manufacturer (A-2.2.1) comlented that there

is not data available for computing the SLDF [now kncwn as Noise Level Degreda-

tice Factor (NLDF)].
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Another three commenters (A-2.6.4, A-2.7.9 and A-2.7.34) indicaned that

the most app_cpriate method for determining noise level degradation would be

long term durability tests or periodic monitoring by EPA after sale.

Bes_onse: The NLDF should represent the best estimate of the manufac-

turer. It is expected that during the first few years of effectiveness

of the regulation, manufacturers will rely heavily on engineering judgments

in determining the NLDF of their products. As more experience is gained and

test'data is gathered, the estimation Of the NLDF will become less dependent

on judgment alone. Manufacturers may be more conservative in their estimates

during the first few years and experience will show the way to a more know-

ledgeable estimate.

Developing and implementing long term durability testing could move beck

the effective date of the regulation by several years. The cest of such a

program as w_ll as the substantial delay in achieving benefits from the regu-

lation does not, in the _A's opinion, constitute a cost effective approach

to minimizing noise level degradation of regulated products.

Periodic monitoring of regulated equipment is one area where state and

local governments can assist the Federal government in ensuring that the full

benefits of the regulation are being realized. It would be inloractical for

the EPA to undertake monitoring of products except on s limited basis. }k_w-

ever, State and local governments with monitoring programs can notify EPA

of specific situations where there appears to be non-ccmpliance.

A-3.5.9.3 Cost of the A_stieal Assurance Period (AAP)

One compactor manufacturer (A-2.1.4) remarked that the _osts of the AAP

were not included in the emonamic analysis. Another _k_Lenter (A-2.7.34) was

concerned that the AAP will create exceptionally high costs for the consumer.
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Response: It is assumed that one of the primary goals of most manufac-

turers is to design and build a high quality product. The _anufacturers in

this industry maintain that they indeed build a high quality preduct. The

AAP merely ensures that these same goals are applied to the quieting features

of the product.

Consequently, the AAP is not expected to create additional costs for the

consumer. The AAP should benefit the oonst_nerby providing an additional

incentive for manufacturers to provide high quality, durable quieted products.

A-3.5.9.4 Compliance with the Acoustical Assurance Period (AAP)

Three compactor manufacturers (A-2.1.2, A-2.1.3, and A-2.1.4) and a trade

association (A-2.4.1) commented that it was impossible to u_%ply with the AAP

for the total vehicle, since the medium and heavy truck regulatio_ does not

have an AAP. One of the above c_mrenters indicated that even if the truck

regulation had an AA_ it would still be impossible to eo_oly sinoe the

noise test for trucks is a pass-by test while the test for compactor trucks

is a stationary noise test. Another of the above u_,_ientersindicated that

_actor vehicles are sometimes used for snowplowing or other functions

unrelated to the collection of solid waste and that the impact of these secondary

uses on compliance with the AAP was not considered in the proposed regulation.

_s_onse: Experience with trucks included in the DOt Quiet Truck program

showed no significant noise level degradation after being in operation over

i00,000 miles. Consequently, the Agency expects that the truck ehassis used

for compacter vehicles will show no significant degradation in the two-year

Period of the AAP, which generally entails less than 50,000 miles of operation

for a refuse collection vehicle.

A-52



The difference between the regulatory test procedures for the medium and

heavy truck regulation and the compactor regulation should not be an importar,t

factor relative to the AAP. The noise control components for the truck chassis

perfom the same function in either type of test, and the quality and durability

of the components is not relevant to the tYl_ of noise measurement involved.

The secondary uses of products should not affect manufacturers' ccg_lianee

with the AAP. If the manufacturer has recommended operating instructions

indicating that the potential secondary uses involve improper operating

procedures, then any lad( of compliance with the AAP due to misuse of the

product would be the responsibility of the owner who has misused the product.

A-3.5.9.5 Legal Authority for Establishing the Acoustical Assurance Period

A truck manufacturer (A-2.2,I) and a trade association (A-2.4.I) corn,anted

that the Noise Control Act provides no authority for EPA to prumulgate an

Acoustical Assurance Period (AAP) and NLDF. The trade association asserted

that the AAP was in direct conflict with the Act by reading "the time-of-sale"

language out of the Act.

Response: EPA maintains that the AAP provision is required to adequately

protect the public health and welfare, without this provision the benefits of

the regulation could be severely reduced. If the noise control features of a

product are not designed to be durable over time and the noise characteristics

of regulated products degrade significantly after the sale of the product, no

substantial health and welfare benefits can result from the regulation.

EPA considers the authority for promulgating the AAP to be i_plicit in

the Noise Control Act. In order to meet the requirements of the Act it is

necessary to ensure that real and lasting benefits result from each regulation.
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The AAP is an important and necessary provision of any noise emission regula-

tion for achieving such lasting benefits.

A-3.6 _FORCEMENT

A-3.6.1 Legal Authority

A truck manufacturer (A-2.2.1) and a trade association (A-2.4.1) objected

to t/_eauthority claimed by the EPA to conduct searches, to recall products,

and to issue cease-to-distribute orders. The trade association commented that

these provisions appear to exceed the authorities granted in the Noise

Control Act.

Resppnse: Since the EPA production verification system leaves the

manufactt_er in _ntrol of many aspects of the oempliance program, it is

essential that EPA Enforcement Officers have access to manufacturers' plants

and records in order to determine whether the requirer_ents of the regulation

are being followed and whether conforming vehicles are being distributed in

commerce. Thus, EPA has prescribed inspection and monitoring regulations (40

CFR S205.4) to permit duly designated EPA Enforcement Officers to have access

to a manufacturer's facility. This was done so that the Administrator may

satisfy himself that required rererds are being kept, that products which will

be tested are selected and prepared for testing in accordance with the regula-

tory requirements, that tests are properly conducted, and that the manufactured

product is one which conforms to the applicable noise emission standard. This

is all part of the testing procedures promulgated under S6(c) and Sl3(a), and

the records obtained are information which the manufacturer is required to

maintain under S13(a).
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The EPA inspection and monitoring regulation is narrowly structured.

The EPA Enforcement Officer is limited to inspecting only facilities where:

(I) products to be distributed in commerce are manufactured, assembled or

stored) (2) noise tests are performed, (3) test products are present, Or

(4) records, reports, or documentary information required to be maintained

or provided to the Administrator are located.

Examinationof the limited inspection authority in the EPA regulation,

its reasonableness, and the reasons for the requirements, make clear that

the regulation is fully authorized by §6(c)(I) and _13(a) of the Noise Control

Act. $13(a) specifically authorizes EPA to require such tests as are necessary

to assure cDmpliance with the promulgated standard and to have access to the

results of such tests and other records that the manufacturers are required

to maintain under $205.203 of the regulation.

The recent U.S. supreme Court decision in the ease of Marshall vs. Barlow's

Inc., 46 USLW 4483, has prcmpted EPA to promulgate changes to §205.4 of Subpart

A, General Provisions, of 40 CFR Part 205, Noise Emission Standards for Surface

Transportation Equipment. Those changes were published in the Federal Register.

'I_echanges incorporate the spirit of Barlow's decision and clarify that EPA

Enforcement Officers may not inspect a manufacturer's property unless (I) the

manufacturer consents or (2) the officers have obtained a warrant. For the

text of the revised $205.4, interested parties are referred to 43 FR 27988.

with respect to recall and cease-to-distribete orders, the Administrator

is given the authority to issue remedial orders under S11(d) of the Noise

Control Act. Remedial orders supplement the criminal penalties of 511(a) and

will be issued only after notice and opportunity for a hearing. Recall and
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cease-to-distribute are examples of orders the Administrator could find

appropriate in certain circumstances. Different circumstances may necessi-

tate remedial orders different than those described in the regulation. The

Administrator is given the power to fashion remedial orders in such situations

to protect the public health and welfare.

A-3.6.2 Selective Enforcement Auditin_ (SEA)

A trade association (A-2.4.I) commented that the SEA procedure is totally

inappropriate for the cc_pactor manufacturing industry. A later su_dssion to

the docket indicated that the association was concerned about the lack of

"hattises"that could be samples as set forth in the regulation under the SEA

procedures.

Response: After reviewing the comments, the Agency recognizes that the

SEA procedures outlined in the proposed regulation might not be suitable for

use in certain cases where very small batches are manufactured. Consequently,

the Agency is developing improved procedures, and the relevant ccctions of

the regulation have been reserved for later incorporation of these i,proved

procedures.

A-3.6.3 Tam_erin@

One _..=nter (A-2.7.9) indicated that penalties were needed for tamper-

ing with the equipment. A msnufacturer (A-2.1.3) noted that it would be

necessary to alter the chassis to achieve noise control for the total compactor

vehicle. This would be considered ta,_ering under the truck regulatice and

_uld require the conloactormanufacturer to retest the chassis under the noise

emission standards for medium and heavy trucks.
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Response: There are no predetermined penalties for the tampering viola-

tions specified in the Noise Control Act. Appropriate penalties will be deter-

mined for each individual case.

Only those modifications _1ich would result in an increase in noise emis-

sions to a level above the standard are considered tampering. The _nufacturer

specifies the list of components which oonstitute the noise COntrol system.

Modification of any of these c_ponents is presumed to be tampering. While

some acts are presumed to be tampering, they may be shown not to he tampering,

if, after the modification, the product is tested and shown to be in compliance

according to the Federal test procedure. On the other hand, modification of

a component not on the tampering list is not presumed to be tampering. However,

if modification Of such a component resulted in an increase in noise emissions

above the compliance level, that modification would be judged to be tampering.

Altering the truck chassis, for example, by moving the exhaust system

might be an act of t3mperlng, but it is not a pres_,ed act of tampering on
i

present models, because the exhaust system is not on the list of noise-c(_Itrol

components. _bwever, if testing showed that the noise level was increased
<

above the (x:mpllancelevel by this act, then it would be considered tampering.

A-3.6.4 Local _forcement

Several _nters were concerned about the impact of the Federal regula-

tion on local go_rnments. Three eommenters (A-2.5.9, A-2.7.28, and A-2.7.23)

remarked that local laws that were more stringent should not be preempted.

Two other ca_urenters(A-2.5.15 and A-2.5.5) were concerned that local communi-

ties would be unable to enforce the regulation due to the proposed test

procedure.
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One co,m_nter (A-2.5.I0) suggested that EPA allow the manufacture of

both quieted and non-quieted trucks. Communities without c_rfews should then

order the quieted trucks.

Response: When the Federal standards for compactors are effective, state

and local governments will be pre-empted from enacting and enforcing time-of-

sale standards which are not identical to the Federal standards, and all com-

pactor manufacturers will be required to .restthe Federal standards. Congress,

through the Noise Control Act, nk_ndatedthis result; the EPA does not have the

power to change the Noise Control Act. _wo of the reasons for the Congres-

sional mandate of uniformity of treatment w_ce: (I) to relieve manufacturers

of products identified as major noise sources from the necessity of building

different products solely to conply with differing state and local time of

sale standards and (2) to assure that all new products identified as major

noise sources would be required to meet the noise standard.

State and local governments can still exercise control over compactor

noise. For irmtance, a state or local government can elect to purchase quieter

vehicles for state or municipal use. Also, a state or local government can

adopt and enforce a standard identical to the Federal standard. In the latter

case, the enforcement procedures may call for preliminary screening of noise

while the vehicle is actually being used in the customary manner, place and

time. Measurements could be made with one microphone on one side of the vehi-

cle at 7 maters. If a vehicle measured in this way produces noise over the

state and local standard, the owner may be requested to take the vehicle to

another site more suitable for conducting the Federal test prseadure. There,

a strict noise measurement using the Federal test procedure could take place.
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Finally, a state or locality has the option of adopting an in-use (as opposed

to time-of-sale) control on compactor operations such as a curfew on time of

Operation.

A-3.6.5 Batch Acceptance

One State (A-2.5.12) indicated that a better quality assurance method

was needed. The proposed batch acceptance would allow 10% of the product to

be in non-cc_m_llancewhich was c_nsidered high. Development of a method that

would prevent the sale of any product in non--fiance was suggested.

Res_x_nse: The Act and the regulations require that all products distri-

buted in oorm_rca be in compliance with the noise emission standard. The 10%

AQL is utilised only during SEA testing requested by t]_eAdministrator. The

AQL was established to account for testing and production variations. The 10%

AQL does not permit 10% of the products preduced to be in non_llance, but

is merely the level of non-compllance found in an SEA above which the Agency

will likely take remedial administrative action. Any product tested and found

to be in non-co,lolianoe must be brought into complianc_ and retested prior to

distribution into c_,_eree. For example, if a manufacturer tests a product as

part of an internal quality control program and that product is found to be

non-camplying, the manufacturer must co_rect the non-compllance and retest to

assure c_mplianns prior to distribution. Any distribution in conmerce Of a

product which is not in _ompliance is a violation of the Noise Control Act and

is subject to remedial orders under Section 11(d). Shipment of a product

k]1own to be non-complying is a willful and knowing violation of the Act and is

potentially subject to the criminal penalties of section 11(a) of the Act.
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A-3.7 SEPARATION OF SOURCES FOR REGULATION

A-3.7.1 Separate Standards for Each Component

Seven distributors of truck-mounted solid waste compactors (A-2.3.3,

;%-2.3.4,A-2.3.6, A-2.3.8, A-2.3.9, A-2.3.10, and A-2.3.11), three manu-

facturers (A-2.l.1, A-2.1.2, and /%-2.1.4),and a trade association (A-2.4.1)

favored separate noise standards for major components of the garbage truck.

Most of the above indicated that separate standards should be developed for

the compactor body and the chassis, which is one of the major sources of

noise of a refuse vehicle. One manufacturer (/%-2.1.4)suggested separate

tests for the chassis, compactor bodies, and hydraulic drives.

Response: EPA believes that the noise problem must be viewed in the

context of the total compactor vehicle system, comprising the compactor

body, hydraulic power systems, engine power take-off unit accessories, and

the chassls-cab unit. EPA's study of the noise control technology for garbage

trucks showed that the mast effective way o_ reducing overall compaction cycle

noise is to design the compactor vehicle system to operate at low engine speed

during the waste-handllng and compacting cycle. Since the compactor body

manufacturer has control of the overall system design, and it is only through

proper design that the compactor can operate effectively at low engine speed,

the Agency believes that responsibility for meeting the noise requirement

reasonably rests on the compactor body manufacturer.

All new truck chassis which typically are used for refuse truck applica-

tions are already required to meet a Federal noise emission standard. Based

on field tests, the Agency believes that most diesel engines operating at

speeds below 1200 rp_ and gasoline engines operating at speeds below 1508 rp_
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will not exceed a noise level of 72 dBA. Allowing an equal contribution from

compactor related noise sources, e body manufacturer could work toward a design

target of 75 dBA. This would provide a substantial mar_jinfor variability in

conforming with the proposed 79 dBA standard.

It is within the capability of the body manufacturer to design the com-

pactor vehicle system to operate effectively with engine speeds not exceeding

those stated above. This design function is under the control of the body

manufaet_er and no one else. Consequently, if the responsibility for the

noise of the total vehicle is to he assigned, it must be assigned to the body

manufacturer.

_A believes that promulgation of the regulation will set into motion a

•arket mechanism that will result in the acquisition of chassis noise data by

compactor body manufacturers. At present, a number of the custc_ers for

compactor bodies specify or provide a chassis of their own selection on which

the compactor body is to be mounted by the body manufacturer or the distributor.

After the effective date of the regulation, the customer may be limited in his

selection of truck chessis suitable for a given crm_pactorbody. _e chassis

selected must be one which the body manufacturer is assured has satisfactor_

noise emission characteristics (at appropriate engine speeds) to permit com-

pliance with the standard. _his means that, in order to be competitive for

refuse vehicle applications, the chassis manufacturer will not only have to

supply the neoassazy noise emissions data, he will also have to provide a

warranty or similar document to assure the body manufacturer of the acoustic

performance of the chassis.
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Although the market for refuse truck chassis is relatively small cc_pared

to the total market for trucks, the EPA believes that it is of sufficient

magnitude to attract an adequate supply of chassis with suitable acccmpany-

ing noise emission data and warranted characteristics; this has been confirmed

by several chassis manufacturers. The EPA intends to encourage the chassis

manufacturers to develop and provide the necessary data. Inquiries addressed

to chassis manufacturers by the EPA have elicited noise data on a number of

chassis which show that the chassis are suitable for quieted refuse vehicle

applications.

If the market forces do not operate as effectively as EPA expects in

making available chassis with satisfactory and warranted noise characteristics,

the Agency will seriously consider promulgation of supplemental regulations

to require chassis manufacturers to provide the needed noise data with appro-

priate warranties or csrtificatior_. The authority for such action is Section

8 (noise labeling) of the Noise Control Act.

A-3.7.2 Noise Emission Tests for Cc_nents

Two manufacturers (A-2.1.1 and A-2.1.4), a trade association (A-2.4.1),

and a truck manufacturer (A-2.2.1) indicated concern over testing the chassis

under the compactor regulation. Reasons for concern were related to the

differences in the noise emission tests for madium and heavy trucks and

the compaction vehicle. Co,reentersbelieved that no correlation had been

developed between the t_ tests, particUlarly when the truck has a load

comparable to a cempactor. Compactor manufacturers were concerned that the

chassis generates mare noise than the compactor body and that they have no

control our the chassis noise.
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One compactor manufacturer (A-2.1.3) indicated that truck noise will

not necessarily be reduced at lower engine speeds.

Response: EPA analysis has shown that any truck engine used in a truck

chassis meeting the EPA noise standard for 83 dBA during a passby test at

50 feet for medium and heavy trucks will be able to meet the EPA noise regu-

lation for compactors if the maximum engine speed during the compaction cycle

is controlled to a reasonable level. Several truck manufacturers have sub-

mitted data to EPA indicating that trucks meeting the 1978 medium and heavy

truck regulation of 83 dBA at maximum engine speed have sufficiently low noise

levels at reduced engine speeds to be suitable for use in assembling compacter

vehicles that cenform to the standard. For gasoline engines, significant

reductions in sound levels were obtained with engine speed reduced to below

2000 rpm. Diesel engines appear to require lower engine speeds; at engine

speeds below 1300 rp_ sound level reductions ranged from approximately 10 dB

to 15 _B below the regulated level of 83 dBA, according to data submitted by

truck manufacturers. The compactor manufacturer has final control over the

speed at which the engine operates during the compaction cycle, and therefore

does have ultimate control over the noise emitted by the chassis during the

compaction cycle.

A-3.7.3 Prr_,_ctionVerification Tsstin_

A trade association (A-2.4.1), three compactor manufacturers (A-2.1.2,

A-2.1.3, and A-2.1.4), and a truck manufacturer (A-2.2.1) commented that when

the total vehicle is tested, under the proposed production verification con-

figurations, most of their production line would consist of one-of-a-kind

units or very small batches. This would result in PV testing from 75% to 90%
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of all units produced. All of the above, except the truck manufacturer,

indicetsd that separate standards for chassis and body would alleviate this

large testing burden.

Rssponse: The final regulation incDrporates several changes from the

proposed rule, with the objective of clarifying the Agency's intent and

reducing the amount of testing required. The number of parameters defining

a configuration has been reduced, in order to reduce the potential number

of configurations to be tested. Further, the regulation offers the manufac-

turer the option of grouping configurations into categories, which are

characterized by only three major factors - engine type, compactor type,

and oumpactor power system, me manufacturer may identify the noisiest

configuration within each category and production verify only that noisiest

configuration.

By virtue of these changes, the Agency believes that a relatively small

percentage - probably less than I0 percent - of units would have to be tested.

A-3.7.4 Liabillt 2

A trade essoe.ationomm_nted that the liability for warranty costs should

be plaid on the party responsible for the noise emission characteristics of

the product. The compactor body manufacturer should not have to be responsible

for compliance and liability of the chassis and other co.%oonentsmanufactured

elsewhere which produce noise.

Fas_onse: As discussed previously in Section A-3.7.1, it is the _LFac-

tot body manufacturer's responsibility to design an overall system for the

_pactor vehicle which will be able to resetthe standard. The design process

must take into account the noise characteristics of the chassis. If the
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cc_pactor manufacturer fails to select appropriate components and a feasible

design for this system, that should be the compactor nanufacturer's responsi-

bility, not the components manufacturer's responsiblity.

_le compactor _anufacturer may wish to elicit some type of assurance

from his suppliers that the components he purchases meet certain specifica-

tions that he deems to be necessary for meeting the noise emission standard.

The assurance can be in the [orm of contractual commitments or purchase

specifications that include specific requirements regarding the noise emis-

sions of the ce_ponents under conditions appropriate to the ccr_pactloncycle

operation of the vehicle.

A-3.7.5 Res_onslbility for Compliance

Nine distributors* of tr_ck-meunted solid waste compactors objected to

the responsiblity for oompllsnce being placed on the assembler of the total

vehicle. The dlstributors mount many of the garbage trucks that they sell

and indicate that they would be unable to assume the costs of testirg and

therefore would have to give up mounting of compactor bodies on chassis. A

truck manufacturer (A-2.2.1) indicated that the responsibility for compliance

should be placed upon the manufacturer of the cc_plete %_hicle as was done

in the proposed regulation.

Response: EPA has carefully reviewed this issue with potentially affected

parties. Under $3(6) of the Act, a "manufacturer means any person engaged in

the manufact_:ing or assembling of new products, or the importing of new prod-

ucts for resale, or who acts for, and is controlled by, any such person in

_! *(A_-2.3.1,A'-2.3.2,A-2.3.4, A-2.3.5, A-2.3.7, A-2.3.8, A-2.3.9, A-2.3.10,
and A-2.3.1 I)

<
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connection with the distribution of such prnducts". EPA believes that the

broad definition encompasses a distributor that mounts a body and attendant

power take off equipment on a chassis and is the last person to have control

of the complete_ unit before it enters the stream of _,,_erce. Although the

distributor does not have control over the system design, he could produce a

non-complylng unit by selecting an unusually noisy combination of components

(chassis-cab, PTO and body) or by improperly counting or assembling the com-

ponents or by altering any of the components.

Nevertheless, EPA recognizes the potential burden imposed by placing

total responsibility for compliance upon the distributor. §205.205-I(d) was

added to the regulation to reflect this concern. _is section of the regula-

tion is intended to relieve distributors (and any other manufacturer who only

assembles compactor vehicles) of the requirements to perform Production Verifi-

cation tests of the vehicles they assemble. _he rationale for this provision

is outlined below.

The distributor, in assembling a vehicle, follows the detailed installa-

tion instructions provided by the co,toactorbody manufacturer. _hen an unusual

configuration is encountered, the distributor generally ccnsults with the body

manufacturer who assumes and maintains continual engineering overview of the

distributor's work. It is recognized that this type of manufacturer-dlstributor

relatlcnshlp helps to maintain a co_,petitivesituation in the industry.

EPA's intent is to optimize the distributor's ability to function effec_-

tlvely by shifting certain duties and responsibilities to others in the chain of

the manufacturing of the complete vehicle. The revised regulation S205.205-1(d)

now allows a distributor to rely in good faith for compliance upon installation
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instructions of the compactor body manufacturer, provided that such instruc-

tions are accompanied by statements that assure that the vehicle will conform

to the standard if assembled in accordance with those instructions. If a

distributor fails to follow the instructions given to him, by acts of either

omission or commission, then the responsibility for compliance with the

standard is shifted beck to him.

A-3.8 GENERAL ISSUES

A-3.8.1 _gulatory Process

Five ccmmenters (A-2.1.4, A-2.1.1, A-2.4.1, A-2.7.1, and A-2.7.12)

requested an extension of the regulatory timetable to allow for further eval-

uation of the proposed rule. Three of the four commenters would like to

have a joint EPA-Industry group formed to conduct this evaluation. One corn-

reenter(A-2.7.1) indicated that the regulation should go into effect sooner.

Another manufacturer (A-2o1.3) suggested that the effective date of

the regulation should be the date of manufacture, not the date of delivery.

Response: In the Noise Control Act Of 1972, Congress provided guidelines

for obtaining and reviewing all comments pertaining to the regulation. EPA

has followed these guidelines through provision of a _ii publicized public

comment period after publication of the proposed regulation, and through

public hearings held at diverse geographical locations. The Agency and its

representatives held many meetings and discussions with the industry trade

associations as well as with officials of a number of firms in various segments

of the industry. The information obtained in these contacts was reviewed

thoroughly, together with information and data obtained independently by EPA
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fran other sources, including other Federal agencies, state and local govern-

ments, envirumnental organizations and the general public. The conclusions

reflected in the regulation and acux)mpanyingdocuments represent, in the

Agency's view, a fair and objective synthesis of the infom1_tion obtained. EPA

c_siders %J_etime fr_ne and process established for this regulation to be

ade_]uatefor receivisj co11_nts from the public, and for reviewing and evaluat-

ing these caLmlentsbefore issuing a final regulation. In view of the exten-

sive public participation as outlined, formation of a joint EPA industry group

to evaluate the rule as suggested, would be an tulnecessaryand redundant

process.

The effective date of the regulation relates to the date of manufacture.

Any truck-m0unted solid waste compactor (i.e., both the compactor body and the

truck chassis) manufactured after the effective date is subject to regulation.

A-3.8.2 Occupational Safety and Health Administration

L_e commenter (A-2.5.3) opposed EPA's involvement in the regulation of

noise, indicating that noise regulations should be for the protection of

workers rst/_erthan residents and t/_ersforeshould be handled by the Occupational

Safety and Health Administration (OSHA).

Response: In t/_eNoise Control Act of 1972, the Congress declared: "It

is the policy of the United States to promote an environment for all An_ricans

free from noise that jeopardizes their health and welfare." _%ile OSHA

regulates for t/_eprotection of _rkers, EPA is conner_ed with the effect

of noise on the general population. ALthough the regulation for compactors

does benefit _e vehicle operators, its primary intent is to protect the

public affected by the noise of the compactor.
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A-3.8.3 Regulation of Other Aspects of Solid Waste Collectionn

Five co,reenters(A-2.7.13, A-2.6.2, A-2.7.14, A-2.7.18, and A-2.7.20)

requested that EPA regulate hours of collection as well as equipment noise.

Another cc_un_nter(A-2.7.33) recommended that EPA consider the use of sound

absorbing materials and harriers to control noise for certain situations.

Re.s_onse: In the Noise Control Act, ths Congress declared that, while

primary responsibility for control of noise rests with state and local govern-

merits,Federal action is essential to deal with major noise sources in co[mrerce,

control of which requires national uniformity of treatment. Section 6 of the

Act authorizes EPA to regulate noise emissions of newly manufactured products

distributed in commerce. The Act restricts EPA to setting performance standards

(under Section 6) or labeling regulations (under Section 8) for these products.

Therefore, the EPA is not authorized to regulate other aspects of environmental

noise, which are amenable to local control, such as use of sound barriers,

zoning controls, licensing or use restrictions. States and localities may

regulate hours of collection or any other aspect of solid waste collection

services, not regulated by the Federal government, that is deemed necessary in

their jurisdictions.

A-3.8.4 Public Education

Two com_nters (A-2.5.21 and A-2.6.4) indicated that the proposed regula-

tion should be acu:_asied by a public education program designed to inform

purthasers and end users about quieted products. The education program should

be conducted in conjunction with a labeling program and focus on the need for

quieter products, the noise impact of the products purchased, and how to

effectigely maintain the products' noise control characteristics. The fact

that mare noise does not necessarily mean mare power should also be emphasized.
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Response: _A concurs with these conmentsrs. EPA's entire public hear-

ing process and acoompanying publicity was designed to promote public awareness

of noise pollution problems related to products distributed in con_nerce. In

addition, the EPA Office of Noise Abatement and Control has been developing, and

expects to impl_ment, in the near future, both a public awareness program on

noise, and a regulatory program (under Section 8 of the Noise Control Act) for

labeling Of beth noisy products and products sold for the purpose of reducing

noise°

A-3.8.5 Favorable Comments

Seventeen submissions* to the docket consisted of conunents that were

favorable to the proposed regulation of truck-mounted solid waste compactors.

These submissions did not take issue with any provisions of the proposed

regulation nor suggest additional items that should bg.addressed by the EPA

in regard to the proposed regulation. Some of the submissions elaborated

on situations that illustrated the need for the proposed regulation of truck-

mounted solid waste compactor noise.

No specific response is required.

*(A-2.5.1, A-2.5.2, A-2.5.17, A-2.5.19, A-2.6.1, A-2.7.2, A-2.7.5, A-2.7.7,
A-2.7.8, A-2.7.11, A-2,7.22, A-2.7.24, A-2.7,25, A-2.7.26, A-2.7.27, A-2.7.30,
and A-2.7.36).
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FRACTIONAL IMPACT PROCEDURE

An integral element of an environmental noise assessment is to deter-

mine or estimate the distribution of the exposed population to given levels

of noise for given lengths of time. Thus, before implementing a project

or action, one should first characterize the existing noise exposure dis-

tribution of the population in the area affected by estimating the number

of people exposed to different magnitudes of noise as described by metrics

such as the Day-Night Average Sound Level (Ldn). Next, the distribution

of people who may be exposed to noise anticipated as a result of adopting

various projected alternatives should be predicted or estimated. We can

judge the environmental impact by simply comparing these successive popula-

tion distributions. This concept is illustrated in Figure B-I which com-

pares the estimated distribution of the population prior to inception of

a hypothetical project (Curve A) with the population distribution after

implementation of the project (Curve B). For each statistical distrlbu-

tion, numbers of people are simply plotted against noise exposure where

Li represents a specific exposure in decibels to an arbitrary unit of

noise. A measure of noise impact is ascertained by examining the lessened

project related noise. Such camparisons of population distributions allow

us to determine the extent of noise impact in terms of changes in the

number of people exposed to different levels of noise.

The intensity or severity of a noise exposure may be evaluated by the

use of suitable noise effects criteria, which exist in the form of dose-

response or cause-effect relationships. Using these criteria, the proba-

bility or magnitude of an anticipated effect can be statistically predicted

c

B-3



from knowledge of the noise exposure incurred. Illustrative examples of

the different forms of noise effects criteria are graphically displayed

in Figure B-2. In general, dose-response functions are statistically

derived from noise effects information and exhibited as linear or cur-

vilinear relationships, or combinations thereof. Although these relation-

ships generally represent a statistical "average" response, they may

also be defined for any given population percentile. The statistical

probability or anticipated magnitude of an effect at a given noise

exposure can be estimated using the appropriate function. For exanple, as

shown in Figure B-2 using the linear function, if it is established that a

number of people are exposed to a value of Lj, the incidence of a specific

response occurring within that population would be statistically predicted

at 50 percent.

A more comprehensive assessment of environmental noise may he performed

by cross-tabulating both indices of extent (ntmlberof people exposed) and

intensity (severity) of impact. '_Dperform such an assessment we must first

statistically estimate the anticipated magnitude of impact upon each indivi-

dual exposed at each given level, Li, by applying suitable noise effects

criteria. At each level, Li, the impact upon all people so exposed is

then obtained by simply comparing the number of people exposed with the

magnitude or probability of the anticipated response. As illustrated in

Figure B-], the extent of a noise impact is functionally described as a

distributlon of exposures. Thus, the total impact of all exposures is a

distribution of people who are affected to varying degrees. This may be

expressed by using an array or matrix in which the severity of impact at

each Li is plotted against the number of people exposed at that level.

Table 8-I presents a hypothetical example of such an array.
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TABLE B-I

EX/_LE OF IMPACI't_%T_tlXFOR A HY[X.YlHLTICALSIRUATIO_

Magnitude or Probability

Ex_sure Nu_er of People of Response in Percent

Li 1,200,000 4

Li+1 900,0U0 I0

Li+2 200,0D0 25

Li+3 50,000 50

coo

Li+n 2,000 85

An enviror_ental noise assessmenC usually involves analysis, evalua-

tion and ccmparis_1 of many different £_lanningalternatives. Obviously,

comparing multiple arrays of populatic_ impact info_l_tion is quite c_,ber-

scrne,and subsequently evaluating the relative effectiveness of each of the

alternatives generally tends to beetle rather complex and confusing. _hese

Ocmparlsons can be simplified by resorting to a single number iaterpretaCion

or descriptor of the noise environment which incorporates both attributes

of extent and intensity of impact. Accordingly, the National Academy of

Sciences, Ccmmlttee on Bioacoustics and Bianeehanins (CHABA) has recc_ended

a procedure for assessing environmental noise impact which math_natioally

takes into account both exteat and intensity of impact (Ref. B-l). This

procedure, the fractional impact method, computes total noise impact by

s_,L1plycounting the number of people exposed to noise at different levels

and statistically weighting each person by the intensity of response to t/is

noise exposure. The result is a single number value whith represents the

overall magnitude o_ the impact.
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The purpose of the fractional impact analysis method is to quantita-

tively define the impact of noise upon the population exposed. This, in

turn, facilitates trade-off studies and comparisons of the impact between

different projects or alternative solutions. TO accomplish an objective,

comparative environmental analysis, the fractional impact method defines a

series of "partial noise impacts" within s number of neighborhoods or

groups, each of which is exposed to s different level of noise. The partial

noise impact of each neighborhood is determined by multiplying the ntm_herof

people residing within the neighborhood by the "fractional impact" of that

neighborhood, i.e., the statistical probability or magnitude of an antici-

pated response as functionally derived from relevant noise effects criteria.

The total _<l,,,unityimpact is then determined by singly sunming the partial

impacts of all neighborhoods (Ref. 8-I).

It is quite possible, and in soma cases very probable, that much of

the noise impact may be found in subneighborhoods exposed to noise levels of

only moderate value. Although people living in proximity to a noise source

are generally more severely impacted than those people living further away,

this does not imply that the latter should be totally excluded from an

assessment where the purpose is to evaluate the magnitude of a noise impact.

People exposed to ic_r levels of noise may still experience an adverse

impact, even though that impact may he small in magnitude. The fractional

impact method considers the total impact upon all people exposed to noise

recognizing that some individuals incur a significantly greater noise

exposure than others. The procedure duly ascribes mare importance to the

more severely affected population.

B-?
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AS discussed previously, any procedure which evaluates the impact of

noise upon people or the environment, as well as the health and behavioral

consequences of noise exposure and resultant community reactions, must

encompass two basic elements of that impact assessment. The impact of noise

may be intensive (i.e., it may severely affect a few people) or extensive

(i.e., it may affect a larger population less severely). Implicit in the

fractionalization Concept is that the magnitude of hi,an response varies

co,mensurately with the degree of noise exposure, i.e., the greater the

exposure, the more significant the response. Another major assunption is

that a moderate noise exposure for a large population has approximately

the same noise impact upon the entire community as would a greater noise

exposure upon a smaller number of people. Although this may be conceptually

envisioned as a trade-off between the intensity and extent Of noise impact,

it would be a misapplication of the procedure to disregard those persons

severely impacted by noise in order to enhance the environment of a signi-

ficantly larger number of people who are affected to a lesser extent. The

fact remains, however, that exposing many people to noise of a lower level

would have roughly the same impact as exposing a fewer n_ber of people

to a greater level of noise when considering the impact upon the community

or population as a whole. Thus, information regarding the distribution

of the population as a function of noise exposure should always be developed

and presented in Conjunction with use of the fractional impact method.
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Because noise is an extremely pervasive pollutant, it may adversely

affect people in a number of different ways. Certain effects are well docu-

mented. Noise can:

o cause damage to the ear resulting in permanent hearing loss.

o interfere with spoken c(_[munication.

o disrupt or prevent sleep.

o be a source of annoyance.

Other effects of noise are less well documented but may become increasingly

important as more information is gathered. They include the nonauditory

health aspects as well as performance and learning effects.

It is important to note, however, that quantitatively documented cause-

effect relationships which functionally characterize any of these noise

effects may be applied within a fractionalization procedure. The function

for weighting the intensity of noise impact with respect to general adverse

reaction (annoyance) is displayed in Figure B-3 (Ref. B-I). The nonlinear

weighting function is arbitrarily normalized to unity at idn = 75 dB. For

convenience of calculation, the weighting function may be expressed as

representing percentages of impact in accordance with the following equation:

[3.364 x 10-6] [100"103 Ldn] (I)

W(["dn) = [0.2] [To _'.-6-3 rdn] + [1.43 x 10-4] [100?(_8 idn]

A simple linear approximation that can be used with reasonable accuracy

in cases where day-night sound levels range between 55 and 80 dB is shown

as the dashed llne in Figure B-3, and is defined as:

: S0.0s(gn -55)for_n > 55w(Ldn)
forLdn_ 55 (2)t0
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FIGURE B-3

WEIGHTING FUNCTION FOR ASSESSING THE
GENERAL ADVERSE RESPONSE TO NOISE

Using the fractional impact concept, an index referred to as the

Level-_eighted Population (iHP)* may be derived by multiplying t21enumber

of peqple exposed to a given level of traffic noise by the fractional or

weighted impact associated with that level as follows."

LWPi = W(Ldni) X Pi (3) i

where LWPi is the magnitude of the impact on the population exposed at

Ldni, W(I_ni) is the fractional weighting associated with a noise exposure

of Ldni, and Pi is the number of people exposed to Ldni.

"T_m_s such as Equivalent Population (Peu), and Equivalent Noise
Impact (ENI), have often been used Inter_angeably with LWP. _e
other indices are oonceptually identical to the LWP notation.
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L_cause the extent of noise impact is characterized by a distribution

of p_ople all exposed to different levels of noise, the magnitude of t/_e

total impact may be cc_tputed by determining the partial impact at each

level anu sumning over each of t/]elevels. 'Ibis may be expressed as:

i_P = X I/4Pi = _ W(Ldni) X Pi (4)
i I

%_*eaverage severity of impact over the entire population may be

derived frcm the Noise Impact Index (NII) as follows:

NIl= _ (5)
Ptotal

In this case, NII represents t/_enoz_L_lized percentage of the total popula-

tion who describe themselves as highly annoyed. Anot/_er concept, the Rela-

tive Change in Impact (RCI) is useful for comparing the relative difference

between two alternatives. _his _ncept takes the form expressed as a per-

cent d_ange in impact:

_ci= u_Pi- LW_ (6)
LWPi

where LWPi and IJ_Pj are the calculated impacts under two different condi-

tioDs.

An example of the fractional impact calculation procedure is presented

in Table B-2.

_ similarly, using relevant criteria, the fractional impact procedure

_:: may be utilized to calculate relative changes in hearing damage risk, sleep
L

disruption, and speech interference.

!"

i
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_ABLE 8-2

EXAMPLE OF FRACTIONAL IMPACT CALCUIATION FOR GENERAL ADVERSE RESPONSE

(i) (2) (3) (4) (5) (6) (7)
Exposure Exposure LWPI LWPi
_ang_ _nge W(Ldn) W(Ldn) (Curvillnear) (Lillear)

)L_D) (L_n} P1 )Curvillnear) (Linear approx.) (Columa(3)X (4)) (Column(3)X (5))

55-60 57.5 1,200,000 O.193 0,125 207,600 150,000

60-65 62.5 900,000 O.314 0.375 282,600 337,500

65-70 67.5 200,000 0.528 0,625 105,600 125,000

70-75 72.5 50,000 O,822 0.875 41,100 43,750

75-80 77.5 lO,OOO 1,202 1.125 12.020 ii,250

2,360,oo0 648,920 657,500

LWP (_rvillnear) = 64_ 920

LWP (Linear) = 667.500

NIX (Curvillnoar) - 648_920 _ 2,360,000 = 0.27

NX3 (L_near) • 667,500 _ 2,360,000 = 0,28

REFER_CES

Appendix B

8-I. Guidelines for Preparing Environmental Impact Statements on Noise.
National Academy of Sciences, Committee on Bioacoustics and Bio-
mechanics Working Group Number 69, February 1977.

B-12



T-D

NOI&WqDDC4HS_J,.40J,_i_48Oq,.q;i_G SMBNI(T_JOVJ_OD

_%'TVD_IAI(]NI (]NVS_DI_VZI_TO_OONIJ,SIH

D×_p_c_dv



LISTING OF O_C_NIZATIONS AND IN'DIVIDUAI_g
CONTACTED IN THE DEVELOPMEN'P OF THE RE(_JLATION

%he list below details those organizations and individuals with which

EPA had contact concerning the development of the noise emission standards

for truck-mounted solid waste ccmpaetors. %hese contacts have provided the

opportunity for the public to participate fully in the rulemaking process,

and to have their interests and concerns known, and, where appropriate,

included in the regulation. The entries on the list are grouped together to

show the various sectors of the public with which EPA had contact. The group-

ing headed MEDIA includes media organizations with which the Agency was in

contact and those which independently carried stories concerning noise frc_

truck-mounted solid waste compactors.

The contacts with the public have been of several different types: by

mail, by tele_1one, at meetings, through briefings, and through the media.

In addition, an important aspect of the Agency's public participation program

has been the Public Docket which was a fornml 90 day period during which public

c(m_ent on the regulation (as proposed) was solicited. Comments were gathered

during that period through accepting written submissions to the Docket and by

holding two public hearings. Organizations and individuals who commented

during the period are listed in Appendix A to this document. The lists fram

Appendices A and C, when ccmblned, detail the public that was contacted and

that participated in the development of the noise emission standards for

truck-mounted solid waste compactors.
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Trade and Manufactu_in_ Associations

National Solid Wastes Management AssOciation;
Waste Equipment Manufacturers Institute

American Public Works Association; Institute
for Solid Wastes

Truck Equipment Body Distributors Association
(now National Truck Equipment Association)

Truck Body and Equipment Association

Truck Manufacturers

Master Truck

White _Iotor Corporation

OshkoshTruckCorporation

Chrysler Corporation

Mack Truck, Inc.

Volvo of America Corporation

General Motors Corporation

Ford Motor Company

Crane Carrier Company

Pacear, Inc.

Freightliner Corporation

International Harvester

FWD Corporation

Mercedes-Benz of North America, Inc.

Hendrickson Manufacturing Company

Diamond Reo Trucks, Inc.

Dodge Division, Chrysler Corporation

Chevrolet Motors Division, General Motors

C-4



Co_r_actor Manufacturers,

Pak-Hor Manufacturing Company

Perfection Cobey Company

Wayne Engineering Corporation

Haxon Industries, Inc.

Truxmore Industries, Inc.

City Tank Corporation

Elgin Leach Corporation

Hell Company

Dempster Dumpster Systems

Peabody Solid wastes Management

Carrier Corporation

Combustion Engineering, Inc.

FruehaufCorporation

Neway Division

Sargent Industries

Trailer Body Builders

Whittaker Corporation

EbelingManufacturingCorporation

McClain Industries
4

Orbital Collection System-s,Inc,

Hesston Corporation !

Union Corporation

Helix Corporation

LoDal, Ine,

Sanitary Controls, Inc.
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Compactor Distributors

Connecticut Truck and Trailer Service Company

Stephenson Equipment, Inc.

MacQueen Equipment, Inc.

Capital Equipment Company, Inc.

GranTurk Sanitation Equipment Company, Inc.

Truck Equipment

Bell Equipment Conloany

C.N. _bods Company, Inc.

Theodore J. Burke and Son, Inc.

Sanitation Equipment Corporation

General Equipment, Inc.

Elgin Leach Corporation

Compactor Users (Private Industr_t)

Browning Ferris Industries, Inc.

Golden Gate Disposal Company

Sunset Scavenger Company

Chicago and Suburban Refuse Disposal Association

State and Local Governments

San Francisco, CA City Administrator

San Francisco, CA Department of Public Health

Chicago, IL Department of Environmental Control

Cook County, IL Department of Environmental Control

Salt Lake City-County, UT Health Depart_nt

Salt Lake City, LITCerl_ration
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California Department of Health

Health Systems Agency of New York City, NY

City of Chicago, IL

San Diego, CA City Manager's Office

Arlington, VA Noise Control Office

Charlotte, NC Department of Public Works

Upper San Juan, CO Regional Planning Commission

San Leandro, CA Office of Public Works

Boulder, CO Office of Environmental Protection

Nissimmee, FL Office of the City Engineer

DeKalb County, GA Board of Commissioners

City of Portland, OR Department of Public Works

Oklahoma City, OK Office of the City Manager

New Rochelle, NY Department of Public Works

Alexandria, VA Department of Health

Oregon Department of Environmental Quality

Denvers CO

Illinios Environmental Protection Agency

Memphis, TN sanitation Department

Magphis, TN Division of Public Works

New York City, NY Department of Air Resources

New York Department of Sanitation

New York City, NY Bureau of Noise Abatement

New York State Department of Environmental Conservation

National Association of Counties Research Foundation

Metropolitan Washington, D.C. Council of Governments
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Tallahassee, FL Department of Environmental Regulation

Town/Village of Harrison, NY

_lontgomeryCounty, MD County Government

Syracuse, NY Department of Public Works

Colorado Springs, CO Noise Control Administrator

City of Beverly I1ills, CA

City of West Palm Beach, FL

Fort Worth, TX Public Works Department

Office of Noise Control, Colorado State Department of Wealth

City of Sioux City, IA Public Service Department

Provo City, UT Corporation

Provo City, UT Sanitation Department

Utah State Division Of Health

Ogden City, UT Sanitation Department

County of Sarasota, FL Depart_rentof Environmental Services

City of Chicago, IL City Council Committee on Environmental Services

City of Beverly [{ills,CA Superintendent of Sanitation

Santa Clara County, CA Environmental Health Services

Tuscen, AR

Los Angeles, CA Bureau of Street Maintenance

San Diego, CA Equi_ent Division

Industry and Organizations

Hackney Brothers Body Co,puny

Conservation Industries, Inc.

Motor Coach Industries, Inc.

Sperry vickers
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Waterous Company

Koehring Company

VIC Equipment Sales Company

Aetna Freight Lines, Inc.

IRCand D Motor Freight, Inc.

Ramcon Environmental Corporation

Stone and Webster Engineering Corporation

Feeeo International, Inc.

Dana Corporation

Donohue and Associates, Inc.

society of Automotive Engineers

Washington Researchers

Automation Industries, Inc.

AIA AIP

Onan Corporation

INA Associates

Mull Sell and Associates

Acoustical Engineers, Inc.

_! CladouhosandBrashares

Information Planning Associates, Inc.

Theta Systems, Inc.

i StephenA. Estrin,Inc.

VIPAC Partners P/L

Acoustical Society of America

Institute of Noise Control Engineering
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Prefecture de Paris

American Institute of Certified Public Accountants

Embasssy of Spain

New South Wales, Australia State Pollution Control Commission

Canada Ministry of Transport

Association Franeaise

University of London

Institute Fuer Operations Research

CWPost College

Westinghouse Electric Corporation

University of New South Wales

Thermo King Corporation

Bishop and Harmsen

American Rental Association

University of Utah

University of Montana

Georgia Institute of Technology

Hawaii University

California University

North Carolina State University

Center for Study of Noise in Society

American National Standards Institute

Charles M. Salter Associates, Inc.

University Of New Hampshire
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Congress

Koch, E.I., U.S. House of Representatives

Nateher, W.H., U.S. House of Representatives

Scott, W.L., U.S. Senate

Proxmire, W., U.S. Senate

Nelson, G., U.S. Senate

Heinz, H.J., U.S. Senate

Humphrey, H.H., U.S. Senate

Stevenson, A.E., U.S. Senate

Percy, C.H., U.S. Senate

Cederberg, E°A., U.S. House of Representatives

Wydler, J., U.S. House of Representatives

Ireland, A., U.S. House of Representatives

Weleker, L.P., S.S. Senate

Stone, R., H.S. Senate

Byrd, H.F., H.S. Senate

Vento, B.F., U.S. House of Representatives

Suddleston, W.D., H.S. Senate

Talma0gs, H., U.S. Senate

Schweiker, R.S., H.S. Senate

Florio, J., U.S. House of Representatives

Winn, L., U.S. House of Representatives

Yatron, G., H.S. Souse of Representatives
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Other Federal A@encles

Occupational Safety and Health A_inistration

National Bureau of Standards

Department of Agriculture, U.S. Forest Service

Army Environmental Hygiene Agency

Department of Co_nerce

Army Construction Engineering Research Laboratory

Individuals and Citizens Groups

Kamhi, V.

Pistocco, C.

De La Houssaye, Jr. R.E.

Kornelsen, V.D.

Bartlett, V.

Fay, T.H.

Reiniscn, N.R.

Mast riana, F.R.

Poirot, D.E.

Pfeffer, E.

Mellinger, J.W.

Homas p B.

Vandenengel, Y.

McWhocter, C.K.

Bixler, D.W.

Fuchs, W.F.

Lackner, Jr. F.A.
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I1awley, M.E.

Bratcher, J.

Cook, R.T.

Esslen, R.

Weisberg, R.

Mathieu, M.

Ledwozon, M.

Mercogliano, E.

Bundy, S.

Hoover, P.K.

White, L.D.

Gewiitz, M.

Graf, G.

Williamson, J.B.

Fields, W.

Ansberry, D.

Randolph, M.M.

Sadagopan, B.

Donofrlo, F.

Oatley, F.

Bradley, L.

Blewer, R.R.

Hahn, R.F.

Bodine, S.T.

Gordon, H.

Arenander, N.L.
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Eisenberg, J.

Rhetn, k.

Renneberg, H.F.

Prloe, G.

Horc_ttz, B.

Bocowitz, D.

Kllne_ N.A.

Breltman, P.

Perlstadt, H.

Evarts, Jr. W.M.

Martin, K.

Wilson, D.G.

Wale, D.

Moore, D.

Bogan, R.F.

Washington Square Village Tenants Association

Citizens Against Noise

Citizens for a Quieter City

Federation of West Side Block Associations

MEDIA

WNSW

WNBC TV

WINS
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' CBS News

KTVX

KABC TV

KNX FM Radio

Noise Regulation Reporter

Noise Control Reporter

Environmental Impact News

Montreal Canada Oracle

Toronto Canada Globe and Mall

London United King_<_nSunday Times

Oakland CA Montclarion

Oakland CA Piedmonter

Newsworld

'i New Yorker Magazine

NewYorkNYPost

)
Poughkeepsie NY Journal

Co_merclal Car Journal

Waste Age
h

Journal of Envlronmental Health

_, Greenwood SC Index Journal

Wapplnger Falls NY News

Bristol United Kingdom Evening Post

Noise and Vibration Bulletin

Washi_ton DC Post

Artesia CA News

Birmingham AL News
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Maplewcod _ News Record

Scranton PA Times

Montgomery County _ Sentinel

Anaheim CA Bulletin

Somerville NJ Messenger Gazette

_nville NJ News

Manchester NH Union Leader

Conservation NeWS

Denver CO Post

Springfield MA News

Government product News

Chicago _L Tribune

Detroit MI Free Press

Indianapolis IN Star

Mt Pleasant MI Morning Sun

Sturgis MI Journal

Kansas City MO Timas

Alpena M_ News

Philadelphia PA Bulletin

Christian Ssien_ Monitor

Fair Lawn NJ Shopper

Waco TX _ribuee Herald

Little Falls NY Evening Times

Three Rivers MI Commercial

Bl_ra NY Star Gazette and Telegra_

Birmingham AL Post Herald
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Knoxville TN News Sentinel

Wi/mington DE Evening Journal

New York NY Times

Wall Street Journal

Survey of Current Business

Solid Waste Report

Grand Rapids MI Press

Walnut Creek CA Contra Costa Times

Syracuse NY Herald Josrnal

Lomita CA News and Progress

Somerville NJ Courier-_ews

New York NY Weetsider

ComB_erceBusiness Daily

Changing Times

Sacramento CA Bee

American City and County

Automotive News

Fleet Owner

Pontiac HI Oakland Press

Dunkirk NY Observer

San Diego CA San Diego Union

Heavy Duty Trucking

Transport Topics

Beverly Bills CA Courier

Passaic N3 Herald News

Solid Waste ManagementRefuse Removal Journal
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Honolulu HI Star Bulletin

St Petersburg FL Times

Denver CO Rocky Mountain News

Pasadena CA Star News

Las Vegas NV Sun

Birmingham AL Times

Phoenix AZ Arizona Republic

Campbell CA Press

Bloomington IN Herald Telephone

Sound and Vibration

Pollution Engineering

Noise News

New York NY News

Washington DC Star

Garden City NY News(_ay

Dover NJ Advance

Bethasda MD Montgomery Journal

Savannah GA Press

Salt Sake City UT SunSet News

Forbes Magazise

Salt Lake City [?fDesert News

Eastos MD Star Democrat

Jersey City NJ Journal

Baltimore MD Sun

Owasso MI Argus Press

Const_ction Digest
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Dayton OH Daily News

Ironwood MI Daily Globe

Goldsboro NC News Argus

Rocky Mount NC Telegram

Hopkinsville KY New Era

Escanaba MI Daily press

Atlanta GA Journal

OklahGma City OK Journal
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Appendix D

LISTING OF ORGANIZATIONS AND INDIVIDUALS

_O BE CONTACTED IN INFORMING THE PUBLIC OF

THE BENEFITS AND IMPACTS OF THE REGULATION
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LISTING OF ORGANIZATIONS AND INDIVIDUALS
TO BE CONTACTED IN INFORMING THE PUBLIC OF
THE BENEFITS AND IMPACTS OF THE REGULATION

As another step in the Agency's continuing public participation program,

an extensive effort is underway to inform the public of the benefits a_d impacts

of the noise emission standards for truck-mounted solid waste cc_oactors. This

effort will includedirect mailings of information packets to the major groups

affected by the regulation and briefings to selected groups. The list below

outlines the groups that are to be COntacted in this informative public parti-

cipation effort.

Congress

Senate

House of Representatives

Concerned Congressional Co_nlttees
and Offices

Interested Federal Agencies

stats and Local Governments

State Governors

State Attorneys General

_i State Nolse/Environmental Offices

State and Local Environmental Agency
Public Information Directors

Major Cities

State and Local Government Associations

Truck Chassls Manufacturers

Compactor Body Manufacturers

D-3
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Compactor Distributors/Dealers

Refuse Industry Trade and Manufacturing Associations

Refuse Haulers

Private Refuse Haulers

Municipal Refuse [laulers

Media

Major Media

Environmental Media

Trade Media

State and Local Government Media

Noise Media

Labor Organizations

Refuse Hauler Employee Unions

Manufacturing Employee Unions

Commentera to Docket and Public Hearings

NoiseEnvironmentalcitizens Organizations

Interested Citizens and Organizations
from EPA/ONAC t._ilingList

EPA Regional Offices

Libraries

Major Public Libraries

State University Libraries
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