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SECTION 1
INTRODUCTION
BACKGROUND
This regulatory analysis presents the basic information relevant to the
developrent of nolse emission standards for newly manufactured truck-mounted
solid waste compactors (refuse collection vehicles)., For brevity, these
products are also referred to in the text as RCV's, or trash compactors, or
compactors. The topics of major concern are: the noise emissions of compactors
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 fram 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 regulatien.
As a result of studies conducted under the authorities and duties given

to the Administrator of the Envircnmental Protection Agency by the Noise
Control Act of 1972 (the Act), truck-mounted solid waste compactors were

; identified as a major scurce of noise on May 28, 1975 (40 FR 23105). 1In

f 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 the help of qualified contractors.

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

a gearch of the pertinent industry and government statistics and the avail-

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

1. tial number of refuse collection vehicles, both new and in service, and asso-
ciated analyses. Many contacts were made with all segments 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 concerned persons and crganizations which were germane to the regulatory
provisions and process.

Based on the results of this information gathering process and under
the requirements of Section 6 of the Act, the Agency published a proposed
requlation 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. Numerous comments
were received in the docket and at the hearings, and additional information was
acquired through communications with industry associations, as well as by
further testing and analysis. The Agency reviewed this information thoroughly
and, based on the results cof this review, developed a number of revisions
in the regulation text, with the aim of clarifying the Agency's intent and
simplifying some of the measurement and enforcement procedures. The docket
coments and the Agency's analyses and responses are summarized in Appendix A
of this report. The revisions to the regulation are detailed in the preamble
to the final regulaticn, which is published contemporaneously with this
Regulatory Analysis.
PUBLIC PARTICIPATION

Throughout 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 cpportunity 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 ocollection industry
associations; compactor and truck chassis manufacturers; and compactor distribu-
tors. A list of the organizations and individuals contacted in the development

of this regulation is included as Appendix C to this document.
1=2
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A8 another step in the Agency's continuing public participation program, an
extensive effort is underway to inform the public of the benefits and impacts
of the noise emission standards for truck-mounted solid waste compactors. This
effort will include direct mailings of information packets to the major groups
affected by the regulation and briefings to selected groups. Appendix D to this
document lists the groups that are to be contacted in this informative public
participation effort.

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

national policy "to promote an environment for all Americans free from noise that
jecpardizes 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 major
noilse sources in commerce, control of which requires Naticnal uniformity of treatment."
As part of this essential Federal action, Subsection 5(b}{l) of the Act
requirea that the Administrator of the U.S. Environmental Protection Agency,
after consultation with the appropriate Federal agencies, publish a report or
series of reports "identifying products (or classes of products) which in his
judgment are major sources of noise." Section 6 of the Act {Subsection
6(a){1)) requires the Administrator to publish proposed regulations for each
product identified as a major source of noise and for which, in his judgment,
noise standards are feasible. Four categories of products are listed as
potential candidates for'regulation; one of these is transportation equipment,
It was under the authority of Section 5(b){1} that the Adminstrator published
the report on May 28, 1975 (40 FR 23105) that identified truck-mounted solid waste
u:méaqtors as a major source of noise, and under the requirements of Section 6{a)(1)
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that the Administrator published the Notice of Proposed Rulemaking (42 FR 43226)
to control the noise emissions of newly manufactured compactors. It is alse
under this authority and requirement that the final regulation is published.
Preemption

Section 6{e)({l) of the Noise Control Act states that after the effective
date of a Federal regulation "no State or political subdivision thereof may
adopt or enforce,.. any law or requlation 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 vestriction of use, operation or
movemant 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
cffering 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 EPA 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
municipalities may regulate noise emissions for all new products that were
manufactured hbefore the effective date of the Federal regulation{s).

1~4
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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 on environmental noise {or one or more sources thereof) through the
licensing, requlation or restriction of the use, operatien, 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
(11)). 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 community noise levels more
effectively and equitably than the Federal government due to their perspec—
tive on and knowledge of state and local situations. The Federal government
assumes the duties involved in regulating products distributed nationwide
because it is required and equipped to do so. Congress divided the moise
enission 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 conprehensive regulatory program
can be effectively designed and enforced.

One example of the type of requlation left open to the localities is the
property line requlation. This type of regulation limits the level of envirun-
mental nocise reaching the boundary of a particular piece of property. The
occupant of the property is free, insofar as state regulations are concermed,
to use any products whatscever, 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 regulation may
be applied to many 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 environmental 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

loralities by Section 6(e)(2).

In this manner, states and local areas may balance the issues involved
to arrive at satisfactory environmental noise requlations that protect the
puwlic health and welfare as much as possible.

Labeling

The enforcement strategies outlined in Section 8 of this document are
acocanpanied by the requirement for labeling products distributed in com-
meree. The label provides notice to a buyer that a product is sold
in conformity with applicable requlations. The label also makes the buyer
and user aware that the trash compactor truck possesses noise attenﬁation
devices and that tampering with such items is prohibited.

RATIONALE FOR REGULATION CF 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 Act, the Administrator
considers primarily the following factors:

1. The intensity, character and/or duration of the noise enitted
by the product ([or clasg of products) and the number of pecople impacted
by the moise;



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., Wwhether 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, commnity ncise exposure was evaluated in terms
of the day/night average sound level (Ldn) (Ref., 1-1). Since Ldn was
developed especially as a measure of community nolse exposure 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~hour period,

Studies have been made of the number of people exposed to various levels
of community noise (Ref. 1l~l). Table 1l-] summarizes the estimated number of
people in residential areas subjected to noise from urban traffic, freeway
traffic, and aircraft operations at or above outdoor L an values ranging

from 60 to B0 dB.
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EPA has identified an cutdoor 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 (Ref. 1-1),

Table 1-1 shows that many millions of United States residents are sub-
jected 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
Requlations. A number of trucks operate with special equipment mounted,
sane of which contributes significant noise to the environment in addition
to that due to movement of the truck in traffic, One such class of special
equipment is the truck-mounted solid waste compactor, which is known to 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 EFA believes that control of this source of noise is required
to avoid reducing the effectiveness of the noise regulation for medium and

heavy trucks.

*With an adequate margin of safety and without consideration of the cost and
technology. involved to achieve an Ldn of 55 dB.

1-8
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TABLE 1-1

ESTIMATED COMULATIVE NUMBER OF PEOPLE IN MILLICNS IN
THE UNITED STATES RESIDING IN URBAN AREAS WHICH ARE EXPOSED
TO VARICUS LEVELS OF QUIDCOR DAY/NIGHT AVERAGE SOUND LEVEL

Outdoor Urban Freeway Aircraft
LgpExceeds Traffic Traffic Operations Total
60 59.0 3.1 16.0 8.1
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

Socurce: Reference 1-1.

NEED FOR QONTINUED COMPLIANCE WITH THE NOISE STANDARD

The attainment of the estimated health and welfare benefits is dependent
upon the regulated product continuing to comply with the Federal not-to-exceed
noise emission standard for a set period of time or use.

The Agency has given considerable attention to the question 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 meeting the standard while in use over a specified initial pericd, when
properly used and maintained, the standard itself will be ineffective and
the anticipated health and welfare benefits will not be achieved.

Consequently, the Agency has developed the concept of an "Acoustical i
Aspurance Pariod" (ARP). 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 recamrendations.
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The Acoustical Assurance Period is independent of 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. The Acous—
tical Assurance Period is product-specific and thus may be different for
different products or classes of products. The AAP‘is based, in part, upon
(1) the Agency's anticipated health and welfare benefits over time resulting
from nolse control of the specific product, (2) the product’s known or esti-
mated periods of use prior to its first major 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 mamer that will enable it to comply with the
Federal noise emission regulation which exists at the time the product is
introduced into coumerce, and that it will continue to conform with the
applicable regulation for a period of time or use not less than that specified
by the AAP.

While the Agency believes that products which are properly designed and
durably built to meet a product specific noise emission standard should con-
tinue to meet the standards for an extended period of time, it recognizes that
same manufacturers may wish to stipulate, based on test results or best engi-
neering judgment, the degree of anticipated noise emission degradation their
product{s) 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 Facter" (NLOF) from the Agency's not-to—exceed noise
emission standard, 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 praduct
model may increase by 3 dB 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 SUMMARY OF REGULATORY ANALYSIS

Background information used by EPA in developing regulations limiting
the noise emissions from new truck-mounted solid waste compactors is pre-
sented in the following sections of this analysis:

Section 2 ~ The Industry and the Product: contains general information
on the manufacturers of truck-mounted solid waste compactors and descriptions
of the product.

Section 3 ~ Baseline Noise Levels for New Truck-Mounted Solid Waste
Campactors: presents current noise levels relative to degradation noise
levels for existing new solid waste compactors and a discussion of the data
used in the development of an Acoustical Assurance Period.

Section 4 - Measurement Methodology: presents the measurement method-
ology selected by EPA to measure the noise emitted by this product and to
determine compliance with the proposed regulation.
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Section 5 - Health and Welfare: discusses the adverse impact of and
benefits to be derived from requlating noise emissions of solid waste compactors.
Section 6 - Noise Control Technology: provides information on available
noigse control technology and the criteria for determining the levels to which

solid waste compactors can be quicted.

Section 7 - Economic Analysis: examines the economic 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.

Sectionh 9 - Existing Local, State and Foreign Regulations: summarizes
current noise emission regulations on truck-mounted solid waste compactors.

Appendix A ~ The bocket Analysis: summarizes the comments veceived
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: 1lists the organi-
zations and individuals contacted in order to gather information during the
requlatory development process,

Appendix D - Organizations and Individuals to be Contacted: lists the
organizatons and individuals to be contacted in the dissemination of informa-
tion to the public on the benefits and impacts of the regulation. |

REFERENCES

Section 1

1-1, Envirommental Protection agency, Information on Levels of Environmental
Noise Reguisite to Protect Public Health and Welfare with an Adequate
Margin 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 PRODUC‘.I‘

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 major compactor body types can be operationally classified by the
body loadiné confiquration:

1. Front loaders. These bodies utilize front mounted hydraulic lift
arms to lift and dump waste containers into an access door in the top of the
body. 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
compact ion 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. Generally, wastes are manually
deposited into a hopper through an access door in the side wall of the body.

Packer plates sweep the wastes from the hopper into the body and compress

2-1
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FIGURE 2-3
OPERATION OF A FRONT LOADER (COMPACTION CYCLE)

Source: Reference 2-l.
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the materials against an interior wall, in the same manner as front loaders
{Pigure 2-3). Some side loaders are also equipped to hydraulically lift and
dunp waste containrers. 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 front end of the hody and dumnp the
wastes through a tailgate.

3. Ekear 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 models ihave the capability to hydraulically lift and
dump containers. The packer plate sweeps the wastes fram the hopper into
the body and conpresses the wastes against an interior wall surface. In most
modals, the packer plate is also used for tailgate waste ejection.

‘iwo additional categories of solid waste compactors are produced:

j. Satellite Vehicles. These hodies function much like other packers,

but are relatively small. They are used in door-to-door waste collection and
in conjunction with a larger packer truck. The satellite vehicle body ejects
wastes into the hopper of a larger packer truck or serves as a detachable
container which is lifted and dumped by a larger truck. These bodies were
excluded from consideration lecause available test information indicated they
were not a significant source of noise,

2. Route Trailers. 'TMhese solid waste compactors are pulled by a truck
rather than being mounted on the truck chassis. Operation of the unit is
similar to a side loader, except that trailers are powered by a stand-alone
auxiliary engine rounted on the trailer. Fewer than 50 units were shipped

in 1974 and the estimated nunber of units in operation is less than 100.
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As indicated in Table 2-1, packer bodies can also be classified by
ranges of body capacity measured in cubic yards and the compaction density
rating of the bouy.

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 mounted on a medium
or heavy duty truck chassis. #Approximately 40 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 percent of the side
loaders and 2 to 3 percent of the rear loaders are powered by a stand-alone
auxiliary engine rather than the truck engine.

PRODUCT APPLICAIIONS AND COMPETITIVIE SYSTENS

The distrikution of packer bodies hy loading type and application are
shown in Table 2-2 and summarized below:

1. Front loaders are used predoninantly in commercial and industrial
applications. Commercial collection includes residential complexes with more
than two-family units.

2. All other categories of bodies are used principally for residential
waste aollection. Cotwercial and industrial application of this equipment is
usually limited to light commercial collection utilizing small containers
and compactor bodies equipped with hoists.

Substantial potential exists for substitution of equipment for residential
wllection, Several studies have demcnstrated that collection productivity
can be dramatically increased by.utilizing one-man crews (as compared to
multi-man crews). This provides a competitive advantage for side loaders as

canpared to the more broadly used rear loader.

2-8
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TABLE 2~1

CLASSIFICATION QF TRUCK-MOUNTED SOLID WASTE OOMPACTOR BODIES

Range of Body Estimated Compaction Density Estimated Compactor Body Fower Source

Capaclty {Pounds/Cubic Yard) Truck Engine Gasoline
Classification (Cubic Yards) Range Average Gasoline Diesel Auxillary
Front Loader 20 ~ 52 400-750 500 - 100% -
Side Loader 0 -3 450-750 500 60% 40 15%
Rear Loader 10 - 31 500-1,000 750 &0 40 2-3

Saurce; Field interviews with product manufacturers, distributors and product literature. ‘The
Virginia Town & City "Fuel Copservation in Solid Waste Management", Kenneth A, Shuster,
pPecember, 1974, and assoclated working papers.

‘TABLE 2-2

TRUCK~-MOUNTED SOLID WASTE COMPACTCR BODY
APPLICATIONS BY PRODUCT CLASSIFICATION

Percent of Total Units Employed
by Major application

Commercial
Equipment Classification Residential* and Industrial
Front Loader 10-15 85
Side Loader 85 15
Rear Loader 70 30

Source: Field interviews with product manufacturers, distributors and fleet
qperators.

*Residential includes single~family dwellings amnd duplexes.
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The available competitive waste ccllection systems identified vary by
nature of application., Residential collection could be accomplished by three

means:

1, 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 front section of the body. In this manrer,

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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Potential disadvantages relating to nodels currently available include
higher levels of personal injury to the crew and reduction in crew prouuctivity,
toth attributable to liftinyg wastes to a higher level for deposit in the
body.

No. U. 8. manufacturer currently produces this type of by, They ate
imported from BEurope and currently have not significantly penetrated the
U.5. narket.

Mo noise measurenents were made of this type of collection vehicle. tiow—
ever, donestic conventional packer body manufacturers report that noise
levels parallel those of rear loaders,

3. Truck-Mounted Non~Compacting bodies.  Essentially, this system rep-

regents a return to pre-packer body collection practices., Noise levels would
probably be reduced but crew productivity would be substantially lower.
THE INDUSTRY

Solid Waste Generation

The demand for canpactors is based upon the generation of solid wastes,
particularly by residences and commercizl establishments.

The availability of solid waste generation data is relatively linited and
of recent oriyin. The most broadly accepted estimates are reflected in
Tlable 2-3. It can be seen that total residential and commercial solid waste
generation in 1973 is estimated to have been 144 million tons. Resource
reclamation provided for the utilization of 9 million tons, resulting in a
net disposal of 135 million tons of solid waste.

Projections Of total residential and commercial solid wastes for 1980 and
1985 are also shown in Table 2-3. The tonnage of total gross discards is

expected to increase to 175 million tons in 1980, an average annual growth rate

2-11
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TABLE 2~3

BASELINE ESTIMATES AND PROJECTIONS OF POST-QONSUMER* SOLID WASLE
GENERATION, RESOUKCES RECOVERED AND DISPOSED, 1971-19835

Estimated Projected Average Annual
1971 1973 198G 1985 Crowtn Rate of
Daily Per Daily Per ually Per pPaily Per Total Gross
Capita Capita Capita Capita Discards
‘Total Pounds Total Pounds Total pPounds Total Pounds 1973-1965
Total Gross
Discards 133 3.52 144 3.75 175 4.28 201 4.67 3%
Resoutces
Recovered 8 .21 9 .23 19 .46 35 .81 12
Net waste
Disposed 125 .3 135 3.52 156 3.41 166 3.86 2

Source: Office of Solid Waste Management Programs, U.S. Environmental Protection Agency,
"Third Report to Congress, Rescurce Recovery and Waste Reduction", (Sw—-161), 1975,
Page 10.

* - Pogt~-consumer solid waste is considered te ke 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 henefit, compared to the traditional ooen body
collection truck, is that compaction allows lamer quantities of wastes to be
collected between trips to the disposal site. Consequently, more waste
collection points can be served between disposal trips, and a substantially
higher proportion of total crew time is productive.

Even with the advent of this eguipment, waste collection remains an
extremely labor-intensive operation. Recent product improvements and new
product introductions have focused on further increasing collection crew
productivity. The major equipment innovations have been higher density
compaction, larger volume bodies, and different loading configurations

intended to reduce total crew size.

SIZE AND GRGWTH CF THE PACKER BODY INDUSTRY

} Units In Operation
The estimated number of 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, probably increased to somewhat over 80,000 currently.

2-13

AR

T T
ST ALY TR




oo

TABLE 2-4

POST-COtTSUMER** RESIDENTIAL AND COMMERCIAL SOLID WASTE GENERATED
AND AMOUNTS RECYCLED, BY 'TYPE OF MATERIAL, 1973
(AS GENERATED WET WRIGHT IN MILLIONS OF TONS)

Luantity Het Waste Disposed
of

Material Gross Materials Percent
Category Discards lecyeled Quantity of Total
Paper 53.0 8.7 44,3* 32,9%
slass 13.5 o3 13,2 Y.8%
Metals 12,7 2 12,5 9.3
Plastics 5,0 - 5.0 3.7
Rubbet 2.8 .2 2.6 1.9
Leather 1,0 - L.0 .87
Textiles 1.9 - 1.9 1.4
Wood 4,9 - 4.9 1.6

Total Won-Food Yq 8% Y.4 B5.4 03.4

Proaduct Waste
Food Waste 22.4 - 22.4 1.0
Yard Waste 25,0 - 25.0 18.6*
Misc. Inorganic 1.9 n 1.9 1.4
Wastes

Total l44,1* 9.4 134,7* 100.0%

Sources Office of Solid Waste Management Programs, U. S. Envirommental
Protection agency, "rhivd Report to Comyress, Resource Recovery
and waste heduction," (sW-161), 1475, Page 1U.

*Arithnetic sumations and differences modified to reflect correct total.
*rpost-consunet solid waste is considered to be residencial solid waste.
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TABLE 2-5

ESTIMATED TRUCK-MOUNTEL SULID WASTE
COMPACTOR BODY UNITS IN QPERATION, 1974

hverage Percent Estimated
Truck- Armual of Average

Equipment Miles Miles/Truck Total Functional

Classification (Millions) {Thousands) Units Units Life Cycle
Front Loader —_— e 1,200 14,6% B
Side Loader - — 11,600 15.1 7
Rear Loader e —_— 53,700 69.7 7
Satellite Vehicles - - 500 .6 —

Total B 12.2 77,000  100.0%

Source:

U.S. Departiment of Commerce, 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 equipment

manufacturers.
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TABLE 2-6

TROCK~MOUNTED SOLID WASTE COMPACTOR BODY
MANUFACTURER SHIPMENTES, 1964-1974

Aversge Annual

)
|
|
I
Il
]

1964 1967 1972 Estinated 1974* Growth Rate*+ hverage Annual Growth**
Equipment {000s) Millions [000s) Millions (00Cs) Millions (000s) 8 of  Millions 1964-1474 Rate 1967 - 1974
Classification Units Dollara nits Dollars Units Dollars Units Tohtal Dollars Units Dollars Units Mollars
Front ‘
Loader - - - - - - 1.2 10% 21 - - - -
Sida
Loader - - - - - - 2,1 17 14 - - - -
Rear
Loader P S et 2D e— 20 87 —_ —
tal 4.8 §522,1 6.5 5310 13.5  $86.0 12,3 100w §125,0 100 194 108 224

I

Source: U.S. Department of Commerce, Bureau of the Census, "Census of Manufacturers
1967 & 1972," motor Vehicles and Eguipment, MC 72(2)37A, Page 17; interviews

with product manufacturers.

*1974 shipments and mix by loader type estimated from field interviews with product manufacturers.

**Rounded to nearest percentage point.




Rear 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 5125 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 growth increased to
22 percent. It is estimated that 73 percent of 1974 shipments were rear

loaders.

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,
TABLE 2-7
ESTIMATED VALUE CF TRUCK-MOUNTED

SOLID WASTE COMPACTOR BODY
MANUFACTURERS ' EXPORTS, 1974

(MILLION)
Total Shipment Export Shipments Export Percent
Equipment Type Value Value of Total Shipments
Complete Bodies 99 20 20%
Components A1 _2 20
Total s$110 §22 20%

Source: Dun & Bradstreet, Inc., "Analytical Financial Reports.”
Field interviews with equipment manufacturer.
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CHARACTERISTICS OF INDUSTRY SEGMENTS
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 suppliers, and then builds the body.
Bodies are then sold to either truck chassis dealers or truck body distributors,
predominantly 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-
ments and private contractors,
A profile for each of the following industry segments is described in
this section:
Packer Body Manufacturers
Truck Body Distributors
End Tlse Market —- Fleet Operators
Truck Chassis Manufacturers and Dealers
Raw Material and Component Suppliers.

Packer Bodv Manufacturers

1. As of 1974, some 25 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. 'The total corporate revenues of these companies range from $100,000
to $1.4 billion. Nearly 50 percent of the manufacturers are divisions or opera-
ting 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 (see Table 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 Socuth-
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 transporting

2-18



sare 3oy

o A ey i e DA R T T

Raw Material
Suppliers

Conproneit

rruck
Chassis
Manufacturers

Compactor Louy
flanufacturers

Manufacturers

bPunps, Valves)
L

(Powelr 'fake-0ffs (PIV),

S )

Truck Chassis

¥

Truck Body

Lealets pDistributors/
Assenblers
Yy ; 1
Municipal Private Federal Corporations
Governents Contractors Govertunent andd Others

FIGURE 2-6

TRUCK~-MOUNTED SOLID WASTE COMPACTOR BODY
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TABLE 2-8

FINANCIAL PROFILE OF TRUCK-MOUNTED

SOLID WASTE CCMPACTOR BODY MANUFACTURERS, 1974

$ (MILLIONS)

REr

BROIPE'T NET

COMPANY NAME PATE NUMBER OF NET (LOSS) IOTAL TANGIBLE WORKING

FOUNDED — IMPIOYEES — REVENUE  apppp ASSETS HET WORT  CcAPITAL

TAXLS

Campany 5 194 50 5 1. n/a 3 .3 n/a nva
Canpary T (a) n/a 27,079 yd4,6 8.6 794.2 337.1 330.0
Compary U (b) 1912 40,765 1,426.0 37.5 99,0 331.0 158.8
Compary V na a 25,0 n/a n/a nfa n/a
Campary W (b) 1u18 26,400 1,315.0 22.7 1,020.8 42,2 139.9
Company X (c) 1934 27 2.4 .1 L .1 .2
Canpany Y 1956 n/a 30.0 n/a n/a wa 5.0
Company 2 1699 14,400 498.1 25,4 318.6 162.0 103.8
Campany C (a) 190l 1,633 70,3 2,8 q1.7 22,1 23.6
Canpary AA {d) 1953 130 7.1 .2 3.4 9 9
Canpary D {e} 1457 300 11.4 .4 8.5 1.8 1.8
Comparny BB 1945 175 7.9 (.3} va n/a n/a
Campary CC 1960 14 .2 nfu W1 n/a n/a
Campany B (£} 1952 230 5.8 n/a 4.8 1.9 1,5
Company DD (g) n/a n/a 257.4 4.6 205.4 70,0 71.4
Caspany EE (b) 1406 2,151 109.1 5.2 57,0 37.6 25.6
Company FF (1) 1966 200 13.3 {7 4,3 2.0 5
Caupany I (y) n/a 1,622 61,8 1.7 8.8 16.7 16.1
Cawpary GG 1953 150 nfa na n/a n/a n/a
Canpany HH (fg) n/a n/a 123.0 2.4 86.6 22.4 24.8
Canpany II (h) n/a B 2.4 W1 1.4 4 3
Canpany JJ 1476 7 nfa n/a na n/a n/a
Canpany KK n/a 36 1.5 n/a n/a n/a n/a
Canpany LL 1975 3 .2 n/a n/a n/a n/a
Camparyy M1 n/a 35 4.0 n/a n/a n/a n/a

Source: Dun & Hradstreet, Inc., “Analytical Financial Reports,” unless otherwise indicated.

n/a s not avallable

{a)
{b}
{e)
{d)
{e)
(£)
(g}
{h)
(i)

Piscal year ending October 31, 1974.
Moudy's Investors Service, Inc,, Industrial Manual, 1975,

Revenue and eamings extrapolated fram 6 nonth data ending March 31, 1975,

Fiscal year ending May 31, 14975,
Fiscal year ending May 31, 1974.
Fiscal year ending June 30, 1974.
Annual Heport, 1974,

Fiscal year ending August 31, 1974,
Fiscal year ending March 31, 1975,
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TARLE 2-9

FACILITY PROFILE OF TRUCK-MOUNTED SOLID WASTE
COMPACTOR BODY MANUFACTURERS, 1974

Privuction Fagilitios

Facility
Hize Owned

Company Nane {Thousands or bt of Products Manufactured

of Syuaru Leased Brployees
Feet}

Canpay B n/a na 50 - Dunp truck beds, hoists, compactor
hoxdies,

Canpapy T (a) n/a n/a 450 - Contaitwrs, transfer stations, refuse
compactor Lodies, roll-off hoists, can
poctor trailers.

n/a n/a n/a - Stacionary packers.
107 n/a 350 = Transport trailers and containers.

Company U n/a n/a n/a n/a

Canpany V n/a n/a n/a n/a

Canpany W (B n/a na n/a - Prangport trailers, campacter trailers,
cavpactor bodies, transfor trailers.

Canpany X 29 L Fy) = Truck dealer and auto rupair.

Conpany Y n/a n/a n/a = lruck tanks and refuse conpactors.

n/a n/a nfu = Trailers, axles, brake shoes & doums.

Comprany % 200 na 1,100 - Containurs, refuse campactor bodles,
stationary compactors, roll-off hoiscs,
tramnsfor trailers.

n/a n/a nfa = Refuse cunpactors.

Conpany C 760 0 n/a - Truck tbxxlies and hoists, eanks, tanks
for trailers; refuse collection and pro-
cessiny eguipment, dehydrating machines,
naterial handling equipnent, and pul-
verizing and reclamation equipment.

n/a 1] n/a n/a
HO L wa n/a

Canpany AA 480 o na ~ Front loaders, side loaders, stationary
COmpactors.

Conpany b na L n/a - Refuse campactor bodies, stationacy
compactors & hydraulic 1ife gates,

194lel L n/a - Mechanized lifts, loading devices &
COMpictors.,
44 L nu =~ Hydraulic lift & refuse body mfg.

nfa = not available
Source: Dun & Bradstreet, Inc,, “analytical Financial Meports,” unless otherwise indicated,

{a) Annual Report, 1974 and interviews with compaiy Mahagefent.
{b) Moudy's Investors Servioce, Inc. Industrial Manual, 1975,
(e) Total manufacturing tacilities in Huntington Pack & Los Angeles, Californias 194,000

aquare feet,
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TABLE 2-9 (CONTINUED)

Production Facilities

Facility
Siza Owned
Canpany Name (Thousands or Number of Products Manufactured
of Square Leased Enployees
Feet)
Company BB 35 Q 45 ~ Refuse compactot bodies, containers,
roll-off hoists, portable & staticnary
canpactors, transfer trailers.
nfa n/a 130 ~- Refuse compactor bodies & contalners.
Company CC 16.9 0 14 - Refuse packer hodles.
Campany B 80 n/a 135 - Stationary refuse compactors, compacting
& transfer trailers, contairers, &
front loader ocompactors.
80 n/a 95 ~ Refuse compactors, refuse trailers, :
containers & front loader compactors. :
Company DD n/a n/a n/a - Refuse campactor bodles, contajners & i
transfer stations,
Compary EE 219 n/a n/a - Rail car auto shipping racks, refuse
compactor bodies.
Carpany FF 87 0 120 - Solid waste compactor bodles, contain-
ers & roll-off containers & hoists,
Campany 1(€) 196 L n/a - Dup bodies, containers and refuge
packer bodies.
Canpany GG n/a n/a n/a - Refuse compactor bodies, containers &
roll-off hoists,
Canpany Ha{d) n/a n/a n/a - Refuse compactor hodies.
Campany 1I k! 0 80 - Refuse compactor bodies, truck hoists
& miscellanecus truck modifications,
Campany J3 n/a n/a n/a n/a :l
Carpany KX n/a n/a n/a n/a
Company LL n/a n/a n/a n/a §
Canpany MM n/a n/a n/a n/a :
{c] #nmwal Report, 1974 and Form 10-X filed with the Securities and Exchange Commission, ;

1974, Pages 2, 3 and 9.
{d) Annual Report, 1974,
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bodies, hut favorahle irnwvestment incentives and labor climates have attracted

many plants to the Southeastern states.

In addition to packer hodies, the more common products manufactured ace
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 companies produce side loaders, Rody capacity ranges from
10 to 38 cubic yards. The most common size range is from 16 to
24 cubic yards.
Ten companies produce rear loaders. Body capacity ranges from
10 to 31 cubic yards. The predominant sizes are 16, 20, and 25
cubic vards.

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

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

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.

a.

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

™o firms shipped about 55 percent of all rear loaders. These
two firms in conbination with two others shipped about 80 per-

cent of rear loaders.

Ce

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

reqional area, by the cost to transport a hody and the body type usage pat-

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 national market.
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ThABLE 2-10

ESTIMATED) MANUPACTURER SHARE QF TRUCK-MUUNTED
FROWT LOADER SOLIL WASTE QUHPACTOR BODY SHIPMENTS, 1974

Percent of Total

Ho. of Firms Shipments
Three Firms 75%
Four Fions 20%
Four Fipns 5%
Total ﬂ

source: Field interviews with equipment manufacturers,

TARLE 2-11

ESTIMATED HANUFACTURER SUARE OF TRUCK-MOUNTED
SIDE LOADER SOLID WASTE COMPACTUR BODY SHIPMENTS, 1974

Percent of Total

No, of Figns Shipments
Three Firms 6l
Three Firms 30%
Three Fims _10%
Total 100%

Source: Field interviews with equipnent manufacturers.
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TABLE 2-12

ESTIMATED MANUFACTURER SHARE OF TRUCK-MOUNTED
REAR LOADER SOLID WASTE QCMPACTOR BOLY SHIPMENTS, 1974

Sources

No. of Firms
Two Fipms
Two Fims
Three Fimms

Three Firms

Total

Field interviews

L T A .
SR et A Fyctari

Percent of Total
Shijwnents

55%

25%

100%

with equipment manufacturers.
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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 eguipment.
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 manufacturers and packer bodies by sizes (as of 1974) is shown in Table

2-13, MNote the following ranges:

Front lcaders $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 chassie prices have increaged substantially}.

9. The estimated pricing structure for packer bodies is shown in Table
2-14. 'These estimates represent an overall average for all manufacturers,
distributors, end users and products., Some variation was noted in pricing
practices. Mote that average distributors and end user prices are 20 percent
and 12 percent off list price, respectively,

10, Manufacturer warranty provisions vary considerably. Typically, 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.9., municipal) purchasers through negotiation,

226
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FIGURE 2-7

ESTIMATED BODY MOUNTING PRACTICES FOR TRUCK-
FOUNTED S0LID WASTE COMPACTOR BODIES
{ PERCENT OF 'fOTAL NEW BODIES MOUNTED)

Source: Truck Body and Equipment Association, and field

interviews with equipment manufacturers,
distributors and end users.
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TABLE 2-13

RANGE OF SUGGESTED LIST PRICES OF SELECTED TRUCK-
MOUNTED SOLID WASTE COMPACTOR BONIES*, 1974

Equinmment Clasgification Overall
and Body Cubic Yard Capacity Price Range Average Price
Front Toaders $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 10,000 - 14,000
25 13,000 - 15,000

Source: Manufacturer price lists and interviews with manufacturers.

*Complete factory mounted units with standard equipment, exclusive of freight

and Federal Excise Taxes.
**Dees not include prices for products built and sold as an integral body and

chassis unit.
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Body
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Source: Truck Body and Byuipment bistributors Association, and field inter-
views with product manufacturers, distributors and fleet operators.,

FIGURE 2—8

TRUCK-MOUNTED SOLID WASTE CQUMPACIOR HODY
CHANNELS OF DISTRIBUTION, BASED ON MUTAL
NEW AND USED UNITS SOLD ANNUALLY

e L N N
ST e B R

2~29




TAILE 2-14

ESTIMATED PRICING STRUCTURE FOR TRUCK-
MOUNTED SOLID WASTE COHMPACTOR BODIES

Average Percent bDiscount

Purchaser QFff Suygested List Price
Bl User 12%
Distributor 20

Source: Field interviews with eguipment manufacturers, distributors and end
USers,

TABLE 2-15

PROFILE OF TRUCK AND TRACIOR PARTS AND SUPPLIES
MERCHANT WHOLESALERS, 1972*%

Characteristic Value/Quantity
Number of Firms 2,420
Sales Revenue $(Millions) 5 4,430
Averayge Sales Revenue/Fina §(Millions) $ 1.8
number of Paid Bnployees** 41,481
Averaye Number of Employees/Fimm 17
Payroll, Entire Year $(Millions) § 387.5
Average Payroll/Fion $160,000

Source: U.S. Department of Commerce, Bureau of tle Census, 1972 Census of
Whiolesale Trade", 1972, Page B.

*Includes distributors of solid waste compactor bodies and insulated-
refrigerated truck bodies and trailers.
**pror week including dareh 12,
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Truck Body Distributors

The estimated flow of new and used packer bodies is depicted in Figure 2-8.
Rhout ten percent of the packer bodies sold annually are rebuilt/reconditioned
units, sold by truck body distributors. The predominant pattern is for
manufacturers to use distributors to sell and deliver bodies to packer truck
fleet operators. Lleasing companies finance the purchase of about ten percent
of all units sold, mainly new bodies. Rental of packer body trucks is
neqligible.

A profile of all truck and tractor parts and supplies wholesalers is
shown in Table 2-15. This grouping of wholesaler distributors includes a
broad spectrum of product areas. Note that the total number of fimms 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 Bguipment and Body Distributors Association {Table 2-16) indicates

that:
1. There are approximately 500 fimms, with average annual revenue of

$2,5 million.

2. fThe distributors' scurces of revenue are approximately two-thirds

new eguipment and cne~thipd parts, used equipment and service labor.

3. The overall average gross profit on net sales is 23 percent, and operat-

ing and non-cperating 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.

2-31
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TABLE 2-16

PROFTLLE OF 'TRUCK FRUNTED SOLID WASTE
COMPACTOR BORY DISTRTIBUTORS, 1972

Median Value/Quantity

Characteristic
Huber of firms 500

Revenue Mix (Percent of Total)

liew Eguipinent 60-70%
Parts, Used Bguippent & Labor 30-40%

Financial Lata for Finn Averayed Across All Firms

Percent of Median
Net Revenue

Net Revenue $2,5 Million 100%
Cost of Goods Sold 1.8 nm

Gross Profit § .6 23

Operat ing Expenses 4 i)

Non-Operating Expenses - 1

Net Profit Before Taxes 5.2 _6

Net Profit After Taxes $.1 3%
Total Assets §700,000

Current Assets 580,000

et Worth 233,000

Non-Current. Assets 120,000

Source: Truck Equipment and Body Distributors Association, field interviews
with product manufacturers and distributors.
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TABLE 2-17

PRIMARY END USE MARKETS FOR TRUCK-MOUNNTEL
SOLID WASTE QOMPACIOR BODIES

End Use Market

Private Contractors
Manicipalities

Federal Government
Industrial Corporations
Other

Total

Percent of Total
Units in Qperation

60%

Source: Office of Solid Waste Management Programs, U.S. Enviropmental
Protection Agency, National Solid Waste lanagement Association,
"The Private Sector in Solid Waste Management. A Profile of
Its Resources and Cuntributions to Collection and Disposal,
Volume 2 - Analysis of Data”, 14872: U.S, Department of Commerce,
Bureau of the Census, "Census of Transportation, 1972, Truck
Inventory and Use Survey, 1972"; field interviews with product

manufacturers.
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1, 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 bhid.

Even though the operations of a private contractor are local in nature,
several conglomerated companies with 100 or more operating locations across
the country have evolved in the industry.

A profile of private contractors is shown in Table 2-18, In summaty:

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

b, These firms serve 27.3 million customers, operate /1,500 total
trucks and collect 685,000 tons of waste daily.

c. Operations of private contractors tend to be concentrated in larmge
metropolitan areas.

The truck equipment operated by private contractors is indicated in Table
2-19, Of the 61,500 trucks cocerated, 41,602 are packer trucks (primarily rear
loaders).

More than 90 percent of private contractor cust;)mers are residential, but
the total gquantity 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 more than 90 percent of commercial and industrial solid
waste, Private haulers serve 50 percent of all residential customers and
collect the same proportion of total residential solid waste.

The level of concentration within the industry is relatively low, in termms
of number of employees and packer trucks employed by the largest contractors

as compared to the industry totals.
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TABLE 2-18

PRIVATE CONPRACTORS, BQUIPMENT, EMPLOYEES,
CUSTOMERS AND COLLECTION TONNAGE BY METROPOLITAN
AREA POPULATION SIZE, 1970

Private Total Lployees Total ‘Ivucks® Tutal Custonmers  Total Daily Jonnage**
Contractors bienbir Humbe Numbe Number
Population Nuaber Percent  (Thousands) Percent (Thousands) Percent  {Millions) Percent  (Inousands) Percent
More Than 1 Million 4,456  44.58 60,5 59.1% 35,49 54,4% 15.8 57.9% 438,7 64.0%
S00,000-1 Million 1,311 13,1 15,1 14,4 u,2 13.3 3.8 13.4 111.7 16.3
250,000-499,999 1,498 14.9 11.1 .9 6.1 9.9 2.6 9.5 53.5 7.4
100,000~249,999 1,017 10l 7.0 G.b 5.0 8.1 2,5 9,2 35.6 5.2
50,000~99,999 149 L.5 1,1 1.1 .8 1,3 .3 1.1 6.9 L0
Less Than 49,999 1,596 15.4 7.5 7.3 5.5 4.0 2.3 5.4 39.1 5.7
Total 10,027 100.0% 102, 3% 100,01 ol,a*** Tou,0% 273 T00.0% BB5.5 100,u%
Average per Centractor 1.2 6.2 2,7 68.4

Source: Office of Soliu Waste Managenent Prograns, U.S. Environmental Pratection Agency, National Solid waste
Management Assuciation, "rhe Private Sector in Solid Waste Management = A Profile of Its Resources and
Contributions to Collection and Disposal, Volue 2 - Analysis of Data", 1972,

*Includes 41,602 conventional solid waste compactor bodies,
**Includes resideptial, commercial and industrial waste.
*wiadjusted to reflect rounding.

T e e e i T e e e R B ey e S e o, B b A v M e A b s s AT

rpeor

Ci R




TARLE 2-19

PRIVATE CONTRACTOR TRUCK BQUIPMENT
QUAPOSTTION, 197U

Thousands of Units

Bauipnent Type Number Percent
Front Loaders 1. 12,5%
Side Loaders 7.7 12.5
Rear Loaders 26,2 42.6
Open Non=-Packer 7.2 11.7

sSide Loader, Non-Packer - -

R11-0Ef Chassis 6.5 10.6

Hoist Type Vehicles 2.2 3.8

Other Collection Vehicles 4.0 _ 6.5
Total 61.5%  100.0%

Source: Office of Solid Waste Management Programs, U.S. Environmental
Protection Agency, National Solid Waste Manayument Association,
"The Private Sector in Solid Waste Management - A Profile of
Its Resources and Contributions to Collection and Disposal,
Volune 2 -- Analysis of Data", 1972.

*adjusted to reflect rounding.
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2. Municipal Fleets. The scope and nature of municipalities which providé

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

than 78,000 local governments, of which 35,500 are mupicipalities and townships
of 2,500 or greater population. Packer body manufacturers report that the
latter are the major purchasers of eauipment, especially municipalities and

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

governmental units (which account for approximately two-thirds of the popula-
tion within municipalities and townships) make these purchases. These
governmental units account for about 85 percent of governmental general
expenditures, and slightly more than 80 percent of the expenditures for
sanitation other than sewage.

pproximately 35 percent of the packer trucks in operation are owned and
cperated 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 cometitive bid 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 OF RESIDENTIAL CUSTCMERS
SERVED BY PRIVATE HAULERS UNDER
DIRECT CONTRACT AND GOVERNMENT FRANCHISE

Percent of Customers

Direct Contract 50.3%
Govemment Franchise 49.7
Total 100.0%

Source: "“The Private Sector in Solid Waste Management," U.S. Environ-
mental Protection Agency, 1973, vage 6.3,
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Truck Chassis Manufacturers and Dealers

Truck chassis manufacturers, through their franchised truck dealer
organizations, generally sell truck chassis to the fleet operator to be used
in conjunction with a packer body. 1In a 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 Naticnal Automohile Dealers Association, in Franchised New Car and

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

in 1972,

Raw Material and Camponent Suppliers

Products purchased from suppliers consist of roll and bar metals, and
general components such as power take-off units {PI0s), punps, cylinders,
i 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.

REFERENCES
Section 2

2=1. "Noise Control/Technology for Specialty Trucks (Solid Waste Compactors),”
polt, Reranek and Newman, Inc., BBN Draft Report 3249, February 1976,

2-2, 1Internal ONAC memoranda, July 11, 1979, summarizing information obtalned
in telephone calls to distributors.
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SECTION 3
TRICK~-MOUNTED SOLID WASTE QOMPACEOR SOUND LEVELS

SOUNL LEVEL MEASUREMENTS

Sound measurement testing was perfonmd on a total of forty-four
truck-mounted solid waste coipactors. For most of the tests, noise
measurements were made with the microphone located at 7 meters (approx-
imately 23 feet) from each of the four sides of the truck. 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
location.

Readings of A-weighted sound levels were taken during compactor
cperation to characterize both the maximum continuous ncise and impact
noise., The continuous noise, also dencted as "maximum steady noise
level," was read as the average or "central tendency" observed during
the noisiest segment of the operational cycle (ignoring impact sounds)
using the "fast" response setting of the meter. The noise due to
impacts between different components of the compactor mechanism, or
ketween containers {if used) and compactor 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 the
meter in "slow" response setting, regardless of whether or not there
were impacts.

All the data obtained are summarized in Table 3-2. The 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 continucus and maximum impact readings.

One rear loader (Vehicle Mo. 18 in Table 3-2) was measured with
and without guiet features, and is treated as two separate measurements,
one quiet and one conventional, This brings the total number of vehicle
measurements to 45, The number of measurements made in each category

are tabulated in Table 3-1.

TABLE 3-1

NUHMBER OF MEASUREMENTS
MADE IN EACH COMPACTOR CATEGORY

Load Number of Number of Number of Numbet of Number of

T™Vpe Measurements Conventional Quieted Diesel Gasoline

Rear loader 35 21 14 13 22

Front loader 6 5 1 5 1 '
Side loader 4 ! 3 3 2 :
TOTAL 45 27 18 21 24 f

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-Weighted Noise Levels at 7 meters or converted to 7 meters)

Aaximum Maximum Maximun

Continuous (Fask) Impact {Fast) (Slow}
vehicle Bady Quiet/ Enecyy Cycle SEL Energy  SEL Energy  Remarks
Number  Hige. load Fuel Cony,  Avg. Tine g, g,

(dBA)  (soe)  (diA) {dBA)  (duA) (dA)
1 Iy RL Y Q 74 ki) 7.5 10 75 76 -
2 A RL G c a7 12 94,5 d9.§ E] [iF:] 2000 vpm
3 i} SL 5 o] 7 10 84 noRe -_— 76 Pront PTO
4 c ¥l o] c T4 kL] i} 86 85 u2 Lifeing
5 8] . G c 4 20 87 89 74 a3 -
oar E sL [ c m” ) B4 84.5 40 81 Sweep | AUX.,
th E SL G c i 75 95 H4 9 Bl Pack | Engine
7 E WL G [ T 17 [i1:] 94 82 ke 1 point meas,
Ha* P FL 3} [ 43 qu 92 BY Hu 91,5 pup 1Y opt,
Hh F FlL, s} c 45 qu 100 9y 93 - Compact  meas.
9 F AL 4 c Ty 16 96 8o u? ] 50 £t + 6 dB
v G RL n c 80 25 94 u7.5 66 H3 50 fr + 6 dis
1 G FL, ] C H3 - -~ nene - 845 5 £t + o dB
12 H Rl b C o7 - - 93 - 88 U tt + 6B
13 il FL D < 87 i 100 97 97 42 50 fe + 6 du
14 1 RL ] c 79 U 45 4 - L} —_
15 I RL D c 42 —_ - 82 - 86 1 point meas.,
1o F rl & [of 45 20 - 94 -_ - ! point meas.
17 I RL L C : '} 41 ~ HS - 84,5 1 point moas.
HELLY J G c ] - - — - — 1 point moas.
Tob*w J RL G Q 67 - -— - - - 1 oint mas,
1y J AL Y i ¥ | ) a1 b4 79 9 Flyvheel PIO
20 F RL G C 80 0 90 42 84 a0 Trans. PIO
21 I ' A o] Q 13 27 85 03 8 74 Flywheel FIO
22 F RL [ 4] 74 25 a7 75 64 kL] Flywheel PO
23 J AL 4] Q 4 0] 82 74 3 - Front PIO
24 I REL G s} 7% 24 87 79 79 -- Frant P
25 K AL G C 76 Cont, == none —_— -—_ 0m+ 3de
26a H RL D c bE - - - - - Fackim
260 H RL n c 78 - - - -_— -— Ejecting
27 1 HL. G o 9 -~ - -— - - 3 point meas.
28 H wh B c k! - -~ - - -— 3 point meas.
29 J RL o [» 9 12 — a8 —— B2
30 J R4 G Q .5 2] - a5 - .73 Flywheel PID
3 F RL o] c ™ A4 R 81 -~ 79
32 L 8 o] c 75 34 - 83 - 73
a3 J KL G Q 7% 18 - 0.5 - 45 Flywheel PIO
34 F RL D C 7 24 - 62 - 79
35 P 19 b C 75 24 - u2 - 77
Jsan c . & Q¢ 74,5 -~ B9 - 04 Loading
36 [ rh G Q 73 55 - T4 - 4 Compacting
kr J RL D C 79 " - b7 - 82
3u A .G Q 76 - - kil -~ 79
39 A RL G Q 70 - - ki - 74 Frant PTO
au A RL G 4] 5 -— - i} - 77
41 A R G Q BH - - Hu - 75 Frent P10
42 I WL D Q 706 40 -— 81 - - Trans, VIO
43a n SL V] [+ V3 36 - nong == -_— w/o override
L L B SL b Q 83 b - none _— - owrride
44 b s b Q 77 | - kLl -- - auk. engine

"These moasuroients were noC ussd in the statistical analysiu because they do not represent

moise emisalons of the compaction oyele,

wiyhisle 18 wag measured with and without guiet features and is treated as two wehicles.,

KL = Rear Loader
8L = Side Loader
FL = Front loader

Saurce; Reference 3-1, EPA/ONAC measurements in New York City, EPAVNEF measurenents in San

Franciseo.
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MAXIMUM CONTINUOUS
{FAST)

45 VEHICLE MEASUREMENTS

NUMBER OF VEHICLE MEASUREMENTS

70 80 a0 100 dBA

MAXIMUM IMPACT
(FAST)

36 VEHICLE MEASUREMENTS

L,

70 80 90 100 dBA
MAXIMUM (SLOW)
32 VEHICLE MEASUREMENTS
I 1 | ' ] J
70 80 90 100 dBA
FIGURE 3-1

HISTOGRAMS OF ALL MEASURED TRUCK-MOUNTED SOLID WASTE COMPACTORS

Source: Table 3-2.
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FIGURE 3-2

HISTOGRAMS OF REAR LOADERS

Source:

Table 3-2.
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FIGURE 3-3
HISTOGRAMS OF FRONT LOADERS
Source: Table 3-2.
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FIGURE 3~-4
HISTOGRAMMS OF SIDE LOADERS
Source: Table 3-2.
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Table 3-3 summarizes the noise measurements of front, rear and side
lcaders in terms of the mean level and standard deviation. From these
data, it can be seen that the noise levels of front loaders are higher
than those of rear loaders. The additional neoise of front loaders can
be attributed to lack of speed control of the engine and the banging of
the container on the anmps of the loader. Although the three side loaders
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
conventicnal 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 HISTORILS

Figure 3-5 ghows the tlme 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. There is usually an impact
at the end of each phase due to the bottoming of the hydraulic cylinders. i

The time history of a front loader (Figure 3-6) shows the noise level
during the loading cycle due to variation in engine speeds. There are
nuierous impulses due to the banging of the container and closing of the
cover during the dump cycle. Fewer peaks occur during the conpaction
phase (additional time histories are shown in Exhibit 3-2 at the end

of this Section).



TABLE 3-3

SUMMARY OF NOISE LEVEL DATA
(dBA at 7 meters)

maximum Continuous Noise Level (Fast)

Load Number of Mean Standard
Type Measurements Leviation
All Vehicles 45 77.5 4.29
Rear Loaders 35 7.0 4,39
Front Loaders 6 82.0 5.18
Side Loaders 4 4.5 2.65

Maximum Impact Noise Level (Fast)*

Ioad Number of Mean Standard
Type Measurements Deviation
211 Vehicles 36 84.4 5.23
Rear Loaders 29 83.6 4.51
Pront Loaders 5 90.0 9.62
Side Loaders 2 81.0 4.24

Maximum Noise Level (Slow)

Load Number of Mean Standard
Type Measurements Deviation
All vehicles 32 B0.5 4.51
Rear Loaders 26 80.3 4.06
Front Loaders 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.

Source: Table 3«2,
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THBLE 3-4

SUMMARY OF NOISE LEVEL LATA BY LOAD TYPBE
(dBA at 7 meters)

Maximum Continuous Noise level (Fast)

Load Conventicnal Number of Mean Standard
Type or (uieted 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
Front Loader Quieted 1 73.0 —
Side loader Conventional 1 76.0 —_
Side Lloader Quieted 3 74.0 3.00

Maximum Noise level (Slow)
Load Conventional Number of Mean Standard
Lype or Quieted Measurements beviation
Rear loader Conventional 16 82,0 3.30
Rear Loader Quieted 10 77.5 3.75
Front Loader Conventional 3 B6.3 5.13
Front Loader (uieted 1 74.0 -—
Source: Table 3-2.

TABLE 3-5
SUMMARY OF NOISE LEVEL DATA BY ENGINE TYEE
(dBA at 7 meters)
Maximum Continuous Noise [evel (Fast)

Engine Conventional Number of Mean Standard
Type or Quieted Measurements Deviation
Gasoline-Powered Conventional 10 78.7 3.63
Gasoline-Powered Quieted 14 73.6 3.42
Liesel~Powered Conventional 17 80.7 3.90
Diesel-Powered Quieted 4 1.5 3.1

Maximum Noise Level (Slow)
Engine Conventional Number of Mean Standard
Type or Quieted Measureinents Deviation
Gasoline-Powered Conventional 6 B2.0 3.22
Gasolime-Fowered Quieted 11 77.2 3.7
Diesel-Bowered Conventicnal 14 82.8 4.04
Diesel-rowered uieted 1 76.0 —_—
Source: Table 3-2,
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Source: Reference 3-1.




Fiqure 3-7 shows the time history of an operational passby of a
quieted side loader with the engine governed at 900 rpm. 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 cans and
containers during loading (B0 dBA metal and 77 ABA plastic); noise of the
compaction cycle {75 dBA) combined with several impulses due to impacts
between trash and compactor 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
compactor, identified as a major noise source, The other chassis-related
noises generally are covered by the Medium & 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 SCURCES

Camponent Sound Levels

EPA considered in detail the diagnosis of noise sources of a rear-
loading solid waste compactor truck. 'The noise sources identified were:

(1) Truck chassis
{2) Transmission power take-off (PTO)
(3) Hydraulic pump
i (4) Compactoer body (when isolated from the chassis).

3-13
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Table 3~6 gives the measured noise levels of each of these components
on a typical vehicle. ‘his particular tiuck 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 1050
em and electric switches reversed the hydraulic cylinders, rather than
allowing them to botton. Very little noise came from the compactor body
itself. No significant noise came from the hydraulic lines, valves, or
moving parts on the body., Most of the noise came from the chassis and
power take-0ff, and some was from the hydraulic punp.

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
the engine speed of the chassis and with and without the power take-off
engaged, Many tmucks cycle at engine speeds up to 1800 rpm. It is
apparent that substantial noise reduction can be achieved by reducing the
truck engine speed during cycling.

Figure 3-9 shews the spectral contributions from the various major
noise sources. Low freguency noise comas Erom the engine, while the
hydraulic punp generates two pure tones at 125 and 250 Hz, High frequency
noise is due entirely to the transmission power take-off, which mdiates

sound both directly and through vibrations in the chassis frame.

Truck Chassis Noise

.

It is clear from the previous section that the noise from the chassis
contributes to the overnll noise of the truck-mounted solid waste compactor.
EPAx has set a not-tc~gxceed noise level of 83 @uh (at 15.2 meters, or 50 feet,

in a passby test) for the chassis in the regqulation for medium and heavy

315

N A b il s B Ve T R e . . S -
al e T U L S W A e D2 ad i il By e Bl LT e R




TABLE 3-6

NOISE CONTRIBUTIONS
SPL (dBa at )

Energy
Right Left Front Rear Average
Chagsis 64 64.5 63 63 64
Power Take-off  73.5 72.5 72 68 72
{PIO)
Pump 64 62 58 61 62
Body* <65 <60 <65 {65 -
Total 76 75 72.5 70 74

*Noise levels dominated by PIO over 100 ft away.

Source:

Reference 3-1.

SPL AT 7M™ {dBA)
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FIGURE 3-8

TRUCK CHASSIS AND PIO NCISE

Source: Reference 3-1.
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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
wm. 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 rpm) 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 emyine 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 hy the mathematical
model for trucks regulated at 83 dBA, 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

318



6T-£

ga|—
75—
DIESEL ENGINES PREDICTED DIESEL
B
r~ —— -
M - - z
- — — -~
3 P //_,/-" - -
g
2 2 %
5 = - .
@ g -
] - /’
W 65— - -
“ - -
g - -
—
-~ —
~
.
L GASOLINE ENGINES
B0 {=— /
-
~
500 B00 1000 1200 1400 1600 1800

ENGINE SPEED {RFMI

FIGURE 3-10

CHASSIS NOISE LLVELS AS A FUNCTION OF eENGINL SPEED
(Trucks regulated to meet regulatory 83 diA level)

Source: Chassis noise data from three chassis manufacturers.




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 hy the model.

SAN FRANCISCO NOISE DATA

Noise measurements have been reported on truck-mounted solid waste
campactors operating in the city of San Francisce. The San Francisco
noise data were not gathered under the controlled conditions or meth-
odology used in EPA measurements, and therefore are not comparable to
the other data in this report.

One hundred and fifty-two noise measurements (Exhibit 3~1) 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 based 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 summarizes data for two scavenger fleets, EBEven after this
correction, the San Francisco measurements were significantly higher than
those reported by EPA in Table 3-1.

Table 3-8 :.ﬁnpares 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 maximum continuous
level are generally as high or higher than the EPA level, even though the
San Francisco measurements were made twice as far from the truck. The major

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

SMMMARY OF SAN FRANCISQD NOISE MEASUREMENTS
(dBA at 50 feet from rear of compactor)

Maximum Continuous Noise Level aAverage of 3 Highest Peaks

Fleet  Nunber of
Vehicles Mean Standard Deviation Mean Standard Leviation

A 57 75.35 0.51 78.32 0.32

B 95 76457 0.36 8l.08 V.32

Source: Reference 3-1.

TABLE 3-8

NOISE LEVELS OF SAN FRANCISCO COMPACTOR TRUCKS
(dBA at 23 feet and 50 feet)

Haximum Continuous Noise level Maximum Impact Noise Level
Operator Vehicle 5an Franclaco an Francisco P!

PR
Mumber (50 ft) tadjusted) (23 fr) (50 ft) (adjusted) (23 ft)

TR e i e e, e

Sunset X43A 7 83 3 at 87 eg
Sunset 294 78 a4 76.5 81 a7 85
Sunset 21A M 80 T 19 85 86
Sunzet 51 a0 B6 75.5 a3 85 18.5
Golden Gate 29 k2] 79 % 78 B4 a2
Golden Gate 1 — —_ T2 - - a0
Sunget G1A 79 85 ki 83 B9 84
Colden Gate 26 72 76 75.5 B0 86 89
Sunset T4 a a7 9 86 92 a3
Sunset 23A 82 88 75 B7 92 BB
Golden Gate 33/34 - - 78 — - 95
Sunget ES 79 a5 T74.5 82 8a 85
Sunset 59n 78 84 73 8 84 85
Sunset 43N 77 B3 76 81 a7 B9
Sunget p? — - 4.5 -— —_ 83
Siunset o7 - - 3 - - T4.5

Source: References -1, EPA/NEF Measurements In San Francisco.
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reverberation, San Francisco has many narrow streets with row housing, which
cause a reverberant huild-up of noise. The higher correlation between San
Francisco and EPA data for the maximum impact levels supports this theory of
reverberation., Impact noises are of short duration and do not experience
significant reverberant build-up. Therefore, the narrow streets and row
housing in San Francisco cause an increase in the maximum continuous level

readings but do not affect the maximum impact level readings.

SOUND LEVEL DEGRADATION

There are two general causes of degradation: (1) increase in the
noise emission of individual components; and (2) decrease in the effi-
cacy of a noise control treatment.

The sources of noise on a truck-mounted sclid waste compactor which
are subject to degradation are the truck chassis (engine casing, 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 emyines 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 gascline engines is
half that of diesel engines, Waste compactor truck 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

AVAILABLE DATA ON NOISE DEGRADATION FOR TRUICK-MOUNTED
SOLID WASTE COMPACTORS REGULATED AT 78 dBA {7 meters)

Noise nregulated Regulated Reduction Noise Source Available Data on Sources of Data Treatment  Treatment
Source Nolse level Noise level of Noise Degradation Source Degradation on Degradation to Comply Degradation
{dBA} (dBA) {dHA)
Chassis 80 75 5 for trucks at =DOr quiet truck =-DOT quiet reduce none
=Engine 83 dBA: £ield tests truck reports engine
=Exhaust (diesel at {diesel at —engine-source ~engine useful life -ergine mfgrs. speed
-fan 1750 rpm} 1750 rpm) and treatment ~engine warranty ~mulfler mfgrs.
-exhaust muffler -muffler useful life -oanpactor users
PIO 79 (noise fram - degradation does =-PTO useful life -conpactor users  replace nane
Elywheel ot not affect over- ~PIO watranty trans, PTO
front PTO not all level unless with front
significant) PIO falls or flywheel
IO
Pump 68 64 ] degradation of —punmp useful life
ety ol ~pump warranty -compactor users  hone —

{estimated from
64 dBA at 1250
oo using 30 log
of punp speed)
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Department of Commerce data indicate an average annual mileage of
12,200 miles for all compactor wehicles. Front loaders used in commer-
cial trash pickup are driven 15,000 to 25,000 miles per year, while rear
and side loaders 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 overhaul.

Chassis noise from waste compactors eguipped with gasoline or diesel
ergines is not expected to degrade significantly over 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 ergine truck. If the emgine speed is reduced, engine
wear may be reduced also, resulting in less 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 {Ref. 3-5)
and can easily be replaced if necessary. Replacing the transmission PTO with
a flywheel or front PTO reduces the noise level of the PTO to an insignificant
level, so that degradation can be ignored, Also, since alignment of gears
will probably be better for front or flywheel PTOs than for transmission
PT0s, gear wear should be less and, therefore, PTO nolse degradation less,

The rnoise treatments of reducing engine speed and replacing the
transmission PTO with a front or flywheel PTO are not expected to decrease
in efficacy. Therefore, the chassis noise degradation will prcbably

dominate waste compactor noise degradation.
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Noise Degradation of Quieted Trucks

The noise emissions fram two International Harvester DUI' Quiet 'rucks
with initial noise levels of 80 dBA (low encugh to comply with the B3 dBA
regulatory level) increased by 1 dBA during the £irst 150,000 miles of
normal use (Ref. 3-2)}. Two DOT Quiet Trucks with noise levels of 7B ABA
{low enough to comply with the 80 dBA requlatory level) demonstrated
reductions in their initial noise levels after 90,000 miles,

bhen chassis nolse is reduced to a level below B0 dBA, the noise
fram the hydraulic pump becomes a significant factor in compactor noise
degradation. Pumps are warranted for six months and generally last one

to two years during normal use (Ref, 3-6).
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Having Reduced Noise Emissions, ™ Truck Noise IV-G Report
No. DOP-TST-76~42, December 1975,

3-3, ‘Telephone conversation on 24 May 1977 between C. Burroughs of
BBN and Chris Kouts of EPA/ONAC.

3-4. Telephone conversation between Fred Mintz of EPA/ONAC and Allen
Berger of Browning-Ferris Industries.

3-5, Gene E, Fax and Michael C. Kaye, "The Economics of Quieting the
Freightliner Cab-Over-Engine Diesel Truck," Truck Noise III-D,
Report No. DOT-TST-75~22, October 1974,

3~6. Telephone conversation on 22 June 1977 between C, Burroughs of
BBN and John Waite of Heill Company.
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NOISE EMISSION TESTS MADE ON SAN FRANCISCO CIUY ‘TRASH TRUCKS*

Source:

Vehicle No.

3y
5-3
5-4
5

35
36
40
41
42
43
44
46
48
23
23
24
25
27
26
27
28
29
3147
3z
33
1u
12
1l
14
i5
le9
169
1720
1720
1720
1830
19
20
21
21
22
F2
F5
2

*Measurements made at 50 feet on city streets

Reference 3-1.,

EILIT 3-1

Compacting {dBA)

80.0
73.0
69.0
86.0
71.0
73.0
74.0
7600
70.0
75.0
74.0
71.0
75.0
75.0
75.0
76.0
78.0
78.0
72.0
T8.0
76.0
73.0
75.0
78.0
2.0
75.0
7.0
71.0
73.0
73.0
74.0
75.0
73.0
73.0
71.0
75.0
75.0
70,0
72.0
74,0
73.0
86.0
77.0
79,0

Crushing Spikes (dBA)**

85.0
75.0
70.0
87.0
72.0
73.0
79.0
79.0
72.0
75.0
74.0
72.0
83.0
81.0
75.0
78.0
80,0
79.0
73.0
79.0
76.0
74.0
75.0
79.0
86.0
77.0
82,0
75.0
73.0
73.0
75.0
78.0
73.0
76.0
71.0
75.0
77.0
73.0
76.0
76.0
74.0
87.0
78.0
79.0

84.0
76.0
70.0
88.0
74.0
74.0
80.0
80.0
72.0
77.0
75.0
74.0
84.0
Bz2.0
76.0
77&0
82,0
80.0
78.0
79.0
76.0
76.0
8.0
42,0
86.0
78.0
82,0
75.0
73.0
73.0
76.0
79.0
75.0
76.0
74.0
75.0
8l1.0
74.0
76.0
76.0
80.0
87.0
79.0
80.0

84.0
75.0
70.0
88.0
75.0
75.0
8l.0
80.0
76.0
177.0
81.0
77.0
85.0
B83.0
8l.0
83.0
85.0
80.0
80.0
B0.0
77.¢
78.0
8l.0
84,0
89.0
78.0
83.0
78.0
75.0
74.0
77.0
79.0
81.0
77.0
75.0
79.0
84.0
73.0
78.0
81.0
85.0
88.0
80.0
80.0

**Maximun noise spikes associated with the normal operation of the wvehicle.
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NOISE EMISSION TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

EXHIBIT 3~1 (Continued)

Vehicle No. Compacting (ABA)

41 77.0
¥4 74.0
P4 71.0
411 83.0
4M 76.0
X5 75.0
6 73.0
7 79.0
X7 83.0
X8 67.0
8 74.0
9 77.0
10 77.0
68 78.0
704 76.0
728 75.0
74A 81.0
744 81.0
758 78.0
758 79.0
76A 80.0
49A 79.0
787 79.0
79 78.0
794 77.0
71A 86.0
73a 78.0
783 82.0
g 85.0
633 80.0
63A 80.0
67A 73.0
6BA 78.0
68A 80.0
57A 77.0
5BA 82.0
59A 78.0
60 75.0
61a 79.0
627 77.0
628 73.0
64A 76.0
64A 78.0
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Crushing Spikes (dBA)

78.0
75.0
78.0
83.0
76.0
75.0
78.0
80.0
83.0
68.0
80.0
77.0
79.0
78.0
75.0
79.0
81.0
85.0
80.0
79.0
80.0
79.0
81.0
79.0
78.0
87.0
79.0
82.0
B5.0
81.0
80.0
76.0
79.0
83.0
78.0
42.0
78.0
76.0
80.0
80.0
73.0
80.0
79.0

78.0
76.0
80.0
84.0
76.0
77.0
79.0
B1.0
84.0
0.0
82.0
78.0
79.0
79.0
77.0
82.0
82.0
85.0
81.0
80.0
80.0
80.0
81.0
79.0
77.0
87.0
80.0
82.0
85.0
82.0
82.0
77.0
84.0
84.0
79.0
84.0
78.0
76.0
81.0
82.0
75.0
81.0
79.0

80.0
77.0
80.0
86.0
77.0
77.0
82.0
83.0
85.0
71.0
84,0
79.0
80.0
81.0
78.0
83.0
84.0
86.0
81.0
82.0
83.0
80.0
81.0
79‘ 0
77.0
89.0
87.0
B3.C
B6.0
82.0
83.0
79.0
85.0
85.0
80.0
85.0
78.0
77.0
81.0
88.0
75.0
81.0
80.0

ol P L e e Lo s e e L
L L g

et



EXHIBIT 3-1 (Continued)}
NOISE EMISSION TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

Vehicle No. Compacting (dBA) Crushing Spikes (dBA)
658 g84.0 84,0 85.0 86.0
664 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
40A 87.0 50.0 80.0 20.0
1A 80.0 83.0 B4.0 86.0
42a 78.0 78.0 82.0 83.0
434 77.0 80.0 81.0 81.0
442 80.0 80,0 B2.0 B84.0
454 75.0 77.0 78.0 80.0
46A 88.0 94,0 96.0 g97.0
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
514 82.0 84.0 85.0 g6.0
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 B6.0
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

2n 74.0 74.0 78.0 79.0
X2 78.0 79.0 79.0 80.0
34 78.0 8.0 79.0 79.0
4A 75.0 77.0 77.0 77.0
4A 75.0 77.0 78.0 79.0
5h 78.0 79.0 82.0 81.0
Xé6A 78.0 78.0 79.0 79.0
158" 75.0 75.0 75.0 76.0
16A 840.0 82.0 84.0 84.0
17A 80.0 80.0 g2.0 88.0
18A 82,0 84,0 B4.0 85.0
194 79.0 83.0 . 84.0 84.0
19A 81.0 81.0 82.0 82.0
204 86,0 87.0 87.0 87.0
214 74.0 78.0 78.0 79.0
223 80.0 81.0 B1.0 81.0
23A 82,0 82.0 84,0 87.0
24A 84,0 85.0 86.0 86.0
280 75.0 78,0 79.0 80.0
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NOISE EMISSION TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

EXHIBIT 3-1 (Continued)

Vehicle No. Compacting {di3a)
277 76.0
27A 79.0
297 78.0
308 78.0
32A 78.0
34A 77.0
36a 78.0

97 80.0
38A 82.0
37a 80,0
I7A 81.0
38a 77.0
14a 75.0
13A 71.0
127 71.0
114 67.0
10A 77.0
aa 68.0
X7A 79.0
L7A 78.0
X7A 80.0
A 75.0
X6A 81.0

h s Mkl £ M 8 b, P e Wt s Pk b il i Ly
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Crushing Spikes (dBA)

1.0
80.0
79.0
78.0
78.0
79.0
78.0
80.0
82.0
82.0
83.0
77.0
78.0
71.0
72.0
72.0
79.0
70.0
79.0
80.0
83.0
78.0
80,0

79.0
81.0
79.0
79.0
79.0
79.0
79.0
80.0
83.0
83.0
83.0
77.0
80.0
71.0
72.0
73.0
80.0
71.0
79.0
82.0
84.0
78.0
81.0

80.0
82.0
81.0
80.0
80.0
79.0
79.0
81.0
83.0
88.0
83.0
80.0
8200
77.0
74.0
74.0
82.0
71.0
82.0
82.0
89.0
78.0
83.0
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EXHIBIT 3~2
VBUICLE TIME HISTORIES: "SLOA" METER RESPONSE

The following figures show the time histories of the compaction
or loadiny cycles for eigihteen (1d] of the vehicles listed in Table 3-1.
These histories were recorded on a Graphic Level Recorder (GLR) with
a writing speed of 16 my/sec and a chart speed of 3 mn/sec. This roughly
corresponds to an averaging time of 0.5 sec or a "slow" meter response,
The equivalency is only exact, however, for a 4 dba sound level spike.
A larger spike will cause the GLR to read lower than the sound level
meter and a smaller spike will cause it to vead highec.

‘Mmese time histories give an indication of how the sound levels
{in "slow" weter response) of the vehicle noise emissions vary throuwhout
the compaction cycle. They indicate the maximum level at one microphone
position for the identified vehicle; the four-position eneryy average

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 essentially 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 methodolcgy.

Perhaps the most important feature of a measurement methodology is its
correlation with environmental impact. It is not necessary that levels
acquired in a standardized way be identical to those observed under ordinary
operating conditions. Wwhat is important is that standardized data enable one
to correctly predict environmental levels. The conseguences 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. Those in Category II fail the test and are environ-
mentally objecticnable. However, one may presume that some of these will be
quieted to the point where they pass the test but are still environmentally
objectionable; others will be guieted at scme nheedless expense beyond the
point where they are of concern. Similarly, all sources in Category III will

be guieted needlessly, i.e, they fail the test but are environmentally

4-1




acceptable. Category IV sources will not be guieted, since they passed the
test and are envircnmentally acceptable.

In practice, the shortcomings of standard test procedures are inevi-
table, but may be minimized. Figures 4-1 shows 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 major objective 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 LEVEL
ﬁ A

[ ] L]
DESIRED . /;/f
LEVEL OF .
ENVIRON, . -
CONTROL A

i
i o
REG.  TEST REG.  TEST
LEVEL STD (b) LEVEL  STD
ta) LEVEL 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. Alsc, the methodology should be easily performed by
enforcement personnel who may test at a manufacturer's facility and/or at
a special test site.

Finally, repeatability is obviously desirable. A test which is
nonrepeatable, that is, one which does not produce the same results
when run more 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 characterization. Such
a procedure can increase the cost and effort of testing by an order of

magnitude and must therefore be avoirded.

60— pe————— [ttty uingttlge
5 10 15 20 25 30 35 40
Time (sec)
FIGURE 4-2

TIME HISTORY OF THE A-WEIGHTED SOUND LFVEL MEASURED 50 FEET TO
THE LEPFT SIDE OF A FRONT LCADER

Source: Reference 4-3.
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NOISE CHARACTERISTICS

Before proceeding to specific requirements, it is useful to congider the
noise profile of a solid waste compactor. Figure 4-2 shows a time history of
the A-weighted sound level measured 50 ft. to the left side of a front loader.
The first part of the trace is measured during the dump cycle, the second during
a sweep cycle. 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 Methodologies

Measurement methodologies are comprised of three parts: (1) specifica-
tion of operating conditicns, (2) establishment of measurament criteria
(e.g., whether to use A-weighting, B-weighting, ete.,) and (3) specification
of test site and instrumentation.

1. Orerating Conditions

Two primary factors of concern are the specification of canpactor load

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

control devices.

4-4
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2. Conpactor Load

A duecision nust be made as to what Lload will be pluced in bBhe hopper ot
the conpactor truck when its nolse is belny weasured.  Suggestions have ween
made that a standard load should be used, This load coubd consist of papeer,
garbage or bottles, tHowever, any such load will inevitably vary Erom one
sample to another and not b reproducible.  ‘the sawple could hot even be used
twice in the same truck since it would change on beiny compacted the ficst
time. Accordingly, the only repraducible load that could be devised would be
no load, Although an empty bopper does not precisely simulate actual loads,
it does provide o constant baseline against which all trucks can be cowparcd.
3, Emygine Speed Control

It is dusirable to make sowe provision Lor specification of engine spetd
for trucks, such as front loaders, wiidch are not nobally equipped with
engine speed control devices, At least three possible approaches for doing
this arve:

o specifying an engine rpm in the regulation

el requiring that the dump or compaction cycle lx perfomsed within

the time limits published in the munufacturer's advertisuwents

o] specifying the operation of the eiyine at waximun allowable engine

or punp rm, whichever is lower.

It does not seom appropriate to specify a fixed engine tpm.  Such a
i specification would be a counter-productive constraint on manufacturers whio

wish to achieve noise control without compranising performmance by minindzing

.

engine speeds and using high capacity pumps.
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Tha sowond aporcoach, requicing Ehat omerational eycle times confown to
adyertisod valieg, had sone mepit,  Howover, the obvious aroblems are khat, on
onr hanel, ayela kimes are not aldvertised for all vehicles and therefore would
not be roaunlated; on the nther hand, mamifactucers might ceass such advertize-
ment if their nublication 1ed to exesssive noise control prohlems,

The third technicue, smecifying overation at the maximum speed allowed by
tha manufackurer, also has positive and negative akkributes, It could he
arguad that engines or pumps are rarely opecated abt maximua 2llowsd speeds,
Howevnr, compackor operators are wotivated to oparake dunp and conpaction
ayeles as auickly as possinle to minimize the route—collection time, In fact,
there have been cases of operators changing engine speed control settings for
this purpone. Furthermore, testing at maximum allowable speed is consistent
with many induskry practices. SAR test procedures typically specify maximun
acceleration/maximun smeed conditiong. Therefore, the Mency concluded that
cnmpactors without mechanical speed controls should be tested at the maximum

angine or pump rpm allowed Ly the wmanufacturer,

Measurement Criteria

The key measuremant problems relate to proper instrumentation, dekecmina-
tion of the appropriate noise lovel reading, the numbxer and location of the
microphone positicons, and the method of combining khe lzvel readings at the
various locatieons tn chtain a suivahle average level,

1. Weighting Scale

The first question concerns which waiqhting scale, if any, to use in

taking the reading. Several srales have been proposed, 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 mumber,

the subjective perception of intensity, or loudness, of noise., As explained
in the EPA "Levels Document” {Ref., 4-4) the A-~weighting scale has been
selected by EPA as the appropriate metric to use in evaluation of noise
impact and for assessing all sources of noise. Conseguently, the
A-weighted sound level (also referred to as "noise level), is the

gquantity to be observed and reported in making neise measurements of
truck-mounted solid waste compactors.

2. Meter Response Setting

Ot iginally, the measurement technique used by EPA in obtaining the
noise levels of compactors entailed two separate readings: one of
"maximum steady" level, intended to represent the essentially continuous
noise emissions of the compaction machinery; and the other of "impulse"
noise, intended to characterize the occasional abrupt sounds associated
with impacts between individual components 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 "maximum 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 collection vehicle
during compaction continuously fluctuates in level by several decibels. Thus,
the reading taken by any ohserver was dependent both on his concept of "maxi-
mum steady" and his subjective estimate of which position of 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 procedura: use of the "slow" meter setting instead
of the "fast" setting; and taking a single veading of the maximum level shown
on the meter, rather than a "maximum steady™ reading (which implied some type
oF average reading) and a "maximum impulse” reading., With respect to impulse
noises, all of the tested vehicles that had impulse peaks in "fast" response
of less than 83 dBA showed maximum values under 7% 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 thak 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 alsc was given to other methods of reducing the uncertainty
of the meter reading, such as use of an integrating/averaging sound level
meter, alsc known as "qu meter," Although this approach has potential
mexrit, it has not been specified in the test standard because of the lack
of a national or internaticnal 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 arcund the vehicle,
requiring noise measurements at various locations. Drive train equipment
such as the engine and fan are located at the front. PIOs and pumps are
on the side, as are auxiliary power plants. Noise-producing hydraulic
rams are 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 wvehicle,

4-9
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The total noise emission of the compactor wehicle is obtained by taking

an energy average of the four noise level measurements. Mathematically

speaking, this energy average is calculaterd by averaging the antilogarithms

of the levels measured on the four sides of the compactor and then taking the

logarithm of the result.

EPA MFASURFMENT METHOD

Based on the foregoing considerations, the following measurement

methodology has been adopted.

Instrumentation

The following instrumentation shall be used, where applicable,

for the measurement required,

1.

3.

A precision sound level meter which meets the Type 1 require~
ment of the American Natlonal Standards Specification for
Sound Level Meters, S1.4-1971,

As an altemative to making direct measurements using a

saund 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-
ments of the Society of Automotive Engineers (SAE) Recommended
Practive J184, Qualifying a Sound Data Acquisition System,

A sound level calibrator with an accuracy of +0.5 dB.

A microphone windscreen may be used provided that its effect
on the "A" weighted sound level is negligible under zerc wind
velocity conditions for the type of noise source being
measured.

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 approximately 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 metera {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 wvehicle.
The measurement area shall, as a minimum, extend from the microphone to

the farthest extremity of the truck or trailer., The area shall be surfaced

with oonerete, asphalt, or similar hard material, and shall be free of
povdery snow, grass, loose soil or ashes, or other sound-absorbing materials.
Tast Procedure

1. 'The compactor must be operated with the vehicle stationary,

2., The campactor 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 contalner
handling and compaction equipment shall be operated through
enough cycles to ensure that hydraulic oil and components

have reached a stable temperature and operating condition.
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P S LA ek o e o



3.
4,

5.

The compactor must be operated enpty.

The compaction equipment and container handling mechanism (where
appropriate) must be coperated in accordance with their normal
cperating procedures except that no container shall be used.

The compactor engine must be operated at a speed in pm
corresponding to the maximum allowable speed of the hydraulic
purp which powers the compactor mechanism. If the compactor
includes an engine speed control or govemor which is operational
during the container handling and compaction cycle, the test must
be run at governed speed, provided that the govemor cannot be
overridden by an operator during normal in-use operation,

The sound level meter must be set for “slow" response and on

the "a" weighting network.

The containey 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 run until the two
results agree within 2 d8 and the average of the two will be
reported.

Noise level measurements must be taken at each of the four
microphone positions around the compactor, and the following data
will be reported:

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, computed

according to the equation:
4

=10 log =
i=1

[ant(Li/IO)] ~6dp (4-1)
where: T = 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 10%;

¢. The time from 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 recommended that persons technically trained and

experienced in the current technigues of sound measurement select the

equipment and conduct the tests.

: Proper use of all test instrumentation is essential to obtain valid
"1-. measurements, Operating manuals or other literature furnished by the

3 instrument manufacturer should be referred to for both recommended
operation of the instruments and precautions to be observed. Specific

items to be considered are:

; 1. The effects of ambient weather conditions on the performance
; of all instruments {for example, temperature, humidity, and

barometric pressure),
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5.

6.

7‘

Proper signal levels, terminating impedances, and cable lenghts
on malti-instrument measurement systems.

Proper acoustical calibration procedure, to include the influence
of extension cables, etc. Field calibration shall be made
immediately before and after each test sequence. Internal
calibration means are acceptahble for field use, provided that
external calibration is accomplished immediately before or after
field use,

Proper orientation of the microphone relative to the source of
sound as specified by the manufacturer.

Measurement shall be made only when wind speed is below 12

mph {19 Km/hr).

The anbient sound level {including wind effects) from sources
other than the vehicle heing measured shall be at least 10 dBA
lower than the level nf the tested vehicle.

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 be 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.

SUGGESTED REFERENCES

Suggested reference material is as follows:

ANS 51.1-1960 Acoustical Terminoclogy.
ANS 51.2-1967 Physical Measurement of Sound.
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ANS 51.4-1971 Specifications for Sound level Meters.
SAF. Recommended Practice J-184 = Qualifying a Sound Data Acoquisition
System,

Applications for copies of these documents should be addressed to the
American National Standards Institute, Inc., 1430 Broadway, New York, New
York, 10018; or, The Society of Automotive Engineers, Incorporated, Two
Pennsylvania Plaza, New York, New York, 10001,

NISCUSSION OF MFETHODOLOGY
There are a nimber of points in the methodoloqy presented above which

need further explanation. Decisions have been made concerning certain
parameters in the methodoloqy, and the reasons for these decisions need
te be enumerated,

Measurement Distance

T™wo measurement distances are camonly employed in the measurement of
noise from vehicles: the SAE generally adopts a 50 ft distance, while the
International Standards Organization (IS0) adopts a 7 m (23 ft) distance.

In this methodology, we have selected the latter distance (7 m) for two reasons,
First, the shorter distance allows use of a smaller measurement site,

RBuildings and reflecting surfaces need only be 50 ft away from the truck and
microphone, whereas they need to he 100 £t away if a 50 ft measurement

distance is employed. Smaller sites 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 £t distance,

Accordingly, all noise measurements in this study are guoted for a distance

of 7m (23 ft).
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Operation of the Compactor Truck 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 leads, but it does provide a constant baseline against which all
trucks can be compared. Also, cne 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 kruck noise levels are measured on four sides. The SAE generally
takes the highest of the four lavels measured and quotes that level. This is
appropriate 1f 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 impact of the noise on the cammunity. This is best evaluated by
taking an energy average around all sides of the vehicle. The energy
average is obtained by averaging the antilegarithms of the levels on the four
sides of the truck and then taking the logarithm of the result., That is, if the
four measursments are Ly, Ly, Ly and L4, the energy averaged level, L, is

- 17/10 L3/10 L3/10 Ly4/10
L= 10910 1/4 (10 + 10 + 10 + 10 )

(which is another way of writing equation 4-1). The resultant value is influenced
stromly by the highest level{s) measured at individual microphone position(s),

and may be considered analogous to a sound rower measurement,
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SECTION 5

EVALUATION OF EFFECTS OF TRUCK-MOUNTED SOLID WASTE
COMPACTOR NOISE O PUBLIC HEALTH AND WELFARE

INTRODUCTION
The purpcse 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 reducticn

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 programs 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 requlation is a statistical effort to determine the
order of magnitude of the population that may be affected for each requlatory

option, Some uncertainties with respect to individual cases or situations may

remain.
5=1
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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 personal comnfort 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
physioclogical injury (Ref. 5-20). In other words, the térm applies to the
antire range of adverse effects that noise can have on people, apart from
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 best-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 becone merely a series
of low rumbles, and the intelligibility is lost., WNoise-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 basie, primitive
response mechanism which automatically responds to noise as if to a
warning or danger signal. A complex of bodily reactions (sonetimes called

the "flight-or-fight" response) takes place which is beyond conscious
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control. When noise intrudes, these reactions include elevaticon of bleood
pressure, changes in heart rate, secretions of certain hormones into the
bloodstream, changes in digestive processes, increased perspiration

on the skin and many others.

This 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 cannot yet be quantified.

On the other hand, some of this stress response may be reflected in
what people express as "annoyance", "irritation", or "aggravation®.

The analysis in this section does auantify the generalized adverse
reaction of groups of people to environmental noise. To the extent that
stress and veralized annoyance are related, the "general adverse
response” guantity may be seen to partially represent or indicate the
magnitude of stress response.

The general adverse response relationship to noise levels may
also bhe seen as partially representing another area of noise effects:
activity interference. Woise interferes with many important daily
activities such as sleep and communication., These effects {sleep dis-
turhance and communication interference) can be gquantified. Thus,
comutations 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

neise 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 activities.

Measures of Renefits to Public Health and Welfare

Pecple are exposed to noise generated from trash compacting operations
most notably when inside their homes during late night or early morning
hours. Reducing noise related to trash compaction activity may produce
the following banefits:

1. Reduction in average urban noise levels and associated cunula-—

tive long-term impact upon the exposed population.

2. PFewer activities, i.e., sleep and speech communication, disrupted

by intense individual noise events.

Improvemants in public health and welfare are regarded as benefits of
noise oontrol. Public health and welfare benefits may be quantified both
in termns 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 requlatory schedules are
prasented in terms of the rnolse levels associated with typical trash collec-
"tion operations. The trash produced within a unit area of land will be
generated at a rate dependent uoon population density and land use. ‘The
collection and compaction of this trash is expressed on an amount~per-person-

per-day basis for the unit area. The number of noise-producing compaction



cycles is a function of this daily collection. The basic unit of area used is
the hectare (ha). This unit is about the size of a city bleck (175 x 600
feet for an oblong block or 330 x 330 feet for a square bhlock}.

Reductions in the average urban noise levels from current conditicons
(i.e., with no comactor noise emission regulations, but taking inte account
the noise regulation for medium and heavy trucks) arme presented for comparison
with reductions expected for a nurmber of regulatory options on newly manufac-
tured truck-mounted trash compactors. Projections of the population impacted
by compactor noise during the wegulatory period are detemined from estimating
reductions in the average noise levels in various types of residential land
use areas,

However, measuring nationwide impact in terms of average urban noise
levels does not adequately account for extremely amnoying situaktions arising
from a single trash compaction operation, since annovance or other responses
to noise frequently depend on the activity and location of the individual,

In addition, measures of average urban noise levels tend not to account
for the dismptive and annoying peak noise intrusions produced by individual
trash compaction cycles, Significant benefits may be obtained by reducing
current noise levels qgenevated during a single compaction activity. These
benefits are evaluated in temms 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 imwact of noise.

Requlatory Schedules

Predictions of the population impacted by noise related to trash collec—

tion activity are presented for the requlatory cptions shown in Table 5-1.
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The hase 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. Opticns 1, 3, 5, and 7 were selacted
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 compactoyr noise.

TABLE 5-1

REGULATORY OPTICNS: NOr-TO-EXCEED
A-WEIGHTED SOUND LEVELS AT 7m

Compactor {all types)

Options* 1980 1982
Base Lxx g+
Cption 1 81 76
Cption 3 k> 80
Option 5 O** 76
Option 7 79 76
Silent 0 0

*In all cases, A-weighted sound levels for truck requlations
are 83 dB in 1978 and 80 4B in 1982 at 15 meters.

**( = unregulated.
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Outline of the Health and Welfare Section

A description of the existing trash (refuse) compactor noise environment is
presented in the following section. The next section presents the predicted
reduction in impact for the population within variocus land uses due to the
reduction of average community noise levels by requlating 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.

REFUSE COLLECTION NOISE LEVELS

A single collection cycle is defined as a refuse collection vehicle
arriving at a location, loading trash into the hopper, compacting the trash,
and finally, pulling away. This collection event may be considered a stationary
noise source which produces a noise field that decreases in intensity with
distance. A collection activity without compaction 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 fram reducing the truck noise.

Four elements must be evaluated in order to define the population expo-
sure produced by the noise environment of a single trash collection cycle:

o The nolse level of the truck which carries the compactor

o The nolse produced by the compaction cycle of the compactor type

being evaluated
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o Propagation of the noise from the sourae to the veceiver through
situations which range fran narrow streets to open areds
o Attenuation of the sound by buildings or walls,
These elements may be combined and translated into average levels by
considering the nunber of collections occurring per unit area and the mix

of collection trucks.

Truck Noise Per Collection Cycle

Much of the total collection cycle nolse is generated by the truck
which carries the compactor. Time histories of the noise emitted during
typical residential trash collection cycles are summarized in Figure 5-1,
Truck enyine nolse occurs while the truck pulls up, while it is idling and
is being loaded, while the engine is accelerating during the compaction cycle,

again while it is idling, and while it is driven off.

h} 10 o .

NOISE LEVEL D

]
PULLUP AND|  IBLE AND TRASH | COMPACTION + IMHE | AMD
L |BRAKE SQUEAL LA | CYCLE ULL-AWAY
25 see 40 sec 20 sec ' 15 sec
m ] 1 i 1 { i 1 1 )| |
]

- TIME, seconds

FIGURE 5~1
TYPICAL CULLECTION CYCLE 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 B0 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 requlation (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 (independent of 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 trucks. Since a
relatively large number of qﬁieted compactors were in the measured sample, the
average sound levels were weighted according to the estimated percentage of
guieted and conventional compactors in the total population of vehicles.

For purposes of this analysis it is assumed that the measurement results

presented in Table 5-3 are representative of average national values,

5~9
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TABLE 5-2

ESTIMATED A-WEIGHTED SOUND LEVELS

AT Tm OF THE NON-COMPACTION

COMPONENTS OF THE COLLECTION CYCLE

Requlated Truck Noise

Event Level @ 15 m,
Duration dB

{sec) ga 83 80
Pull-~up 25 80 74 h
Brake Squeal 0.5 90 90 90
Idle while Loading 40 67 66 65
Trash Loading Impacts (4) (ea ) 0.5 7 77 77
Compaction Cycle {See Table 5-3)
idle 20 67 66 65
Brake Release 0.5 90 90 90
Puli~away 15 86 80 77
Average (not including
campaction cycle) 100 77.2 72.8 71.2
Note:

U? = existing unquieted trucks

Source: Reference 5-29.
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TABLE 5-3

WEIGHTED" AVERAGE NOISE LFVELS AT 7m OF EXISTING REFUSE COMPACTORS

Continucus Noise Impact Noise
Max imum . U

Sound Compaction Cycle L Sound s

Compactor Level Time Level Lg

Type daB {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 B5-97
Side-loader 75.8 | 71=-17 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 conventicnal
canpactors in total population; compaction cycle times are not weighted.
Calculated from Lg = Lp + 10 log (duration)
= Sound Exposure Level

=

Source: Table 3-2.

s Sound level
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although a mumber of large cities (e.q., 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 lower 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 includes measurement results obtained at 7 meters of the
sound level (maximum continuous), the impact sound level, and the time over
which these levels were attained during a compaction cycle, The total noise
level of the compaction cycle used in this analysis includes hoth the steady-
state and the impact sounds. FPA data indicate that the number of impacts
during a cycle varies with the type of compactor. An average of 8 impacts was
noted for each front-loader 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. The

average noise level for compaction was calculated using:

L
Lyg = 10 109 1- —?c—- 10Lc/l° + —iz— 10 Y @ (5-1)
where
£t = compaction time, in seconds, from Table 5-3,
ty = 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,

A-weighted sound pressure level, in decibels, of impact noise,
from Tahle 5-3.

o
[}

Table 5-4 presents the results of these calculations for the three

compactor types and defines the noise levels of existing compaction cyeles.
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TABLE 5-4

AVERAGE (A-WEIGHTLED} NOISE LEVEL OF COMPACTION
AT Ta PRODUCED BY DIFFERENT QOMPACTOR TYPES

I Nolse Level

! Compactor Type | as
Front—loader 85.4

i Side-loader i 76.4

i Rear-loader I B0.2

Averaue Collection Noise Levels Per Unit Area

Each compactor type generates a different noise level, and the mix of

TABLE 5-5

AVERAGE PERCENT OF DIFFERENT TYPLZ COLLECTOR VEHICLES
OPERATING PER DAY IN EACH LAND-USE CATHGORY.

cunpactor types in each land-use category varies as presented in Table 5-S.

Collector Type

Front-loader Side-Loxier Rear-Loader

Sources

Land Use Percent Percent Percent
Surburban Single- 7.4 21.5 1.2
Family Detached
Suburban 6.8 2.7 7L.6
Duplexes
Urban Row 15.8 18.7 65.5
Apartrents
Dense Urban 19.4 17.5 63.1
Apartments
Very Dense 3l.8 13.5 54.8
Urhan
Apartments

Reference 5-29,
5-13
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To simplify the health and welfare calculations, an average noise level
per collection for each land-use type was calculated as follows:
(1) The truck noise level (Table 5-2) was energy-averaqed with the

compaction noise (Table 5-4) as:

Lr/10 Le/10
L4 Yo ™ ofe Vo

Liy, = 10 log E BT ¢ {5-2)

where
Lif, = the noise level for each truck-compactor combination, in decibels,
Lp = truck noise level, from Table 5-2, in decibels,
tp = duration of truck noise for the collection cycle (omitting
compaction time} = 100 sec,
L, = average noise level for each compactor type, from Table 5-4,
in decibels,

tn, = compaction time from Table 5-3, in seconds.

{2) The noise level for each compactor type was multiplied by the

use factor from Table 55, for a mix of kruck types in a qiven area.

L /10 Lar/10 10
Ly =10 log [(EFL)w t/ +(fgr_‘)10 /10, (fRL)wLRI/ } (5-3)

wWhere

Iy = collection noise level in a given land use area,
fpr, = fraction of front-loaders in a qiven land-use area,
from Table 5-5,
Lpr, = noise level of front~loaders from Fquation 5-2;
and the subscripts SL and RL refer to side~loaders and rear-loaders,

respectively.
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(3) 0.5 dB was added to the result to account for trash in the compactor.*
The result is the average A-weighted sound pressure level produced by a single
collection unaffected by reverberant build-up. The data are summarized in

Table 5-8.

REFUSE COLLECTION WUISE ENVIRONMENT

Sound Propagation and Amplification

Since 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 environment the propagation loss is eguivalent
to 6 dB for each doubling of distance between the source and the receiver,
i.e., a -6 éB/dd attenuation rate.

Trash compactor noise, however, does not occur in a free-field environ-
ment. Non-unifomn attenuation rates have been developed to estimate the
sound level attenuation in varying envirocnments (Ref, 5-4). For this
analysis, unifom attenuation rates providing an approximation to the non-
uniform attenuation rates are used for each land use category. The uniform
attenuation mtes 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 apartments, and -8.5 dB/dd for very dense urban
apartiments. These attenuation rates apply to distances beyond 50 feet from
the source. LUp to 50 feet the mte of -6 dB/dd is used for all land use

categories.

*The measurements all relate to empty compactors. 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 continuocus
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 aveas' to relate distance between building fronts to
collection location for various population density categories. On the

basis of this survey it is assumed that ane-half of the compactions occcur

*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 and one-half on streets narrower than 24
meters where amplification may be a problem., In urban row apartment areas,
25 percent of the impact 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 compactions are assumed to occur
10 percent of the time in 4.5 meters (15 foot) wide alleys, 20 percent on 7.6
nmeters 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

AMPLIPICATION FACTORS DUE TO REVERBERANT BUILDUP IN
MARROW STREETS (GROUND REFLECTION IGNORED}

Width Betwegn  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
Dense Urban 4.5 15 10 11.6
Apartments 7.6 25 20 8,0
15.2 50 20 2.2

»24 >78 50 -1.6

Very Dense 4.5 15 10 11.6
Urban 7.6 25 20 8.0
Apartments 15.2 50 20 2.2
>24 >78 50 -1.6

8 pssumes continuous building fronts

Source: Raference 5-29,
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Since the apparent build-up 1n sound level iz a function of the width
between facing buildings, the technique described in Reference 5-4 was used
to calculate the amplification and propayation factors for representative street
widths. Adjustment factors of 11.6, 8.0, 2.2, and -1.6 dB added to the noise
levels on streets 4.5 meters (15 feet), 7.6 meters (25 feet), 15 meters (49 feet)
and 24 or more meters (>78 feet) wide respectively, best represented truck-
mounted solid waste trash compactor activity in urban areas. These reverberant
build-up factors were added to the noise levels associated with the collections
occurring on various street widths in urban areas (see Table 5-6).

No reduction in noise level due to the shielding of a row of buildings
between the suurce and the observer was congidered for the suburban single-
family detached and suburban duplex land-use categories. The typical collec-
tion noise levels in these areas are low enough that they will pe insignifi-
cant on an adjoining street, For the denser dwelling areas, the barrier
effect of a row of buildings is taken into account in the sound propagation

{attenuation) rates,

Soundd Attenuation Within Buildings

1o estimate indoor noise levels frar outside noise sources, the attenu-
ation factor of building walls and windows must Le calculated. Although
dwelling walls attenuate sound, windows generally provide poor insulation
from exterior noise, When windows are open the difference between indoor and
cutdoor nolse varies from 8 to 25 dB; while with windows closed, the attenu-
ation varies fram 1Y to 34 dB, and with double~ylazed windows, noise may be
reduced as much as 45 dB, Averaye differences between values for open wirdow
and closed window conditions are 15 dB and 25 dB respectively (Ref. 5-19).

'The maximuwa, closed value is seldon achieved in older urlan areas, for

in these areas the noise reduction is governed by the minute cracks and spaces

5-18
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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 new construction and old construction.

Consideration of Ambient Noise Levels

The preceding description of compactor noise ignores the contribution
of background ambient noise, i.e., levels of noise due to all other con-
ditions. To better assess the health and welfare impacts some assumptions
must be made with respect to the ambient noise levels.

In a study relating population distributions in the U.S, and cutdoor
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:

Lip = 7.90 x log PD + 29.1 (5-4)

LAN = 9,73 x log PD + 17.4 {5-5)
where

Lip = ambient daytime equivalent sound level, in decibels

L N ambient nighttime equivalent sound level, in decibels

PB = population density (people per square mile)

However, using the above formulae, the resulting ambient 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
welfs;re. Therefore, for purposes of this analysis, where ambient leveljs
exceed the minimum community noise level identified by EPA as protective

of public health and welfare ”"dn = 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 future, be lowered by

cooxrdinated Federal, state and local efforts to reduce noise, and to better

reflect desires of states and municinalities for a quiester 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 location from the source is given by equation

5«6, This relation is used in computing the distances associated with each

1 4B decrease in the noise level. This portion of the analysis consists of

defining the annular areas associated with each noise level value (in 1 48

increments) and "counting”" the population within that area; the appropriate

impact {as described later in this section) is associated with that noise level.

(3,01/4)
R=R, | 10%/10

A {5-6)

where

distance from source

1]

reference noise source distance (7m)

L at 7m from source

11

& & §F =

Lan at distance R from source
Ifin = ambient noise level
4 = 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 svaluate the health and welfare benefits of reduced trash compactor noise

emissions on the human population. The first method estimates the genera)l

adverse response due to trash oollection 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 communication interfer-
ence) attributable to individual trash collection cyeles.

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 eq’

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. Moreover, this measure correlates
quite well with the overall long term effects of environmental noise on public
health and welfare. EPA has selected the equivalent A-welghted sound level in

decibels, Leq’ as its general measure for environmental noise (Ref. 5-5 and

5-14).
The basic definition of Leq is:
= 10 1 1 ? R (5-7
teg REEL N T £ ’

where by, -ty is the interval of time over which the levels are evaluated,
plt) is the time-varying magnitude of the sound pressure, and Py is a

reference pressure standardized at 20 micropascals. When expressed in terms
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of A-weighted sound level, Ip, the equivalent A-weighted sound level, Leqf

is definet as:
t2 {t)
~ 1 mafEl /10
I—eq = 10 logqp (t_Z'ET ../t‘I/- [10 ]Odt) (5-8)

When associated with a specific short time interval, to~ty, or T, the
Leq (T) represents the energy-averaged sound level over that interval of time.
Commonly used time intervals are 24-hour, 8-hour, l1-hour, day and night,

symbolized as Leg {24), Leq (8), Legq {1}, Ig and Ly, respectively.

Day-Night Sound Level (Iqn)

In describing the impact of noise on people, the measure called-the

day-night sound level (Lgn) is used. This is a 24-hour measure with a
welighting applied to nighttime noise levels to account for the increased
sensitivity of people to intruding noise associated with the decrease in
backqround noise levels at night. The ILgp is defined as the equivalent
noise level during a 24-hour weriod, with a 10~dB weighting applied to the
equivalent noise level during the nighttime hours of 10 p.m. to 7 a.m. 'The

basic definition of Lgn in terms of the A-weighted sound level is:

2300 0700
1 £a(t)/10 (talth+10) /4
Lan = 10 logg  — (f 10 dt+ﬁo ° dt {5-9)
700

24 2200

This may also be expressed by the following ecuation:

/10 {Ln+10)/10
Lan = 10 logqg —;z' {15 (mtd )+9 [10 n ]} {5-10)

where Ig is the "daytime" equivalent level obtained between 7 a.m. (0700)
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and 10 p.m. (2200), and Ly, is the “nighttine" equivalent level obtained

between 10 p.m. and 7 a.m.
The total day-night sound level, Lgn, including ambient levels and

collection sound levels is calculated as follows:

c A
Lgn = 10 log [den/‘” " den/m] (5-11)

where

Ln
L

the oollection sound level

I

ambient noise levels.

Sound Exposure Level (Lg)

Most of the criteria which relate noise exposure to human impact deéll with
pervasive environmental noise rather than discrete noise events. Specification
of the noise epvironment in terms of equivalent A-weighted sound level is ade—
quate for pervasive noises. BSingle 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 sinple metric
which measures sound level, taking into account the duration of the event, is the
Sound Exposure Level (Lg). The sound exposure level is the integral of the
sound power per unit area received at a specified distance during a single
occurrence of a noise producing event. The sound exposure level, in decibels,
is defined as:

Is = 10 log Q/T Pim at {5-12)
P20
where p(t) is the A-weighted sound pressure at time t, pg is the reference

pressure (20 micropascals), and I is the duration of the hoise event. For

5~23

-‘&u:vmmim.g‘,“;,_-_;,_.\5.‘_;‘5_,..,.";'._;'Y;V;_- L P




a rectangular pulse time history of approximately constant average sound
level, Lp, such as a trash collection cycle, an approximation is:

Ig = Lpax + 10 log (T) {5-13)
where T is the time in seconds over which the sound is present and Ipay is

the maximum A-weighted sound level.

REFUSE COLLECTION NOISE IEVELS UNDER REGULATORY OPTICNS

Average Sound level (La) for Collection Activikty

The average life of a compactor is about 7 years (Ref. 5-6). There-
fore, 1/7 of the compactor fleet is replaced each year.* It was assumed
that manufacturers would design to a level 2 dB below the not-to—exceed level,
to account for nommal production variations, Using this assumption, the
regulatory schemes presented in Table 5-1, the regulated twuck noise levels of
Table 5-2, and the noise metrics outlined in the preceding section, the average
sound level, Lp, for each land use area to the year 2000 was calculated. The i

results of these calculations can be found in Exhibit 5-A at the end of this

section,

Scund Exposure Levels for Collection Activity

Sound exposure levels were calculated for each component 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, Eguation 5-13 was
used. For triangular pulses, the sound exposure level was approximated by:

Ig= Imax + 10 log(t/2) {5-14)

where Ipay i the maximum sound level.

*Reference 5-6 reports that a compactor body may be remanufactured and
placed on a new trmck. This analysis assumes the remanufactured units

meet the nolse 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 the mix of collector vehicles, each with different compaction times,
changed. The average time of compaction for 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 by each tyre of compactor in each land-use class in Table 5-5.

The average collection time in each land use cateqory was thus calculated

as:

tavg = Zllte x £o) | + tp
i i (5-15)

where
ta = compaction time for a given compactor type, Table 5-3,

fo = fraction of ollections by a given compactor type in the land-use
class being examined, Table 5-5,

tp = non~campacting truck noise time, Table 5-2,

i | = rear loader, side loader or front loader compactor type.
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Mwerage times for the complete collection cycle and components of the

collection cycle are shown in Table 5-7,

TABLE 5-7

AVERAGE COLLECTICN CYCLE
TIMES FOR VARIQUS [AND-USE ARFAS

Average Average Average
Compaction Truck Sound Collection
Land Use Time Time Cycle Time
{seconds) {seconds) [seconds)
Suburhan Single-
Family Detached 25.8 100 125.8
Subuthan
Duplexes 25.7 100 125.7
Urban Row
Apartments 26,4 100 126.4
Dense Urban
Apartments 26.7 100 126.7
Very Dense Urban
Apartments 27.7 100 127.7

The calculated sound exposure levals were combined in 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 erwironment for a single
comaction vhen compactors are unrequlated. Exhibit 5-F at the end of this

section contains sound exposure levels for each year and regulatory option.
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TARBLE 5-8

REXISTING AVERAGR A-WEIGHTED SOUND LEVELS AT 7 METERS
FOR VARIOUS LAND-USE CATRGORIES (ADJUSTED FOR
TRUCK MIX, TRASH NOISE AND REVERBERANT AMPLIFICATION)

Land Use Type Ip Ig Propagation
(From Fquations
5-2 and 5-3)

Suburban Single-

Family Detached 78.6 99,2 -6 dB/dd
Suburhan

Nuplexes 78.6 99,2 -6 dr/dad
Urban Row

Apartments 82.6 103.4 -6.5 dR/dd
Nense Urban

Apartments 84.3 105.2 -B dB/d3
Very Dense Urhan

Apartments B4.8 105.8 ~-8.5 dB/dd

The sound exposure level data are of concern primarily with respect
to sleen disturbance effects discussed later in this section. The data
listed in Table 5-B give sound exposure levels for the collecting cycle
times shown in Table 5-7. Although the published data upon which the
sleep disturbance criteria are based do not extend beyond a 30-second
Aduration, it is EPA's judgment that extrapolation up to the time pericds

used in this analysis is valid,

Fauivalent Noise Tevel (Leq)

Similarly, the Leq for a 24-hour period for each year of each option
was calculated in the following manner:

1. 'he average collection cycle times listed in Table 5-7 were used.
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2. 'The number of seconds per day the noilse source ooverated in each
hectare (ha)} of land-use class for each year up to year 2000 was
calculated, The average collection time was multiplied hy the number
of compactions per ha per day (Table 5-9) for each land-use class
for each year. The number of total daily compactions for each
year was taken from Table 5-10 which incorporates the yearly
growth factor into daily comactions, The total daily collection
times for the different land-use categories for selected years are
listed in Table 5-11,

3. Ileg {with ambient noise) for each year and dwelling category was

calculated as:

£ Lyp/10 [ts _ L/
Leg = 10 109{ [1 ‘T;'?_Z] i +[-§ 10 j}dB (5-16)

where

tg = time of source, from Step 2 above
ty = reference time, 86,400 sec/day

L A-weighted sound-pressure level from Table 5-7 and Exhibit 5-A,

n

The resulting 24-hour Lpy for each year of each option is given in Exhibit

5-B at the end of this section.

Day-MNight Average Noise Levels (Igp)

Similarly, Exhibit 5-C gives the values of Lgn for the five dwelling
categories to the year 2000. The values for [q and I, were calculated using
Byuation 5-10, The reference times were 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 were used from Table 5-10,
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TABLE 5-9

DAY-NIGHT DISTRIRIITION OF AVERAGR COMPACTIONS PER HECTARE FNR 1976

Lard Use

Suburban
Single~
Family
bDetached

Suburban
Duplexes

Urhan Row
Apartments

Dense Urban
Apartments

Very Dense
tirhban
Apartments

Front-Loader
Day Night
0.0219  0,0003
0.0541 0.0035
0.2733 0,0849
0.6455 0,5817
2.6084  2,3305

Source: Reference 5-29,

Side~Loader
Day Night
0.6338  0.0009
0.1734 0.0111
0.3235 0.1005
0.5822 0,5247
1.1046 0.9954

Rear-Loader

Day

0.2115

0.5725

1.1332

2.0994

4,4%90

Night

0.0029

0.0365

0.3520

1.8919

4.0549

Total
Day Night
0,2972  0.0041
(0.8000  0.0511
1.7301 0.5374
3.327M 2.9982
8.2120  7.4009

Total

0.3011

0.8510

2.2674

6,3253

15,6136




YFAR

19760
1976N
1976T

19770
1977N
19777

19780
1978N
19787

19790
1979N
1979T

1980nD
1980N
1a8nT

19810
198N
1981T

19820
1982N
taa2m

1983D
1983N
19837

1984D
1984N
1984T

1985n
1985N
1985T

1386D
1986N
19867
1987D
1987N
1987T

Source:

PROTFCTIONS OF AVERAGE SOLID WASTE TRUCK COMPACTIONS

TARLE 5-10

PER HRCTARF TO THE YEAR 2000

Surburban Single- Suburban
Family Detached Duplexes
(SSF) (SD)
0.2972 0.8000
0.0041 0.0511
0.3013 0.A511
0.3026 ¢.R145
0.0042 0.,0520
N.3068 0.A665
0.3081 0.8292
0.0042 0.0530
0.3123 0.68822
0.3136 Nn,8442
0.0043 0,0539
0.3180 0.68982
0.3175 0.8546
0,0044 0.0546
0.3219 0.9092
0.3214 0.B8651
0.,0044 0,0553
0.3258 0,.9204
0.3253 0.8758
0.n045 0.,0559
0.3298 0.9317
0.3293 0.8865
0.0045 0.0566
0.3339 0.9432
0.3334 0.8974
N.0046 0.0573
0.3380 0.9548
0.337n 0.9071
0.0046 0.0579
0.3417 0.9657
0.3406 0.9169
0.0047 0.0586
0.3453 N.9755
0.3443 0.9268
0.0048 0.0592
N,3491 0.9A60

Reference 5-29.

5-3

tlrban Row
Mhpartments
{UR)

1.7301
0.5374
2,2675

1.7614
0.547
2.3085

1.7933
0.5570
2,3503

1.8258
0,567
2.3929

1.8482
n.5741
2.4223

1.8709
0.5811
2.4521

1.8940
0.5083
2.4823

1.9173
0.5955
2.5128

1.9408
0.6029
2.5437

1.9618
0.6094
2.512

1.9%830
0.6160
2,5989

2,0044

0.6226
2.6270

0

Dense Trban
Apartments
{DU)

3.2Mn
2.99R2
6.3253

3.3873
3.0525
6.4398

3.4486
3.1077
6.5563

3.511
3, 1640
6.6750

3.5542
3.2029
6.7571

3.5980
3.2423
6.8402

3.6422
3.2822
6.9244

3.6870
3.3225
7.0095

3.7324
3.3634
7.0958

3.7727
3.3997
7.1724

3.8134
3.4364
7.2499

3.8546
3.4736
7.3281

Very Dense

Urban
Apartmen
(VDU)

8.2128
7.4009
15.6137

8.3615
37.5349
15,8963

8.5128
7.6712
16,1840

8.6669
7.8101
16,4770

8.7735
7.9062
16,6796

8.8814
8.0034
16.8848

8.9906
8.1018
17.0925

9.1012
8.2015
17.3027

9.2132
8.3024
17.5155

9.3127
9.3920
17.7047

5.4132
R.4827
17.8959

9.5149
B.5743
18.0892

ts



YFAR

1988D
1988N
19887

19890
19898
1989T

19900
1990N
199407

1991
199N
19917

1992P
19928
19927

1963n
1993N
19937

1994D
1994N
19947

1995D
1995N
1995T

1996D
19968
19967

19870
1997N
19977

19980
1998N
1694T

14990
1998N
19587

20006D
2000M
20007

Surhurban Single-
Family Detached
{38F)

0,3480
0.0048
0.3528

0.3518
0.0048
0.3567

0.3546
0.0049
0.3595

0.3575
0.0049
n,3625

1.3604
0.0050
0.3654

0.3633
.0050
0.3683

1,3663
n.0N51
0,373

n.3688
0,0051
0.3739

0.3713
0.0051
N.3765

0.3739
0,0052
0.37491

{.3765
0.0052
0.3817

10,3793
0.,0n52
0.3843

n.3817
0.0053
0.3870

TARLE 5-10 (Continued)

Suhurban Orban Row
Duplexes Apartments
{30} {UR}
11,9368 2,0260
£.0598 (.6293
0.9967 2.6554
N.9470 2.0479
N.0605 0.6361
1.0075 2.6841
0.9546 2.0645
0.0610 0.6413
1.0156 2.7058
n.%624 2.0812
0.06135 0.6465
1.0238 2.7271
0.9702 2,098
f.0620 Q.6517
1.0321 2.7498
n.9780 2,151
0,0625 0.6570
1.0405 2.7721%
1.9859 2.1322
0.0R30 0.R623
1.0489 2,7945
0.9927 2. 1469
0. NR3L 01,6669
1,05A2 72.8138
0.99%6 2.1618
0.0638 0.6715
1.0634 2.8332
1.006% 2.1767
0.0643 0.6761
1.0708 2.8528
1,0134 2.1937
0,0647 0.6804
1.0782 2,8725
1.0204 2.2068
0,0852 0,RB55%
1,085 2.8923
1.0275 2.2220
0.0656 0.6902
1.09031 2.9122

531

Dense Urban
Apartments
(pu)

3.8962
3.51M
7.4073

3.9383
3.5490
7.4873

3.9702
3.5771
7.5479

4,0024
3.6067
7.6091

4.0348
3.6359
7.6707

4.0675
3.6654
7.7328

4.71004
3.695!
7.7955

4.,1287
3,7206
7.8493

4,1572
3.7462
7.9034

4.1859
3.7720
7.9580

4.2148
3.7981
8.0129

4,2438
3,8243
8.0682

4,273
3.8507
f.1238

Very Dense
Urban
Apartments
{vou)

9.6177
8.6669
18.2845

9.7215
§.7605
18.4820

9,8003
8.8314
18.6317

9.8797
§.9030
18,7826

49,9397
8,9751
18,9348

10.0404
9.0478
19.0882

10.1217
9,121
19.2428

10,1915
9.1840
19.3755

10.2619
9.2474
19,5092

10,3327
9,3112
19,6438

10.4040
9.3754
19.7794

10.4757
5.4407
19.9159

10.5480
9.5053
20.0533




TARLE 5-11

PROJECTIONS OF DAILY COLLRCTION TIMRS (IN SECONDS) PER HRECTARE
FOR SELECTED YFARS TO THE YFAR 2000

Suhurban Single-~ Suburban Urban Row Dense Trban Very Dense
Year Family Detached Duplexes Apartments Apartments Urban Apartments
1976 37.9 107.0 286.6 BN1.4 1993.9
1980 40,5 114.3 291.8 856.1 2130.0
1985 43.0 121.3 306.2 9Nk, 74 2260.9
1990 45.2 127.7 342.0 956.3 2379.3
1995 47.0 132,R 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 L dn is attained at the time that the entire fleet

is composed of trucks quieted by the regulation. After this date, the values

of Lan rise, reflecting the growth rate of the refuse collection activity.
The results of L dn calculations when ambient noise is considered are

presented in Exhibit 5-p at the end of this section,

IMPACT OF REDUCTION OF REFUSE COLLECTICH NOISE - GENERAL ADVERSE RESPONSE

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 requlation. The statistical description characterizes the noise ex-
posure distributicn 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-1 of
Appendix B, which compares the estimated distribution of the noise exposed
population before and after implementation of 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 L n* That is, the magpitude of human response to noise
generally inceases progressively from an identified “"no respense" threshold
to some extreme maximum projected impact -- the greater the exposure, the more
extreme the response, Hence, once the identified level is exceeded, the degreee
of human 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, Bicacoustics and Biomechanics (CHABA),
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that mermits the assessment of environmental nolse impact by mathematically
taking into account hoth extent and intensity of Impact (Ref. 5-21} (See
Appendix B)}. This procedure, the fractional impact methed, computes total
noise impact by simplv counting the number of people exposed to noise at
Aifferent levels ard statistically weighting each person by the intensity of
response to the noise exposure. The result is a single number value which
represents the overall maanitude of the impact,

To assess the impact of trash collection activity noise using the fractional
impact procedure, a relation between the changes in collection noise and the
responses of the people exposed to the noise is required. Human responses may
vary depending upon trevious exposure, age, socioeconomic status, political
cohesiveness, and other social variables. In the agaregate, however, for
residential locations, the averaqe response of arouns of people is related to
cumulative noise exposure as expressed in a measure such as Lgn. For example,
the different forms of response to noise, such as hearing damage, sveech or other
activity interference, and annoyance, were related to Leq and Igy in the
FPA Levels NDocument (Ref. 5-5). For the purposes of this part of the analysis,
criteria based on Lgn presented in the EPA Levels Document are used., Further—
more, it is assumed that if the outdoor level of Ly, 1s less than or equal
to 55 dB {which is identified in the EPA Levels Mocument as requisite to protect
public health and welfare), no adverse impact in terms of qeneral annoyance and
adverse community response exists,

The community reaction and annovance data contained in Appendix D of the
Tevels Document (Ref, 5-5) show that the expected reaction to an identifiable
source of intruding noise changes from "none" when the day-night average sound

level of the intruding noise is 5 dB helow the level existing without the presence

5-34

T O R



Ry YA e T b

st ot it "ol 2 B 1 1752 0 A AT T i B2

e e T RN R AT PR, S LTI PP S SIS .
A e s W b b ik gy e o s LT e

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 4B above
Lgn = 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
exposed population. Further, the data in the Levels Document suggest that for
environmental noise levels which are intermediate between 0 and 20 dB above
Lgn = 55 dB, the impact varies linearly. That is, a 5 dB excess (Lg, = 60 4B)
constitutes a 25 percent impact, and a 10 dB excess (lgp = 65 dB) constitutes
a 50 percent impact.

For convenience of calculation, a function for weighting the magnitude of
noise impact with respect to general adverse reaction (annoyance) has been used.
This function, normalized to unity at Lgp = 75 4B, may be expressed as vepre-
senting percentages of impact in accordance with the following equation (see
Appendix B):

W(lgn) = {0'35 e =€) §§” fdn 2. ¢ (5-17)
£ Lgn < C
where W(lgy) is the weighting function for general adverse response, Lygp is
the measured or calculated community noise level, and C is the identified thres-
hold below which the public is not at risk (Lgp = 55 dp).

A recent conpilation of 18 social surveys from 9 countries {Ref. 5-21 and
5-22) shows, in fact, that the response curve relating "percent highly annoyed"
te the noise measured arvound respondents' homes is best represented by a curvilinear
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
Lan values of 55 4B to B0 4B.

Using the derived relationship between community noise exposure and general
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adverse mesponse (Equation 5-17), the Level-Weighted Population (LWP)* associated
with a qiven level of tyash collection noise (Lci]n) may be obtained
by multiplying the numher of people exposed to that level of noise by the

relative weighting associated with that level as follows:

ey = WLY ) Py (5-18)

where IWP; is the magnitude of the impact on the population exposed to trash
¢ollection noise [‘én and is numerically equal to the number of people who
would all have a fractional impact equal to unity (100 percent). W(Ldin) is
the weighting associated with a day-night sound level of Lciln' and P is
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{Lgn) = 0.25), the environmental noise impact for this group is the same as the
impact on 250 pecple who are 100 percent impacted (1000 x 25% = 250 x 100%). A
conceptual example is vortrayed in Figure 5-2.

vhen assessing the total impact associated with trash collection noise, the
obsarved levels of noise decrease as the distance between the source and receiver
increase, The magnitude of the total impact may be computed by detemmining the
partial impact at each level and summing over each of the levela. The total impact
is given in terms of level Weighted Population by the following formilas

we =F uip; = fwwg'i-n) p; (5~19)

where W( Lciin) is the fractional weighting associated with Ldin and Py Is
the population exposed at each Lci!n‘

The change in impact associated with actions leading to reduced noise emissions

from trash compactor vehicles may be assessed by comparing the magnitude of the

*Other terms such as Bquivalent Population (Peg) and Equivalent Noise Impact (ENI) are
used interchangably with IWP,
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FIGURE 5-2
LEVEL WEIGHTED POPULATION: A METHOD TO ACQOUNT FOR THE EXTENT AND SEVERITY OF NOISE IMPACT

The computation of WP allows one to combine the number of pecple
jeopardized by noise above an Ly, of 55 dB with the degree of
Impact at different noise levels, The circle is a source which
emits noise to a populated area. The various partial amounts

of shading represent various degrees of partial impact by the
noise. The partial impacts are summed to give the LdP. In this
example, 6 people who are adversely affected by the noise {par-
tially shaded) results in a Level Weighted Population (IWP) of 2
(totally shaded).

s




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:

I = 100 JIWE_(before) ~ IWP (after)] (5-20)
IWP (before)

RC

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 value, is actually 0.1
million too high. However, it is possible to determine, for example, that the
regulation of rear loading truck-mounted trash compactors will not reduce the
IWP by more than 0.1 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
LWP. Thus, the changes found to occur in LWP may 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 fracticnal impact, expressed in units
of LWP and RCI, is most useful for describing relative changes in impact Erom a
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specified baseline for the purpose of comparing benefits of altermative requ-
latory schedules. In order to assess the absolute impact or benefits corre-
sponding to anv requlatory schedule, information on the distribution of popu-
lation as a function of noise environment is required. This information is
included in this section in the form of tables showing the number of people
exnosed 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 referring to the various noise effects criteria presented in the
Tevels Dooument as well as in this analysis.

The resulting noise impact, in terms of LWP, for each land use area is
calculated (taking ambient into account) for each regulation schedule and
study year hv applying the noise reduction of new trucks in combination with
lessened emissions from the compactor unit. A summary of the results of this
analysis for general adverse response (annoyance) is displayved in Table 5-12.
Also included in Table 5-12 is the vear by vear percentage benefit in extent
and severity of impact relative to the impact in 1976. Tabulated complete
results of IWP and RCI are presented in Fxhibit 5-F at the end of this section,

Table 5-12 shows that up to a 30% reduction in the extent and severity of
noise impact {a reduction in IWP of about 630,000) from refuse collection
noise will occur in 1991 because of the truck {chassis) noise regulation,
without a compactor regqulation., Tne requlatory schedules under consideration
for refuse collection vehicles are anticipated to result in up to a 75 percent
benefit (Options 5 and 7) over the 1976 (base year) case (a reduction in
WP 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 noige alone (a reduction in WP of about 940,000), BRenefits
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TABLF 5-12

LEVEL WRIGHTED POPITATION IMPACTREDY (IWP) (in millions)
AND PRRCENTAGR RENFFIT (RCI)
{Taking ambient into account, from Exhibit 5-D)

Options
Rase One Three Five Seven Silent
1976 Total 2.1 2.11 2.1 2.1 2.1 2.1
RCI 0.0 0.0 0.0 0.0 0.0 0.0
rROT* 0.0 0.0 0.0 0.0 0.0 .0
1982 Total 1.71 1.44 1.62 1.60 1.40 1.31
RCI 18,0 3.7 23,1 24,4 33.5 38.0
rcr* 0.0 15.8 5.2 6.4 18.1 24,0
1991 Total 1.48 .54 77 .54 .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
RCI 25,5 72.7 61.0 72.7 72.7 80.9
RCT 0.0 63.0 47.8 63.0 63.0 74.5

RCI: Percentage reduction in impact from base year (1976).
RCI*: Percentage reduction in immact from hase option, Base option
includes benefits from medium and heavy truck requlation.
appear to lessen (l.e., more impact) relative to the 1976 case beyond the
vear 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 compactor noise levels, Tables 5-13 and 5-14 are presented.
In Table 513, the number of people exposed to Ly, above 55 dB, in 5-dB
increments, for the existing noise level and the 1997 maximum 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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TARLF, 5-13

NUMRER OF PROPLE EXPOSFD T Lan {in millions)
(Taking ambient into account)

L Raseline 1991 Option

an 1976 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 .33
Re=T70 0.45 0.32 0.05 0.12 0.0% 0.05 0.02

»70 0.09 0,03 - - - - -
Total 19,67 14.21 6,01 B.12 6.01 6.01 4,45

TABLE 5-14

FOPULATION EXPOSED TQ TMSWC NOISE (in millions)
(Taking ambient into account}

1976 1991 1991 1991
Type of Area Igy, Raseline Baseline Option 7 Silent
Single Family - 0.0 0.0 0.0 0.0
F‘Uburban mplex - 0.0 010 0.0 0.0
55-50 6 .82 4 066 1 .82 1 .24
Urban Row 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 (.24 0,10 0.08
Urban 66~70 0.11 0.08 0.03 0.02
>70 0.04 0103 - -
Total
All Areas 55 19.67 14.21 6.01 4.45
5-41
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REDUCTION OF NOISE IMPACT OF INDIVINIAL TRASH (OLLFCTION FVENTS

To this point, the analysis of truck-mounted trash compactor noise impact
has been concerned with the contribution that compactors make to average day-
night urban noise (Ign). The impact contributions, which are calculated in
this way, are somewhat generalized and do not necessarily represent specific
impact situations. On some occasions, noise associated with trash collection
activity will he complately masked out bv other noises, making the conclusions
reached by using lgn esSsentially correct. At other times or in other situa-
tions, one can expect that other noise sources will not mask trash cnllection
noise, and thus trash compactors will cause a finite impact. The actual
impact from trash compactors is certainlvy Aue to a comhination of various
levels of trash collection noise and other environmental noise. Thus, the
rreceding analysis does not reflect the fact that almost the entire amount of
Aaily aocoustical enerqv contributed by trash compactors in an area may be
adenerated in only a few minutes of noise during trash collection activity.
Yet this intrusive, short, intense event may be one of the most annoying
noise-related sitvuations faced over the entire day by a large number of resi-
dents. Admittedly, such annovance is a difficult reaction to measure, It may
pass rapidly and the actual cause may remain unnoticed., Or it may add to
other agents causing stress and lead to physiological problems (Ref. 5-14
and 5-15),

A loud, short-duration noise event may also interrupt people's activities,
such as conversation or sleeping. The interruptions may again lead to annoy-
ance, but in themselves they may vepresent a degradation of health and welfare,
For instance, in a recent study of the annovanne caused by different levels

of simulated aircraft noise for peonle seated imdoors watching television,
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anmnovance was seen to be mediated, at least in part, by speech interference,
Not only is the TV program or other person speaking more difficult to hear
during the time in which there is a noisy event, but it has been ohserved
that the distraction which may occur from the conversation in which the per-
son is engaged mav contribhute in itself to annovance (Ref. 5~9). The speaker
may behaviorally attempt to cope with the noise intrusion either by increas-
ing his or her vocal effort, or in more severe cases, hv discontinuing con~
versation altogether. Such behavioral reactions may be quite indicative of
aeneral annovance 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 lona enough, an actual awaken-
nimg. In either case, repeated disturbance of peoole's activities may be
expected to adversely affect their well-being (Ref. 5~-24 and 5-25). Covari-
ance of verbalized annovance with the interference of activities has been
amply demonstrated in many social surveys (Ref., 5-5, 5-12, 5-16, 5-17, 5~-18,
5-23, 5-26). 1In fact, one recent survey (Ref, 5-23) found respondent indica-
tions of interference with sleep and speech communication 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 upen
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
Artermine the direct effect trash 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 requlations and efforts to reduce the noise from
other urban noise sources, i.e., without a reduction in emissions from trash
compactors, these units may verv well stand out as one of the most intrusive

noise sources.

S5leep Disturhance

The sleep periods of humans are tvpically classified into five stages.
Iin Stages I and II sleep is lioht and the sleeper can he 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 of
sleap. An additional stage is termed REM (rapid eye movement) and corre-
sronds to the dream state. When exposed to an intrusive noise, a sleeper may
{1) show response by a brief change in brainwave pattern, without shifting
sleep stages; (2) shift to a lighter sleep stage; or {3) awaken. The great-
est known' impact occurs due to awakening, but there are also indications that
Alsruption of the sleep cycle cavses impact (irritability, ete.} even though
the sleeper may not awaken (Ref. 5~14).

A recent study (Ref. 5-10 and 5-11) has summarized and analyzed
sleep disturbance data, 'This study demonstrated a relationship between
frecuency of response (disturbance or awakening) and noise level of a stimulus,
and further detemmined as well that the duration of the noise stimulus is a
critical parameter in predicting response. The study also showed that the
freauency of sleep disruption is predicted by noise exposure better than is
arousal or behavioral awakening., It is important to note that sleep disturb-

ance is defined as any physiological 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 may 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 populaticn
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 requlations for com=
pactor trucks, the following steps were followed:

Step 1. Average sound exposure levels at 7 meters were computed for

all cellector truck types (rear, front and side loaders).
These data are presented in Exhihit 5-F at the end of this
section.

Step 2. The distances from the compactor operation at which the noise

levels from Step 1 decreased in 1 4B intervals were calculated.
Propagation laws employed for each land use area were discussed
previously in this Section.

Step 3. The number of people living in each 1 dB band was calculated by

multiplying the population density within each land use area in
which trash collection activity takes place by the area of the

1 8B bands (calculated in Step 2). This is then multiplied by
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TABLE 5-15

PERCFNTAGES OF TOTAL REFUSE COLLECTIONS

Paytime Collection Evening Collecticn Nighttime Collection
6:00 am -~ 6:00 pm 6:00 pn ~ 10:00 pm 10:00 wm — 6:00 am
rand 1976 Population Population Population
Nse Population % of Involved % of Involved % of Involved
Cateqorv ({millions) Collections (millions) Collections (millions) Collections (millions)
wilder- 2 NA NA NA NA NA NA
ness
Pural 57.0 100 57.0 0 - - 0
Suburban
Sinale-
Family 106.1 o8 103.9 0.7 0.7 1.4 1.5
Detached
Suburban ‘
Duplexes 17.4 N 15.8 3.0 0.5 6.0 Ta1
Urban Row
Apartments 22.2 64.5 14.3 11.8 2.6 23.7 5.3
Dense {Jrban
Apartments 12,0 28.9 3.5 23.7 2.8 47.4 5.7
Very Dense
Urban 2.0 28.4 0.6 23.7 0.5 47.4 0.9
Apartments

Source: Reference 5-29.




the numher of trash collections within the given land uses.
(The number of trash collections by land use area is presented
in Table 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 sound exposure
level (Pigure 5-3 for disruption and Figure 5-4 for awakening).
This procedure is analogous to the fractional impact method
used for calculating IWP for general adverse response.

Step 5. The relative total impact is computed in each band by multiply-
ing the number of people living in each band {fram Step 3) by
the associated fractional impact (from Step 4}.

To determine the resulting sound exposure level ingide the home, transmis-
sion losses were aoplied to the propagated noise levels, depending on land use
as discussed previously in this section.

The 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, including behavioral awakening) is plotted as a 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 Lg = 55 dB indoors. This
cut~off was selected to account for the continuous presence of low, nighttime
ambient noise levels indoors, on the order of 40 - 45 dR.

The frequency of hehavioral awakening as a function of sound exposure
level is shown in Figure 5-4, The relationships, displayed in Figures 5-3 and

5-4, adapted from Fiqures 1 and 2 of Reference 5-10, 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 5-4 have been modified slightly

from those contained in References 5-10 and 5-11.* The regression equations

used are:
¥ = 1.35x -~ 50, for sleep disturbance, and (5-21)
Y= 1,10x - 49.5, for sleep awakening,

The funections (y) indicate the approximate degree of impact (percent disruption
or awakening) as a function of noise level derived fram the indoor Sound
Exposure Leval (x)}. Furthermore, the noise data contained within these
references were measured in temms of "effective perceived noise level" with a
reference duration of 0.5 second (LEPNL( 0.5 se c))' This measure was

converted to Ly by the following approximate relationships

Lg = LEPNL(0.5 sec.) 16 dB {522}

The LWP for sleep disturbance and awakening was derived for each of
the regulatory schedules and study years under investigation using equation
5-18, substituting Lg for Lgn. The weighting functions for sleep disturbance
and sleep awakening 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 campound probabil-

ities were calculated as:

ps = 1 = [(PnalC] (5-23)

*pPersonal Communication, J. 8. Lukas, July, 1976.

**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. Campound 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 cculd be derived.
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'

pl = probability of sleep disruption at Li

pls = probability of no disruption = 1 - [(LE - 37) (.0135)]
) = compactions per night per hour from Table 5-15

L,i, = sound exposure level in the ith increment,

The probability factor was multiplied hy the population contained in the 1 dB

hand and the sum of the bands resulted in the number of equivalent people

per night with a probability of 1.0 of having sleep physiologically disrupted.
The probability of an awakening was computed in the same manner as the

probability of disruotion except that the probability of no awakening used

the following hasic equation:
ol = 1- (Ll - 45) (.011)] (5-24)

Table 5-16 shows the sleep disturbances (IWP) for each option and the
percent reduction in impact accomplished by each requlation with reference to
the o requlation case for selected years. A complete listing of the results
is provided in Exhibit 5-G at the end of this saction.

Table 5~17 shows the LWP for sleep awakening and the percent reduc~
tion in awakening-related impacts accomplished by each regulation with ref~
erence to the no requlation case for selected years. A complete listing is
presented in Exhibit 5-H at the end of this sectien.

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 requlatory options 3 and 7 the potential sleep awakening,
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TABLE 5-16

SLEEP DISTURBANCES IWP
(LWP in millions; RCI percentage benefits)

tions
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 0.0 0.0 0.0
RCI 0.0 0.0 0.0 0.0 0.0 0.0
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
rRCI” 0.0 16.0 5.2 6.7 18.0 23.3
1981 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
rRCT* 0.0 70.1 52.8 70,1 70.1 82,5
2000 Total 10,01 2.99 4.73 2,99 2.99 1.66
RCI* 27.7 8.4 65.9 78.4 78.4 88.1
RCI 0.0 70.1 52.7 70.1 70.1 83.4

RCI: Percentage reduction in impact from base year (1976).

RCI™: Percentage reduction in impact f£rom base option., Base cotion
includes henefits from medium and heavy truck regulation.
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TABLE 5-17

SLEEP AWAKENING L¥WP
{(INP in millions; RCI percentage benefits)

(ptions

Bage One Three Five Seven Silent
1976 Total 11,5 11,5 11.5 11.5 11.5 11,5
RCI* 0.0 0.0 0.0 .0 0.0 0.0
RCI 0.0 0.0 0.0 0.0 0.0 0.0

1082 Tokal 9,51 7.99 9.02 8.88 7.80 7.29
RCI* 17.3 30.6 21.6 22.8 2.2 36.6
RCI 0.0 16.0 5.1 6.6 18.0 23.3

1991 Total 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
rRCT* 0.0 70.1 52.8 70.1 70,1 B3.5
2000 Total B.38 2.50 3.96 2.50 2,50 1.38
RCI* 27.1 78.2 65.6 78.2 8.2 88.0
RCI 0.0 70.1 52.7 70.1 70.1 83.5

RCI: Percentage reduction in impact from base year (1976).

rRCI*: Percentage reduction in impact from base option, Base option
includes benefits from medium and heavy truck regulaticn.

WP (measure of the extent and severity of the impact) due to trash collection

nolse is reduced to 3.74 million per night and 2,37 million per night, respec~

tively. Therefore, the relative difference in IWP between the options is 1.37

million, Examining the percent reduction in extent and severity of impact, we

find that the 3.74 L#P value translates to 67.5 percent reduction in impact rela-

tive to the 1976 case prior to requlation.

translates to a 79.4 reduction relative to 1976.

Likewise, the 2.37 million IWP value

However, relative to the year

2000 hase case (where only truck chassis noise is reduced), the benefits for

options 3 and 7 translate to only 52.8 percent and 70.1 percent, respectively.

e e e A A A b £1 8 T
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A5 was the case for the analysis of dgeneral adverse response, Options
5 and 7 show the greatest benefits, Benefits are reduced slightly beyond
1991 due to projected increases in refuse collection activities and popula-
tion qrowth.

It should be noted that this analysis examines the effects of reducing
trash collection noise aleone, 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 henefits presented in this
analysis represent the benefits accrued during those times when the collec-
tion activity noise clearly intrudes over an ambient background. The absclute
sleep impact attributable to trash collection noise is, of course, dependent
on the background ambient levels characteristic of the environments where
trash collection 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.

fpeech Communication 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 oollection neise exceeds certain levels,
However, unlike sleep disruption, the impact of ncise on speech interference
is not cumulative, 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 fromn one of sleep stage
disturbance to actual sleep awakening. Therefore, the appropriate noise
metr.ic for measuring speech interference potential is an Leg oceurring 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 ocutdoors. The degree of speech interference
from noise is dependent on the particular circumstances inveolved, such as
noise level and duration, separation distance of the conversers, and vocal
effort. The relationship of these factors is described in Raference 5-5.

The methodology for detewmmining ocutdoor and indoor speech interference will
be discussed separately in the following sections. It should be undérstood
that the impacts calculated represent potential interference with speech,

not actual occurrences, as it cannot be assumed that people are engaged in
conversation continuously. Further, the analysis assumes that people do

not converse during the nighttime hours (when they are presumed to be asleepj.
Thus, only daytime and evening refuse collection is considered.

Cutdoor Speech Interference

The population exposed to potential outdoor speech communication inter-
ference are those people who are outside of any building but not along a
street. This analysis doas 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-pericds in which people are relaxing outdoors -~
either outside a home, business, or cultural institution.

Qutdoor speech interference potential due to trash collection activity
occurs when the noise level of the activity exceeds a typical ocutdoor back-
ground level of 55 dB. Althouwgh average outdoor urban arbient noise (Lgp)

in many areas may tend to be greater than the assumed cutdoor background
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level, a concerted effort to reduce urban noise in the future would make the
55 dB level a more appropriate figure to use for this analysis,

Propagation loss is computed for each land use category in the same man-
ner as discussed in the section, Sound Propagation and Amplification. The
distances at which the noise levels fall off in 5 dB steps are computed, and
the number of people living within each hand is derived using the functional
relationship pertaining to cutdoor 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 ocutdoors each
day (0.4 hours, i.e., 2.7 percent of the day) (Ref. 5-29) to give the total
INP due to ocutdoor gpeech interference.

The potential IWP for outdoor speech communication for selected years
is given in Table 5-18 for the study regulation schedules. The relative
change in impact obtained with these requlations also is tabulated. Conplete

results are presented in Exhibit 5-I at the end of this section.

Indoor Speech Interference

Indoor speech interference is assumed to occur when trash collection
activity noise penetrates through walls of residences or huildings and remains
above a typical indoor background level of 45 dB. The critera of impact for
indoor speech interference are given in Pigure 5-6 (Ref, 5-5). The curve
is based on the reduction of sentence intelligibility relative to the intelli-
giblity which would occur at 45 dB. If pecple are conversing indoors during
the time a trash collection operation is occurring, the probability of a
disruption in comminication is given by Figure 5-6. Before impact is computed,

the same reductions in levels due to transmission through walls which were
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TABLE 5-18B

QUTDQOR SPEECH INTEREERENCE
{IWP in millions; RCI percentage benefits)

Cptions

Base One Three Five Seven Silent

1976 Total  29.63  29.63  29.63  29.63  29.63 29,63
RCI 0.0 0.0 0.0 8.0 0.0 0.0
reT* 0.0 0.0 0.0 0.0 0.0 0.0

1982 Total  22.72 19.54 21,71 21.32 18.01 17.67
RCI 23.3 34,1 26.7 28.0 35.8 40.4
rRCT* 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 0.0 60,4 43.6 60.4 60.4 71.4
2000 Total  19.24 7.65  10.90 7.65 7.65 5.54
RCY 35.1 74.2 63,2 74,2 74,2 81,3
rCT* 0.0 60.2 54,2 60,2 60.2 71.4

RCI; Perventage reduction in impact from base year (1976).

rRCI*: Percentage reduction in impact' from base option. Base option
includes benefits from medium and heavy truck regulation.
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Speech Interference {Fractional Impact), Percent

100 T T T
80 - —
60— —]
40— —
20 —

0 | ! ! |
55 60 65 70 75 80

Level of Continuous Outdoor Noise Causing Interference (Leq}. dB

FIGIRE 5-5

CRITERIA FOR OUTDOOR SPERCH INTERFERENCE
{NORMAL VOICE AT 2 METERS)

Source: Reference 5-5.
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Speech Interference, {Fractional impact) Percent
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CRITFERIA FOR INDOOR SPEFCH INTERFERENCE (RELAXED
CONVERSATION AT GREATFR THAN 1 METER SEPARATION,
45 dB BACKGROUND IN THE ABRSENCE OF INTEPFERING
NOISE)

Source: Reference 5-5.
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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
occurs. 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 he corputed in the same manner as the outdoor impact. A summary of the
estimated INP for potential indoor speech interference and the percent reduc-
tion is given in Table 5-19 for each of the requlatory options. A complete
listing of results is presented in Exhibit 5-J at the end of this section.

Adding these impacts to the potential outdoor impact described above
gives the total estimated equivalent noise impact due to the potential inter—
ference of speech by trash collection cperations. The result is the eguivalent
number of peonle who 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 bresence of other noise sources in the environment. It is
cbvious that other environmental noise sources create background noise at such
levels in certain situations that trash collection noise will be masked. ;
This analysis only represents the benefits accrmed during those times when |
trash collection noise clearly intrudes over the ambient or background noise.
The overall ahsoclute speech and sleep impact is, of course, dependent on the
background level assuned. However, the present reduction of LWP is 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
(WP in millions; RCI percentage benefits)

Options
Base One Three Five Seven Silent
1976 Total .84 .84 .24 .B4 .B4 .84
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
1982 Total .65 .56 .62 .61 .55 .5l
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 6l.1 74.1
2000 Total 57 W22 .32 .22 .22 .15
RCI* 31.4 73.4 61.5 73.4 73.4 81.9
RCI 0.0 61.4 43,9 6l.4 6l.4 73.7

RCI: Percentage reduction in impact from base year (1976).

RCI*: Percentage reduction in impact from base option,
includes benefits from medium and heavy truck regulation.
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TABLE 5-20

TOTAL OIJTDOOR PLUS INDOOR SPEECH INTERFERENCE
{LWP in millions; RCI percentage benefits)

Options

Base One Three Five Seven Silent

1976 Total 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
RCT 0.0 0.0 0.0 0.0 0.0 0.0

1982 Total 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
RCI* 37.4 75.2 64.7 75.2 75.2 g2.1
RCI 6.0 60.4 43,6 60.4 60.4 71.4

2000 Total 19,81 7.987 11.22 7.87 7.87 5.69
RCI 35.0 74.2 63.2 74.2 74.2 81.3
RCI .0 60.3 43.4 60,3 6.3 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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SUMMARY AND CONCLUSIONS

The calculation of noise impact from trash compactor noise is based
primarily on a single eguation:

WP = W(Lgn) ¥ P

where
INP = the level weighted population,
W{lgp) = 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 (annovance)] from envirormental noise
{expressed in terms of day-night sound level);

b. 8Sleep 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 sumarizes 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.
The following conclusions may be drawn from the data shown in Tables
5-12 5-10, 5-17, 5-20, and 5-22;
(1) Substantial benefits in terms of reduction in extent and severity
of impact may be realized 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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TARLE 5-21

SUMMARY EQUATION DESCRIBING CALCULATION
OF TRASH QOMPACTCR NCOISE IMPACTS

Basic Equation: level Weighted Population = Fractional Impact x
Population

a. Impact of total urban noise.

Lgn max i
WPtragfic = £ (W{lgn) x Pop;)
i =55dB

where
0 Lgp < 5548

WilanJannoyance =
.05(Lgp, - 55) Lgp > 55dB

b. 8leep disturbance and sleep awakening fram individual events.

Lgmax .

iP5 cep ={Z W(Lén)sleep # Pop. Density x Size of Area
disturbance | { = 37d8 disturbance
(awakening) (50) (awakening)

where

Wsleep disturbance = 1.35 Lg = 50.0

Wsleep awakening = 1.10 Lg = 49.5

¢. Speech interference from individual events.

Leg :
LiPgpecch =X W“—én)speech % Pop. Density x Size of Area
disturbance 1 = 55dB disturbance
outdoors {45) outdoors
{indoors) {indoors)
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TABLE 5-22
SUMMARY OF EXPECTED BENEFITS

FROM VARTOUS REGULATORY OPTICNS
(LWP in millions; RCI percentage benefits)

General Adverse Resgponge

Regulatory 1976 1984 {Near—term) 1991 {Long-term)

ggtion LWP WP RCI RCI* LWP RCI RCL*
Baseline {Quieted

truck chassis only)} 2.11 1.47 30.4 - 1.48 30.0 —

1 2,1 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 1,11 47,5 24.5 0.54 74.5 63.5

7 2,11 n.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)
ggtion Lwp AP 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
j 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 hase year (1976}.

RCI*: Percentage reduction in impact from base option. Base eption
includes benefits from medium and heavy truck regulation.
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TARLE 5-22 {(Continued)

Sleep Awakening

1976 1984 (Near—term) 1991 (Lang~texm)
LA TR RC1 RCI* LWP RCI RCI*
11.50 8.28 28.0 — 7.94 31.0 —

11.50 5.25 54.4 36.6 2.37 79.4 70.2
11,50 6.71 41.7 19.0 3.4 67.5 52,9
11.50 6.25 45.7 24.5 2.37 79.4 70,2
11.50 5.03 56.3 39.3 2.37 79.4 70.2

11.50 4.23 63.3 48.9 1.3 88,6 83.5

Outdoor Speech Interference

1976 1984 (Near-term) 1991 (Long—temm)
[P LWP RCI RCI* TP RCI RCI*
29.63 19.02 35.8 — 18.53 37.5 -

29.63 12,65 57.3 33.5 7.34 75.2 60.4
29.63 15.80 46.7 16.9 10.46 64.7 43.6
29,63 14,60 50.8 23.2 7.34 75.2 60.4
29,63 12,08 59.2 36.5 7.3 75.2 60.4
29,63 10.03 66.2 47.3 5.32 82.1 71.3

Tndoor Speech Interference

1976 1984 (Near-term) 1991 (Long-term)
we WP RCT RCIL* LwWP RCI RCI*
0.84 0.55 34.4 -— 0.54 35.0 —

0.84 0.36 56.6 34.5 0.21 74.9 61.1
0.84 0.45 45,6 18,2 0.30 63.6 44,4
0.84 0.42 49.9 23.8 0.21 74.9 61.1
0.84 0.35 58.6 36.4 0.21 74.9 61.1
0.84 0.29 65.7 47.3 0.14 82.9 74.1
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By 1991, the number of people exposed to environmental noise levels
above gy = 55 @R due to solid waste collection activities is expected
to have decreased from the baseline of over 19 million to approximately
6 million. These § million people will also henefit 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 interference events is alsc anticipated.

{2) Options 1, 5, and 7 are shown in Table 5-21 to produce identical
benefits in the long-term (1991), and all produce qreater benefits
than Option 3. However, (ption 7 produces greater near-term benefits
{1984) than either Option 1 or 5.

{3) Relief afforded by limiting noise emissions from newly manufactured
truck-mounted trash compactors adds significantly to the benefits
consecuent to a new truck regulation, i.e., absence of a trash
canpactor requlation wilil negate the full potential benefits that
may be realized from the truck noise requlation.

{4) As new truck regulations hecome more stringent, greater relative
benefits are realized from noise emission restrictions on trash
commactors.

{5) Regulating a truck-mounted compactor more stringently than is done
in Option 7 would result in only slightly qreater henefits because
of the noises other than compaction ocourring durina the collection
cycle.

(6} Benefit is afforded mainly to those people 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 lesser dedree, receive fewer benefits.
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SECTION 5 EXHIBITS

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 for each of four final requla-
tory Options (1, 3, 5, and 7}, the Base Case (no regulaticn) and the Silent
Czase (see Table 5-1).

The Exhibits are presented as follows:

Exhibit 5-A: L (Average A-weighted sound level} for Collection Cycle At m

Exhibit 5-B: Lag (Eguivalent sound level for a 24~hour pericd) At 7m

Exhibit 5-C: Igp (Day-night sound level) At 7m

Exhibit 5-D: TgpA (Day-night sound level with ambient) At 7m

Exhibit 5-E: [LWP and RCI for General Adverse Response

Exhibit 5-F: Lg (Sound Exposure Level} At 7m

Exhibit 5-G: I[WP ard RCI for Sleep Disturbance

Exhibit 5-H: LWP and RCI for Sleep Awakening

Exhibit 5-I: LWP and RCI for Outdoor Speech Interference

Exhibit 5-J: LWP and RCI for Indoor Speech Interference
Symbols defining columns are as follows:

SSF =~ Suburban Single Family Detached

I

5D Suburban Duplexes

UR Urban Row Apartments
DU - Dense Urban Apartments

VDU

Very Dense Apattments

5-70




TL-5

YEAR
1976
1977
197A
1679
1980
1981
1982
1983
1984
19585
1986
1997
1988
19599
1930
1991

1992.

1993
1994
1995
1995
1897
1998
1999
Al

SSF
78.515
78.57%
70.310
TH.02R
T1.727
17.403
76.908
76.530
T6.017
15.,93¢%
15.9%2
75.76b
75%.0679
75.679
15.579
Thab75
TH.679
15.619
75.619
T5.679
75.679
1h.679
TH.679
Tha.670
7°.670

Exhibit 5-A:

Baseline Qption

sn
70,551
78,551
78,2684
TR,000
T7.497
77.370
76.9%2
76,409
75.971
T.08R
75,803
75.717
T5.629
15.629
T5.62%
7%.629
75.629
75.4629
75.629
75.629
15.629
15.629
1%.629
15.679
Te.h20

UF
82.577
A7.577
R2.332
B2.073
81.797
Bl1.502
81.129
B0.720
FQ.269
B0.197
80,125
BC.051
79.975
79.9%5
79.97%
79.91%
79.975
79.271%
79.975
19.975
T79.57%
T9.91%
T79.97%
76.917%
79.975

lA {Average A-Weighted Sound Level) for

DU
RG.316
Ba.316
R4.0RD
B3, PA0
R3.564
R3, 2R7
B2.924%
A2.534
82.1064
F2.038
B1.97D
f1.500
P1,R29
A1.6829
R1.029
R1.R29
Al1.AR29
Al.829
#1.r29
81,829
H1,R29
H1.829
Rl1.F20
%1.F29
ny,n29

vDU
84.758
84,758
B4.5406
4,324
84.090
B3.843
83.532
B3.198
B2.0837
R2.780
Rz2.722
B2.664
A2.605
82,605
82,60%
82.605
R2.605
R2.608
B2.605
82.605
B2.605
A2.605
H2.609
A2.605
BZ.605

YEAR
1976
19717
1979
1979
1980
1981
1982
1982
1984
1985
1936
1987
1988
19R9
1990
1991
1992
1992
1994
1995
1996
1997
1994
1999
2000

SSF
78.575
TR.575
78,310
78.028
71.603
77.132
76.6406
T5.533
ILPLL D
73.822
73,099
T2.640
772.136
12.136
72.136
72.136
12.136
72.136
12.136
72-136
77.136
72.136
72.136
12.136
1ra136

Cottection Cyek al T m

{ption 1

SO
m.551
18,551
n,204
78,000
77.576
77.106
76.381
75.%10
T4.420
73.808
73.096
72.642
72.135
T2.135
72.135
72.135
72,135
T2.13%
72.13%
72.13%
72.135
12.135
72.138
T2.13%
T2.13%

UR by
f2.577 B4.316
82.577 B4.316
072.332 84.080
82.073 B3.83D
81.632 83.3483
81.142 B2.8B5
80.401 82.139
19.508 B1.238
18.383 B0.099
T7.667T 79,343
T6.809 78,4206
16.34T T7.962
75.031 77.442
15.031 T7.442
75.831 77.442
15.831 77.4%2
T5.031 TT.442
75.031 ?7.442
T5.831 17,442
15.031 T7.442
715.831 77,462
15.831 77.442
T5.H31 TT.462
1%.031 TT.4642
T5.831 TT.442

you
f4.758
B4.758
84.546
B&.224
83.859
83,337
B2.5T4
Bl.647
80.466
79.579
78.463
17.989
17.6456
T7.456
TT.456
77.456
77.456
17.6456
T1.6456
17.456
17.456
17.456
17.45%8
TT.054
17.456
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YEAR
1976
1977
197€
1979
1580
1931
1582
1993
1984
1985
1986
1997
15948
1989
1990
1991
1992
1593
1994
1995
1996
1997
199k
1999
2000

S5F
78.575
70,575
78.310
7R.02A
71.727
T7.403
76h.811
T6.125
T5.311
T74.945
T4.545
74,104
T3.614
73.614
73.614
73.61%
73.5614%
73.614%
73.614
73.614
73.614
73.b10
73.514
73.614
73.614

Exhibit 5-A:

Option 3

50
78.551
70.551
72.2H4
78.000
77.697
77.370
76,77¢
76,093
75.278
T4.9117
76,523
764.090
72.608
T3.60R
T3.608
73,608
73,608
73.608
T3.608
T3.60h8
73.60R
73.604
73.608
73.6CH
T3.60%

Ur
82,577
R2.577
82,332
AZ.073
al.797
Al.502
80.907
A0.216
79.39¢
TR.964
78.4P7
77.950
77.337
77.337
17.337
77.337
77.327
77.327
T7.337
17.337
77.337
T7.337
T7.337
77.337
77.337

lA (Average A-weighted sound level) for Coflectien Cycle at 7 m

v
A4, 316
84,316
a4,.0r0
AR3,A30
3,564
n3.,292
RZ.68%
1,992
R1.16R
Ap.712
RO.203
79.6256
78,9561
TR. 061
TH.O9:1
TR.941
TR.951
78.9561
78.761
TB.961
TB.951
TB.981
TR.961
TH.9b]
TH.O61

You
B4.158
A4.758
B4.546

B6.324 .

84,050
83.B43
A3.24]
B2.543
A1.711
Bl1.178
B0.571
79.865
79.021
79.021
79.021
79.0?71
79.0°71
79.021
79.021
79.021
79.021
79.071
19.071
719.021
79.021

YEAR
1976
1977
978
1979
1980
1981

1982
1983
1984
1985
1986
1987

1984
1989
1990
199]

1992
1992
1994
1995
1996
1997
199R
1999
2000

SSF
TH.575
78,575
78.310
78.028
T7.727
77.403
T6.T24
15.920
16.932
74 .383
73.755
73.021
72.136
72.138
72.136
12.136
72.136
72.136
72,136
T2.136
72.136
72.136
12.136
72.136
t2.136

Option 5

N
TH.5%]
T78.55]
T8.2R%
78,000
1T.697
7T7.370
76.691
75.886
14.89A
Th o354
T3.732
713.006
72.135%
72135
72.135
72.13%
72.13%
72.12%
T2.135
12.135
72.135
T2.1235%
72.13%
T7.135

UR
82.517
82.5717
B2.232
82.0173
81.797
Rl1.503
BO.R2T
B0.025%
79.041
TH.433
T1.126
T6.881
ThaB31
T5.831
75,831
75.831
T5.831
75.831
75.831
15.83]
15.R31
75.831
75.831
75.831
15.R]1]

ov
84,316
84.316
84.080
B83.830
A3,564
83.282
82.606
81.8086
B80.824
BC. 193
79.454
18.564
T7.442
TT.%42
T7.5%42
TT.462
TT.442
TT7.662
TT.642
T7.462
T7.442
77.442
T7.642
77.442

you
84,758
86.7%8
B4.546
84.32%
84.09D
83.843
83.170
52.373
81.397
80.695
79.859
TR.B21
77.456
17.456
17.456
17.456
T7.456
77.458
TT7.456
TT.658
17.456
T7.456
77.456
7T.456
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YEAR
1976
1977
1978
1979
1980
1931

1982
1983
1944
1985
1986
1987
19g8
1989
1990
1991
1992
1993
1994
1995
1994
1997
1998
1999
2000

SSF
78.515
78.575
78310
TH.026A
77.5%5
T7.025
To.279
15.37H
T4.240
73.589
72.823
T2.493
72.13¢
72.136
72.136
72.13¢4
72.136
12136
72.13¢6
72.136
724136
T2.136
T2.13¢
72.1236
72.13¢

Exhitit 5-A: Ly (Average A-weighted sound level) for Collection Cycle at 7 m

Option 7

sp
7R.501
TR .55 1
Fl 20D
TR.000
77.528
76.999
76.254
7%.355
74.219
T3.576
72.821
12492
7?2135
72.135
T2.135
124135
T2.13%
7?.135
72.135
72138
T2.13%
72135
T¢.125
72 .125
70.125

UR
r2.517
B2.577
82.332
RZ.0T3
Bl.506
Al1.028
A0, 278
79.35’6
8. 184
77.4232
76.521
76190
75.R31
75.A31
15.8231
Th.831
7%.821
75.831
75.831
75.831
Thaf31
T8 .P31
7%.031
75.031
7‘.‘o’131

n
84,316
B4.316
B4 .080
A3.P30
R3.337
A?.7B2
E2.017
B1.0A7
79.922
79.107
78,133
77.801
T7.442
TTa442
T7.442
T1.4492
T1.442
TTalb?
TTatt?
T1.442
TTahb2
TTab42
TTetit42
TTa042
TTalste?

vou
B4%.758
B4.T58
B% 546
B4 .324
83.815
83.238
P2 455
B1.500
80.272
79.340
78,151
77.0817
77.4%56
77.456
T7.456
77.458
77.4%56
77.4%56
77.458
77.4%6
77,456
77.456
77.456
77.456
77.456

YEAR
1976
1977
1978
1979
1980
1991
1982
1983
1994
1955
1946
19487
1988
1939
1990
1991
1992
19%3
1994
1995
1996
1997
1998
1999
2002

SSF
78.575
18.575
78.310
18.028
TT.654
16.793
1%.930
T4.852
73.415
T2.4506
71.223
10.971
70.703
70.703
10.703
70,703
70,703
10.703
70.703
10.703
10.703
10.703
70,702
10,703
10.703

Sitent

50
TR.551
76.551
TP 2864
T8 .000
77427
TéaTHH
75.904
T4 .828
73.393
77 fli4
71.227
70.97%
70707
10707
70.707
10707
70.707
10707
70.707
710.707
10.707
T0.707
10.707
70.707
10.707

Optien

UrR
B2.577
82.517
B2,332
A2.073
81,491
A0.A19
79.948
78.857
T7.397
164322
T4.691
74.639
Th.371
T4.371
1764371
T4.371
74,371
T4.371
T4.371
T4a371
T6.371
74.371
16.371
Tha371
T4.371

ov
86.316
R4,.316
B4.080
A3.R3D
83,245
A2.569
a1,69%
BO.5986
79.128
78.006
76,488
76,236
75,963
75.958
75.968
75.968
75.968
75.968
75.968
75.958
15.968
75.968
75,968
7%5.958
75.968

vDu
84.758
B4.758
B4.546
B4h.326
A3.730
83.041
82.1586
81.043
19.54%
Th.268
Th.45%
76.202
75.93%
75.934
75,934
T75.936
75.934
15.93%
75,934
75.93%
15.934%
75.93%
75.934
75.934
15,934
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YEAR

1976
1977

1978
1979
1980
1931

1582
1932
1984
1985
1996
1937
1988
1999
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
£2na0

SSF
44,997
45007"
44 _RRA
G 606
44 6135
494,164
43,503
43,398
42,938
42.903
42 .86h
L2.827
L 2.787
62.833
42.068
42.904
42.932
42.974
43,009
43,03%
43,068
43,090
43,12¢
2,155
.1tk

Exhibit 5-B: leq (Equivalent Sound Level for 2 24-Hour Pericd) at 7 m

Baseline Option

sn
49.479
49557
49.3¢R
49.1¢2
L4H.911
4R .H3ARA
4,273
G4T.0863
47.398
4£7.3861
47,323
47,264
47.247
47,200
41,3700
k7.3%49
47.394
47.029
47.464
47494
hT7.524
67.554
47.HP4
H7.613
47.5463

UR
57.784
57.862
57696
57.514
57.292
57.05%1
5{1- ?30
56.374
55.976
SR.951
55.925
55.F97
55,869
55.915
h6.950
55.9R5
56.020
56.05%
56.090
56.120
56,150
56.1F0
56,210
Bhel&
RELPTC

(o]l
63.990
644067
63,909
63,737
63.%2%5
63,295
62.991
62.654
62.275
62.258
62.235
62.212
62,198
62.2136
62.7269
62.306
62.339
62.374
62.410
6£2.4739
62.669
h2.499
62.529
62.5%509
h7?."RY

vou
6B.389
6A8.467
H5R.334
68.190
58.009
67.814
6ET7.557
67.276
b6.967
66.957
66.947
65,925
b6.922
66.969
67.004
6H7.039
67.074
67.109
67.144
67,174
67.20%
67.234
67,2064
b7 .7294
67.323

YEAR
1976
1977
1978
19749
1980
1981
1982
1943
1914
1945
1986
1997
1988
1989
1990
1991
1992
1993
1994
199%
1996
1997
1998
1999
2000

5SF
44.997
45.074
44.08A8
44.684
44.312
%3.893
43,220
42.40]
41.367
40.789
40,114
3g.705
39.264
39,7291
39,326
3g9.361
36,39¢%
in.431
39,466
39,6496
19,525
39,.55%
39,505
je.61%
19.64%

Option 1

sh
49,679
49.557
69,364
49 162
HKE.T791
4RL3T4
&7.702
46.88%
4%5.847
45 2R2
44 617
64,209
43.749
43.795
43,030
63 068
43,900
43.935
43.970
44 .000
44,030
44,060
44,090
44,120
84,150

UR
57.7R4
57.862

bu
63.990
64.067

You
68.389
bB8.487

57.696 63.909 68.334

57.514
57.127
56.689
56.002
55.162
54,090
53.420
52 .609
572.19%
51,775
51.771
51.806
S1.R41
51.876
51.911
51.947
51.976
52.006
572.0306
52.066
57.096
52.126

63,737
63.343
42,0838
62,205
61.357
60.272
59.562
58.4692
5B.274
57.801
AT.F48
57.883
57T.918
57.953
57.988
58.023
50.053
50.0R3
5H.113
9B.172
58,202

68.190
67.717
67.309
66.599
65.725
64.597
63.757
62.468
62.260
61.773
61.820
61.855
61.890
61.92%
51.960
61.995
62.025
62.055
62 .0R5
62.114
62,144
62.174%
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YEAR
137¢
1977
1978
1979
1980
1991
1982
1983
1984
19385
1986
1987
19R8
1989
1990
1991
1992
1993
1994
1995
1596
1997
199p
1999

2000

SSF
44,997
45,074
64,886
4h.684
44,435
44.164%
43.626
42.993
42.232
41.913
41.559
41.16%
40,721
40.768
40,803
40.83P
40.973
40.90U
40,943
40.972
41.003
41.032
41.062
41.093
41,1207

Exhidit 5-B: l,q (Equivale * soond fevel for 2 24-hoar peried) at 7 m

Dption 3

D
49,479
49,657
49.36R
49.162
4P .911
4R.63R
ap.cs9
47,4567
46.706
46.391
‘Ob .DIO‘.
45,657
45,222
45.269
65,304
6%.329
45,374
65,409
45,444
45,474
4%.506
45,524
45,504
45,593
G 023

LR
57.784
57.862
57.696
57.514
57.092
57.051
56.,50R
55,0870
55,102
54.718
56,287
53,796
53.230
53.277
53.317
53,347
53,382
53.417
53.4%2
53.4F2
53.512
53.542
53.571
53.601
53,631

pu
63.990
64.087
63.909
63.737
62.525
63.295
62.751
62.112
61.2340
60.932
60.469
59,939
59,320
59.367
59,402
50,427
59.472
55.507
59,562
59,572
59,602
59.637
59.6b62
59,691
55,721

vou
68.3F9
6RLAET
68.334
69,190
6A.009
67.61n0
67.266
66.621
65.042
65.356
64.795
64.126
63,329
63.31R5
63.420
63.4%5
63.990
63.5%25
63.560
63.590
63.620
63.650
63.6¢0
63.710
63.740

YEAR
1976
1977
19748
1979
1980
1981
1982
1983
19494
1985
1986
1987
1988
1989
19%0
1991

i992
1993
1994
199%
1996
1997
1998
1999
2000

SSF
44,997
45,074
44 .888
“6,5604
44,435
44.104
43.539
42.788
41.8%3
41.351
40.770
40.002
39.244
39.291
39.326
39.36)
39,396
39.631
39,4966
39.496
39.525
39.5%5
39.585
39.5615
A0.54%

Optivn §

sD
49.479
69.557
49.36R8
h9.162
4A.911
4A.638
48,012
4T.260
46.32%
45,828
65,253
44,574
43,749
43.795
43.830
43,865
43.900
43.935
43.970
44,000
44.030
44.060
94,090
44.120
44.150

UR
57.764
57.862
57.696
57.514
57.292
57.051
56.627T
55.679
56,748
54,187
53.627
52,7268
51.725
51.771
51.006
51.pP41
51.87T6
51.911
51.947
51.97¢
52.006
52.036
52.0060
52.096
52.126

pu
63.990
64.067
63.909
63.737
63.525
63.29%
62.672
61.925
60,997
650,412
59.720
5A.876
57.801
57.848
57.583
57.918
57.9%53
57.988
58.023
58.0%3
5p.083
58.113
SR.142
5R.172
58,202

vou
68.389
68.467
68,334
68.190
68.009
67.814
67.194
66.451
65.528
66.873
66,083
63.092
61,773
61.820
61.0%5
61 .890
61.925
61,960
61.995
62.025
62.055
62.0R5
62.114
62.146
62.174



9L-5

YEAR
1978
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1937
1988
1989
1990
1591
1992
19313
1994
1995
1996
1997
1998
1999
2000

SSF
44,997
45,074
44,988
44.684
44,265
43,786
43,094
42.2946
41.161
90.557
39.838
39.554
39,244
19,291
39.326
39,361
39,398
39.43]
39,466
39.496
319.525
39.55%
39.585
39,5615
39,64¢

Exhibit 5-B: le|l (Equivalent sound fevel for a 24-hour peried) at 7 m

Option 7

S0
49.479
49.557
49.368
49,162
48.763
GR,2¢7
47.575
6¢.729
65.646
45.0%50
44.342
44.059
43,749
43.795
43,R30
43,065
43,900
41,935
43.970
44,030
44,060
44.090
44,120
Q4 .1%0

UR
57.704
57.862
57.696
57.514
57.081
56,565
55.878
5%.010
53.891
53.1685
52.321
52.037
51.725%
51.771
51806
51.841
51.911
51.947
51.976
52.006
50.036
52.066
52.096
52.126

au
63,990
64.067
631,909
63.737
63.298
62.798
62.0R82
61.208
60.074
59.326
58.399
58.114
57.A01
57.R4R
S7T.8R3
57.91€
57.953
57.988
58,023
58.053
SR.083
50.112
58.142
58.172
5e.2N2

you
68.389
608,467
68,334
68.190
67.734
57.210
66 .4 R0
65.577
£4.403
63.517
62.375
62.0R8
61.713
61.820
61.855
61.890
61.925
61.960
61.995
62.025
52.055
62 .085
62.114
b62.144%
62.174%

YEAR
1976
1917
19748
1979
1980
1981
1982
1993
1984
1995
1986
1987
1988
199%
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF
44.997
45.074
44,888
4,684
44.1063
43.555
42,745
41.720
40,337
39,424
3f,z38
38.032
37.811
37.858
37.893
37.928
37.963
37.998
2g.033
3B.063
38.093
3g.123
AB.1R2
3n.182
Asv.?12

Stlent Optisn

S0
49.479
69.557
49.36R
69.162
4B.642
4B.034
47.225%
G6.202
44.R20
43.917
“2.747
42.562
62.321
42.367
42.402
42.637
42,472
42,5017
62.542
42,572
42.602
42.637
h2.062
42.692
h2.T722

UR
57.784
57.0862
57.696
57.514
56.906
56.367
55.549
54.511
53. 104
52,076
50.692
50,486
50.26%
50.311
50.346
50.301
h0.416
50.452
50.487
50.516
50.546
50.576
50.606
50.636
50.666

ov
63.990
66.067
63,909
63,737
63.205%
62.582
61.761
50.717
59.301
50,225
56.754%
56.540
56.327
56.374
56.409
56.4046
5hat79
56.514
56549
56.579
56.609
56.638
56.658
56.698
56.728

vou
68.389
668.467
68.324
68,190
67 .64A
67.012
66.181
65.121
63.675
627.446
s0.678
60.473
60.251
80.298
60.333
60.368
40.403
60.438
60.473
60.503
60.533
60.563
50.593
6D.622
60.652



LL-5

YEAR
1976
1977
1978
1979
1980
1931
1982
1983
1986
19395
1986
1987
1988
1989
1990
1991
1992
1933
1994
1995
1936
1997
1998
1999
£000

SSF
45,499
45.577
45.390
45.186
44.938
44.667
44,320
QB-QOO
43.661
43.405
43,368
43.330
43.289
43,336
43.371
43,406
43.641
43,470
43.511
#3.5401
43.571
“3-')01
43,630
43,660
43,090

Baseling Option

5D
51.355
51.433
51.244
51.038
£0.7HA
£0.6514
50,149
49.739
49,274
%9.23R
49.2C0
L9.1€0
49.119
69,165
49.200
49.23%
490270
"9.3”5
49,340
49,370
59.400
49,4230
49,460
40,490
49,520

UR
62.T44
62.8°2
62.4655
62.474
67.2%1
62.010
61.690
61.334
60.936
60.911
60. R84
Gn.p6e7
60.R28
60.47F
60,910
60.94%
60.980
61.015
61.050
61.0F80
6t.110
6l.140
6. 170
&1.199
f1.229

Exhibit 5:C; Lgy {Day-Night Sound Level) at 7 m

pu
71.204%
T1.2802
T1.12%
70.952
70,739
T0.510
70.205
69,869
6£7.493
69472
69,450
A9, 827
69.407
69.4609
69,4684
h3.519
69, F54
69,4549
69,624
69,654
H9. 614
69.714
h9, 744
69,774
69.0R0%

you
75 .60%
T5.6A2
15.549
75404
75.223
715.029
T4.772
Th.4%91
T4 .1R7
T4.172
T4.161
T4.15%0
14.137
T4 .184
T4 .219
76 .24%4%
T4.289
74.326
T4 .359
76 .389
T4.419
T4 .449
T4.478
74 .508
F4.538

YEAR
1976
1977
1978
1979
1980
1931
1982
1983
1994
1985
1986
1937
1788
1949
1990
1891
1992
1993
1994
1995
1996
1997
1998
19489
2000

SSF
4% .499
45.577
4%.390
45.1886
44,814
44.,39¢
43.723
h2.904
4]1.86%
41.292
40.617
40.208
o, t47
39.794
39.829
39.064
39.999
39.934
39.969
19,999
40.029
40,058
40.088
40.118
40.148

Option 1

5D
51.355
51.433
F1.244
%1.03A8
50,667
£0.25%0
49,578
4R.T61
4T.723
67.15%9
46.493
46 .086
ah.62%
4% 672
45,707
45,742
45177
45.9812
45 .867
45,877
4%.907
4% .937
4% .966
65,996
“6.026

UR
62.744
62.822
62.655
62474
62.086
6].649
60,962
60.122
59.04%9
58.360
57.569
37.154
56.604
56.731
S56.766
56.P01
56.836
56.871
56.906
56.936
56.966
56.996
57.026
57.05%5
57.086

v
71,204
71.202
71.126
70.952
70.558
70.113
69.420
68,572
67.486
66.777
65.907
£5.489
65.016
65.063
6%5.098
65.133
65,168
65203
65,238
6%5.268
65.297
65,327
65,357
65,387
65.417

You
18 .604
15 .682
15 .549%
75 .404
T4.992
Th.524
73.813
T2 .929
T1.812
10.972
69.902
B9 .4 76
68 .908
69 .035
69.070
69.105
69 .140
69.175
69.21D
69.240
69 .269
69.299
69,329
69.3%59
69.349



8.-5

YEAR
1976
1977
197p
1979
1980
1981
1982
1983
1984
19685
1986
1587
1988
1989
1990
1991
1992
1993
1994
1995
1996
1987
199¢
1999
2000

SSF
45 .490
4%.577
45,390
45186
44,918
46 667
46,128
43.498
42.73%
42.91%
&42.062
41 668
41.224%
41.271]1
41.306
41.34]
41 .37¢E
41 4411
41.44%06
4l .4TC
41.50¢
41,536
41,5605
41 .55
41 .0.2¢

{ption 3

5D
51.35%%
51.423
51,244
51.038
50,788
50.514
49,975
49,343
HH .5 5*2
4,267
47.920
47.533
47.099
47.145
47180
47.215
47 .250
41255
47.320
7T 350
47 .,3R0
47 .410
67 660
41 .470
47,500

Ur
62.T44
t62.022
62.6%5
62474
62.2%1
62.010
61.467
60.830
60.0¢1
59,617
59246
SP.T%84
hR,190
58,236
5F.7T1
SR.306
58,342
5R.377
SP.412
58,441
SH.4T1
5Pr.501]
5F."31
58 ,5¢1
fil(“ilﬁ.]

Exhidit 5-C: Ly, (Day-night sound fevel) at 7 m

ou
T1.20%
T71.282
T1.1246
10.952
T0.739
70.%510
69, GEH
£9.326
bR 555
hR.14H
6T7.0684
67.154
66,53%
b6.5R2
J-NAN
bh.6%?
66,687
6L.T772
] P A
A, 787
6B 7
hb.P4UHK
hE.PTE
hEL N6
(‘f'- ';Jf‘

¥You
15.604
15.6R2
15.549
T8 . 404
15.223
715.029
e .4R]
13.A36
13.007
17.571
12.010
T1.35]1
10.553
710.600
70.625
10.670
10.70%
10.740
10,775
10.80%
70.83%
T0.865
10.69%
10.925
M0 .954

YEAR
1976
1977
1978
1979
1980
19813
1982
1983
1984
198%
1986
1987
1988
1969
1990
1991
1992
1993
19964
199%
1996
1997
1998
1999
2000

SSF
45,499
45.577
4%.390
45.186
44.938
44.667
44,061
43.290
42.355
451.85%
41.272
40.58%
39.747
39,794
39.829
39.864
39,899
37.934
39.969
19.99%
40.029
40.058
40.0BR
40.11F
40145

Option 5

sn
57.35%5%
51.433
51.20%
51.03A8
50.78R
50,514
49.RA9
49.137
48,201
47.704
47.129
46,450
45 625
45.672
45,707
65.742
45,717
4R R12
45,047
A5 8TT
4%5.907
65,927
T
4% ,5996
4h 026

UR
62. 744
62.822
62.655
62.474
62,251
62.010
bl1.23E7
60,638
59.70R
59.167
50,4886
57.6R8
ShabBb
56.731
56. 766
56.A01
56.836
B6.071
56.906
56.936
56.966
56.996
57.026
57.055
57.0P%

ou
71.204
71.282
T1.124
T0.952
70.739
70.510
69.887
69.140
68.212
6T.627
66.935
66.091
65.016
65.063
65.098
65.132
65.168
65,203
65.238
65,208
65.297
65.327
65.357
65,287
65.417

You
15 .604
75.0682
15.549
15.404
15.223
75.029
To.409
13.6066
12.742
12.088
71.298
10.307
6B.988
69.035
69.070
69.105
6%.140
69.175%
69.210
69,240
69.269
6%.299
69.329
69.34%9
69.3R9



oL~

YEAR
1976
1917
1978
1979
1980
1981
1982
1983
1934
1935
1936
1987
198A
1989
1990
1991
1992
19923
1994
1995
1996
1997
1998
1999
2090

SSF
45.499
45.577
45,390
45,188
dh.Thb
49,219
43,596
42.74H
41.664

1.060
40,341
40.2%7
39.747
39,794
A5.829
39.864%
39.999
39.934
39.969
39,999
40.029
40.058
G0 0R
40,118
LH0.14P

Option 7

so
51.3%%
1,422
H1.2464
51,0328
50.620
5p.143
49,451
4R.605
47.523
46,926
46,218
45,935
45 .625
a5.hT72
45,707
45,742
L A i §
4%.81°2
45 .R4T7
45.6517
45,507
4% .937
G5 046
4Le . 096
L¢ N248

LR
62,744
62.R22
62,655
F2.4T7h
62.040
hl.545
60.838
59,969
5R,8%51
58.145
5T.281
b6 .99h6
SHh.0HS
S6.731
S6.766
56.001
Bb.R3G
hboAT1
56,906
hba936
56 .966
86,9496
57.026
£T.0¢5%
ST.NFES

Exhibit §-C: ldn (Day-night sound level] at 7 m

nu
T1.204
71.292
Tlal24
70.952
70.512
70.010
69.2%8
6B.421
67.209
66.541
65,614
65,2728
65,015
65,063
65,098
65.133
65,148
65,203
65.238
65.2hR
65,297
65,327
65.357
65,397
£h.417

vou
75 .604
75.682
75 549
75.404
16 .94R
T4 .425
73.695
72.792
71.618
70.732
5% .590
69.303
658,908
62,035
69.070
6%.105
b9.140
69.175
655.210
69.240
69.269
69.299
69,329
69.359
b9.3R%

YEAR
1976
1977
1978
1979
1980
1981
1982
1933
1994
199%
1988
1987
19AA
1989
1990
1991
1992
1993
1994
1995
1996
1997
1994
1999
2000

SSF
45,499
45.577
45.390
45,186
44.665
44.057
43.247
42.223
40.939
39.927
3.4z
3A.536
in.als
38,362
3R.397
3R.432
a.467
Ar.502
3A6.537
3B.567
IA,596
IH.H26
An.656
38.6R6
n. 716

Sient Option

sb
51.3%5
51.433
51.244
51.038
50.518
49.911
49.102
fF.078
46.697
45,794
hh4 624
454 .41R
44,191
Gh.2h4
bh.279
44,314
44,349
44.384
46.419
49.6449
44,419
44,509
G4 .5 38
44.508
et 598

UR
62.744
62.R72
62.65%
b2.474
61.945
61.326
60.508
59.471
5R.063
57.036
55.651
55,446
5%.224
55,271
55.306
55.341
55.376
55,411
55,666
55.476
55.506
55.536
55.566
55.595
56,625

ou
T1.20%
11.2R2
T1.124
70.952
T0.4%420
69.797
6B, 975
67.932
66.516
65.440
63.969
63.763
63.542
63,588
63.624
63.659
63.694
63.729
63.764
63.793
63.823
63.6853
63.883
63.913
63.943

vbu
15.60%
15.602
75.549
15.404
Th.B63
T4.227
73.395
72.336
70.890
69.661
67.893
67.687
6T.4606
67.%13
67.548
67.58)
67.618
67.653
61.688
67.718
67.748
67.777
67.807
67.827
67.067



08-5

YEAR
1376
1977
1978
1979
1980
1581
1982
1983
1984
198%
1986
1587
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
199n
1999
2000

S5F
h4.574
54,503
54.560
54,536
54.50R
b4.479
S4, 403
54,405

564,366

59.363
56,360
54.357
56.354
54,356
£4.36C
£4,.303
54,366
5%.369
56,372
56,374
54,377
56,379
54 .347
54 J314
6 3R7

Exhibit 5.-D: LgoA (Day-Night Sound Level With Ambient) at 7 m

Basefine Option

in
FS.ARG
£5.914
55.847
55.777
55695
55.4608
bh.HOR
5%.3P3
55.261
RE.2%2
£5.242
£6.232
f".Z?Z
£r,234
% .742
£ .251
54,7260
L .2kQ
£5,276
A4
55.293
55.301
556,308
hA.ALE
R ]

Ur
63,200
6‘3-357
63.210
63,051
62.857
62.648
62.372
62,070
61.737
£1.716
bl.6%4
61.671
61,647
bl.686A
61.71F
61744
(11-773
61.803
C1.H32
bl.H57
61.0R2
6l.907
6].932
£1.657
tl.512

o
T1.208
71.363
T1.207
71.038
70.830
70.606
T0. 308
69%.979
69.616
67.594
69.572
69.55%0
69.526
69.57)
b9 605
69,639
69,673
69.707
60, 74¢
69.771
69.800
69.829
69.H05P
69. 07
ho, 916

ynu
75 .634
75.711
75.519
T%5.636
754256
75.063
14,808
T4.530
T4.224%
14.214
14 .203
T .19
74.179
Th 225
T4.260
Th29%
T4.329
Th 364
T74.399
74.42728
T4.4%A
T4 .4HA
T4.517
T4.547
Th.nTh

YEAR
1976
1977
1974
1979
19R0
1981
1952
1933
1994
1995
1934
1987
1988
1799
1990
1991
1992
1993
1954
1995
1996
1997
1994
1999
2000

55F
564.574
5%.583
54.560
S56.536
54.649%
54.451
54.389
56,325
564,258
564,227
54,195
54.178
54.160
Y4.162
54.163
54.164
54.166
564.167
54.160
54.169
5"01?1
54,172
54,173
Shel T4
R4 175

Option 1

sn
55.8R4
55.914
55,847
55.717
55.656
55.528
55.339
55.137
54.919
54.817
£4.710
54 ,.6%1
54,589
54,595
4,600
54.,60%
%4 ,.609
56,619
&4 618
E4.622
4,626
54.620
4,634
hb . 830
LTI YA

UR
63.288
03.357
63.210
63.051
62.713
62.337
61.754A
61.071
60.231
5%.730
59.1%1
S5E.867
50,557
58.587
5R.610
58,633
50,6%6
58,6719
5A, 702
58,722
58,742
58,7¢1
5R.781
5P.801
50,021

bu
71.2808
71.363
11.7207
71.038
T0.6%3
70.218
69,543
68.721
6T7.677
67.000
b6.178
65.787
65.347
65.390
65.422
65.455
65.407
65,520
55,553
65.580
65.608
65.636
65.65%4
b5.692
65.719

you
75.634
T5.711
15.579
75 .636
75.0268
T4 .562
713.058
72.994
71.R83
71.05AR
70.012
69.59%
59.123
69.149
69.203
69.237
69.211
69.305
69,339
69.368
69.397
692,426
69 .4%55
69,4R4
69.513



8-5

YEAR
1576
1977
197k
15719
1980
1931
1982
19A2

1984

1985
1996
1987
194E
1989
1990
1991
1992
1993
1994
1995
1596
1997
1998
1999
2000

SSF
54.5T4
59.583
54,560
54 574
b4 .5080
B4 ,.670
bt u2h
b‘tsB?n
54,313
54,291
G4 .269
54,2647
H4a223
54,220
54.227
56,229
54,231
54,233
4,235
54,236
$4,23R
54,239
54,261
B4 ,263
56,2464

Exbibit 5D Lg,R (Day-night sound level with ambient) at 7 m

Option 3

S0
Bh.ARG
554914
5%.047
RH.TTT
55.69%
556008
55.440
55.27TA
5% 096
55.028
54 ,9%7
54 ,AR3
B4 ROT
56.Ph15
S4.82)
Y4 .8217
b4 .B8233
54 ,R39
ny L ALS
e BH0
R4y JBRE
R4 RE1
ht LBEH
Q6072
L BTT

Ur
63.2RR
63.357
63.210
63.051
62.857
62.667
6?2.103
61,640
61.022
60,717
60,382
60.009
59.5%2
59.6206
59,65]
%0,6177
59.702
59.72R
59 .7R4
59.776
59,798
59.820
59 k4P
5Q9.8F4
56 PRK

rtu
71.286
71,363
71.207
71.038
70.R30
10.606
70.074
69.4k2
6R.705
6R.310
67. 860
67.359
66,171
66.R15
Gha. RYB
6(!. 351
bh. 1%
bba94R
66,901
67.010
67.03R
67060
AT.00%
67,173
67.151

vou
75.634
75.711
15.579
75.436
T9.250

1%.063

74.520
T73.RA01
73.110
12.631
72.078
71.430
70.648
T0.694
T0.778
T0.762
T0.797
70.821
TN.B65
10.895
70,924
70.9%3
T0.982
T1.012
71.041

YEAR
1976
1977
1978
1979
1980
1981
1582
1983
1984
1985
1984
1987
1988
1489
1990
1991
19592
1993
1994
199%
1996
1997
1994
1999
2000

SSF
54.5T4
54,5B3
54,560
54.536
54.508
54.479
54 .418
56,354
56,288
54.257
54,226
54.193
54.160
54.1462
ha.163
544164
S4.1466
54.167
54.16R
5‘1.1(!9
54.171
54.172
54.173
4,174
54,175

Optlon §

sh
- 3-39 3.1
55.914
55847
5%5.711
55 . 695
55 508
55 .624
55.2217
55.014
£4.915%
56,703
54,589
54 .59%
54 .600
b4 604
54,609
54.014
5h.b18
hG,622
54.626
54,630
54,636
56,630
S4 .64

UR
63.288
63,357
63.210
632.051
62.857
62. 648
62.11%
61.491
60.741
60.30%
5%.009
59.234
58,557
5B.587
58.610
50.633
50.65%6
58.6719
5R.702
58,722
58.742
5B.7¢1
56.781
568.A01
5B.A21

pu
T1.286
71.363
T1.201
71.038
10.830
T0.606
69.9%8
69.271
60.373
67.811
67.1%0
66.351
65.347
65.390
6%.422
654455
65.487
65.520
65,553
65.580
6%.608
65. 636
6%5. 664
65.692
65.719

you
15.634
T%.711
15.579
75.436
75.256
T75.063
Ta.h4ah
73.712
T2.000
T2.15%
71.378
70.407
69.123
69.169
69.203
69.237
69.271
69.305
69.339
69.368
69.397
69.626
69.455
69 .4 04
69.513




c8-<

YEAR
1976
1977
1978
1979
1980
1941
1982
1983
1984
1985
1986
1887
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF
54,574
54,583
54,560
54.536
54,489
54 .0941
54,379
54,314
Sh.246k
54.215
54,103
4,172
564,160
59,162
54,163
54,164
4,10
54,167
54.16%
56,169
S4.171
54.172
54,173
S4.174
56,17%

Exhibit 5-0: ldnl [Day-night soond level with ambieat} at 7 m

Option 7

sD
5.B06
55,914
55,847
55,717
55.641
55,497
55,306
55.102
54.001
54.778
‘Jl' .6('9
54.630
54,509
54,595
54 .600
54 ..604
£4.609
54,614
54.618
56,622
54,676
k4,630
6,634
54,63A
54 ,f672

UR
63.2FR
63.357
63.210
63,057
b2.674
624249
0] .655
60.949
60.0E0
59,560
58.9%3
SR. 762
58.557
5F.087
9R.&610
5R.633
58.6%6
58.679
5R.T02
58.722
SR.T42
SR.TEL
5R.781
5e.PO1
s8.n21

ou
T1a.2906
712363
71.207
71.028
70.600
70.11P
69,424
hBLBTR
67.488
66,776
65,903
65,6137
65,347
65, 390
65.422
h5eH55%
65,487
65.520
65,553
65, 580
65. 6008
65,636
65.654
65,692
65.719

vou
75,630
75.711
75.5179
Th.4306
74.982
Tho464
73.741
72.849
T1.692
710,823
69,708
69.429
69.123
69.169
69.203
69.227
69.271
6%.305
69,339
69,368
69.397
69.426
69.45%5
69.4A04
69.512

YEAR
1976
1977
1978
1979
1980
1981
1982
1983
1994
193%
1986
1937
19398
1989
1990
1991
1932
1993
1994
1995
1996
1997
1998
1994
2020

SSF
56,574
54,583
54.560
54.536
54.479
54 .419
54.351
564.279
$4.20%
54.167
564.128
54.122
ba.11b
54.117
54.118
54.119
54.120
54.121
Y4.122
54,123
54.123
51.12%
544125
54,126
hhl.127

Silent Dption

50
55.886
55.914
55.047
55.777
5%.609
55.430
55.218
54,989
54.741
54.611
54.475%
54,454
£4,4232
h4.437
564,440
hé . 643
hi o447
54 .450
54 .4%%
56,457
%4 460
54.463
54 .40
54 .4¢9
54 .67?

UR
63.2P8
63,357
63.210
63.051
62.592
62.064%
61.384
60.555
59.501
50,788
57.914
57.793
57.665
57.692
57.712
57.7132
57.7153
57.113
57.793
57.811
57.028
57.RG6H
57-8“3
57.0881
57099

DU
T1.286
71.363
T1.207
71.038
T0.518
69.909
69.111
60,1048
bbaT52
65.741
64.306
64.199
63.999
64.0641
64,073
64.10%
64,136
64,168
&4.200
66,227
b4.25%
bh.281
64,304
64,335
64,362

vou
75.834
15.711
75.579
75.436
T4.098
T4.268
T3 .445
12.399
T0.978
69.717
66.067
67.869
67.657
67.702
67.735
67.769
67.803
6T.836
67.870
67.0898
67.927
67.9%6
67.904
6AR.013
68,062




£6-5

YEAR

1978
1977
1978
1979
1990
1981
1932
1983
1984
1985
19356
1937
1988
19409
1990
1991
1992
1993
1994
1395
1995
1997
1994
1999
2003

SSF

CDODoOOoO0D
LA L I I T T T Y T T T TR U

DO0QOQOO0TOQAD OO0 DO0
SO0D0 20000 003000000000 N

® = 2 & 5 8 » B s

—
L=

Exhibit 5-F: LWP and RCI for General Adverse Response

s

L LI TN T TR T I S
VDO0000DOD0O0DODODO

S0Q00000000O02000C0CoODoDO

" 5 8 " B 3 % & B @

DOoODO0ODDToOO0ODO

Baseline Option

ST507B.9
5R7007.2
561782.6
535539.9
5062R7.5
472180.8
532987.6
A92448,9
350623.8
34A123.1
345%30.1
3472R32.5
340025.9
3446009 ,2
34R055.1
351557.1
355091.9
35R660.7
367269.2
aus53rn.y
A6A494.7
IT106T9.8
ATak209,.4
ATANI6.9
IN1270,.3

ou
1174101.0
119201%.0
1155822.0
1117721.0
1072097.0
102469%.3
964909 .4
902658 .4
B37273.1
833737.4
R30027.7
B26156.6
B2210R.0
829A59.3
B35711.7
B41606.8
B475%50.1
853522.1
659544 .4
péea700.0
REVAQT .G
8715124 .6
kP03 69.7
EPR6EL LT
RECI T4 .5

Yau

363450.9
360493 .9
neep2.2
35h0A31.4
339155.2
328263.6
313535,1
29R1 74 .4
2R2124,1
281615.1
2R1070.0
20806479.2
279R5b .4
2P2211.5
253988.1
2085778B.9
287157647
289388.9
291212.5
292772.3
794363,4
295922.7
291507.0
299102.6
INDTDHLG

ToTAL

2112629.0
2147515.0
2077506.0
2004091.0
1916139.0
1625119.0
1711021.0
1593281.0
1270020.0
1463475.0
1456627.0
16449458.0
1441909.0
1456659.0
1467754.0
1478941 .0
1490218.0
1501570.0
1513025.0
1522842.0
1532735.0
15642696.0
1552706.0
1%62795.0
15729%0.0

27.0

25.5
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Exhibit S-E: LWP and RC) for General Adverse Response

Option 1
YEAR SSF S0 UR (] You TOTAL acI
1976 0.0 0.0 S57T50718.9 1174101.0 363450.9 2112629.0 0.0
1977 0.0 0.0 SR7007.2 1192015.0 26R493.9 2147515,.0 =1.17
1978 0.0 0.0 5SA17R2.6 1155A22.0 1359902.2 20717%06.0 1.7
1919 0.0 0.0 535%19.9 1117721.0 3%D8B31.4 2004091.0 5.1
1980 N.0 D.0 4P2093.4 103446G0.R 32609%.6 1B42649,0 12.8
19381 0.0 0.0 427791.,2 96474%5.4 299933.6 1875179.0 20.7
192 0.0 0.0 353224.6 FB25D235.6 266003.46 1642263.0 31.7
1943 D.0 0.0 277719.9 6948554 225291.8 1197927.0 43.3
1994 0.0 0.0 201118.1 5%55203.6 1JB3061.8 9393R3.6 55.5
1985 0.0 0.C 162894,0 6&7R194,7 ]1%A653.6 797542.46 6H2.2
1986 0.0 D0 12517TR.0 2396450.3 127&4BD.4 6493DB.7 65.3
19387 0.0 0,0 108702.4% 361749.2 1171535.5 SRT9BT.1 72.7
1988 0.0 0.0 GIRN9.5 325627.6 10493%.6 526G3T2.6 15.72
1959 .0 0.0 033%8.6 2329027.1 107911.4% 530297.1 16,9
1950 D.N 0.0 94%540.6 331601.4 108668.6 $34790.6 14,7
1931 0.0 0.0 OKT37,.,6 2334197.7 109392.2 539327F.5% T4.%
199¢ n.0 0.0 96950.2 336811.7 110140.3 543902.2 74%.3
1993 0.0 0.0 9R1TR.G  339447.1 11pP92.5 §4R518,0 74.0
1994 0.0 0.0 996423,6 342099.6 1116%D.6 553173.86 T3,
1995 0.0 0.0 100498.0 344377.9 112299.7 E5T17%.6 T3.6
1996 0.0 D.0 1015R3.0 2486670.9 1129534 561207.2 T3.4
1997 C.0 0.0 10268144 34R975.T7T 1138611.3 56526R.4 T3.2
1994 PN 0.C 1037%1.8 23%]1290.]) 1142711 .2 569361.1 73.0
1699 .0 0.0 104914.% 362535.4 114035,7 57T34B5,7 12.9
2000 (£ 4} 0.C 106049,2 3IARKRGNT. R 1156D4.2 STT641.2 7?2.7




Exhibit 5-E: LWP and RC) for Generai Adverse Response

Option 3
YEAR SSF §0 Uk (] Y00 TOTAL Kt
1978 0.0 0.0 %75078.9 1176101.0 3634%0.9 2112629.0 0.0
1977 0.0 0.C SE7007.2 1192015.0 36R493.9 2147515.0 ~-1.7
1978 0.0 0.0 RA&17B2.6 11%5A22.0 2359902,2 2077506.0 1.7
1979 0.0 0.0 %35539.9 1117721.0 350R3)1.% 2004091.0 51
1980 0.0 0.0 504287.5 1072097.C 339755.2 1916139.0 9.3
1981 n.0 0.0 47218D.8 102469%.3 3?7R263.6 1A25119.0 13.6
1982 0.0 0.0 4070THho% 970251.& 297H34.0 1624959.0 23,1
1932 0.0 0.0 36D0177.4 PROYLZA.1 265081.1 1614P86.0 33.0
1994 0.0 0.0 273022.5 6%24R1.2 230157.6 1195661.0 43.4
1985 0.0 0.C 263212.% 636720 .1 210%&2.7 1090%13.0 AB.4
1596 C.0 0.0 213467.7 57A6A51.3 1£9913,.8 9R2032 .84 53,5
1987 0.0 0.0 1P4O?4.0 517732.4 1679%9.2 B6O9T6G6.T SBH.B
1988 0.0 0.0 153122.2 453992.6 146%640.2 751655.,1 bG4.4
1589 0.0 0.0 155464.1 45R566.T7 145P2R.6 TE9R%9.4 64.0
1950 0.0 0.0 157246.6 4672036.2 14680D.& T66083.4 63.7
19491 0.0 0.0 1%9049.4 465532.1 167780.6 T12362.0 b63.&
1992 0.0 0.0 160KTS.3  469D52.7 148754.9 776692.9 63.1
1993 0.0 0.0 162770.0 472507,.1 149757.6 185069.7 6H2.8
1994 0,0 0.0 1645A7.8 476163.2 1%0756.6  T191507.6 62.%
1995 0.0 0.0 164185.2 479210.3 151613.0  797018.5 62.3
1994 0.0 0.0 1FTR20.06 4P223K,1 152672.% R02529.1 62.0
1997 0.0 0.0 169460.6 GR%Z2A6G.3 15333R.4 RORORS.2 61.7
199¢ 0.0 0.0 171117.3 4PPR34R.9 1%6207.0 P13673.2 bB1.5
1999 0.0 0.0 172790.1 4914336 1%5079,1 #19302.7T 61.2
2000 (.0 PO 176477.5 496h3F .1 155950,.8 B24966.4 61.0

AR iR Gl

b LD K TRPREIITES U SRE RS0 ail b R . .
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Exhibit 5-E; LWP and RC! for General Adverse Rasponse

Dption 5
YEAR SSF S0 R ]l 1] TaTAL (1]
1976 .0 0.0 S75078.9 1174101.0 363450.9 2112629.0 0.
1977 0.0 0.0 GR7007.2 1192015.0 36A%93.9 2147515.0 =1,
1974 0.0 D.O HRE1TRZ.6 1155R72.0 3%59902.2 2077506.0 1.
1979 0.0 0.0 535529.9 1117771.0 350R31.% 2004091.0 )
1980 0.0 0.0 504297.5 1072097.0 339755.2 1916139.0 9.
1991 0.0 D.0 4721R0.8 1024695.3 32R243.6 1R2511%.0 13.
19R7 0.0 0.0 39R1R3.0 906064.1 293R37.7 159p0R4.0 26,
1983 0.0 0.0 322055.5 779R50.7 257041.2 135R947,0 35,7
1994 0.0 D.0C 26%457.2 66533%.8 217305.%4 IJ108098.0 47.5
198% 0.0 D.0 2D7120.9 STIB0Y.6  192656.3 715728.8 54,0
1984 D0 0.0 168631.4 49462]1.9 166306.5 B293%9,¢f 60.
1987 0.0 0.0 130097.9 412%34.9 1371922.% 6B0%5%5,2 BO7.
1988 0.0 0.0 91RD9,.5 2A25627.6 106G35.6 524372.6 T5.7
1539 0.0 0.0 93358.,6 329027.1 1071911.4 530297.1 T4.9
1990 0.0 0.0  94540,6 331601.4 10864B.6  534790.6 74,7
1991 0.0 0.0 95737.6 334197.7 109392.,2 $30327.5 T4.5
1992 0.0 0.0 96950,2 336F11.7 110160.3 543902.,2 4.3
1993 0.0 0.0 9KRI7H.% 2339447.1 110P92.5 54851A.0 T4.0
1994 0.0 0.0 99423.6 342099.6 1114650.6 553173,F 73,8
19595 0.0 0.0 10049R,0 364377.9 112299.7 55T175.6 73,6
1996 0.0 0.0 101%B3.0 346670.9 112953.6 561207.2 173.4
1997 0.0 0.0 1026R1.4 34P975,7 113611.3 565248.4 T3,.7
199K 0.0 0.0 103791.8 35129R8.1 114271.2 569361.1 73.0
1999 0.0 0.0 106916,5 3%3635.6 114935.7  ST34R5.7 12,
200D 0.0 0.0 1060409.2 3IRSRBRT.R 113604 .2 YTTho1.2 12.7




LB8-¢

YEAR

1976
1977
19748
1979
1930
1991
1932
1983
1984
1985
1986
1987
1988
1789
1990
1991
1992
1993
1994
1995
1996
1997
1925
1993
2000

§SF

DOVOCO00CO0O00O000DUODO0DOD00CIDDSO0
=R RogeRabo o RoleNsNagelegoloRaoReNoNoRoloNoNoRe Nul

LI D I I I B I T I I T T T R

Exhibit 5-E: LWP and RCI for Beneral Adverse Response

80

.
oCcCo0oo

CO0002000Q0QDODODPDOCDODOO0O

" & & & & 8 ¢ B & 3 & ¥ *F » & & & ® @ P

OO0 Oo00O0OO0ROoOVDCOoCOD0OnN

Option 7
UR 111
575078.9 1176101.0
5RT007.2 119201%.0
S61782.6 1155822.0
5355%39.9 1117721.0
GT6066G,4 1025217 .4
415798.8 928378.1
34097%.7 804982.6
265665,2 673670.7
189420,1 532672.9
160505.7 4%4542.4
113785,9 37185%9.7
102690.4 34906F .2
91809,.5 325627.6
9335B,6 329027.1
94540,6 331601.4
95737.6 334197.7
946950.2 334B11.7
968178.6 339447.1
99423.6 342099.¢6
10049B8,0 344377.9
101583.0 23465670.9
102691,4 34975 .7
103791.8 35129kK.1
106914.5 39363%.4
106D49,2 3RSOHT.R

You

363450.9
368493.9
359902.2
350631.4
323571.6
2946564.4
2506404%.7
21929%5.6
176554.8
149531.9
120204.6
113690.4
106935.6
107911.4
108648.6
109392.2
110140.3
110892.%
11165046
112299.7
112953.4
113611.3
1164271.2
114935.7
13156042

TOTAL KCi
2112629.0 0.0
21"7515-0 "1-7
2077506.0 1.7
20064091.0 Sel
18248%52.0 13.8
1638830.0 22.%

1404362.0 33,5
1158631.0 45.2
B9B64T.T 57.5
754960.0 6443
605850.2 T1.3
565456.9 T3.2
524372.6 T75.2
530297.1 Th.9
534790.6 74.7
539327.% T4.5
56423902.2 Tk
§48518.0 T4.0
553173.8 73.8
557115.6 T3.6
561207.2 T3.4
565268.4 73,2
569361.1 73.0
573405.7 T2.9
5717661.2 T2.7



88-5

Exhibit 5-E LWP and RC for General Adverse Response
Silent Ogtion

YEAR SSF 50 R ou Yoo TOTAL

19?5 0.0 0.0 575078.9 1174101.0 36345%50.9 2112629.0
1977 0.0 0.0 5B7007.2 1192015.0 368493,9 2147515.0
1978 0.0 0.0 561782.6 1155A22,0 3%9902.,2 2077506.0
1919 0.0 0.0 535536,9 1117721.0 3%0P31.4 2004091.0
1980 0.0 0.0 463R83,6 10066%2.9 31R671.8 17TA9207.0
1991 0.0 0.0 391643.1 AA9TST.1 2862399.9 1565799.0
1982 0.0 0.0 310289.% 7%4363,2 244755.2 1309407.0
1933 G.0 0.0 22B452.2 609304.9 20168B.% 1039425.6
1934 0.0 0.0 166980,0 &%52093,9 1%4065.7 763119.6
1935 0.0 0.0 104166.1 3ISTRC3ILA 121853.9 5R3R223.4
1936 0.0 0.0 63079.5 2%6642.4 86092 .0 “05A813.9
1997 0.0 0.0 E7861.4 244756.2 H2%96.1 Aps213.6
1948 0.0 0.0 527T43.5 232%¢68.1 TA6H .5 3642728,1
1989 0.0 0.0 537A1.9 235087.9 7971R.1 I6E5RT .9
1990 0.0 0.0 56575.9 236998.% ADPRT.T 37186241
19921 Q.0 0.0 K53k .4 238921.8 B0BL1 .6 375166.7
1992 0.0 0.0 56199.9 240861,4 B1439.0 37TR499.3
1993 0.0 0.0 57031.,0 2472017.2 B20r19.5 381867.7
1994 0.0 0.0 5TET6.7 2447R6.7 r2604 A IRKZ2E5.2
15995 0.0 0.0 5AL04.1 266479.0 R3106.2 3ngl1A9.3
199¢ 0.0 0.0 59363.0 268]R7.9 A3611.% 3%1137.3
1987 0.0 0.0 60091.64 249R00.1 f4119.5 394108.9
1998 0.0 0.0 60049,3 251623.1 £4630.6 197102 .9
1999 0.cC 0.0 616172.3 2%33560.9 RS 139.9 400118.0
2000 o.t 0.0 67394,8 255110.9 Y L «N3153.0




b8~5

YEAR
1976
1977
1378
1979
1980
1931
1982
1983
1984
1966
1986
1987
1988
1489
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF
99,26
99.26
98 .99
9B . 6%
98 .38
G8.04
97 .60
97.11
96 .56
96403
96.29
96.15
9b.01
95 .96
95,87
95,47
95 .87
9% 87
95 .87
95 .87
95 .HT
5. k7
95 .67
95 . K7

Ragefine  Option

S0
99.23
99.23
90.9%
IALEH
qF‘33
97.99
97.5%5
97.05%5
9. 50
9¢ .36
16.22
96.08
Gh.94
9k .R9
95.04
9¢.179
9t.79
9f.79
95.79
9R.79
9%.79
ok, 79
9F .10
9+.79
9%h.79

UR
1034.3¢9
102.39
103.15
1067.88
10Z2.60
102.31
101,92
101.51
101.04
1o0.94
100,82
ico.T1
100,59
1C0.5%
100.51
100.48
100.4A
100,48
100.48
100,48
100.4F
100,48
100.48
100.4R
IC0.4R

Exhibit 5F: L {Sound Exposure Level) at 7 m

]}
105.18
105.18
106,94
104 .69
10%.472
10614
103.78
103.39
102.95
102.8%
102.7%
102.64
102.53
102.50
102.46
102.43
102.43
102.43
102,43
102.42
102.43
107.43
102.43
102.463
1N2.43

You
105.75
105.75
105.54
10%.32
105.09
104 Ak
104 .54
104.2?2
10).86
103.78
103.49
103,61
103.52
103.49
103.47
103.44
103,44
103.44
103.44
103,44
103,44
103.44
103.44
103.44
103.44

YEAR
1976
1977
1978
1979
19680
1991
1982
1983
1994
1985
1996
1987
1988
19A9
1990
1991
1997
1993
1994
1995
1996
1997
1995
1999
2000

SSF
99.24
99,26
90. 99
9B. 69
qq.?a
97.72
9492
9% .95
94 . 68
93 K5
9261
92.09
91.22
91408
90.93
90.78
90. 7R
90. 78
90. 7R
90.7¢
90. 74
93,78
90.7¢
90.7¢
92. 70

Optien 1
5o n
99.23 103.39
99,23 103.39
9R,.9% 103.1%
98.65 102.A8R8
98,20 107.41
97.68 101.87
96.89 101.06
9%.91 100.07
94,65 Gu.T?
93.83 97.81
92.80 96.56
92.08 9%5.H3
91.22 94 .95
91.08 94 .82
90.93 9467
90.78 94 .52
0. 78 Y4.%52
90.78 94,52
90.78 94.52
90,78 94,52
30.78 94,52
90.7R 94,52
Qop, 78 04,52
90.78 06 .52
90,78 94.52

e
105.18
105.18
106.94
104.69
106.21
103.67
102,.85%
101.8%
100.54

39.53
9R.20
9t.686
96.58
9. 44
96.30
96.15
96.15%
96.15%
9b.1%
96.15
95.15
96.1%
95,15
96.15

m
105. 75
105.75
105.54
105,32
104 .82
106.26
103,43
102.40
101.06

99.90
98,30
97.5%
96.66
96.52
96,38
96,23
96,23
96,23
96,23
96.23
96,23
96.23
96.23
96.23
96,23



06~9

YEAR

1976
1977
1978
1979
1980
1981
1582
1983
1904
1985
1536
1987
1988
1989
1990
1991
1932
1993
1994
1995
1994
1997
1998
1999
200D

§SF

99.26
99.26
98.99
98 .69
953 .38
G3.04
97.30
96.64
95.73
9%.74
94 .69
24,06
93,32
93,23
93.14
93,05
93.05
93.05
93.05
93,05
93,05
93,05
93.05
93.0%
93,08

SD

af9.23
69,23
9r.9%
.65
9r.33
97.99
37.3%
9¢.60
95,20
94.66
94.04
93.31
91.23
93.14
53.05
92,05
93.0%
13.05
93.05
93.05%
93.0%
93.05
93.0%
73.0%

Dption 3

bR

102,39
1¢3.39
162,15
102.8A8
1C2.560
102.31
IC1.66
100.91
160.00
99,44
98,79
$R.02
97.09
97.01
96.92
G6.82
96.83
Y6haR3
Ub LR3I
96.83
O -
af A3
Un.R3
GhaR3
L7 N e |

Exhibit 5-F: Ly (Sound Exposare level &t 7'

105.18
105.18
104.94
1064.69
104.42
104.14
103.50
102.75
101.84
101.25
100.56
99.74
98. 74
9R.6°%
9R.57
9R.48
98,48
93.48
98,48
98.48
9B,4R
98 .48
9n 4R
oq 4R
9NL.AR

Yoo

105.75
105.7%
105.54
10%.32
105.09
1064.85
104.21
103.46
102.55
101.88
101.09
100.12
g8.87
9R. 79
9R.TD
98.67
98 .62
9A. 62
GR. 67
98.62
9P. 62
9R.62
9B.62
9F.62
9h .67

YEAR

1976
1977
19748
1910
1980
1981
1982
I9R3
1984
1935
1986
1987
19138
1989
1390
1991
1997
1993
1994
199%
1996
1937
1998
1499
2000

§sf

99 .26
99,26
9R, 99
98,69
9H , 3R
98 .04
91.230
96 .41
95.30
94 .58
93,72
92 .65
91.22
91 .08
90.93
30.78
90. 7R
90.78
50.178
90.7H
90.78
90.78
0.78
90.78
90,78

Optiem §

e n
¥9.23 102.39
99,23 103.39
96.9% 103.15
9f.65 102.88
9R.33 102.60
97.99 102.31
97.25 101.58
96.37 100.71
5%.25 99,61
94.%6¢ 98,83
93.69 97.88
92.62 96.66
91.22  94.95
91.08  94.82
90.93 94,47
90.76  94.52
90.78  94.57
90.78 94,57
90.78 94,52
90.7TR  94.52
90,78  964.52
90.78 94.52
90,18 04,52
90,78 94,52
90,78 94,52

103.18
105.14
108,94
104,69
104.42
108.14
103.462
102.5%
101.47
100.66
99.68
38.40
95.58
96.44
96.30
96.15
95.15
96.15
96.15
95.15
9b.15%
96.15
96415
96.15
96.1%5

105.7%
105.7%
105.54
10%.32
105.09
104 .85
104.14
103.28
102.22
101.38
100,27
98.03
96.08
96.52
96.38
96.23
96.23
96.23
96.23
96.23
96.23
96,23
96.23
96.23
96.73



YEAR

1976
1977
1978
1379
1930
1981
1982
1983
1924
1985
1936
1987
1984
1969
19%0
1991
1992
1993
1994
199%
1996
1997
1938
1999
2000

§SF

99.26
59.26
99.99
98.49
93.18
97.61
Q6. 79
95.78
96 .46
9a.%7
92.4%
91.8A
91.27
91 .08
90.93
90.78
50.78
92,78
90.74
90.74
92.78
30.7P
9D, 7H
20.7R
H0.TH

Option 7
i} IR
99,23 103.39
99,73 103.39
GH,.G5 103,156
9R.H65 102.88
98,15 102.36
97.57 101.77
6.75 100.93
9€,74 Q9,90
94,43 GR.HH
93.55 at.n3
9r. 45 96.19
91.88 95.01
91.22 94,.9%
71.08 94,82
280.93 04,67
90.78 94,52
9C.TE 94,52
20,78 64,52
90, 7R 94,52
90.7¢8 Gy, 52
90.78 94 .52
ac,78 94,52
9¢.78 94.52
90,78 q6.52
90.78 94 .52

Exnitit 5-F: Lo (Sound Exposare level) at 7 m

il

10%.18
105.18
1064.94
106.69
106.16
103.56
102.72
100.32
09.2%
97.R1
97.24
96.58
9h.t4
9%.30
95.15
96.15
95.15
96.15
95.15
96.15
96.15
96.15
95.15
895.156

You

105.71%
106.7%
105,54
105,232
104,78
104,15
103.11
102.25
100,85
99,62
97.89
97.32
96,66
96,52
96,38
96,23
96,23
94 .23
956.23
96,23
96 .23
94 .23
96 .23
94,73
0t .23

YEAR

1976
19717
1978
1919
1980
1981
1902
1933
1994
1985
19836
1937
19R9
19p9
1990
1991
1992
1993
19%4
1995
1996
1997
1998
1999
2000

SSF

99.26
99.26
98.99
.69
98.07
97.3%
96.40
95.17
93,45
92 .08
90.08
B%.46
83.74
Ag.68
AR.21
B87.93
g7.93
A7.93
B7.92
R7.93
87.93
B7.93
A7.93
BT .93
BT.93

SHent Option
0 0k

99.23 103.39
99.23  103.39
98,95 103.15
98.65 102.88
90.04 102,26
97.32 101,53
96.36 100.57
9%.13  99.34
93.42  97.62
92.06  96.11
90.08  93.76
89.46 93,14
BR.T4  92.42
BR.4B  92.17
8P.21  91.90
87.93  91.61
B7.93  91.61
B7.93  91.61
87.93  91.6]
87,93  91.6]
87.93  91.61
A7.93  91.61
87.93  91.61
R7.93  91.61
A7.93 91.61

105.18
105.18
106,94
104 .69
104.07
103.33
102.38
101.15
99,42
97.A5
95,37
94.75
94.03
93.78
93.5]
93,22
93,22
93.22
93.22
93,22
93.22
93,22
93,22
93.22
93.22

105.7%
10%.75
105,54
10%.32
104 .69
103.95%
102.99
101.76
100.03
98 .30
95.37
94.76
94.03
93.78
93.51
93.22
93.22
93.22
93.22
93.22
93.22
93.22
93.22
93.22
93.22



TEAR

1975
1977
1978
19719
1980
1981
1982
1943
1984
1985
1986
1957
1988
1999
1930
1991
j9a92
1923
1994
1995
1996
1997
1998
1999
2000

SSF

155782 .78
158601 .69
152761 .31
146540 .19
139176 .50
131%506.31
121797 .87
111653.12
101054.62
99446 .00
97767 .87
96H032.00
94236.9%%
94369.50
94223.06
94066412
94082612
95592 .37
96366,.94
97¢32.31
97702 .09
9a8315.50
990453 ,62
59737.31
1004ct. 3

S0
115156, 37
320039, 4%
I0FBS0.75
296125, 44
2p1056.06
2654064 .96
24553R,. 62
2264001.19
203149 .06
199007.50
196366 . F1
192763 .44
189094 .19
1809290, 4%
168958, 4%
16R606LF]
190120,25
191661, 37
193206, 44
1945364,12
155069,31
1€71215.12
19P5609 4%
199933,75
201306, 35

Exhibit 5-6: LWP and RCI for Steep Disturbance

UR
4954231.00
5040630.00
4E61377.00
4673404 .00
44%1180.00
42721657.00
3933436.00
3635056.00
31326475.00
32R2419%9.00
3236547.00
3189195 .00
3140346.00
3146893.00
3145088.00
3143093.00
3167408¢6.00
3192060.00
3216B17.00
1238064 .,00
1259443.00
32R0959.00
3302610.00
137439¢.00
3246321.00

Basefine Option

6656RT3.00
6750661400
6566643 .00
63714R0.00
6137116.00
SR92739.00
54581693 .00
5255710400
49160645 .00
4R66543.00
4£17365.00
4766353.00
471348500
4723429.00
4723299.20
4722R30.00
4752293.00
4781889.00
4811610.00
4837045.00
4862573.00
4ABR1 . DD
6913911.00
4939717.00
4965617.00

Yoy

1768332.00
1787498.00
1765696.00
1701799.00
1650141.00
1596557.00
1528R32.00
1458205.00
13R4738.00
13743972.00
1363734.00
1352734.00
1341402.00
1343378.00
1343263.00
1343082.00
1349181.00
13652R5,.00
1361398.00
1366611.00
1371832.00
1377054.00
1382282.00
12875511.00
1392743.00

TOTAL

13R4F375.0
14058230.0
13435327.0
13189354.0
12¢58677.0
121078 64.0
116411302.0
10685505.0
9929461.00
9£22607.00
9711762.00
9597082, 00
9478566.00
94973%9.00
9494A3).00
9491677.00
9553914.00
9616487.00
9679398.0)
97332R7.00
9707420.0)
9841/01.00
9P96426.00
9951294.00
10006412.0

0.0
-1.%2
1.5%4
4.76
8.59
12.57
17.60
22.84
28.30
2%9.07
29.87
3D.70
31.55
3l.42
31.44
31.46
31.01
30.56
30.10
29.712
29.32
28492
28.54
2R.14
2774




[0 ]

YEAR

1976
1977
1978
1979
198p
1981
1987
1993
1994
1986
1986
1997
1988
198b
1990
1991
1997
1993
1994
1995
1996
1997
1990
1999
2000

SSF

I56TR2 .75
154601 .69
152761 .31
146546,19
135190.12
123344.19
106195 .62
BBOTP .75
LBRO0.12?
B49E .5
K7631.51
41377.12
I4UAr .82
34167230
3340254
3z2e01 .94
IZRO5L36
33130.71
33399,.4]
33L3C.39
3I3pE2 .37
36409%.5%2
34230,60
IGHAT.SG
3400 .00

5

315156437
AZ0839, 44
A0PRR0..25
296125 .00
273209 .19
249376, 31
21475%1.37
17R162.109
139260.37
11A623.31
96905 .69
£4191.75
70P94 .50
65531.37
&7910.75
L3R
~ERT4A, D]
67413475
ET5 7,44
(RG24 09
EFRRYL RO
LQ36R. 05
P44 5L
T0324,%D
TCPOT . €@

Exhihit 5-6: LWP and RCI for Sleep Distarhance

4554231.00
“040630.00
4B61377.00
4673604 .00
42 A5750.00
3B44121.00
32622609.00
20656 T40.00
202044% ,00
1652379 .00
1265332 .C0
10R5942 .00
9Cc0322.00
8A1192.69
659311.62
P36971.1%
R43494 ,62
850066.02
FELERT LTS
BE237] .31
BLPDB9 .25
P13R6S .06
F70637,37
EHEH65 .69
EQ1331 .25

Option 1

66564R73.00
6T506561.00
6GEL6643.00
63714F0.00
5907142.00
561 7654.00
4733530.00
3996370.00
3191530.90
2677757.00
2118123.00
1BR66RTH,00
159R7A88.00
1571C5%9.00
1539130.00
1506407.00
1516037.00
1525713.00
1535436.00
1543757.00
1552110.00
15606494 .00
1564913.00
1577362.00
15p584%..00

oo

1768332.00
17R7498.00
1745696.00
1701799.00
1577910.00
14470R2.00
1270237.00
107T8T711.00
B867762.00
717209.06
549606.19
4GBERT 4. 3]
419589,94
412323, 44
406214,.17
305916.P7
3977190.31
3996b5.P1
4N1R63,69
403146,25
404750.12
406355,%56
407962.37
4n9s570.41
41111M0.27

ToTAL

13048375.0
14058230.0
13n3%327.0
13189354.0
12159237.0
11081577.0
9¢86963.00
T998061.00
6291777.00
%224464.00
4077%9R.0D
3%6%5258.00
3024430.00
29682 73.00
29046402R2.00
2838235,00
2P57061.00
26T5989.00
209%023.00
2911329.00
2927706.00
2944157.00
2960687.00
291712R9.00
29939649,00

0.0
~1.52

1.5%

4.76
12.20
19.98
30.717
“2.2%
56,57
62.27
10.5%6
14.26
7R.16
18,57
79.03
719.50
79.317
79.23
719.09
78,90
TR.BH
10,74
78.62
TR0
1R.38



YEAR

1976
1977
1978
1979
1980
1981
19p2
1983
1994
1935
1986
1947
1988
1889
1590
19921
1992
1993
1994
1935
1996
1997
1994
1999
2000

§SF

1957P72.7%
158601.69
152761431
146846.19
139176.50
131506.31
116871.37
101498.31
85273.62
T1970.37
70371.06
62427.4P
54134.14
53737.0%
531681 .89
52610463
5303%.72
53666 .23
53897.52
54270.21
5644644 .60
55020.95
55400.17
567172.54
617,37

50
A1R156.37
320R39, 4%
AOPRSD . 25
2096125.44
2P1056,06
265404 ,94
235635.9%
FRATIT. 25
172052.25
157502 .44
142382.50
126579,87
1100R5,12
1¢9274.37
1ICR13AT7.62
106970 .44
107833 .44
10rR703.2%
109579.69
110332.01
111090.37
111853.R1
11262206
112799F 69
114174 .62

4554231.00
5040630.00
4R61377.00
4673406 .00
44511 8R.00
4221657.00
3717557.00
31964311.00
2649762 .00
2365705 .00
2072497.00
176R762.00
14543R87,00
1441934 ,00
1425752.00
140PA0D0.00
141975F .00
1430798 .00
1441920.00
1451466 .00
16461072.00
1470739.00
148046K7 .00
14°0267 .00
1AO0I0F .00

66564RT3,D0
6T150661.00
6566643.00
637T14R0,00
£137116.00
5R3?2739.00
%311107.00
469216R0.00
4027170.00
3651F96.00
3255036 .00
2BA2%45.00
231R911.,00
2362403.00
2340363.00
2317729.00
2332387.00
2347109.00
236189A,.00
2374556.00
2387261.00
240D0014,00
f412P14,00
2425604 .00
243RFRR.00

Exhibit 5-6: LWP and RCI for Sleep Distorbamce
{ption 3

n

1768332.00
17R749R8.00
1745696.00
1701799.00
1650141.00D
1596557 ,00
14661686,00
1205778.00
1113122.00
1001435,06
rB2270.25%
153918.08
€13586,0]
~DRBR1.87
603097.00
t9T189.00
$99963.P1
602741 .02
605522 .75
60T895.31
610270.19
612646.01
615025.62
617406.27
61978ARLPT

TImAL

13R4R3T75.0
14058230.0
13635327.0
131893564.0
12658677.0
12107TR64.0
10R27557.0
947R072.00
BO4TITH.0D
7254588 .00
6422556.0D
5%544232.00
4611103.00
4576229.00
4530532.00
“403299.0)
4%12917.00
4542015.00
4%72817.00
459R520.00
462643231.00
4050273.00
4676320, 00
4T02505.00
4T2RT96,.00

c.0¢
~1.%2
1.54
h. 70
8.59
12.57
21.81
31.58
‘1.89
47.61
53.62
59.96
66.70
66.95
t7.28
67.63
&7.20
66.98
66.79
(1. 39 3]
6b.42
66.23
66 .04
65,85



TEAR

1976
1977
1978
1979
1930
1931
1992
1983
1984
1985
1986
1957
1988
1989
1990
1591
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF

155702 .75
19860169
152761.21
14654610
139176.50
131506, 31
1146609 .F1
26903,49
70072.19
6R096,75%
57620.52
46573,.,99
34835,02
34167.30
33402.54
3z2n01.5FR
32B865.36
33130.91
33399,41
A3630.39
33R02.37
34095.52
34330,.60
34567.54
34806,00

0

31%156.37
320839 .44
AnpRs0D. 25
25612540
ZF1056.06
265604 9%
731336.81
195452, 56
1574064 %)
13742R8.37
11646%5.81
94366.6%
T0R%6 .50
€9%31.37
67970.7%
6330 ,94
66PT4,31
6T413.75
£7957.4%
(R426,.6%9
6RASG .50
£93268,06
EIFan , R0
70226.%0
Nk0T7. A9

495%4231.00
h040630.00
4A6K1377.00
4673404 .00
G451 1FF .00
4221657.,00
1649601 .00
IDHGR9? ,00
2%36495%8,00
2073101.00
1697911.,00
13¢07707.00
500323.00
AR1197 .69
P53311.62
836971.19
A434964 .62
BARCOGH .62
AS6687.75%
A62371.31
BOHADRG .25
R?IRGS D&
A7963T.37
ARG AN 69
R913131.25

66548T73.00
h750661.00
65h6643.00
6371400.00
¢137116.20
ARG2739.00
5234631.00
4529907.00
3T67A49.00
3289452.00
J176086.00D
Z2218200,00
159p788.00
1571059.00
1539130.00D
15066407.00
15146037.00
1525713.00D
1535436.00
1563757.00
1552110.00
1560494.00
15%6R%13.00
1577362.00
15A%R65,00

Exhidit 5-6: LWP and RCI for Sleey Distarbamce
Option 5

Yoo

176R332.00
17074986, 00
17645696.00
1701799.00
1650141.00
1n96557,00
1428793.00
124B7R3.00
1053406.00
0]17065.R7
769303.87
606135.01
419509.94
412323.44
404216.12
ANK9185,87
397790.31
A996465.0]
401543.69
403146.75
qa04750.12
406355,56
407962.37
409570. 81
411180.37

TOTAL

13848375.0
1405r230.0
13635327.0
131892354 ,0
1265R677.0
12107864.0
106%59021.0
9125938, 00
7491691 .00
64R5143,00
5417306,00
§212903.00
INZ24430.00
2968273.00
29046402R0.00
JR3IN235.00
2057061.00
2815989.00
2089%023,00
2911329.00
2927T106.00
2944157.00
2960687.00
2977289,00
2993989,00

0.0
-1.52
1.54
4. 76
8.%9
12,57
23.03
34.10
45.90
53.17
60.88
69.14
78.16
78.57
79.03
79.50
19.37

79.23

79.09
78.98
78.06
ThaTé
TR.62
.50
78.30




YEAR

1976
197
1918
1979
1940
1931
1982
1983
1984
1985
19964
1987
1988
1989
1990
1991
1992
1993
1994
1995
19596
1997
1998
199%
2000

§SF

155TR2.75
158601 .49
152761, 31
146546.19
133P453.94%
120592,
103336.87
55092.37
65654.37
55230.A2
44221.01
39635 .86
34835,.A2
34167.30
33n02.54
32601 .98
32065,.36
33130.91
33399.41
33630,39
33862.37
34095,.%52
34330.60
IL5HT 56
34R06.00

§0

315156.37
AZ0R39, 44
30AR50.2%
296125. 44
270537.64
242794.37
20B953,94
172107.9%
132861.317
112003.75
69995.94
(20l T.1ANKC) |
70894 .50
69531.37
6797075
66338.94
66874,31
6T413.75
6T95T.464
68424 .69
68A94 .50
69368 ,00
69RLG .50
70324 .50
TOROT .69

Exhibit 5-6: LWP and RCI for Steep Distorbance

Option 7

Uk

4954231 .00
5040630.00
486137700
46734064 ,00
4222624 .00
3756077.00
31Te27€.00
256413R.00
1928260.00
1553623 .00
1163517.00
1033993.12
900323 .00
BR1192.6%
859311 .62
B36971.19
843494 .62
850066 .62
856687 .75
B62371 .31
A6ADRG 25
AT3IA4% .06
879637.37
BRA465 .69
R91331 .25

6H54873.00
675066100
&566663.00
63714R0.00
559114.00
5317499.00
46274B3.00
APA2912.00
Ip67944,00
2545%563.00
1974338.00
1791514,00
1598 788.00
1%710%9.00
1539130.00
1506407.00
1516037.00
1525713,00
1535436.00
1563757.00
1552110.00
1560494.00
156A913,00
12773462.00
1585R4%.00

ot

1768332,00
1787498.00
1745696, 00
1701799.00
1566400,00
1423118.00
1244720.00
1051134.00
H3T31T.69
6B3989 RY7
512217.2%
467206,37
419509,.9%
412323.44
404214%,12
395916.87
397790.31
399565.01
401563.89
403146,75
404T50.12
L(16355,.56
407962 .37
409570.H]
4111R0,.37

TerL

13848375.0
14050230.0
13635327.0
13189354.0
12052609.0
10861081.0
93561771.00
T755384,00
6032036.00
49503489,0D
37B4289,00
3413013.00
3024430.00
2968273.00
290402R.00
2838235,00
2857061.00
2RT5909.00
2895023,00
2911329.00
2927T06.00
2944157,00
2960681.00
2971289.00
2993969.00

0.0
-1 -52

1.54

4.76
12.97
21.57
32.43
44 .00
56.4%
64.25
12.67
75.35
78.106
78.57
79.03
79.50
79.37
19.22
19.09
.98
18.86
18. 74
TR 02
78.50
78.3R8



ol

YEAR

1976
1917
1978
1979
1950
1931
1982
19493
1984
‘1985
1936
1947
1984
1589
1990
1931
1992
1993
1994
1995
1996
1997
1998
199%
2000

iS¢

1557R2.7%
1568601,89
152761.31
146546.19
130507.5
114501 .50
95407 .31
75114.19
533169.860
404RB7.97
26701. 3
2361%5,32
20395,.17
18492.48
18510.75%
17518,07
17660,62
1?7Fr03.32
17967.,60
18p71.760
18196,,40
18321.70
1R44A,00
1BSTE 3
18703 .MU

™

31515637
370R39 4%
ATPRS0.25
29¢125.44%
264539.31
2314907.¢69
1€2822.00
151R0T.30
107160, 21
FPO25.62
£4370.7%
4B10%.52
4154 6.61
39704. 11
2TIOROR
A% HKAT .59
3ISITh.0G
36764 .34
A6550.91
36810.37
2106317
AT31E.0N
2757648
ATR3IZLTS
anono.3?

Sttent Option
]} 0y
4954231.00  6654A73.00
5060630.00  £75Nk61.DD

4861377.00
4673404 ,00
4131654 ,00
3£69606 ,00
2933023,00
2268042 .00
1570141,00
1131744 .00
£71470.75
SAT702.44
SOIR3LLE7
4T1567.69
4R1B62 .49
425225.44
428550.06
431900.00
43527456
430171.19
4610€6.50
H444070.44
44e972,7%
44N844 R 6
45292%,19

tS6L643.00
6371480.00
»769171.00
“107F23,00
434RG09,00
ATZRTRLIO
?60%4RT.00
1977040.30
1290P4]1 .00
1121485.00
994201,31]
945333.67
9D270F D&
B5BT54 42
B64343.54
A69969,17
BI5601.R7
RADART 19
BURZNTL .44
BF0151.2F
RYLNDLY L 3]
RYGY5]1 .00
S04RTT,.50

Exhibi 5-6: LNP and RCI for Sfeep Distarbance

Y00

176833200
1787498,00
1745696.00
17pl1199,.00
1542939 00
137%%79.00
1181060.00
96B8010.27
TRIT5.12
566195.19
33pr2t.62
278284 ,37
263799.56
25366471
262751.50
231505.27
232635.81
233769.37
234904.00
2aseT2.00
23h861 .25
237811.469
23B783,12
23975542
240729,06

ToTAl

138483 75,0
14058230.0
13€3%327.0
131R9354,.0
11R30210.0
10399112.0
8751221.00
69R%B4 A, 00
5065531, 00
3772492.00
2234130.00
2079272.00
1¥11773.00
173%76%.,00
1653540.00
1%68692.00
1579166.00
1589697.00
1600286.00
1609356, 00
161B46RA,00
1627622.00
1636819,00
1666054, 00
165%339,0D

B il

m

0.0

1.5%6

.76
14.57
26.9]
49.5%5
b3.42
72.76
f3.15
A4 .99
Bba.n2
87.47
a8.06
A8, 67
AB.BD
B8.52
BA. 4%
AB.38
8,31
8h8.2%
PB.IB
A8.11
FB.O5




YEAR

1976
1917
1978
1979
1980
1931
1982
1983
19124
1935
1986
1997
1988
1989
1990
1991
1992
1993
1994
1995
1994
1997
1998
1999
2000

SSF

125112.21
127379.75
122¢8B5.75
117707.9%
111795%.44
105635.25
97851.2%
99703.87
817204.9]
79%09.25
7A566 .56
77170.00
75728.62
15P37.56
75721.M
75593.07
TH620R 44
T6H2% .87
TT04B.75
TT9R1.62
78519.50
79060.62
79060F .27
BO1%6.00
50705.94

5D

2%53299.63
?RTR69.9
248246.4%
23R036.50
22593437
Z133AR6,.45%
1971412.81
180759.12
163367.19
160685.56
1£71909.75
155037.06
152087.69
152246,56
151982.75
151702.75
1£2927.00
154161.50
155605.75
156473.R7
127549,R7
15R633.12
1807223,00
1EOR21 .50
,{ ]fl?l"'lt

- e Tt Fa e N et s

Baseline Option

4012619.,00
4DR3126.00
393R%11.00
37R6T64L .00
3607101.00
3421495 .00
3108254 ,00
29646T46..00
2696926 .00
2661437.00
26244E67.00
25P6329.00
2546951.00
2h5240R.00
25%1197.00
2549754 .00
2%69715,00
25PF9R2% .00
26100R7,00
2627479.,00
76449P2,00
2662599.00
26R0327.00
2678171.00
271612P.00

5569369.00
5653096.00
5502239.00
5341806.00
51672231.00
459440R86.00
4684779.00
4412637.00
4127132.00
40RRTIN.00
4D4PRIT .00
4007487.00
3964491.00
3974427.00
A9754R9,00
3976269.00
400231R.00
402R499,00
4054R005.00
4D77232.00
4099955.00
4122669.00
4]1454R1.00
4146H38%,.00
4191238%.00

L e I LT PR R BT

Exhibit 5-: LWP and RCI for Sleep Awakening

Yoo

1543902.00
1562110.00
1526925.00
14R9A41.00
164456442.00
1399307.00
1340680.00
1279499.00
1215608.00
12071R82.00
1199476.00
11H9458.00
1180137.00
1182549,00
11R2953.00
11A3297.00
1189192.00
119%099.00
120101%.00
1206068.00
1211126.C0
1216196.00
1721269.00
1226351.00
1231439,00

TOTAL

11504302.0
11683581.0
11338607.0
10974153.0
105375030
100R3RB7 .0
950R9 77. 00
890934 5,00
A26623R.00
81979643,00
R10B334,00
AD1%481.00
7919395, 00
793754 8.00
1937343.0)
7936616. 00
7990360.00
804440900
AO9ATEL .00
8145334.00
8192132.00
£239157.00
P286408,00
£333R84, 00
P381%584. 00

e e g i i G B L

0.0
~-1.56
1.44%
4,61
8.40
12.35
17. 34
22.56
27.99
28. T4
29.52
30,33
31.16
31.00
31.01
31.01
30.54
30.07
29.60
29.20
28.79
2H.38
21.97
27.56
27.14




AR
76

$SF

125112 .31
12737%.75
122685.75
117707 .94
108596 .31
990P3.75
B5327.19
7077°.E7
5530K,82
$7032.31
3R307.R7
3378416
28029.14%
27493 .62
26079.25
ZO6FARLL2
2544P ,R9
26663 41K
26879 .35
27064.29
27250,98
27T43FP .73
2767P .R9
2T81H.GE
2RCCO .72

50

253299, 469
cHTHET L 94
2aR264h.40
238034.50
219A60, 69
200491.75
172679.75
1432R7,31
112014.17
YHhaGR.A7
T1994,62
EMTELT5
L T70RK. 62
£5991.95
L6736.42
£2425,93
S3Ap57.21
£4292.09
54730.41
E5106,74
554R%.80
£5A6T,.45
t6251,39
SE6AR, AT
L7070 758

Exhibit 5-H: LWP and RCI for Sieep Awakening

Uk

4012619.00
40R3176.00
393R% 11 .00
3T7RATE4 00
3456A80.00
A11557F .00
2644353 .00
2153072 .00
1641557.00
1340070 .00
1026372 .F1
BEO9RP 56
730521 .44
T15066.25
697361 .56
L792R3 .25
GE461P 3]
609994 .3]
695410.%0
700060.00
104730 .67
709445 .00
Tlalto.2h
7189r0,p0]
723161 .21

Option 1

55692369.00
5653094.00
%502239.00
5341806.00
4054063.00
456 4219,00
3971R29.00
3353690.00
26TR163.00
2266946.,00
1776R92,.00
1566121.00
1361069.00
131R8197.00
1291A% .00
1266435,00
1272R91,00
12A13P8.00
1?78€932,00
1297249,.00
13064%99,00
1311919,.00
1319394.00
132¢R80.00
1336431R.00

1543902 ,00
1562110.00
1526925.00
1489841 .00
13A2069.00
126A027.00
111343%5.00
945735.9%
76075675
428691 .P1
481483.69
426510.69
I6T4T75.9%
IG12T4.12
354273.19
347101.12
348R99.19
3sp701.06
AR25046.62
354D4R.56
355593.00
357140.5%0
ARAN90.06
f0242.%06
ABITYT.TS

LG

115%064302.0
114683581.0
11338607.0
10974153.0
10121249.0
G92208099.00
T987623.00
6667364.00
5247R00.00
&£3581RR. 00
3401050.00
2514686.00
2%24181.00
26478022.00
2424906.00
23704 80.00
2386714.00
2403030.00
26194%R,.00
24335268, 00
2447667,00
246]1874,00
2676153,00
2490499,.00
2¢06913,00

S e o AT

0.0
~1 - 56
1.64
4.61
12.02
19.79
30.57
42 .04
54.38
62.12
T0.44&
Té.14
78.06
Th. 46
78.92
79. 39
19.25
79.11
T8.97
TR, A5
78.72
78,60
78 .48
78.35
18.23




YEAR

1976
1977
1974
1979
1980
1941
1982
1983
1924
1945
1986
i9p7
1985
l9e9y
19%0
1991
t9532
t9g93
1994
1995
1896
997
998
9499
000

SSF

125112.31
127379.75
1226€05.7%
117707.94
111795.4%
106635.25
93R97.12
§1552.31
6B535.66
62669.02
EHE&R .95
501%0.21
4£3529.95
43213.29
4276R,70
42308,96
42652 .86
42998.43
43347.07
43645,3¢
43946.,41
44249.17
4a555.7H
4462 .,32
45170.04

s0

253299, 69
24 7RK9, 96
24RP46.4G
23B034 .50
229934,37
2133460, 464
1EQA/1R, 964
164687 .44
12381, 74
1066964,19
134545450
101849, 31
fAS93 31
£7943,.50
ET031.62
86094 .94
P&TRG . P]
FT490. %6
BEI96..P7?
Fepol .19
R9413,9%
9002R . F1
GO6GT . b
91271.GD
ajrgr, 0o

£

R et et i

4012619.00
4DAA1726.00
3938%11.00
ATRATEA OO
3607101.00
342149% .00
301331P.00
25R9541.00
2148627 .00
191R606 .00
1680795 .00
1434671.00
1179867 .00
1169866 .00
11%6R10.00
114313%,00
11%2099.00
1161131.00
1170231.00
117P043 .00
11R590%,00
119381F .00
12017F1.00
12097197.00
1217¢3.00

5569369.00
5653096.00
5502239.00
5341R06.00
5147231.00
4944084.00
4657304,00
393r347,.00
3281034.00
306669200
2733618.00
23278928,00
19977193.00
19R4625.00
1966607.00
1964R077.00
19609P6.00
1973959.00
1986997.00
199R166.00
20093R0,30
2320644.00
20719%4.00
2063313.00
2064721.00

Exhibit 5-H; LWP and RCI for Sleep Awakening
Option 3

You

1543902.00
1562110.00
1526925.00
14A89841.00
16456442.00
1399307.00
1268047.00
1127811.00
9T6617.06
R7AR52.237
TT4388.81
(61730.94
53R4]3.81
534565.94%
5296B7.4%
n24696.00
521368.19
L30046.06
LA272R.62
£3%019.586
£37314.06
£39612.4%
T41914,25
544219.%0
“4052R.701

TOTAL

11504302.0
116A83581.0
11338607.0
1097415%3.0
10%37503.0
100836887.0
%022185.00
790193R.00
6712995%,00
£053113.00
535991%5.00
4627368.00
3r4A191.00
3p20211.00
3mr2904.00
3744311, 00
3769695, 00
37195624, 00
3R21499.00
3P63676.00
3R65959,.00
3fpp351.00
3910852.00
3933462,00
3956100.02

0.0
-1-56
1.44
&.61
R.&0
12.35
21.%8
31.31
41,65
47.38
53,41
59,78
66.55
66.79
61.12
bT.45
67.23
67.01
6b.78
66,59
66,40
66.20
¢6.01
6501
b‘)'-bl

B ia Tk g Ao [ Ao i B30 L= ey St P i e e R o AR R st i B e i A LR




YEAR

1976
1977
1978
1919
1980
1981
1982
1953
1904
1985
1986
1987
1988
1989

1990
1991

1992
1993
1994
1995
1996
1997
1998
1999

T0T-S

2000

SSF

125112.21
127379.7%
122685.75
117707.9¢4
111795.64
10563%5.25
92122.12
T71B64 .50
42754.03
564741 .31
66330,.39
374%8.01
23029.14%
27493.62
26B879.35
26235.52
26448.09
26663.18
26879.35
27064.29
271250.98
2T638.73
2T678.R9
2TRIR,.%5
2RCOT,T72

§0

253299 K9
257T869.9%
2482606 .44
23p0364.%0
225934 .37
213266, 4%
166004 .75
15%7190.19
126616 .62
110562 .27
Q3716 .94
75955 . 94
ETOBbL 62
58991 .95
54736.92
R3425.9)
5385 7.7
54292.09
54730.41
55106. 74
E54R5 L RD
5CEP6ETL 45
56251239
L6630 . 3T
00T 5%

Exhibit 5-H: LWP and RCI for Steep Awakening

4012619.00
4DP3126.00
393r511.00
ATROT 64 .00
3607101.00
3421695.00
295R24R,00
26765527 .00
1974310.00
1681139.00
13771 00.00
10460R19.00
73052 1.44

T150866.25

697361 .56

6792R3 .25

tR461PF .31

HAG994 3]

695410.50

TO00060.00

T04738.62

7096449.00

T141R9 .25

711959 .A1

TATEY L3

Dption §

5569369.00
5653096.00
5502239.00
5341R06.00
516471231.00
49440846.00
4393014.00
AB02295.00
A167881,00
2161549.00
2330526.00
1861772.00
136)1069.00
131R197.00
1291656.00
12664435.00
12720891.00
12B138A.00
1286932.00
1297249.00
13064599.00
1311979 .00
1319394.00
132t840.00
1334319.,00

1543902.00
1562110.00
1526925.00
1489841 .00
16465642 ,00
1399307.00
125276%5.00
1095278.00
924074.9%
RO4SA2.56
674908.87
$33549.31
A67475.94
361274.12
354273.19
34710112
A4AR99.19
350701.06
IL2506.67
A54D4B.50
a5%%93,00
357140.50
ASAL90,.06
3602642.56
361797.25

Tont

11504302.0
11e83581.0
11330607.0
109741%3.0
10537503.0
10083887.0
B6B2153,.00
7609169.0)
6250633.00
5412573.00
4522581.00
35475%53.00
2%26181.00
2647R022.00
2424906.00
237064R0.00
2386714.00
2403038.00
24194%8,00
2633520.00
26447667.00
2461874.00
26761%53,.00
2490499,00
2%04913,00

0.0
~1.56
1.44
k.61
8.40
12.3%
22.19
33.86
45. 67
h2.95
60.49
60.99
78.06
TR &b
78.92
79. 239
79.25
79.11
TB.97
T8.R5
.72
18.60
70. 48
T8.3%
78.23




201-5

YEAR

1976
1977
1978
1979
1930
1951
1982
1983
1984
1985
1986
1987
1948
1939
1990
1991
1992
1993
1994
1995
1996
1997
1998
1939
2000

SSF

125112.31
1273719.7%
122685.75
117707.94%
107523.75
GEATELTS
33032.56
6A382 .62
52762.98
44409 ,98
3I556R A2
318R4.H2
28029.14
2T1492.62
26B79.35
26235.52
26468 .89
2h663.18
26B879.35
27064429
27250.98
2743A.73
27628 .19
2THLIE .99
29000.7?

Sn

253299.69
257869, 94
24R246.44%
23R0%34.50
217485.69
19600R.12
16R0722.4%
130423.21
106890. 31
9n129.06
72641.27
64939.76
57086, 62
55991.95
54736.92
53425.92
%3A657.21
54292,09
54730.41
S5106,76
E56A5.R0
567251.39
SRR AT
ET027.%%

Exhibit 5-4: LWP md RCY for Steep Awskening

4012619.00
40R3126,00
A93R4%11.00
ATRET76%4 .00
342194% .00
IN4G42 44,00
2571436.00
2076814 ,00
1563593 .00
12600171 .00
943R22 .19
A3RREY .69
730521 44
115066 .75
697361 .56
679203 .25
HPGH TR Y
6H9994 ,31)
695410.50
T00060 .00
70473k .62
709449 .00
714189 .25
TIRGRG 01
722761 .31

Dptioa 7

i

5569369.00
$653096.00
£502239.00
534)£06.00
4913724.00
4450762.00
3887690.00
3756286.00
2574216.00
213%737.00
1655972 .00
1502112.00
1341065.00
131F197.00
12916%56.00
1?264435.00
1272891.00
1281380.00
1289932.00
1297249.00
1304%599,00
1311979.00
1319394.00
132AR40.00
1336431A.00

1543902 .00
1562110.00
1526925%.00
14R9B&1 .00
13712019.00
1244981.00
1091010.00
921487,.%6
133984, 31
199438.69
448%92,19
4N9190.06
IETHTH. 0%
INI2T746.12
I54273,19
347101.12
348899.19
A50701.06
35250662
INGDG A, 56
35559300
a%714640.%0
ASR690, 06
AR0242.%56
361797.25

TOTAL

11504302.0
11683581.0
11338607.0
10974153.0
10032697.0
90448 70. 00
7796191, 00
6465392, 00
50314 66.00
4129725, 00
3156386. 00
2P47589,00
2424181.00
2418022, 00
2624906, 00
23704 80,00
2386 714.00
240303R.00
2419458, 00
243352800
2447667,00
2661874,00
2476153.00
2490499, 00
2504913.09

O.D

-1.56

1.4%

.61
12.79
21.38
3z.23
43.80
56.26
64.10
12.56
5.25
TR. 086
TR, 46
78.92
79,39
79.25
79.11
18.97
TH.8%
78.12
18,40
TR, 48
TR, 35
78.23




YEAR

1978
1977
1978
1979
1930
1981
193?¢
1943
19494
1985
19836
1987
1988
1989
1990
1991
1992
1593
1994
1995
199¢&
1997
199p
1999
2000

SSF

125112.31
127379.75
1224B5.76
117707.94
1056159.19
919A7.00
T6E6T.50
60372.62
42877.42
32569.36
21493,33
15012.54
16423.9])
15699.21
14910.54
14112.26
14227.18
14342 .46
14456,77
14%508,24
1465EF .04
14756.65
14861.97
14964,19
1506€6,.77

5t

25320G.69
257869.94
2LRAZHG, G
220036,50
212667, 94
166054.25
156n63,06
122112.5¢6
BAT26.12
L6N32.19
43R11.96
IRTHT.15
334R1.21
32002.94
30394,59
JRTHE.T7
2%001.03
29235,24
29471.35
29674,00
2¢ATR, 2!
3N0R3, 76
20290.%%
20498,96
ANTINR L 65

Exhibit 5-H: LWP and RCI for Steep Awakening

4012619.00
4NR3126.00
393R51) .00
3ran7e4.00
334R241,00
2F91311.00
237755%.00
1RIEB39.00
1273329.00
GIT9RI 69
544R20 .56
4T6990.94
407305 .81
3RTL546 .12
366R1A.19
345227.06
347945 ,19
I%0FB&,00
353643 .62
asbR12.87
35197 .00
360596 .94
A6€3N12.00
A65443 ,24
A6THID HT

Sitent Optien

DY
£565269.00
5653096.00
5602239.00
5341806 .00
GR29775.00
42R4%75.00
364P531.00
2955%64,00
Z1A%348.,00
16536464A8.00
1047612.27

939240,.9)
F24106.81
T9172R.94
156085,82
119271,.00
724150.50
726056,.31
733a0n7.94
138212.69
742657.00
Ta4e?21.56
151003.62
755306.52
75962R.54

You
1543902.00
1562110.00
1526925.00
14R9841.00
1352233.00
1205237.00
1035074 .94

F4R&10.37
638503.7%
479215.00
208905 .94
260528.01
230317.6%
221532.06
212009.62
2021R7.62
203265.F1
S06246,%50
20%429,%0
206354, 94
207281.61
208210.69
209141.237
210073.%6
211007.¢2

TOTAL

11504 302.0
116R3581.¢
113238607.0
10974153.0

9F4P077,.00
8661164.00
1292890, 00
%A2%29R8.00
45226781.00
314024R. 00
1946643.00
1734529.00
1511634.,00
1448617,.00
1380197.0D
1309566. 00
1318%8R.00
1327664.00
1336790.00
1344611.0D
1352471.00
1360371.00
1368309,00
1376286.,00
13R4301.00

0.0
'1-56

1,44
b.61
14,40
24,71
A6.061
49.36
63.26
172,063
A3.08
B4 .92
86.86
A7.41
R8,.00
PR 62
BB.5%
88.46
BB.38
AB.31
88.24
FA.1B
88.11
RB.04
at.97



¥ L

TEAR

1976
19717
1978
1979
1980
1981
1982
1983
1934
1985
1986
1987
1988
19389
1990
1991
1992
1993
1994
1995
1396
1997
193h
1999
2000

§SF

7245359.00
7314777.00
6937132.00
6549040.00
6120489.00
5702357.00
51719549.00
4662726.00
4090465 .00
4028775.00
3966234.00
3%02766.00
383R3R3.00
38696586 .00
ArB4ST0.00
3904t65.00
392414 .00
3945001 .00
396546P .00
3982939.00
400049FP .00
401R814E.00
4035079.00
4053702 .00
4071¢11,00

Exhibit 5-1. LWP and RCI for Outdoor Speach !mterfersnce
Baseline Option

50

207R238.00
210035%R,00
2002045.00
1900%%6.00
1 769%K7.0D
1675737.00
1526027.00
1392197.00
1243R79.00
1220247.00
1212310.00
1156107.00
1179%A9,00
11R773R.00
1193892 .00
12 00074.00
1204286.00
1212526.00
121796 ,.0D
1224163400
1279%%2.00
1234960.00
1240391 .00
12450940 .00
12121800

13101%22.0
13741292.0
12689855 .0
12122163.0
11498627.0
16B62166.0
100P3571.0

92F7383,00

8472754.00
8393939.00
R313R26 .00
A232101.00
H148801,00
p201418.00
r241127.00
n2R1029.0C
R32111F .00
B3613%1.00
B401R4] .00
P&436675.00
B4T1250,00
£%061%0.,00
R541191.00C
HETLIT6.00
a5 1169500

5922344.00
5975015.00
57805%3.00
55 78R39,00
5354152.00
5122471.00
4P35438.00
4537R17.00
h223745.00
4200146.00
4170943.00
4141144.00
4110674.00
4132809.00
4169507.00
4166271.00
4183099.00
4199997.00
4216960.00
4231472.00
47245033.00
426064200
4275301.00
4290009.00
430670500

Y00

12R1447.00
1292125.00
1258002.00
1222532.00
11R2549,00
1141318.00
1090026.00
1036861.006
9A1636.31
977222 .81
9T2695.06
96PD5T.94
9t.3318.69
S&A100.%0
971703.94
975317.50
978961.75
982576.19
9R6221.17
9689336,19
99245R.469
095508 .62
99A725.94
1001°70.¢9
1005022.87

TOTAL

29628680,0
29923536.0
28667616,0
27373104,.0
25955376.0
24504032.0
22124576.,0
70896960.0
1901 T472.0
1¢82A320.0
18636000.0
16440160.0
1R240752.0
18354704,0
1R44Q7R4,0
18527344.0
1A8614240,0
18701568,0
107R9264,.0
18004360,.0
18939776.0
19015472.0
190%1472.0
1916 7776.0
19244304 ,0

¢.0
"0.99
3.24
T.61
12..40
17- 30
23.30
29.47
35.81
36.45
At.10
3t.16
B 44
38.05
37.76
37.47
37.18
36. 088
36.58
36.33
3. 08
Is. 02
35,56
35.31
a5.05



T - el

YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
198%
1984
1987
1988
1989
1990
193}
1992
1993
1994
1995
1996
1991
19%e
1999
2000

S§F

72453%59.00
7314717.00
6937133.,00
6549040.00
594B8427.00
§331439.00
4463151.00
3560937 .00
2617977.00
2171539,.00
1710221.00
1554945%5.00
1233290.00
129535%0.00
1304475.00
131365P.00
1322901.00
1332203.00
134156%.00
1269594 .00
1357666 .00
1355762 .00
1373%42 .00
13p2149 .00
1390307 ,00

Exhibit 51 LWP and RC! for Oatdoor Speech Interference

50

207R238,00
2100258,00
2002045.00
1900556.,00
1742095,.00
15718924,00
13476A4.00
1106R77.00
B54630.06
736%91.94
616409,.P1
54F338,2%
4764096 ,37
482%10.62
LRS54, 90
GPBRLRO4,P]
491659.50
494740412
49703596
HO04M6. BT
503149.31
SOSR22.07
ECPRRT.HD
711204.06
513911.49

Option 1

UR

13101522.0
132412%2.0
126A98% 5.0
12122163.0
1109203%.0
1003751640
BHG572A .00
7110856 .00
5576502 .00
“77BRB6.00
39593946 .00
A5R6003.00
A204295,00
3226101.00
3242564 .00
3259104 .00
3275120.00
2262413.00
33091A82.00
332353F .00
33379L0.00
3352418 ,.00
336944 ,00
AAATRH2T .00
339616600

5922344.00
59T5015.00
5TRN593,00
5578839 00
5104065,00
4172628.00
420207R.00
3595427.00
2963295.00
2577429.00
218BB74 .00
2019098.00
1842273.00
1852650 .00
1860480.00
186:8340.00
1P76220.00
1RA&41%3.00
1892107.00
1R95909.00
190% 736 .00
13172%86.00
1919489 ,00
1926355.00
1933274.00

12R14647.00
1292125.00
12%e002.00
1222532.00
1137934.00
1049239.00
928897.94
199747.37
659228.06
569990.9%4
473416.89
438%519,19
601966, P1
404037.06
405597,.44
407162.00
40RT731.19
410304 . K7
411883.00
413231.°1
414581.81
61593R,94
417297.%0
4184659.12
420024,.06

TanaL

2962PB80.0
29923536.0
2B667616,0
Z2T3713104.0
25104528.0
22T69728.0
19537536.0
16173839.0
126%1632.0
10034443,0
8946316.00
A147503.00
7210318.00
1260648, 00
1298660.00
7336858.00
13715241,00
7613813.00
1452572.00
748575R.00
™19084,.00
1552546.00
7586150,00
7619894, 00
537112,00

0.0
-0,99
3. 24

T.61
15,27
23.15
34,086
45.41
57.30
63.43
69.01
12.5%0
75.66
75.49
75437
15.24
75.11
T4.98
T4.P5
T4.73
Th.b2
74.51
T4.40
74.28
74.17




WL -

YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1690
1991
1992
1593
1994
1955
1996
1997
19938
1959

200D

SSF

T24%359.00
1314777 .00
6937131.00
6549040.00
6130408%.00
5702357.00
495273000
4177914.00
33764014 .00
3051990.00
2742582 .00
2415167.C0
2079033.00
2036551 .00
2109797.00
2123121.00
2136524.00
2150005,00
2163566.00
217%188.00
2186867.00
219860%5.00
221040200
7222257.00
2234149.00

Exhibit 5-1 LWP and RCI for Outdoor Speech Interference

S0

2OTE23B.0D
710036P,00
£002045.00
1900556 .00
17FG95A7.00
1675737.00
1476402,00
1270029.00
10%5353,00
973662.69
BhoR%6.25
BO3ROK. 69
715321.00
T20790 .31
124920.67
736069 A7
Ta3230.27
T3T426.8T
T41634.94%
Ta5230.75
T4PESA .69
182484 ,37
756129.17
T59TR7.94
Tt2662.731

R

131015722.0

122641292.0

126P985% .0

12122163.0

11498627.0

10BA21¢66.0

SAHD4QTF .00
F313924.00
698546 R4 .00
6390507 .00
57F2511.00
S160741.00
4524130.00
455415F .00
4576828,.00
4R99607.00
G¢22487.00
46456475.00
LEGRSES.00
4£AAR333.,00
4T70K176.00
472R104.00
474R104 .00
41491p3.00
47FAJ4T .00

Dption 3

5922344.00
5975015.00
57905%93.00
5578B839.00
5356152.00
5122471.00
4633069.00
4117936.00
3572285.00
3307793.00
ap3zails.00
2766T43,00
2642F94.00
24563R83.00
26466563 .00
2476TP0.00
24A7037.00
2497337.00
2507476.00
2516%21.00
2%25305.0C
2534300.00
2563234.00
2552198.00
2561191.00

Lhl

12R16447.00
12692125.00
12%A002.00
1222532.00
11R2569.00
1141318.00
103R423.31
Q29619.44
f13069.06
T47131.37
&£TT786.1
604420,56
“26190.75
“2AR61.%0
520R73.£1
%32R91.7%
%34915.58
535945.44
53R980.94
R40T720.56
542664.2%
564212,25
5645964.46
547170.¢9
F494R1.06

TOTAL

29628BR00.0
29923%536.0
2B€67616.0
21373104.0
25%955376.0
245064032.0
21705680.0
1rP09200.0
1%A00385.0
144R1078.0
13125151.0
11728877.0
10ZH7568,0
10356743,0
10408981.0
10661468.0
10514201.0
10567188.0
10620421.0
10665998.0
10721755.0
10757705.0
10R03833.0
10P50145.0
10F96650.0

0.0
-0.99
.24
Ta61
12.40
17.30
26,74
36.52
46.67
51.13
55. 70
60.41
65.28
65,058
64,87
64,59
64.51
bh.33
6h.10
64,00
63.85
63.69
63.54
63.3A
63,22




LOT-S

YEAR

1975
1977
1978
1979
1930
1981
1982
1933
1984
1985
19546
1987
1588
I1sa9

1990
1991

1992
31993
1994
1995
1996
1997
1998
1999
2000

SSF

124%53%59,00
1314777.00
6937133.00
6549040.00
61304689.00
5702357.00
4844R59,00
A955550.00
3028510.00
2592136.00
2142316.00
1677392.00
1283290.00
1295350.00
13044 75.00
131385A.00
1322501 .00
1332203.00
13415%465,00
1349%94 .00
1357666.00
1365782 .00
1313943 ,00
1382149,00
1390397.00

Z0TR23A.L0D
210038R,00
2002065, 00
1900%56.00
1159507, 00
1675737.00
1447427.00
12100584.00
QE2106.94%
RebhT55 75
727655.31
6C4363 A1
4714946, 37
4P2510,67
4R5544 GG
4 EA%A4 .81
491659,50
§54740,12
49TB3AS .94
500486.R7
503149,31
SNSR22.R7
508807 .50
511204 .06
513911 .69

Exhibit 51 LWP and RC! for Oatdoor Speech Interference

Uk

13101522 .0

13241292.0

12690550

12122163.0

11498627 .0

10862166.0

94367132.00
1970635 .00
6458713.00
5677019.00
4RTEA58 .00
4052662 .00
320429%5.00
3226101.00
3242564 .00
3259104 .00
3275720.00
3292413.00
3309102.,00
3323538.00
33371950.00
3352418 .00
3366964,00
I3R1521.00
A8 66,00

Option §

5022344.00
5575015.00
%TRA0593.D0
E5TRR39,00
53541%2.00
5122471.00
456R621.00
3982%664,.00
3357196,.00
A010375.00
2645123,.00
2257699 .00
1P&e2213.00
1R52650.00
18604R0.00
1868340,00
IaT6230.00
1884153,00
1P92107.00
189R909.00
1905736.00
19125R6.00
1919459 .00
1926355.00
1933214.00

L

1201447.00
1292125.00
12=68002.00
17222532.00
11825649,0D
1141318,00
1026080.62
903322.81
T71223.069
LRBT702.RT
600752 .69
505946.75
401966 .81
404037.06
405597 44
4071862 .00
40R731.19
410304.87
411AB3,00
413231.F1
4145R3,.p1
415938.94
417297.%0
418659.12
420024 ,06

TOTAL

29628R00.0
29923536.0
28067616.0
27373104.0
25955376.0
245%04032.0
212323696.0
1r022112.0
14577748,0
120814987.0
10991504.0
99 T842.00
7210318.00
T260648.00
1298660.00
T336850.0D
7375241.00
Te4l3813.00
T7452572.00
T485750.00
7519084 .00
7552546,00
7586150.00
T619894.00
E3772.00

0.0
'0.99
3.24
T.81
12.40
17.30
28.03
39.17
50.80
56. 75
62.90
69.29
75.606
T5.49
75.37
75 .24
75.11
T4.98
T4 .85
T4.73
Thab2
T4.51
Th.b0
Th.28
Thel?



80T-5

YEAR

1976
1977
1978
1979
1980
1941
1932
1983
1984
1985
1986
1937
1938
19499
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

§SF

72645359.00
7314777.00
6937133.n0
6549040.00
5A72392.00
51903R88.00
4317850.00
36410512,00
2461C07.00
2010500.00
1648139.00
14567609.00
123329C.00
1295350.00
13064475 .00
131365%0.00

12322901 .00

1332203.00
1361565.00
1349594 .00
1357666.00
1365762.00
1373942.00
138214%.00
1390397.00

50

2078738.00
2100351 .00
2002045.00
1900556,00
17223592,00
1541062.00
130R599,00
1066391.00
B812366.67
693190.69
572546.06
526021.9%
4TP4694 .37
4F2510.62
GFN564 .90
4RRE94 H]
491659.5D
654740.12
457R35,.94
S5004RG.HT
503149.31
S505R22.F17
SCR507.50
511206.06
6172917 .67

‘13101522.0

137241292 .0

1260Q985%% .0

17122163.0

1098094 7.0

98 11809.00
#36535R .00
ATS0FB.OD
5334090,00
4531812.00
370680F .00
3458027.00
320429% .00
3226101,00
3242564 ,00
259104 ,00
A275720.00
3292412.,00
3309182 .00
3323%3F .00
3337950,00
335241R 00
33066944 .00
AARIB27.00
330m166.00

Option 7

oo

5922344 .00
S97%015.00
57805%3.00
SETAR3Y .00
514222700
&LARR53.00
4110A45.00
A49RT14.D0
2831929200
246R126.00
cO0T2R43.00
1959430.00
1R&2273.00
1852650.00
186064A0.00
1868340.00
1676230.00
1PA4153.20
1892107.00
1P9R909.00
190%736.00
1912586.00
1619459,00
192463%5.00
1933774 .00

Exhibit 5-k: LWP and RCI for Outdozr Speech nterferemce

1281447.00
1292125.00
1258002.00
1222532.00
1127693.00
1032028.94
910669.87
7P0210.81
637916.25
547226.R7
448676.31
425738.37
401966.81
4040237.06
405597.446
407162.00
4nRT31.19
4]10304.E7
411RA3. 00
41323).F}
4145A3.R1
415930.9¢4
417297.%0
41P659,12
4r0024.06

TOTAL

29628880.0
29923536.0
2B(67616.0
27373106.0
24855824.0
22261106.0
19013312.0
15630915.0
12084671.0
10250854,0
8449009,00
TRIGBB5. 00
7210318.00
T260648,00
7298660400
7334850, 00
13T1%241.00
T4136813.00
7452572.00
14A5T58.00
7519084 .00
15952546400
7586150.00
76196894, 00
T653172.00




YEAR

1976
1977
1978
1979
1980
1981
1982
1993
1984
1935
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF

1265350.00
7314717700
69371332.00
55495040.00
5735386.00
4894902.00
3936226 .00
2934777.00
1R7RT69,.00
1421576 .00
960105.62
1049648.00
929914 .87
937232.C6
942773.00
948353.00
953972.H1
959633.25
965333.,87
970225 .62
Q15146 .69
80097.81
9685079.37
93009062
onn13t.12

S0

2078238.00
2100358.00
2002045,.00
1900%%6,00
16F4R36,00
14€ 14RP,.00
1205809.00
93R09B,69
655216.R7
510527.69
363299,69
382512.31
325086.75
327A02.69
379856.69
331923.00
334001,81
336093.12
33R197.06
340000.25
341R12.07
3423634.31
ILR445,05
347305,31
349154 ,.F]

UR

13101%22.0
132412%2.,0
12689845 ,0
12122163.0
107556%R .0
935304F .00
7779140 .00
6153705 .00
460666949 .00
3R1774D.00
2535229.00
2404100 .00
2270521 ,00
2286521.00
2298592 ,00
2310717.00
2322904 .00
2335145.00
2347441 ,00
235719467.00
236B534 .00
2379144 .00
2389795 .00
24004R7.00
2411222.00

Silent Qption

5922346.00
£97501%5.00
5T780%593.00
E5TPR3I9.00
5050072.00
6510443.00
ARTI563.00
2202650.20
2464314.00
20130A7.00
1520742.00
1457411.00
1392287.00
16400234.00
1604403.00
1412497.00
141R8615.00
1424756.00
1430922.00
1436198.00
1641491.00
1446R01.00
16452130.00
1457476.00
1e/:;P39.00

Exhibit 5. LWP and RCI for Ootdeor Speech Interference

You

1281447 .00
1292125.00
1258002.00
1722532.00
1113739.00
998548 .%6
866122.19
122%046.%6
563739.94
455474.9%
A34063.50
321241.37
30R023.237
309640.00
31DR5A. 31
312080.00
313305.31
314534.06
31ST66.56
316819.469
3171875.%0
318933.56
319994 ,31
321057.%6
A72123.25

ToTAL

29628880.0
29923538,0
2B667616.0
27373104.0
243647664.0
2121P416,0
17666928,0
13951776.0
10028532.0
1511424 .00
5713439.00
5504912.00
52250842 ,00
5261529,00
H?BR4R2 .00
531£572.00
5342798.00
%370161.00
%397659.00
5621209,00
5444059, 00
5460610,00
5492463.00
5516415.00
5h60469,.00

0.0
-0.99

3.26

T.61
17.82
2R.729
40,37
52.91
66.15
12.27
a0.12
£1.15
£2,136
B2.26
82.15
82,06
8l.97
61.68
Al.78
Aal. 10
al1.42
Al.54
Bl.&4b
A1.38
R1.30



-

YEAR

1976
1977
1918
1979
i980
1981}
1982
1953
1984
1985
1985
1937
1988
1989
1990
1991
1992
1993
1994
1995
199¢
1997
1998
1999
2000

SSF

241099.94
265340 .94
2356436.31
225003.94
21302R.25
200410.56
184R07.06
168386.19
151237.44
150228.31
148867.37
147455 .,R7
145994 ,25
17522.75
148682.37
149953.12
151030.56
152216.9%
153412.31
154438.37
155471.19
156510.62
157556.A1
158609 ,69
159669 .44

S0

101117.81
102”14 .P]
9E586.25
964142 .9%
f#9069.12
BITR3 .12
7715R8.15
10250406
63153.R5
62572.57
61970414
61346R.47
6N704.95
¢1310.99
£1769.76
62231.62
62696.75
6£3165.01
£3636.41
£4040 . F%
&6467,.59
64R56 .63
65268.0%
65681.01
E609R. 0D

UR

260556.62
264626431
253871.00
2426064 .04
229990.37
216B26.12
200515.81
1838R7.00
166644.44
1652R7.R7
163892 .69
1626452 .62
161118.50
162607.06
163732.2%
166863 .94
1466002.06
167146 .59
160297.75
169283 .94
170274 .87
171270.58
172271.06
173276.19
174286,12

18366687
1B6085,.25
180172.87
174006.52
166782.62
159255.69
149923.37
1401064.25%
129R50.00
129115.44
128401,62
127T4603.87
126776.69
127753.25
12B489,44
129228.06
129969.00
13p712.44
13145%8.19
132095.61
132735.00
133375.87
134018.6%
134 663.00
135309.94

Exhidit 5. 'lﬂP and RC) for indoor Speech interference
Basefine Option

m

48780.93
69220.74
47p4T.4B
46418.%7
44800.62
43134.%52
£1059.31
385307.681
AssT3.02
36409.58
35299.95
36105.05
35905.24%
As0R0.79
36226.52
kLELLTS Y.
36501.70
36639.16
36776.50
I6A93.48
37010.37
3ri2r.21
37263.94
i7360.58
37477.13

TOTAL

B35222.12
P4808¢6.00
A15913.87
T182234.50
T43671.00
703400.00
653484.25
601535.06
54 T667.50
543693.75
539431.75
5349464 .81
530499.58
535282.75
538900.31
542540,81
546200.00
549880.19
553581.12
5567152.37
£59939,00
563140.,87
56635850
569591.25
n72R39.62

0.0
-1,.54

2.31

6.34
10.96
15.78
21.76
27.98
34,43
34.90
35.41
35.95
3b.48
33.91
35.48
35.06
34,00
4,16
33.72
33,34
32.96
32.%8
32.19
31,80
31.41




L{T-5

TEAR

1976
1977
1978
1979
1530
1981
1992
1983
1534
1995
1986
1937
19648
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

§SF

261099,.94
265340.94
235436,31
225003 ,94
207T1RA.OD
188477.9%
151706.12
133700.50
106332 .87
30737.06
THH5E 62
68911.69
60945.43
61507.8])
62074.51
62544.96
630%9.25%
635607,.27
640%59,12
b44l0, P9
64923.57
65360.00
65799.37
6624167
LOGUEE LT

Exhibit 5 {WP and RC) for Indoor Speech Imterfereace

5D

101117.P1
102R14 . R1
9ALB6.25
04142 ,9%
F6709.12
TNG23.54
6T7T69.94
CE106.27
43AT2.90
IR254.12
32361.B6
29187.27
25845.590
26107.02
2630%5.03
2506, 44
26705.240
26907.4R
27111.16
2T7RA RS
2T461..40
2T63IR.LIT
2IR16.274
77995,.14
PR I AP )

260556.67
264624.31
2%387).00
262664 .44
221?212.5¢6
159001 ,94
16RGTE .64
136974 .81
104439,56
R7724 .81
10603.7%
E2R0P.26
55024 .0R
6540 ,97
£5945,50
EhLL 4t
5676% .90
57149.77
57554 ,12
7904 47
ER2RG 47
ERHOK .43
LHYH0 .13
MR LW
LORTI.0A

{ption 1

1RA666.87
1R60R5.2%
180172.87
174006.62
161019431
147667.50
12F411.00
10R143.]10
B6327.06
74176.37
612R3,2¢6
5575%4.22
49908.59
50317.68
50625.95
50935.L4
51246.60
5155A.79
51872.19
52140.2%
%2409.280
52679.14
S2949.R7
52221.%2
536C4 .06

ne

48780,93
49220.T4
47867,48
46416.57
430p0.10
39415.66
154555.11
29340.45
23670.97
20074.66
161688,.38
14786.67
13314,02
13390.647
136447,91
13506,32
13562.75
13620.17
13677.58
13726.51
13775.43
13024,36
13R73.26
13922.16
13%71.04

TeTAL

835222.12
RGADRAG. 00D
815913.87
T82234,50
719129.05
653286.56
560518.56
46426%.19
A62643.37
310966.9%
256R9%.31
231448.00
205038,06
206951.62
208398,81
209854,75
211319.62
212793.31
214276.06
21554 6,581
216824,19
218100.25
219398.75
220696.00
721999,A87

0.0
-1.54
2.31
b.34
13.90
21.78
32.84%
hh .41
56.58
62.77
69.24
72.29
T5.45
75.22
75.05
T4.A7
T4.T0
T4.52
74.35
T4.19
T4.04
73.R9
73.713
T3.50
T3.42




YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
i9ne
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF

241099.94
245340,94
235436,
225003.94
21302B.25
200410456
1717470 .94
153361.00
128370 .81
119072 .1%
109262 .75
99149 .75
88904 ,00
A9B3L .75
305647.06
9]1260.7%
91980.00
92704 .62
93436 .01
94061 .62
94892 .56
95327.5¢
95966 .81
96610.12
9r2h7T .62

50

101117.01
102P14.81
apsd6.2%5
94142.94
89069.12
B3743.12
T4185.55
64151 .62
£3T44.96
49914.93
45pAT.05
41736.55
37526.57
37901.94
3P187.66
38475434
38765.04
39056.71
39350, 46
39602.39
39855 .RE
40110.78
40367.19
40675.15
LOPNG 5T

2055 6,62
2646246 .31
2%3871.00
262664 444
229990.37
21!'8?6.1?
1o0296 .69
162798 .69
134594 .06
122163 .50
109266.75
96229.62
02708 .25
A34B7.086
84076 .00
B4bbB .44
B5264 .44
F5A64,00
RAL6T .06
f6963,94
H7503.37
RBDZS .44
ARs%0 12
B3077.37
FO607 .21

183666.87
1860085.25
180172.87
174006.62
1667R2.02
159295.69
143043.31
175RTH.94
107%576.00
GERIL bk
1962744
BOOT6.D6
T0036.50
70596.56
T101R.87
116642.375
T16868.2%
12295.2%
12723.87
73090.4%
73458.06
138264715
T4196.69
Ta%567.672
164939.469

Exhibit 5-); LWP and RE! for Indcor Speech Interference
Option 3

40TH0.93
69220, 74
47857.48
46416.57
44R00 .62
4313452
IN9T5,.41]
34571.53
29871.75
21207.18
24407.98
216449.18
18293.73
18394.37
186569.91
145645, 43
18620.93
18696439
18771.R4%
18836.11
18900.36
18964.%9
190208. 78
19092,95
1915 7.08

TOTAL

835222.12
P4B0BL. O0
B153513.87
T782234.50
743671.00
703400.00
623979.07
560781.6%
454157.56
417189.12
ATRAG),.A87
338641.06
297467.00
300218.62
302299, 44
304392.62
306458.55
308616.9%
310746.00
212574, 44
314410.12
316255.06
318109.56
319973.19
321846,.25

0.0
-105~

2.31

6,34
10.96
15.78
25.29
35.26
45,62
50.05
54.69
59.45
66,.3P
64.006
63.01
63,56
63,30
63.0%
62.79
62.58
62.36
b2.14
81.91
61.69
61.47




YEAR

1976
1977
1978
1979
1980
1931
1982
1933
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

§SF

241099 ,94
24%340.54
2354356 .31
225003 .94
213028,25
200410.5%6
173997.94
146392 .01
117467.11
103961 .94
90187.31
75727 .94
60945 .43
61587.R1
62074 .51
62564.96
63059.25
63557.22
64059.12
b44R9LEY
64923 .57
65360.06
65795 .37
66241 .62
566A6 .75

§0

101117.81
10201 4.81
g8586.25
$4142.9%
RO069.12
f3743.12
12736.44
€1235.54
49108413
43616.88
37922.43
31955.A8
26R45,50
26107.02
26305.03
26504444
26705.26
26907 .48
27111.16
27295.45
27461.60
271638.37
27816.2%
27995, 16
SP175.13

260556 .62
2646724 ,31
253871.00
2h26L4 .44
229990 .37
216826.12
186652.07
155379.56
123236.7%
106793.81
89946 .19
T26P7.37
55024 .68
5554P .97
55945 .50
56344 .40
5674% .90
57149.17
5786€.12
57904 .42
58254 .40
5A606.43
H8%60.13
%9316 .¢6
h9673.06

Bption 5

1A3666.37
1R60DRS,.25
1A0172.87
114006.62
1667R2.62
159295.69

140B53,19

121278.172
100337.31
BAT42.37
16519,715
636B6,.24
49908.59
50317.48
50625,9%
50925.64
51246.60
515%58.79
51872.19
52140.2%
52409.2R
52677.146
52949 ,87
53221.52
53694 .04

Exhibit 5- LWP and RCI for Indoor Speech Interfersnce

You

48700.93
49220.74
47R4T .48
46416.57
44B00.62
43134 %2
3BeTT.03
3351R.12
781R4.32
264853.93
213D07.62
17490.23
13314.02
133904467
13447,.91
13505.32
13562.75
13620.17
13677.%B
1371?26.5!
137175.43
13R824.36
13873.26
13922.16
13971.04

T0TAL

835222.12
848086.00
815913,.87
782234.50
T743671.02
703400.00
Gl12718,44
517804,50
4184 14.31
367966.81
315943.19
261547.56
205038.08
206951.62
208398.81
209854,.75
211319.62
212793.31
214276.05
2155406.81
216824.19
218108.25
219298.75
220696.00
221999,.87

0.0
=1.54

2.3

ba34
10.96
15.78
26.64
38 .oo
49.90
55.94
62.17
68,69
15.45
15.22
715.05
T4.87
T4. 70
74,52
74.35
%.19
76.06
13.89
73.73
T73.5A
13.42




YEAR

1976
1877
1578
1979
1980
1981
1982
1983
1994
1945
1935
1937
1938
1989
1990
1971
1992
1993
1994
1995
1996
1937
1998
1999
2000

§SF

241099.94
2645340.94
235436.31
225003.94
2064975 ,.06
183947 .69
15703R.12
12688768.56
99336.50
85623.37
71421.81
6b252.5¢
60945 .43
b15R7.A1
b20714.51
652564.96
63059.2%
$3557.22
64059,.12
54449 .R9
$4923.57
65360.08
£§5799.37
662461 .67
56608, 715

§0

101117.81
102R14,.F1
98586,.25
04142.94
A5790.31
77111,2%
E5A2T7.4%
54099,23
41792.05
36122.65
30252.2¢0
ZROT7.79
25R45,50
26107.02
26305,03
26500 .44
26705.24
26907 ,4P

27111.186
2T2R5.FH

246160
2T53R.3T7
STRIBLTY
£T9% .14
2P175.117

260556.62
264624.,31
2%3871.00
242664 .44
21AR15,50
1941729.62
163506412
131900 .44
99255.62
U2462.¢9
6526464 ,93
60114.23
55074 ,6F
55548 .97
85945 .50
56344.40F
56745.90
5T14%.77
£71556.12
57904 .42
BH254 .40
BAG0E W43
HH960.123
59315.66
594673 .08

183666.97
1860A5.25
180112.97
174006.562
15960212
144524.25
12%317.62
106R67.44
AZBRL.TS
T0496.75
57397.39
53756.50
49909,59
50317.4H
50625.95
50935,84
51246.50
51658,79
51872.19
52140.25
52409,2F
52679.14
52949.87
53221.52
53494 ,04

Exhibit 5-1: LWP and RCI for Indoor Speech Interference
Optioa 7

Yo

4B8780.93
49220.74
47867 .48
4b416.57
42667.20
38T20.71
3381%.20
28552.21
22A12.03
19157.96
1519466
14273.63
13314.02
13390.47
13467.91
13505.3¢
13562, 75
13620.17
13677.5R
13126.51
1377%.43
13R24,3b
13R73.26
13922.16
13971.04

TeTAL

835222.12
A48086,00
a815913.87
702234.50
73118%0.19
638433.50
545508.50
448297.8)
346077.87
293863,37
239530.87
222674 ,.8)
2050238.06
206951.62
208396 .81
209854 .75
211319.62
21271932.31
214276.08
215546.R1
216826.13
210100.25
219398.75
220696.00
221999.87

0.0
-'l 54

2.3

6,34
14.77
23,56
34.69
46.33
50.56
ba.R2
T1.32
13.36
75.45
15.22
15.05
14.87
14.70
74%.52
Th.35
T4.19
T4.04%
713.89
73.13
13.58
73,42




HLi=%

YEAR

1976
1977
19718
1979
1980
1981
1932
1933
1994
1995
1936
1987
1988
1989
1990
1991
1992
1993
1994
1935
1996
1997
1994
1999
2000

SSF

241099 .94
245340 ,94
235436.31
225003 .94
200361 .94
174661 .75
145005 .56
113e81 .56
A1117.75
6(0256l11
46757.07
44227.R0
41432 .28
41069 .94
42201.56
42535 ,75
42R72.56
43211.90
43553.91
4304T7.47
46143 .04
4644450.52
447139.497
45041 .36
anlay .70

Exhibit 5-): LWP and RC! for Indoor Speech Interference

!
101117.081
102214.P1

QHSRG .25
94162.9%
P66, 62
TALS6LHRT
£0799.03
47830,73
34169.09
21119, 04
19915, 01
1ap37,.93
17655.16
17R34,.03
17970,89
IRr107, 92
18245, 94
1R3p4,93
10526 ,92
18A4%,03
1E765, P56
1PRRT. 42
19009.79
1e112.73
19756,51

Silent Option
IR (]}
260556.62 1R3666 .87
264524 ,31) 1BL0A%.2%
253871 ,00 190172.87
22660 44 174006.872
213956 .44 156752.19
184372.25 13R%78.19
151024 .75 117535,31
116565 .19 94912.25
80938 ,94 70258431
£1203,12 55323.49
4121R.70 39237.11
IN564,14 317199 .46
315864,56 35190,79
6211.06 3%54A6,09
366473,19 35708.9%
16736 ,9R 35932,.77
37002 44 36157.55
37269.59 A63B3.30
3753F .41 36610.00
A7T6A .90 3ILHED4 .00
3R0D0 .59 36998 4 H
AR2313.5% 17194.006
3P4617.7% 37300.47
IRT02,1R ATRR6.8T
Au93ig pro ITIRG .3

L[]

48730.93
49220.74
4TA4T.4A
4bG16.%7
42022.86
ATILB.TY
A2021.12
26226.21
19827.76
15473.11
10616.46
10098.9¢6
95T4.64
92632.37
9IBT5.75
9719.14
9762.55
9805.98
9849.43
988&.46
9923.51
3950.56
9997.h2
10034, 60
10071.74

TeTAL

835222.12
B4R0PL. 00
A15913.07
TH2234,.5)
£96960.00
608137.01
506385.69
A99415.87
eB86311.81
223433,89
1571745,.12
148928.25
129717,34
141034.25
142030,25
143032.50
164040.9%
1645055.56
146076.55
146951, 81
167831.56
148715.9%
1494605.00
150498,75
151397.0%

0.0
“1.54
2.31
6.34
16.55
21.19
39.37
52.1)8
65.72
13.2%
81.11
f2.17
A3, 27
83.11
B?2.99
A2.87
82.7%
A2.063
82.51
82.41
82.30
R2.19
82.09
Al.9R
A1.87



SFCTION 6
NOTSE CONTHROL, TECHMOLOGY

INTRODUCTION

There are four main sourcas of noise on a truck-mounted solid wasta
compactor. These are:

1, Truck chassis,

2, Powar take-off (PTO),

3, Hyrdraulic pumn,

4. Impact hetween components.

The control of truck chassis noise is not addressed by this study,
hut the oarhage truck manufacturer has control nver chassis noise in the
compaction cycle by his soecification of the engine speed during compac-
tion. A significant reduction in noise can be achieved by restricting the
maximum engine speed during the compaction cycle,

The transmission power take-off currently used on wost compactor
trucks nroduces an obtrusive whine., Alternative desians and types of
PTO will be discussed that qareatly reduce or eliminate this whine. The
hydraulic pump can also make a measurable amount of noise and on some
trucks a noise reduction can he achieved by employing a quiet pump.
Methods for reducing the noise from impacts between components by means
of cushioning these impacts will be discussed.

It has heen found that the hydraulic lines and valves on a garbage
truck generally make very little noise. In a properly designed system,
thers is some very slight flow noise from contyol 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 ar

6-1
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berd radius, Measurements have been made of the hydraulic system noise of
a truck bedy on which no special precautions had heon taken to reduce the
hydraulic system noise. The lines were hard bolted to the body and there
was no hydraulic accumulator. 1In spite of this, the noise was very diffi~
cult to measure and insignificant {less than &0 ARA at 7 m} when compared
with the noise from the rest of the truck. Thus, it appears unnecessary
to address Further the matter of guieting hydraulic lines amd valves.

Three stages of noise control treatment will be discussed for the
steady noise levels, These are:

Stage 1 - Reduction of engine speed to 1200 rpm maxinum,

Stage 2 - Elimination or redesign of transmission power take~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 combined noise levels presented,
Reduction of impact noise hy hydraulic and rubber cushions will also be
discussed.
STAGE 1 - ENGINE SPEED REDUCTICHN 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 1B00 rpm and employ
a pump of about 5 cubic inches/revelution displacement (about 20 gallons per
minute {gpm) at 1,000 rpm), The speed of the engine while the bruck 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 dssires.

Thus, the manufacturer's speed may not have any particular meaning.

62




Spoed controls

Miere are a nunoer of difforent types ol ciyine specd controls avail-
able, The simplest is a solenoid or an electropneuwsatic cylinder whiich
advances the throttle linkeye by o preset asount when the "coapactor cyele"
button is pressed,  Gbher speed controls are pheumabic yovernors aid
electronic yovernors. However, none off these governors are tamper—prook
and all can be reset by tlwe operator.  burther, nost front loading yacbege
trucks do not have aty form of autuiuatic specd cuntrotd,  he engine spoeed
during cycling is contpolled only by the vperator's fuoot, Therefove, the
hardware required for this level of noise reduction consists of two itens:

L. an electro-phneuatic throtele control or sone other fum of ov-

ernok,  Singe governors are usually installed on most coupdactor
trucks, except four the front loaders, this requiveoent will relate
pringrily to tront losders. Govermors are not usually installed
un front loaders since the cab onerator is awle o oontrol poth

the loading eycle and el speed.

i 2, A lapyer hydraulic punp is needed if the saone cycle thne is

to be achieved with a lower clyine speed.  lor exaple, if a 20
! gt at 1000 rpn punp is currvently used ab an engine speoed of
i

18U0 vpag, chen a 30 gpm at 1,000 vpaa puap will e ceguired for
ﬂ an engine speed of 120U rian te achieve the sase volune flow

'f. rate.,

¢

:- An engine speed of 1200 rsl was chosen since this is typically

the slowest ldle speed to which a gasoline engine cun be sot and yet

% not have the engine stall during the compaccion cycle, An engine which
|

; is set to a4 no~load spexd of 1200 rpu will lose spewed tu about 1,000

| .

!

i

5‘ .
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rpm when it comes under load. Typically, an engine is required to produce
20 bp, hut in some cases 40 hp may be required. Most teuck engines rated
at 200 hp or more are capable of delivering 40 hp at 1,000 rpm,

The simplest types of governors allow a substantial speed drop, as
mentioned above. More sophisticated governors, such as some of the elec~
tronic governors, permit much smaller speed losses. However, diagnos-
tic measurements show that there is no noise difference between the case
when the engine is closely regulated to 1950 rpm with or without load,
and the case when the engine is set to 1200 rpm under no load and its
speed allowed to drop under leoad. Accordingly, there is little to be
gained in noise control by installing the better governer. However, it
can help in preventing the engine from 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 powsr take-off
driven from an automatic transmission has been analyzed., The noise level
at 1200 rpn was 74 dBA at 7 m (as compared to 79 dBA at an engine speed
of 1800 rpm). Table -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 combined with an assumed transmission
powet take—off noise level of 74 dBA at 7 m to give the overall ncise
level of the truck while cycling. An engine speed of 1200 rpm has been
assumzd for most trucks. However, on some of the larger diesel powered
trucks, it has been supposed that the engine can he slowed down to 1,000
rpn.  With no chassis noise requlated, no truck can be quieter than 79

dBA at 7 m. However, with an 80 dBA chassis requlation, all trucks can

e e e i i g e b e
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Truck

1

Source:

QVERALL NOISE LEVELS UNDRR STAGE 1 of NOISE
CONTROL (TRANSMISSION DIO = 74 ABA at 7m)

Fuel
Niesel
Diesel
Diesel
Diesel
NDiesel

Diesel

Gasoline

RPM

1200
1000
1200
1000
1000
1200

1200
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meet a 76 dBA noise level at 7 m. Figure 6-1 illustrates Eurther these
quieted noise lavels based on different chassis regulations, More recent
information sobmitted by chassis manufacturers essentially corroborates
these data (Ref. 6-3 and 6-4).

Four trucks were measured which incorporated this noise control method.
They all met a noise level of 76 dBA at 7 m. Three of the Ltrucks were
gasoline powered and operated with engine speceds of 1200 rpm or less, These
threc 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
transmission power take-off. In addition, this engine was only overated at

900 vpm during 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 work 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 ‘0 REDUCED ENGINE rpm

Rated Utilized Standard Reduced Fuel Savings
Engine hp hp rpm pm gal/hr
Gasoline 200 20 1800 1200 0.33
biesel 200 20 1500 1000 0.55

Source: Reference 6-1.
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The fuel savings are larger on diesel engines than on gasoline
engines because the former have more internal friction. TIf we suppose
that the trucks are cycling 25 percent of the time for an B-hour day,
then the fuel savings are 2/3 gallon/day on a gasoline powered truck and

1 gallon/day on a diesel powzred truck,

A noise level of 76 dBA at 7 m can be achisved for a refuse collection
vehicle primarily by slowing the engine down to 1200 tpm or less.
This reguires an automatic engine throttle contrel which exists on most
compactor trucks at prescnt, except for front loaders. 1In these cases,
an agtomatic 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 dBA at 7 m can be
achieved during the compaction cycle only when this noise reduction
measure is used on a chassis which has been gquieted to some extent.
STAGE 2 - ENGINE SPEED REDUCTION AND REDESIGN OR ELIMINATION OF

THE TRANSMISSION PTO

In order to reduce the noise of compacting garbage trucks bhelow
that of Stage 1, the power take-off noise must be reduced in addition to
reducing the spead of the engine. OUnder Stage 1, the overall noise was
dominated by the transmission power take-off gear at 74 dBA. There does
not appear to he any simple way to reduce this noise, which is the source
of the whine heard from compacting garbage trucks. Previously, it was
Eound that vibrations from the gears were transmitted guite extensively

throughaut the truck chassis. Thus, large areas of the chassis and trans-
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mission as well as the PTO would have to be wrappod with sound deadening
material if this were Lo be sclected as a mezans of reducing the noise,
Therefore, enclosing it in a scund absorbing enclosure is not considered
to be a practical means of reducing PTO noise.

One manufacturer of automatic transmissions for trucks is currently
rescarching the source and means of reducing the noise from transmission
PTOs. Since the tooth design of the PIO yoes back over 40 years and i3
very stubby by modern standards, they are considering a finer tooth
design or helical gear teeth with the prospect of generating less noise.
However, at this time it is rot known what the outcome of this study will
be, nor how much noise reduction is possible by redesign of the PTO gears.
Other types of P10 which do not make as much noise as the conventional

transmission PTO are discussed below and are illustrated in Figure G-2.

Front Power Take-off

One such guieter 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, hut
on gasoline engines, which can rotate at up to 4,000 rpm, a clutch must
be installed between the engine and pump in order to prevent the pump

From overspeeding. Most hydraulic pumps cannot be driven above approxi-

mately 2,800 rpm.
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Company 3 reported that they had veliability problems with an elec-
tric clutch on a front power take-off when installed on trucks. This was
also confirmed by Company P, However, Commany G claims very yood relia-
bility for their vnemmatic—hydraulic c¢lutch (Figure 6-3). This clutch
comes in several qear rakins: 0.5, 0.75, 1.0 and 1.25. One compactor
truck manufacturer says that he prefers the 0,75:1 rakio with the pump
running at only 75 percent of engine speed. This would still prevent the
pumn from overspeeding should the clutch be engaged with the engine at
all hut the highest ron. Rlectric interlocks can he installed to prevent
pump overspeeding and are supplied by Company H. This will disconnect
the pump should the engine exceed a certain preset rpm.

Front power hake-offs have been used on front, vear, and side loaders.
There do not appear to he any inheraent problems in the use of front PRs,
Even the clearance problems on front loaders due to the mounting of the
pump on the front bumper can be ovarcome by lengthening the lnaling arms,
Nne major manufacturer, Company I, offered front power take-offs on
their "quieted" trucks.

A problem with a front nower take—off is that the drive shaft has
to pass through the radiakor. This generally reauires either the raisg-
ing of the radiatnr for clearance, or cutting a hole in the raiiator for
the drive shaft. Some truck manufacturers do offer front-mounted PIO
options on their medium trucks, Company .J offers a front P optinn on
two of its lines of trucks. However, it is called a "Limited Produc-
tion Option" which requires a long lpad time and special tooling charges,
Company B and Company K (private commanication) are also planning to

offer a front PID option on some of their medium trucks.,
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FIGURE 6-3

FRONT POWER TAKE-OFF

Source: Reference 6-1.
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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 PT
inserted between the engine crankcase and transmission. It is about
8-1/2 inches long and weighs 180 lbs, It is currently available only
on Company L engines. This PTO 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 PTO gears as with transmission PT0s. This is pre-
sumably because the gears are all mounted in one integral housing and
are correctly aligned. Thus, a compactor truck manufactursr who employs
a Company L 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 PIO does not, of itself, make any significant noise,
If the PIO is geared, then it may make some noise; but since the gears
are a madern 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.

Tahle 6-3 shows the predicted overall noise levels of vehicles with
unregulated and regqulated chassis. The unregulated vehicles are all well
over 75 4BA at 7 m, but under an 80 dBA chassis neise raqulation, all
vehicles generate less than 72 dBA at 7 m, with the gascline-powered 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 specd are
expected to be the same as for reduced engine speed (Stage 1) alone,

e truck has already been measured with this Stage 2 noise control
treatment, This was a Company I truck with the quieted option and a

Coinpany J gasaline engine. The noise level measured was A9 4BA at 7 m.

Conclusions
By combining a reduction of engine speed to 1200 rpm or below, and
elimination or redesiqn of the transmission power take-off, the sound

level of compactor trucks can be reduced to 72 dBA at 7 m.

STAGE 3 - STAGE 2 PLUS A QUIET 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 under the SARE J366b test, the chassis gives

a noise level of less than 70 dBA at 7 m during the compaction cycla,
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TARLE 6-3
OVERALL NOISE LEVELS UNDER STAGE 2 OF NOISE
CONTROT, (HYDRAULIC PUMP = A4 dBA at 7 m)

Overall Noise levels at 7 m
Chassis Requlation (dBRA)

Truck Fuel REM Unreg. B3 80 78 75
1 Piesel 1200 a1 74.5 71 70 68
2 Diesel 1000 81 75.5 72 Al 68
3 Diesel 1200 /0 73 70 A9 67
4 Dissel 1000 A0 75.5 72 70,5 68
5 Riesel 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: Reference 6-1,
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If the truck chassis were ragulated for 75 dBA under the SAE J366b
test, then the noise level would he 8% dBA or less during the compaction
cycle. At this level, the truck chassis and hydraulic pump would generate
very similar noise levels (65 and 64 dRA at 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
vary successful design is a German patent being marketed by Company P
{Figure 6-6)., This design uses an outer gear and a smaller eccentric gear
inside, The two are spaced by a cam. This type of gear pump is particu-
larly quiet. Noise laevels of less than 55 dBA at 1,000 rpn and 7 m can
be obtained. Company Q has also developed quiet versions of their vane
pumps.

An alternative means of quieting the pump is to enclose it. This
would requive building a sheet steel box around the pump with seals
atound 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 would be isolated from the
chassis frame to reduce vibrations. This technigue should give at least

a 10 dBA reduction in noise Erom a standard pump.

Noise Levels
Table 6-4 predicts the expected overall noise levels of the solid

waste compactor 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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A QUIET HYDRAULIC PUMP DESIGN

Source: Reference 6-1.
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TABLE 6-4

OVERALIL NOISE LEVELS UNDER STAGE 3 OF NOLSE
CONTROI, (YYDRAULIC PUMP = 55 ABA at 7 m)

Overall Moise Levels at 7 m
Chassis Regulation (dBA)

Ao st s n

Truck Fuel RPI Unreq. 83 80 78 75
1 Diesel 1200 81 74 70 69 66,5
2 Diesel 1000 81 75 IR 71 67
3 Diesel 1200 80 72.5 69 6B 64.5
4 Dirsel 1000 80 75 71 69.5 65
5 Diesecl 1000 78 75 m 70 66.5
6 Niesel 1200 78 74 70 69.5 65.5
7 Gasoline 1200 76 69 65.5 65.5 62

Source: Reference 6-1.
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combined with a 75 ABA chassis regulatinn. Then all trucks are guister
than 67 dBA at 7 m and the gasoline powered truck is 62 4ABA at 7 m. These

data are illustrated in Figure 6-7.

Auxiliary Engines

A number of compactor trucks drive their hydraulic systems Erom
auxiliary gasoline engines mounted on the truck body, 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 inches and are con-
siderably underrated for this application., 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 A1 dBA at 7 m. These engines
are also used to drive the larger engine generator sets used in recrea-
tional vehicles and hoats, Some manufacturers produce specially enclosed,
low noise engines. This is a very important selling point in the recrea-
ticn industry. WNoise levels as low as 66 dBA at 1 m (eguivalent 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 water cooled auxiliary
engine which will make it ak least as quiet as any chassis powered equip~

ment, Air-cooled engines may be more difficult to quiet, however,
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Quieting of Impact Noise

Thera are a number of sources of impact noises which occur during
the loading and compacting cycles, Garbage cans hit against the lnading
hopper; hydraulic cylinders bottom while performing the compaction; the
container and forks of a Front loader bhang; and container covers bang.
3lthough the quieting of the containers is not strickly within the scope
of a compactor noise requlation, it is pertinent here to comment briefly
on techniques that are expected to provide some reduction in impact
noise.

0 Garhage can impacts on rear and side loaders can be minimized by
covering the edqge of the loading hopper with a 1/2 inch thick
rubber strip, nr by use of plastic qgarbage cans.

n n rear loading compactor trucks, one significant source of noise
is the impact of the hydraulic cylinders as they “"botton” at the
end of their stroke. 'Typically, the piston is driven to the end
of the cylinder which it strikes and a peak nolse level of
approximataely 90-100 dRA may be observed. A connonly used technique
to lessen the impact is to install “cushions® inside the cylinders
at the end of the stroke. Inexpensive cushions are made of
rubber, but are not very durabla, A more durable mechanism is a
pin on each side of the piston, which engarres the hydraulic oil
exit mort as the piston nears the end of its stroke. This

gradually shuts off the Flow of oil and slows down the piston.
Fiqure -8 shows a cutaway view of a hydraulic cylinder with

these cushinns installed, The cushions are standard items and
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FIGURE 6~-8
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are recommended hy the manufacturver for all apolications with
piston specds in excess of 20-25 ft/min (manufacturer's
literature), Company £ rear loaders do not requice cushions since
thelr cylinders do not hotkom; rather, the skeoke is reversed
electrically before it has bottomed. 'There is no evidence that
cylinder bottoming is a significant source of noize in side and
front loaders and therefore, these do not require cushions,
Hydraulic cushions may be requiced on rear loading compactor
trucks, There are twe conpacting cylindecs on each truck, requir-
ing a cushion at each end. Thus four cushiong would be required on
each truck. The hvdraulic cvlinders ace hetween 3 inches and 5-1/2
inches bore, depending on the truck model,

n Banging of a contalner takes place while it is being lifted and
dumped on the arms of the front lwader. Mne of the best ways of
reducing this noise is to owat the container with a danping
material in ovder to damp its noise. 1In addition, some noise
reduction might be chtained by cnating the Cront loader amms with
an epoxy danping material. Although this does not produace much
damping, it may lessen the impacts themselves, Tt is not clear,
however, how durable such an epoxy compound would be under such
severe service.

o At the end of a front lecader cycle, the lid owvering the hopper
is allowed to drop fairly rapidly and creates a large impact,

This impact can be minimized by riveting a 1/2-inch rubber seal
around the hopper mouth in order to cushinon the impact. hDamping

of the container 1i4 also would help to reduce impact noise.

6-25

;DEM - ‘F;WWMhuﬂ\"i“wc‘i-ll-:L.‘l...:‘,.'.‘:"‘

L P N, .i-..'.)_uj.-_‘,;,'; R

e ey




In summary, theve is a great deal which can he applied to lessen
impact noise on garbage trucks: thydraulie cushions, rubber edgings or

stops, and epoxy or other daming comoounds.

CONCLNSINNS

Thers are thrae staqges, or levels, of noise control whisch can bhe
applied to eympacking qgarbage truck hodies. The first stage is to
rastrict the sngine speed Auring cycling ko 1200 rpn or less, This
reduces both engine and power take—off noise. Many vear and side loading
trucks already have automatic enaine speed controls, hut front lecaders do
not. These will require the installation of an engine speed control.

The sacond stage of noise control is the quieting of the power take-
off, FRither the transmission power take—off can be redesigned (although
this is not widely availahle now) or different types of power take—offs can
be used. A "front oower take—off" is connected to the front of the
engine crankshaft. This tyme i3 quist but vequires extending the front
bumner and a special radiator with a hole for the drive ghaft., 'This
radiator {with associated fan wdifications) is available from sone truack
chassis manufacturers with some engine combinations., A "flywheel power
take-of " is available on all Company L diesel engines, and Company K has
emineered a design for Company M gasoline and Company W diesel engines
that can also be adapted to other engines. In addition, at least one
manufacturer of power take-offs is reported to be develaping a new flywheel
PT0 (Ref. 6-2).

‘The final stage of nolse control is to use a quiet hydraulic pump.

There are a number of proprietary designs available.
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The use of truck compactor noise control levels must be coordinated
with truck chassis noise regulations. The noise control measurss will
not be very effective by themselves unless the chassis are also guieted.
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 by a variety of techniques which vary
with the source. The bottoming of the hydraulic cylinders can be quieted
by installing hydraulic cushionc. Areas where impacts occur with garbage
cans or container lids can be covered with rubber edgings and the noise

appropriately reduced.
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SECTION 7
ECONOMIC ANALYSIS
The three different noise emissicn 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 varicus economic impacts expected
to result from achieving each stage are pointed cut., The varicous stages

of guieting relate to specific options which have been considered by EPA.

COST ANALYSIS*

Estimates of the costs incurred in achieving three different stages
of quinsting for comactor bodies are presented in this section. The cate-
gories of costs considered include: direct material and labor costs;
overhead costs; and, maintenance and operating costs.

Direct Material and Labor Cost Estimates

Stage 1. Cost Estimates

The Stage 1 quieting technology consists of governing the engine speed
to a maximum of 1,200 reveolutions per minute during the compaction cycle.
To estimate the cost of this treatment, the following assumptions have been
made:

1. 'The general design and capacity of side and rear loading
compactors are similar and it is not necessary to distinguish between

the two for costing pueposes. 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 assumption.

2. The existing governors on side and vear loading vehicles can
be adjusted to achieve the desired engine specd.

3. A speed control device will have to be installed on front
loading vehicles,

4, The size of the hydraulic pump or the gear ratio of the power
take-of £ unit on all three vehicle configurations will be increased to
preserve the existing flow rates and compaction cycle times.

5. Special treatment will not be required to prevent tamperingr
with speed control components,

The side and rear loading vehicle configurations will require
only minimal modifications to achieve Stage 1 treatment. Engine speed
controls are already standard equipment on these wehicles since they
are necessary to operate the compaction c¢ycle 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 1.

Slowing the engine speed will reduce the hydraulic flow rate
ard thus slow the compaction cycle on these wehicles. To sustain pro~
ductivity, a larger hydraulic pump or a higher ratio PT0O will be required.
The additional capacity needed will vary with the size of the compactor
unit, but the incremental material cost for the average vehicle is

estimated to range between $200 and $300.
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Te adlikinonal labor cost for Stage 1 treatmant of side and rpear
loaders is estimated to be gpproximately $70. This amount represonts
rvoughly nine dicect labor hours, which should be adequate allowance [or the
minor madificakions inveolved.

Stage 1 treatment for front loading vehicles is more extensive than
that for the other two configurations, 8xisting madels do not have engine
governars since the speed of the engine is ragulated by the Ariver. Thus,
it will be necessary to install a specd control device along with necessary
instrunentation and hardwars conponents. The system must maintain an
angine speed of 1,200 rpn and lock out the engine accelarator in the cab,
The cost for the governor and assoclated hardwars will range between $300
and $500 depending upon the type of chassis and engine.

As with the other two vehicle categories, the hydraulic punp capacity
or PI0 gear ratio must he increased to presepve conpaction cycle times.
Again, depending upon the size of the pump, the additional cost will range
between $250 and $300 per unit,

The additional labor cost will vary depending on whether the engine
governory is nrdered with the chassis or must be installed by the compactor
manufacturer, but it is estimated to range between $100 and $200,

Stage 2. Cost Estimates

The Stage 2 quisting technology consists of employing alternate
methods of power take-off (PTO) from the engine. "An EPA sponsored study
has indicatend that the design of the transmission PIO is unsuitaple for
effective noise control, Two alternatives are: the Elyvheel PTO and the

direct drive, crankshaft PTO.
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The f£lywheel PO option is effective in noise reduction but, at
the present time, is limited in availability Eromn chassis manufacturers.
Company L is the only manufacturer which offers the Elywherl PO as a
standard option. Some other chassis manufacturers offer the flywheel PTO
as a special option. An independent component manufacturer was also
identified which manufactures a Elywheel PTO which can be applied to other
makes of medium and heavy duty truck chassis,

The Eront mounted, direct drive, cranksghaft PO is effective in noise
reduction but is also limited in availability, Only a few truck chassis
are on the market which are designed to accommodate a E£ront mounted power
take-off unit and, because these have been desiqned primarily for the
cemant 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 PTO must undergo extensive modification to extend the frame
in Front and to provide clearance for the pump to crankshaft coupling.

This makes the front PV an impractical alternative for front lnading
trucks. Mot only is the required frame extension on the front of the
vehicle too long to allow safe clearance between the container forks
and the frame extension of the front loading truck, but the cab, frame
and radiator modifications required on the cab over enqgine used with
front loaders are so extensive as to be impractical.

The cost estimates for Stage 2 treatment are based on the following
assumptions:

1. Stage 1 noise conkrol treatment has heen implemented,

2. Side and rear loading vehlcles are again assumed to be the

game for costing purposes.
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3. The most cost effective treatment for side and rear loading
vehicles is the front mounted, crankshaft power take-off. (Some end users
may elect to purchase Company L chassls with the flywheel PTO option but
this would generally be a more expensive alternative and not really
indicative of actual quieting costs.)

4, The most cost effective treatment for quieting front loading
vehicles appears to be the flywheel PIO option.

'The cost associated with Stage 2 treatment for side and rear loading
vehicles consists of three major elements: radiator modificatieon, frame
extension, and hydraulic system conponents, Each of these cost elements is
described in the following paraqraphs.

The radiator modification consists of cukkting a hole in the radiator
to provide clearance for the driveshaft connecting the crankshaft to the
hydraulic pump assemblv. Most chassis manufackturers do not currently make
madifications of this nature, Therefore, the compactor body manufacturers
must assume responsibility for this modification. Since radiator work is a
speclalized process which most compactor manufacturers are not equipped to
handle, it is assumed that the radiator will he removed From the truck
chassis and sent to a subcontractor for modification. The additional cost
incurred in this operation will range between 5150 and $250 per vehicle,

The frame extension consists of extending the hagic frame of the
chassis by 18 inches to 24 inches to provide a front mount location for the
hydraulic pump assembly. Tt is assumed that most compactor body manufac—
turers will fabricate the necessary structural compoonents in-house. The

hasic materials required are steel channel, steel sheet and miscellaneous




hardware. The cost of material required will vary according to chassis
type and size, but should not exceed $100 to $150 per unik.

The hydraulic system components consist of the hydraulic pump, clutch,
and additional hardware. A clutch is required with most direct drive
configurations to isolate the pump from the engine ard prevent overspeed-
ing. A nunber of different clutches can be purchased for this application,
including electrically, centrifugally, and pneumatically operated models.
The cost of the clutch and associated hardware will vary between $400 and
$600 per unit.

It is possible that a special tandem pump could be used whidi would
eliminate the need for the clutch.

Additional hydraulic components such as tubing, check valves, fib-
tings, etc., will be required since the hydraulic pump will be located in
front of the cab and hence further away fram the compactor body. These
components are expensive and the added cost may be as high as $75 to $125
per unit. 1

The total incremental cost of materials and subcontract work 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
thervefore estimated to range from 5625 to $1,025 per vehicle.

The incremental labor is estimated to be 25 to 35 man-hours per unit
for production, assembly and checking. This is equivalent to an additional

cost of $200 to $280 per unit.

* The cost of the power take-off unit can vary from $75 to as high as $600
depending upon the type of transmission and the PTO features desired. This
estimate reflects the labor and component cost for installation of the most
commonly used PTO.
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Front loading vehicles are ansumed to anploy the flywheel PO alter-
native. The incremental cost of this eption fron Company L is approximately
54915 per vehizla. This estimated cost should be representative of the cost
of other alternatives which are applicabla to the front leading oonfiguration.

The additional lahor cost associated with the Elywheel PLO option
should be wminimal. An additional cost of $50 to $100 has haen estimated to
account for possible increasns in installation and checking time,

Stage 3. Cost Eskimakes

The Stage 3 technoloqy consists of quieting the hvdraulic punp, Two
alternative treatments are considered: a pump sound enclosure and a
quiat hydraulic pump.

The cost of labor and material for a pump sound enclosure is estimated
to ranme bekween $30 and $50 per unit and has the disadvantage of baing
suhjrct to contanination fron leaking hydraulic £luid and being costly to
maintain. However, the quiet oump has the disadvantane of costing betwsen
$200 and $300 depending on the size and type of pump used.

The estimated cost for Stage 3 treatment for all three vehicle types,
therefore, ranges between 530 and 5300 assuming no additional lator for
installation of the quiet pump.

Impact Noise Cost Estimakes

The technology to reduce impact noise consists primarcily 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 bottoming and reversal of the

compaction ram cylinders.
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The application of a two-inch rubber strip to the loading hopper does
not present any significant manufacturing problems, Tt is assumed that
manufacturers will glue or rivet the rubber to the hopper rim at a £inal
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 vehicle size, it is
estimated that labor and material cost for front loaders will range between
$35 and $50 per unit. The estimated cost for side and rear loaders ranges
between 510 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 need 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~
turers, use rubber cushions, or seek out other means of eliminating the
impact (i.e., using electrical limit switches),

Assuming that manufacturers elect to vedesign their present cylinders,
the estimated cost 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 ocosts are amortized,
it is estimated that t':he additional labor and material cost [or the

modified cylinders should not exceed $150 to $200 per compactor unit.
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Auxiliary Engine Cnst Estimates

"The technology proposed for quieting auxiliacy engines on all tymes of
vehicles is to install an ennine enclosure to muffle noise omissions. Two
types of auxiliary engines are used on compactors: air cooled and water
cooled,

Application of the technology to the water cooled engine presents no
major problems, assuming that the enclosure is properly designed and
provides adequate venting for dissipation of engine heakt. However, the
proposed technology is not applicable to air cooled engines since the
enclosure would interfere with cooling of the engine. As a result, the
application of the proposed quisting technology will probably preclude the
use of air coolsd engines on futnre compactors,

The labor and material cost of enclosing the water cooled auxiliary
enine is estimaked to he 3165 to $260 per unit. The cost should be
approxinately the same for all three vehicle types since all generally use
the same type anAd size of engine.

Overhead Cost Estimates

Manufacturing overhead costs are expected to increase in some cost
cateqories such as additional indirect materials (adhesives, assembly
hardware, ete.), supervision, inspection, and manufacturing technical
support {methods, standards, production scheduling and control, etc.) as a
result of quieting.

These additional overhead costs should not exceed 100 to 125 percent
of the incremental direct labor associated with quieting. (The existing

manufacturing overhead rate is estimaked to be 200 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 and implementing the noise control
technology, 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 preduct testing will be
required. The first type would be product verification (PV) testing by the
manufacturer to insure that initial production runs of each type of wehicle
meet noise standards. It is estimated that between 2 and 15 percent of the
units produced annually will require testing. The second 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 cut in a way that requires
each company to test an additional two percent of the units produced annually.

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
recall).

The total estimated cost of both these compliance activities ranges

between 35 and 180 percent of incremental direct labor cost depending upon

7-10



TR L R N ek £ s e e e

it st b i
Fim, i e A A A M 451

the equimient cateory and level of quisting treatment, This variability is
reflecked in the estimabas of Incmmental 6SSA overhead cost for each

traatment level and vehicle configuration,

Maintenance Costs

* Stage 1

‘The State 1 technoloqy for side, rear, and fronk loaders cedquires the
adjustment or addition of a spead control device and installation of a lamjer
hydraulic pume,  SGoth of these components are ralatively low maintenance
itens. For exanole, a Eleet of 60 trucks, representing a mix of front,
side, and rear loaders, showed no maintenance charges over a ten~-month
period associated with the enqine governor and only minimal =xpenses for
the hydraulic pump, Based on this historical data and an evaluation of the
quisting technology, it is estimated that no increases will oceur in mainten-
ance costs for Stage 1 treatment of side, rear, and front loading vehicles.

¥ Stage 2

The installation of a front mounted, direct drive hydraulic pump on
side and rear loaders will result in additional maintenance costs. It is
estimated that the clutch, which is required on the hydraulic pump to
prevent overspeeding, will reuwire replacement avery four vears. ‘The annual-
ized labor ani material cost for this maintenance (s estimated to be $100 to
$150 per vehicle, Some additional maintenance will also he required on the
hydraulic system (typically a high maintenance arwa) due to the increased
number of components. 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 power take-~oEf (PTO} mainten-
ance. 'The standard PIO unit presently userd on cowrpactocs has an expected
life of approximately three years. By eliminating this unit, the annualized
maintenance savings are estimated to be $75 to $125.

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 fiywheel PTO 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 perform as well as standard, conventional
units., It may, however, be more susceptible to damage from dirt within the
hydraulic system. Thus, it is conceivable that maintenance costs could
rise, but it is not possible at this time to guantify the potential increase,

The sound enclosure alternative will increase maintenance costs
slightly since the life expectancy of the sound absorbing material is
limited. The film coated fiberglass, used to line the puwmp enclosure, is
sugceptible to accumulations of dirt and grease as well as damage from
routine maintenance., 1Tt is, therefore, assumed that this lining will be
replaced every other year at a cost of $10 to $15 per year.

*Impact

The rubber material used to line the loading hopper will be subject to
a high lavel of wear and damage ard will probably require replacemant each
year. The annual cost of this operation is estimated to be $40 to $50 for

front loaders and $15 to $20 for side and rear loaders.
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The use of cushioned cylinders on the rear loading vehicles s expected
to have offsetting impacts on maintenance cosks., The effect of the cushion-
ing action should reduce the amunt of wear on the cylinder and thus, to
sone axtent, neolong the life of the component. However, the added complex-—
ity of the ¢ylinder desiqn will lex] to inceeased costs when the cylinders
are rebuilt, Tt is difficult to assess the net tradeofifs hotween these two
Factors since there is likkle experience in the cnapactor industey with
cushioned cylinders, hut the net impact is not expected to he significant.

*auxiliary Engines

The maintenance cost of the auxiliary engine is not expected to change
as a result of quieting, but some additional maintenance oosts are antici-
pated for replacement of the sound enclosure lining which has a limiked
life expectancy. ‘The resulting annual increase in maintenance cost for

replacing this lining is ostimated to be $15 to $20 per vehicle,

j Operating Costs

‘ The nnly operating cost siynificantly impacted by the guisting techno-
lgy is fuel cost, Fuel savings are projected for all vehicles due to

the Stane 1 reductinn in engine speed, Assuning that trucks are cycling

i 25 percent of the time, the fuel savings will amount to 0.08 gallons per
g hour for yasnline engines and 0.13 gallons per hour for Jdiesel engines,
; The estimates reflected in Table 7-1 assume thak:

E 1. The awerage compactor is operated 2,200 hours par year,

% 2. Fuel prices are 5,50 for rasoline and $.40 for diesel.

i 3, ALl front loaders ace dizsnel engine powered.

ll 4.  Sixty neccent of all side and cear loaders are gasoline-powerad
1 endines and 40 percent are diesel-powerad,

|
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TABLE 7-1

ESTIMATED ANNUAL UMNIT OPERATING
COST REDUCTION DOL 1O FUEL ECONOMIES

BODY TYPE MNINUAL SAVINGS

Front Loader §114

Side Loader 99

Rear Loader 99

In view of 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 more of an
offset in operating costs than was concluded in the analysis. For example,
assuming current gasoline prices of $1.00 per gallon and diesel fuel prices
of $.90 per gallon, the annualized cost (the strea~ of 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 in
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.

Sunmary of Cost Estimates

The range of estimated costs for direct labtor and material is summar-—
ized in Table 7-2 and the estimated increases in overhead expenses are
summarized in Table 7-3.

The overhead increases shown for Stage 1 treatment include the esti-
mated costs of complilance (i.e,, testing and recordkecping). These costs
are not included in the estimates of treatment beyond Stage 1 since it is

assumed that these costs will remain essentially constant in that the
7-14
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TARLE 7-2

SUMMARY OF ESTINATED
INCREMENTAL DIRECT LABOR AND MATERIAL QUST
FOR HIOISE ABATLCMENT*
(COST PER UNIT)

Front [oader Side Loader Rear Loader
Treatment High Low  Expected High Low  Expected High Low Expected
Stage 1 $1,000 $650 5825 $ 370 35270 5 320 5§ 376 S$270 § 320
Stage 2 1,015 965 930 1,305 B2s 1,065 1,305 825 1,065
Stage 3 300 30 165 300 g 165 300 30 155
Impact. 50 35 45 20 10 15 220 160 139
Auxiliary 260 165 215 260 165 215 260 1685 215
Engine
TABLE 7-3
SUMMARY OF ESTIMATED
INCREMENTAL OVERULCAD COSTS FOR
NOISE ABATEMENT*
{COST PER UNIT)
Front Loader Side Loader near Loader

Treatment High Low Expected lligh Low Expected lligh Low  Expected
Stage 1 $ 690  $285 $390 5 335 SIS0 5 215 $ 320 $175 5 200
Stage 2 230 70 108 740 275 330 740 275 330
Stage 3 60 20 25 )] 20 25 60 20 25
Impact 70 25 30 20 5 10 330 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
TIrpact Noise costs.

Source: Reference 7-1.
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number of vehicles to be tested and the necessary documentation and procedurcs

will remain the same as the stage of quieting increases.

The total estimated cost incrcases 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 for cach 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

SUMMARY OF ''OTAL ESTIMATED
COST FOR NOLSE ABATEMENTD*

$ 520
1,915
2,105

340
240

Front Loader Side Loader Rear Loader

Treatment  High Low Expected High Low  Expected  [ligh Low Expected
Stage 1 $1,690 $ 93% §1,21%5 $ 705 $ 460 5 535 S 690 S5 445

Stage 2 2,935 1,970 2,310 2,750 1,560 1,930 2,735 1,545

Stage 3 3,295 2,020 2,500 3,110 1,610 2,120 3,095 1,595

Impact 120 60 75 40 15 25 550 235
Auxiliary 410 215 280 410 215 280 410 215

Engine

*These estimates do not reflect estimated maintenance and operating cost changes.
‘The total cost for each Treatment Stage is the sum of the dollar value shown
for that Stage and the cost of Inpact Noise Abhatement.

Source: Reference 7-1.
TABLE 7-5
SUMMARY OF 'TOTAL CSTINATED

QOsT INCREASES FOR
NOISE ABATEMENT

Treatment Front loader Side Loader Rear Loader
Stage 1 $1,215 § 535 $ 520
Stage 2 2,310 1,930 1,915
Stage 3 2,500 2,120 2,105
Impact 75 25 340
Auriliary Engine 280 280 280

Source: Table 7-4.
16
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The EPA cost estimakes shown in Table 7-5 are comparad with estimates

supplied by specific compactor body manufacturers in Table 7-6.

TABLE 7-6

HANUFACTURERS INPUT AMD EPA ESTIMATRS

Front Loaders Stage 1 Stage 2% Stage ]
Manufacturer #1 Estimate 51,085 $2,600 $2,870
Manufacturer #2 Estimate 840 1,100 3,520

CPA Estimates:

~ BExpected 1,215 2,310 2,500

~ fligh 1,690 2,935 3,295

- Low 935 1,970 2,020
Raar Inaders Staga 1** Stage 2 Stage 3
Hanufacturer #1 Estimates:

~ RL (A) $ 7715 51,765 $1,933

- RL (B) 780 1,765 1,965

- L (C) 835 1,925 2,110
tianufacturer §2 Estimate 840 1,100 3,520

EPA Rstimaktes:

- Expected 520 1,915 2,105
- High 690 2,735 3,085
- Low 445 1,545 1,595

Manufacturars not identified due to the confidential
nature of the information,
Ho response received from side loader manufacturers.

NOTE :

Source: Table 7-4 and Reference 7-1.

—— oy e e  ——— - ——

Manufacturer Il estimake i3 bhased on a Cront mount, direct drive
pump, The EPA estimate assumes the flywheel PTO option on a
Company L chassis,

**Stage 1: Manufacturer §1l cstimakes include the cost of an improved
spead control device. The BPA estimates assume that the existing
engine governor is adequate, ‘

7-17
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The impact of noise control treatments on maintenance and operating

costs are summrized in the following table:
TABLE 7-7
SUMMARY OF INCREMENTAL MAINIENANCE

AND OQPERATING COSDPS DUE PO QUTECLNG
(DOLIARS PER VEHICLE PER YUAR)

Maintenance Querating
Front Side Rear Front Side Reat
Treatment Loader Loader [oader Loader Loader [oader
Stage 1 5 0 s 0 3 0 5 =114 $ -49 § -89
Stage 2 0 60 o ~114 -99 49
Stage 3 10-15 10-15 10-15 -114 ~99 -4
Impact 40-50 15=2Q 15-20

Auxiliary 15-20 15-20 1520
Source: Reference 7-1.

Lead Time for Implementation

The lead time associated with implementation of quisting technology

for compactor bodies is conservatively estinated ab 12 to 18 months,

kith

a few minor exceptions, the compactor technology affects only the mouniting

opemtion of the compactor assembly on the chagsis, The impact on the

production and assembly operations is negligible. In addition, the

components affected by the technology are primarily purchased items which

are readily available fron suppliers. Therefore, 12 to 18 months should be

sufficient for the required emginecring and marketing efforts and for

depleting present inventories and building new ones.
ECONCMIC IMPACT

Introduction

This section describes the estimated economic impacts of the

adoption of three different noise treatment stages.

Market and total industry impacts are considered firsk, then the

implications of these impacts are correlated with other factors and amalyzed

to identify specific impacts regarding individual fims or groups of firms.
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Aalysis of infomation obtaiand from manufackturers, oW matecial and
2oaament siootiaes, dibskeibabors, and end gsers has oestablished a poobable
ovorall Fraaswnx for solid waske comaagtor indaskry/narket reastion ko
afophion of the aoise onission shandacds gugaesked For stody,  The elaments
of this fraawork are:

1.  he tokal mosts to manufackore the eauianenk will increase.,

2. e mamafactureres, within theic compatitive Framework, will
nans this oosk on ia the fan of an inerease ia the distributor price
(1ist price),

3. The odlsteitutoe will pass iks cost inercease on in the Foon of an
Lacrease in the nogotiated price o tha end usnr,

4,  The truck—mounted solid waste convactnr end user will mass
the increaze in his ewismenb surchase oosts on ko his custoners as an
increas= in the price of collactinon secvices provided.  Fnd users vill also
pass on inermeased costs i onerations and mainteasnas, 1iF any. In the
casn of municipalities, increased oosts will be reflected in increased
costs for the taxpaver,

5. Final changes in industey prices and volumes will reflact Lhe
chanyes in solid waste compacktor nurchase prices and operating cosks.

6. Ultimakely, the consmer will pay a hinher vprice Far oollaction
sorvices Jue bo the iacreased onst resulbing fron reduced noisn.  This
will he rz2flecte) in higher orices paid for the services which ukilize
s0lid waste compactors. If there are oveg-all cost reductions as oppoged
ko mst increases firos the adoption of noise control technology, oanpeti-
tive pressures will cause cost decreases tn he passed on down the aconanic

chain to the consumer in the foon of lower prices.
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7. It is assumed that the technolegy and resnlting costs used in the
study would be the actual future technology adopted and costs incurced.
This approach is conservative becausn, with the passave of tine, new
technolmy at lower oosts is likely to be develoned., 'Thus, the curcent
costs used in this study (which are hased on an assessment of on-the-shelE
technology) are essentially an upper bound estimate,

There are several special characteristics of the compactor Iaxdy
industry which should he noted in conjunction with the abave owerall impact
Eramawork. Rirst, most of the larger solid waste compactor manufacturers
have a noise engineering staff and are curcently manufacturing quisted
products (on a special order basis at a higher price) while other manu—
facturers have no quieting experience. The Eormer canpaniog should be
better prepared to meat the noise emission standards when they ars set.
Their initial costs under the standards will probably be lower than Enc
those firms which have little or no experience in wuieting their pexducts,
if they maintain their current aivantage. And, in that the compactor body
market is extrmoely orice-consetitive, the prices of these larger fiems
with quieting experience will tend to becone indistry prices. Firms
without quieting experience will have to meert the ostablished market price
levl and can be nxpected to absorb costs in the Eacm of lower orofit
margins until their costs are in line.

Second, a truck-mounted solid waste compactor is a capital gond
which provides a flow of produckive secvice over a period of years,

Thus, €irst year cost/orice increases are raflected only in the portion
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of compactor bodies manufactursd and mab in secvice that year. Fnd user
costs will conkinne to rise unkil all the equipmnl in servies is auisted,

Annther factor to note {5 that, riven the competition in the indnstry,
nrice {noreases for servioes in khe nand user markats depend on the lavel
of cost increasss, These costs include the increased price of equisment,
axpendituren for maintenance and operationg, and costs associated with
decraasns, if any, in productivity Eron ohanged parformance charactaristics.

Fourth, another important consideration is that the murchaser views
the orice of a solid wagke arapactor baxly 23 only a portion of the katal
arice of an oparakional imit., The oost of the bruck chassis and additional
Iccessories nacessary ko Make a oomelate unik can amounk By 60 porecent oF
the kotal price. Thus, orice increases developed for the coanackor boldy
along, when viawed fron the huyec's perspectlve, repeesent an overastimate
of the percent orice increane.

Finally, compliance enforamnent will fiocus on the Fisal asserbler or
mamteer of the commackor eody anko the beuck chiassis.  This is a Cunction
new erforned by distrlimtors for appcorimataly 30 percent of the compactor
badies sold, Many of these disteihutors may not be capable of adequate
installation testing and oompliance verification whan new noise astandanis
ape promulgaked, This mav nlace smaller Aistribubors at a conpetitive
disadvantage with larmger and mare capable distribukors in Bhe sane narkeb
area anid/or shift the installation Funchion wwapd to the body mannfacturaes,
n order to avoidl placing an excessive testing burlen on disteibutors who
aszemble compactor vehlcles, the Aisteibutors will pe permitted to eely on
the nroduction verificakion bests of the comactor badv manafacturer if the
Aistribubor faithfnlly follows ithe asseshly insteuckions peovided hy the

comactns body maninfacturer.
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*djusting to a Known Futuee

The dynanics associated with the adoption of noise emizsion standards
reflect roononic conditions whizh are somawhat unbque, In effect, the truck-
mounted solid waste conpactor and user is not responding to short-term or
unexpectad phenomana, but rather to changes mandated for som2 polat in khe
Euture--two or threee or possibly sven elght op ten years away. Thus, the
caquipmnents for adjustment ace aaither unexpected nor the result of a
gradual long~term brend, They am: definite and schedulad, and the adjust-
mant pesponse will reflect this.

The economic impact assessment specifically considers this time range
nf adjustments. Due to the planning horizon of two years or more From the
date of promilgation and the stake of 2xpectakions btoday, it is estimated
that the major adjustrents required will be made In the first year of
enforcenent.  The adjustment period 15 expected to extend heyond the fipsk
year, but ko be of second order significance.

*oxtending the Life of Unquiated Equipment

During the first year of enforcement, it is anticipated thak old solid
waste compactors not subject to regulation may very well ne extended in
life due to the economic alvantages which they have over the more costly
compactors with noise control, These solid waste compactors will be phased
out of the population in future years due to increased maintenance costs as
they age physically and accumulate more hours of operation, Also, the
impact of local noise owrdinances will narrow the range of applications for
the unquieted units. Further adjustwents will occur in the period beyond
one year due to adoption of practices which conserve the use of solid waste

compactors in response to the increased costs,
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*Prebuying Unquicted Equipment

There is also a dynamic problem in reflecting the adjustments which
may occur because of rearranging the timing of purchases to avoid buying
more expensive solid waste compactors as long as possible. The strength of
economic incentives for rearranging 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 posaible application of
local noise ordinances, The latter two factors restrict the amount of
prebuying in relation to what end users may desire solely on the basis of
the expected cost increases.

Some end users may replace equipment ahead of the normal cycle in
order to purchase at lower prices before the requlation takes effect. 1In
thig case, the stock of solid waste compactors will be higher before the
regulation becomes effective., This will lead to a short-term drop in
sales of the more expensive quieted solid waste compactors until this ;
extra stock is worn out.

Manufacturers of solid waste compactors are not operating near their
production capacity at the present time, and industry projections indicate
a fairly constant growth in unit volume over the next several years.
Consequently, existing plant capacity should be adequate to absorb a
aubstantial surge of prebuying.

Extension of the life of current compactor bodies and prebuying both
irdicate the pericd 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

cost penalty incurred.
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Pegulatory Segquence

The magnitude of changes caused by the enforcement of the regulation
in any one given year will tend to directly affect the impact cccurring in
that year. For example, EPA's nodel predicts that a move from current
prices and noise levels directly to a Stage 2 cost for truck-mounted solid
waste compactors will result in a shacper economic lmpact and create
more incentives for prebuying and other rearrangements to avoid the
censequences of the regulation, rather than a stair-step type of segquence
in which Stage 2 is reached after a number of years at Stage 1.

A chronalogical sequence of thrae stages was used in this section
for initial asscssment of cconomic impacts: Stage 1 was assumed to
ba effective on July 1, 1980; Stage 2 on July 1, 1982; and Stage 3 on
July 1, 1985, As the effective dates have shifted, the whole chronology
of cumulative effects has also shifted,

IMPACT ASSESSHENT
Velume Impact
1. Purpose

The purpose of this section is to analyze the impact of the noise
standards suggested for study on the volume of truck mounted solid waste
compactor production. Volume change is a critical accurrence since it is
reflected in other changes such as production employment, activity in
downsktream channels of distribution and effects transmitted to upstream
component suppliers.,

2. Baseline Forecast

The baseline forecast provides a pre-regulation base of estimated future
industry activity levels, which is then related to estimated post~regulation

activity lavels to determine the economic impacts of the regulations.
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The baseline forecast through 1993 and 1995 is presented in Tables
7-B and 7-9. The forecast is a composite projection of unit shipments
that is based on manufacturers' Forecasts.,

-It can be seen that side loader and front loader shipments ara
expected to grow fastest between 1975 and 1985, Rear loader shipments
are expected to decline by one percent per year over tne period 1375-1985,
The growth of all three body types is expected to be 2 percent ovoer
the pericd 1985-1995,

The projections are in marked contrast to the actual shipment growth
of ten percent per year between 1964 and 1974. This rapid grewth rate
resulted, first from increasing market penetration by compactor bodies
during this period (open hody collection trucks were being phased ouk) and
second, from the substantial increase in total solid wastes being collected
botween 1964-1974. The latter resulted from higher consumer disposable
incomes and related purchases of more products with a larger quantity of
disposable packaging per product, the migration of higher income 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 mix between 1975
and 1995, Front loader units are expected to increase during the first
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
growth rate during the first decade and stabilize during the second period.
There will probably be an increased replacement of rear loaders by side

7-25

ot S 4l a0 A

e i PR SR R PER O mleek T e

. =
i e AL
ST R



o

LT
Year  Units
1980 13,700
1981 13,985
1982 14,234
1933 14,593
1984 14,928
1985 15,275
1986 15,5881
1987 15,893
1988 16,211
1989 16,535
1990 15,866
1991 17,204
1992 17,547
1993 17,899
Source:
Motes:

Rody Type

TAaRLE 7-8

BASELINE HOICASTT 2Y YIIAR AND COMPADTOR 300Y TYPE
1380-1993

Wt

loader

1,600
1,680
1,764
1,852
1,945
2,042
2,083
2,125
2,167
2,210
2,255
2,300
2,346
2,393

IASELINE FORCAST(1)

qide

Joader

4,100
1,305
4,520
4,746
4,983
5,233
5,338
5,445
5,554
5,665
5,778
5,894
6,011
6,132

8,000
3,100
,000
8,000
8,000
8,000
8,160
8,323
8,490
R,A60
8,333
9,010
9,190
9,374

Fxhibit V-2 {R@ference 7-1).

Rear Loader

800
8300
ano
200
800
800
818
332
849
866
B33
0
4919
937

(Taal | Ouinkad(2) “Standard

7,200
7,200
7,200
7,200
7,200
7,200
7,344
7,49
7,641
7,794
7,950
3,109
8,2NM
8,437

(1) This table is the detailed breakdown of Exhibit

IV-2 of Ref. 7-1 zhowing the projected estimates

of units for each compactor hady tvpe.

{2} Duiested nits are produced for rear loaders only, and
are estinated at 103 of total rcear loader units,

TARLE 7-9

OF UNL'C SHISMFNTS, 1975-1385

Front Loader
5ide Loader
Tear Loader

Source:

Total

Tafrrance 71,

COMPISITE MANUPACTURERS' PROTECTION

Average Annual Growth Rates

T675-1980  1980-1985  1985-19485
5% 5% 2%
12 5 2
=2 0_ 2
2% 2% 2%
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loaders, which offer greater labor efficiency and lower operating costs.
Finally the use of rear loaders is expected to decline during the
period 1975-1985 and stabilize during the second ten year neriod.

These factors include the fact that the packer hody market has baen
fully penetrated so that future new unit sales will result Erom growth
in solid waste generation and replacement of units being retirved.

Also, as indicated in Section 2 of Reference 7-1, the arowth of total
s0lid wastes reguiring collection is expected to be at a lower rate. This
will be counled with soﬁue technological changes in packer bodies thab will
resulk in shipments arowing even slower than increases in solid waskes
generaked. These changes include larger packer body camacity and compac~
tion density, particularly for municioal Eleets, and the use of transfer
stations, combined with satellite units, to make waste transport collection
and disposal more efficient. Highway load restrictions place an upper
limit on packer body capacity and compacting density. Also, the mix of
packer bodies by type will shift toward more productive caquipmenk, Front
loaders may he substituted for rear loaders for non-residential applica-
tions and side loaders may be substituted for rear loaders for residential
apolications,

The latter is supported by data presented in a recent study which are

summarized in Tabhle 7-10.
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TARLE 7-10
ON=ROIITE PRODUCTIVI'CY AND COLLECTION COSTS

vehicle ___Productivity/Collection Hours Costs
System  Inader Crew  Homas/ Tons/ Homas/ Tons/  Homes/
Number Type =~ Size Crewnan Crewman Crew — Crew Year  Ton
1 Side 1 107 2.5 107 2.5 $9.88 S 8.29
2 Side 1 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 2 583 1.5 123 3 11.44 8.72
5 Rear 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 1 84 1.2 84 1.2 19,24 13.48
8 Detachahle
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
1 Rear 2 22 .6 44 1.1 24.44 18.41

Source: "Eleven Residential Pickup Systems Compapad for Cost and
Productivity," Kemneth A. Shuster, Seolid Waste Management,
May 1975, (Reference 7-2).

Even though the above systems varied considerably, (i.e., point of
collection, frequency of collection, incentive sysitem, loading method, and
vehicle size and type, ete.), it appears that generally, one-man Ccews
with side loaders are more cfficient than other collection systems. This
is further demonstrated in Table 7-11. The importance of these efifi-
ciency factors for side loaders is further enhanced when it is recojnized
that side loadnrs are most effectively applied to curhside collection
gystems, which presently account for 60 percent of the collection systems
in the 1,8, and which ave expected to further increase in importance in
future years.

It is believed that the value of shipmanks will increase somewhat
faster than unit shipnents due to increased body size, oroduct improvements

to achieve grezater compaction density, and other product modifications.
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TABLE 7-11

PERCENT OF TOTAL TIME UIILIZATION

Crew Craw Mon-
System Crew Loader  Projuc- Produc—
Numher Size Type tive Tim: Eive Time Total
1 1 Sirde 98. 5% 1.5% 100%
2 1 3ide 97.2 2.8 100
3 1 Side 97.6 2.4 100
4 2 Rear 63.0 37.0 100
5 2 Rear 53.3 41,7 100
6 2 Detach.
Contnr. 69,5 30.5 100
7 3 Rear 61.3 8.7 100
8 3 Rear 58.7 41,3 100
9 3 Rear 61.0 39,0 100

Source: Resideatial Collection Systems,
U.S. Environmental Protection Agency,
{530/5W-97¢. 1), March, 1975, Page 24,
(Reference 7-3).

Consequently, it is estimated that the average annual real growth
in value of shipments (constant 1974 dollars) will be three percent per
year between 1974 and 1985, and that unit shipments will increase at two
percent per year.

Industry shipment levels, which reflect these qrowth 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 he $173 million,

Projected unit shipments for the time Frame up to 1995 are needed to

evaluate the economic impact of a totally quieted population of solid waste

compactor bodies.
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TASLE 7-12

ESPIMATED AND PRAJECTED NI AND DOLLAR
VILUMES OF TRUCK-MOUNTED SOLID WASTE
COMPACTOR BODIES, 1974-85%

S{MILLIONS) =~ UNITS (000s)

Avaerage Annual

Estimated Projected Growth Rate
Unit Shipments 1974 1980 1985 _1974-1985 _
Front Loader 1.2 1.6 2.0 5%
3ide Ioader 2.1 4,1 5,2 9
Rear Loader 9.0 8.0 8.0 -1
TOTAL 12.3 13,7 15.2 2%
value of
shipments 5125 $149 $173 3%

Boiraé:  Manufactirers' interviews and projections.

* Iollar forecasts are in 1974 constant dollars.

It is shown in Ssction 2 of Reference 7~1 that total gross discacds
of solid wastes arz expected to increase 2.5 percent annually between
1980-1990, No forecast is currently available beyond that time frame.
Consequently, the 2.5 percent: has been utilized as the best measure avail-
ahle, It is reasonable to assume, however, that technology advances will
increase the capacity per unit and offset the 2,5 percent average annual
growth estimate. Further, it is not known whether the trade-offs between
side and rear loaders will persist over this time frame. 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 IINIT SHIPMENTS OF
SOLID WASTE COMPACTOR BODIES,

1985-1995
{thousands)
Average Annual
Srowth Rate

Body Type 1985 1990 1995 _1985-14995
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%

I.I
4
|
4
i
i
l
[}

Ja. Pricing and Price Elasticity

Assuming a full incremental cost pass—along, ourchasers of quieted
solid waste caompactors will be presented with price increases aktrihut-
able to the costs of sound attenuation, compliance, and enforcement,
Estimates of the price increases that would result from these costs are
summarized in Table 7-14. Costs related to the treatment of auxiliary
engines are considered separately, since these treatments have not been
associated with a particular level. 'The estimated cost related to
impact noise contrel has been included with each of the lavels.

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 Erom the quieting treatment was approximataly ten percent., 1In

that it was not possible to vrelate the: quisted units to a specific noise

7-3
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standard, the incremental price of these units is treated as a raduction
in the cost to attain the EPA specified technology levels. Quisted side
or front loaders are not produced.
TABLE 7-14
ESTIMATED AVERAGE LIST PRICE

PERCENTAGE [NCREASE BY
NOISE LEVEL AN CATEGORY

_..Stagel =~ _Stage? = _Stage 3  _
Compactor Stan- Stan- Stan-
Body Type dard Ouieted dard Quieted dard Quieted
Front Toaders  6,9% - 12,7% - 13.7% -
Side Loalers 7.3 - 25.6 — 28.0 -—
Rear Loaders 7.4 - 19.5 9.5% 21.1 11.1%

Source: Reference 7-1,

Consideraton was also given t0o the costs of quisting auxiliary engine
usage on side and vear loaders, hut analysis indicated that there was no
significant difference between the costs of quieting auxiliary engines and
the costs of quiesting standard units,

The expected price increases between noise control stages for each
type of compactor body are presented in detail in Table 7-15 and sum-
marized in Table 7-16.

The dynamics of demand volume reaction to increasad solid waste
compactor prices can be expected to vary depending upon:

A. The extent of price increases,

B, The significance of equipment cost in the end user's cost struc-
ture, allowing specific consideration to depreciation, operating costs,
maintenance costs, and crew productivity.

C, The ease of substitution of one packer body type for another
{i.e., side loaders For rear loaders),

D, The option of renting or leasing truck-mounted solid waste

conpackors as an alternative to purchasing the equipment,
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TABLE 7-15

ESTIMATED INCREMENTAL PRICE BEIWERN NOISE COWNTROL STAGES BY COMPACTOR B0ODY TYPE

Estimated ‘Total Total Total Parcent
Increase Stage 1 Stage 2 Stage 3 Change
hvarage Detween Averrage  Average  Average  Bebweoan
Standard Units Level ©Price  Stages Price Price Price Stages
Front Toader To 1 $18,780 $1,290 520,070 _ -— 6.9%
1-2 1,095 $21,165 5.5
2-3 150 $21,355 0.9
Side Loader To 1 7,650 560 8,210 —-— - 7.3
-2 1,395 9,605 17.0
2~3 190 9,795 2.0
Rear Toader To 1 11,5860 860 12,440 7.4
12 1,395 13,835 1.2
-3 190 14,025 ted
Quieted Units(?)
(2)
Rear Loader To 1 -— [2)
1~2 12,740 1,095 13,835 8.6
2-3 190 14,025 1.4

Source:

Notes: (1)

Exhibits V-1, V-2 and V-3 (Reference 7-1).

Quieted units are produced for rear loaders only.

{2} WNo calculation made for Stage 1 rear loaders since price of

quicted units exceeded estimated cost for Stage 1 technology.
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TABLE 7-16

PERCENT INCREMENTAL PRICE
DBETWEEN MOISE COMNTROL STAGES

Stage 1  Stage 2
Cempactor Body Type To Stage 1 ko 2 to 3

Standard Unit

Front Loader 6,93% 5.5% 0.9%

Side Loader 7.3 17.0 2.0

Rear Loader 7.4 11.2 1.4
Quieted Unit*

Rear Loader *k 8.6 1.4

* Quicted front and side loaders are not manufactured.
** Ouieted rear loaders are estimated to cost 10 percent more
than standard units, This amount exceeds the Stage 1 expected

increase,

Sourge: 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 Requlatory Options

EPA considered various requlatory options., The options utilize
Stage 1, 2, and 3 technology and their associated costs. The variable
elements in each option include: 1) the year of implementation,

2} maximum noise 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 alements;

7~34

. T e et bbb Y e i st B



A e s e e

T

I TS

e A T e R R L i

P = ar ies B,

Erprpi

R et o B L 0 2 A S 8tk

oparating {or fuel) costs, maintenance costs, and equipment costs (dirvect
labor and materials). 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 iliustrative example of the interrelationships between the various
cost elements and posaible regulatory levels is presented in terms of one of
the regulatory cptions considered. This option requires the noise level of
truck-mounted solid waste compactor bodies to reach a maximum of 79 dBA in
1980 and 76 dBA in 1982. To achieve the 79 dBA level, Stage 2 technology is
assumed for all compactor body types. To reach the overall 76 dBA level,
there will be a 3 dBA noise veduction in the truck itsclf, 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 c¢hange in both
requlatory levels. In terms of "end-year" results, the option provides the
same benefits previously calculated and the economic analysis yields the same
results.

The costs for this requlatory 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
baseline to Stage 2 technology for option 7 is 12.7 percent for front
loaders, 25.6 percent for side loaders and 19.5 percent for vear
loaders. On quieted rear loaders the estimated percentage price in-
crease 1s 9.5 percent. Cstimated maintenance cost increases are small

for all compactor body types, They averaged $45.00 for front
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TABLE 7-17

SUMMARY OF FUEL, MAINTENANCE AND EQUIPMENT COST
ESTIMATES ASSOCIATED WILH PROPOSED REGULATORY CRT'ICNS

Option Year NTE* Treatment  Bedy Type Fuel Cost Maintenance Equipment
Levul Stage Increment  Cost Increment Cost Increment
$ $ §
1 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
1 1982 76 Stage 2 Front Loader -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
3 1982 80 Stage 1 Front Loader ~114.00 45,00 1,290.00
Side loader - 99.00 17,50 560.00
Iear loader = 959.00 17.50 860.00
5 192 76 Stage 2 Front Loader ~114,00 45.00 2,335.00
Side Loader -~ 99,00 77,50 1,955.00
Rear Loader - 99.00 17.50 2,255.00
7 1980 79 Stage 2 Front Loader -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 1982 76 Stage 2 Front Loader -114.00 45.00 2,385.00
Side Loader = 99.00 77.50 1,955,00
lear Ioader - $9.00 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 8@ 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 Loader ~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
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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TASLE 7-18

REGULATORY OPTTONS AND COST IMPACTS

1980 1932 Equivalent
-~ Annual Costs
Cption No. Regulatory %Cost Increase Regulatory %Cost Increase §(Millions)
Lavel Level
Baseline New truck 0 Hew truck 0 0
- 83 dea @ 80 aBa @
50 feet : 50 feet
1 Bl 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

D i T U S Y
. S

Sourca: Table /=15, Table 7-17, and EPA analysis,

*Incremental percentage cost increase due to moving Erom Stage 1 techinology

to Stage 2 technoloyy.

loaders and $77.50 for both side and rear loaders. Fuel (operating) costs will

decrease due to the reduced engine speeds entailed in the guieted compactotrs.

Front loader fuel reductions are expected to be $114.00 while side and rear

loader trash compactors will have reduced fue) 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 cper-

tional unit which alsoc includes the truck chassis and cab. The effective per-~

centage price increase computed using the total price of the cperaticnal unit

{which is the price the end user would have to pay) is significantly smaller;

about one-half of the figures for the compactor body alone, or about 6.4 percent

for front loaders, 12.8 percent for side loaders, and 9.8 percent for rear loaders.

7-37

T T R R AL i it

Wwlonm btk e 3 D, e S e T T U I RSN R ;
! i R L I TR TR L T




LAt e Y e T e

Based on price increases for the complete operational unit, the equiva-
lent annual cost for adoption of the Option 7 vegulatory scenario is $21.5
million when the regulatory scenario begins in 1980, Byuivalent annual costs
for the other oprions range from $2,7 million to 518,9 million. Quieting costs
are computed through 2000,

4a, Price Elasticity of Demand

The price elasticity* of demand is used as a measure of the reaction
nf the market to a price increase, It relates the change in quantity
demanded to the change in price. The estimate of clasticity reflects
the total net interaction of the preceding factors affecting the quantity
demanded as prices change Erom 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 analyze
several other economic factors. The model represents a composite of all
end user types: large and small private contractors and municipalities,

It is swomarized in Table 7-19.

The analysis which follows 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 form 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:
@ = Percentage Change in Quantity Demanded (g)

Percentage Change in Price (p)

e=dy/qg=dq.p
d/p dp g
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The analysis also assumes that Jemand for snolid waste compactor
bodies, as an intermediate oroduct, is less senaitive to changes in its
own price when that product represents a small proportion of the cost

for the Einal product or service demanded (i,e., solid waste collection).

TABLE 7-13

REPRESENTATIVRE SOLID WASTE COMPACTYIR
FdD USER COST STRUCTIRE MODEL

Percent of Oper-

Expense Cateqory ating Revenues
Feauioment maintanance 11.8
Collection labor 47.5
Equigment operation 3.7
Other expenses 32.8
bPepraciation {(eollection aquipmant) _4.4
Total exvense 10i.0%

Source: Reference 7-1.

The rationale is that for a given lavel of damand for collection services, i
the impact of a change in oompactor body prices is small when comparad to ;
the total cost of collection services and the price charged for the ser-
vices. A relatively small change in the price of collection services :
implies a relatively sinall effect on the ruantity Aenanded of both E
collection services offered and compactor bodies.

Table 7-1% shows that collection equisment (the major component of
the depreciation acoount) represents a small Eractipn of total operating
expenses, less than five percent, This includes truck chassis, bodies
and containers. Considering that the purchaser views the price of the
compackor hody as onlv a portion of the total price of an operational

unit {i.e., truck chassis aand cah) the price increases developad for
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the compactor body alone represent an overestimate of the percentage price
increase. Thus the depreciation expense for compactor bodies alone i3 in
effect an even smaller portion {of toral operating expenses) than the
amount noted here. Therefore, a change in the price of new compactor
bedies resulting from noise abatement regulations has a small effect on the
"dorived" demand for new compactor equipment. This enhances the ability
of the compactor bady manufacturer to pass through additional costs
without reducing production volume significantly.

It is believed that there {5 a relatively low demand elasticity.
The veasons for this are:

A. Equipment cost as reflected in depreciation charges is a small
factor in the end user's total cost structure., Our model indicates that
these cosks represent 4.4 percent of operating revenues.

B. Truck~mounted solid waste compactors presently have a high degree
of acceptance in the industry. There are no viable competitive systems.

Q. Differential price increases between side and rear loaders
could precipitate a change in the mix of these units. At Stage 1,
the estimated percentage price increase of these body types is essen-
tially the same. No change in mix attributable to this factor would
be expected, :

D, The level of imported and exported compactor bodies will not |
be affected by a price increase at Stage 1, since all imported unibs will
be subject to the same noise abatement standard and exports will not be
subjected to the noise attenuation standards.

E, Leasing of compactor bodies will not materially change due to Stage

1 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 opemtion.

‘G. Some prebuying will occur in respense to higher prices.

It is estimated that the elasticity of demand for truck-mounted
corpactors remains relatively low for Stage 2 and 3 treatment.

4b, Equivalent Annual Costs For Changes 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, sceparios 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: 1) A regulatory process
in which Stage 2 technology is adopted in 1980, 2) Cost increment estimates
used were those discussed earlier in this section, 3) Demand elasticity
of -.20.

Equivalent annual costs also were computed for assumed elasticities
of -1.0 and 0. The first case implies an equal reduction in quantity
demanded for a given percentage change (increase) in price; the second
case assunes no change in quantity demanded for a change in price (of
¢ the magnitude discussed here.)

7 The equivalent annual costs of requlation assuming an elasticity of -1.0
are 519.8 million; assuming an elasticity of 0, the equivalent annual costs
are 521.9 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., The 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

ASSOCIATED WITH STAGE 1
NOISE EMISSION REQUYREMENTS

DEVELOPMENT OF ESTIMATED PRICE ADJUSTMENTS

QUIETED unITst!}

STANDARD UNITS
Average FExpected Adjusted Percent Average Adjusted
Equipment List Price Average Price Price Average
Classification Price Increase List Price Increase Increase List Price
Front Loaders $18,780 $1,290 $20,070 6.9% ~={2) -—
Side Loaders(3] 7,650 560 8,210 7.3 {2} -
860 12,440 7.4 —_— -

Rear Loaders 11,580

Source:

Notes: (1)

Exhibits ITI-20 and I1~6 (Reference 7-1).

Cost of Stage 1 quieted units estimated at 10% over standard price which is
greater than Stage 1 price increase.

(2) Quieted front or side loaders are not manufactured.

(3

chassis unit.
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TABLE 7-21
PERCENT VOLUME DECLINE - sTack 1(1)

STANDARD UNITS QUIETED UNITS!2)
Parcent Perxcent Percent Percent
Compactor Price Decrease Price Decrease
Body Type Elasticity Increase in Demand Elasticity Increase in Demand
Front Loader .20 6.9% 1.4% - - -
Side Loader .20 7.3 1.5 - - —
Rear Loader 20 7.4 1.4 - - -

Source: Exhibit V-4 (Reference 7-1).

Notes: (1) Volume impact is based on the cost of quieting each compactor body type
as developed in Section IT (Reference 7-1)

(2) The number of quieted rear loaders produced is less than 10% of total
shipments. Quieted units are produced on an optional equigment, special
order basis only at an approximate price of 10% greater than standard
units, No incremental costs are expected due to applying the specified
noige abatement technology to quieted units since current price premium
exceeds the estimated Stage 1 cost.

TABLE 7-22
ADJUSTED BASELINE FORECAST — STAGE 1 (1980 - 1987)

TJTAL PROJECTED
UNTTS SHIPpED( ) FRONT LOADER SIDE LOADER REAR LOADER(2)
Unit Decrease Adjusted Unit Adjusted Unit Adjusted Unit Adjuated
Year from Baseline Baseline Decrease Baseline Decrease Bageline 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 2Mm 14,083 25 1,739 68 4,452 108 7,892
1983 205 14,393 26 1,826 n 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 2,085 82 5,363 112 8,211

Source: Exhibits IV-2, V-6, and V-7 (Reference 7-1).

Rotes: (1) Unit decrease equals the difference between baseline forecast and the baseline
as adjusted for Stage 1 price increases.
(2) Quieted units are not included since the estimated cost of quieted units over
standard units is 10% and rhis exceeds the Stage 1 price increase.
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TABLE 7-23
STAGE 1 - ESTIMATED FIRST YEAR UNIT
REDUCTION FROM BASELINE FORECAST, 1980

Reduction in
Annual volume

Compactar, Body Type Units Percent

Front loader 22 1.4%
Side loader 62 1.5
Rear loader 108 1.4

Total 192 L.4

Source: Reference 7-1.
The reduction in unit volume resulting 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.
Stage 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 summarizes
the estimated Stage 2 reduction in unit velume in 1982 relative to the
baseline volume.
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TABLE 7-24

DEVELOPMENT OF ESTIMATED PRICE ADJUSIMENTS
ASSOCIATED WITH STAGE 2
NOISE FMISSION REQUIREMENTS

STANDARD UNITS

QuIETED UNITS(!)

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(d) 7,650 1,955 9,605 25.6 -—i{2) — —
Rear Loaders 11,580 2,255 13,835 19.5 51,095 §12,675 9.5%
Source: Exhibits III-20 and II~6 (Reference 7-~1).

Notes: {1) Cost of quieted units estimated at 10% over standard price.
{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,
TABLE 7-25
PERCENT VOLUME DECLINE - STAGE 2(1)
STANDARD UNITS QuIETED UNITS(2)
Percent Percent Percent Percent
Compactor Price Decrease Price Decrease
Body Type Elasticity Increase in Demand Elasticity Increase in Demand
Front Loader .20 12,78 2.5% — - -
Side lLoader +20 25,6 5.1 - - -
Rear Loader +20 19.5 3.9 .20 9.5% 1.9%
Source: Exhibit V-2 (Reference 7-1}.
Notea: (1) Volume Impact is based on the cost of quieting each compactor body type as

developed in Section II (Reference 7-1).

{2}

unquieted units for this level.

Quieted units are assumed to require the same technology package as
Quieted units ave priced ten percent

higher than the equivalent unguieted units.
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TABLE 7-26

ADJUSTED BASELINE FORECAST ~ STAGE 2 (1980 - 1990}

TOTAL, PRAJECTED STANDARD QUIETED
UNITS SHIPPED(1) FRONT LOADER SIDE LOADER REAR LOADER REAR LOADER(2)
Unit Pecrease Adjusted Unit Adjusted Unit Adjusted Unit Adjusted Unit Adjusted
Year from Baseline Baseline Decrease Baseline Decrease Baseline Decrease Baseline Decrease Baseling
1380 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
l9m2 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: (1)

(2)

Unit decrease equals the difference between the baseline forecast and the baseline
as adjusted for the incremental price increase from baseline to Stage 2.

Quicted units are applicable to rear loaders only and estimated at 10% of total

units.
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TABLE 7~27

STAGE 2 - ESTIMATED FIRST YEAR UNIT
REDUCTION FROM BASELINE FORECAST, 19%82%

Reduction in
Annual Volume
Compactor Body Type Units Percent
Front Loaders 44 2.5%
Side Loaders 231 5.1
Rear Loaders 296 3.9
Total 571 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 gide 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
Eour 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 requlatory option requiring applicaton at Stage 2
technolegy starting in 1980. The unit reduction in annual volume for the complete

operational unit is one-half of the fiqures shown in Table 7-27, e.g., total

* The units of volume reduction for Stage 2 assume implementation of
that level exclusive of the impact of previous levels.
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TABLYE 7-28

DEVELOPMENT OFF ESTIHNTED PRICE ALTUSTHMENDS

ASSOCTIATED WI'N STAGE 3
WOTSE HATSSTON WOUTREMENTS

STANDARD UNITS

{Hn

WIKTED UNITS

Mverage Expected Adjusted Percent  Expected  idjusted  Percent
Equipment List Price List Lrice Price List Price
Classification Price Increase Price Increase Increase  Price Tncrease
Front Loaders  $18,780 $2,575% 521, 355 13.7s —(2) —— -
Side Loaders{3) 7,650 2,145 9,975 2.0 —~(2} - -
kear Loaders 11,580 2,445 14,025 21.1 $1,28% 512,865 11.1%

Source:

Exhibits II1-20 and II-6 {Reference 7-1),

Cost of yuieted units estimated at 10% over standaxd unit price,

Notes: {1}
(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.
TaBLE 7-29
PLHCENT VOLUME DECLINE - stacl 3(1)
STANDARD UNITS QUILTED unITs(2)
Percent Percent Percent Parcent
Canpactor Price Decrease Price Decrease
Body Type Elasticity Increase  in Demand Elasticity Increase in Denand
Front lLoader .20 13.7% 2.7% —_— - -—
Side Loader .20 28.0 5.6 - - -
Rear Looder 20 21.1 4.2 .20 11.1% 2.2%
Source: Exhibit V-1 (Reference 7-1) and bbh Contractor estimates,
Notes: (1) Volume impact is based on tlie cost of guieting for each cumpactor body type
Tis includes a separate

{2)

as developed in Section IT (Reference 7-1).
calculation for each body type. )

Yuieted units are assumed to reguire the same technology packaye as

urguieted units for this level,
higher than the eguivalent unuuieted units.
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TABLE 7-30

ADJUSTED BASELINE PORECAST — STAGE 3 (1985 - 1993}

TOTAL PROJECTED STANLARD QUIETED
UNITS SHIPPED(1) FRONT' LOADER SIDE LOADER REAR LOADER REAR LOADER (2}
Unit Decrease Adjusted Unit Adjusted  Unit Adjusted  Unit Ajusted Unit Adjusted

Year from Baseline Baseline Decrease Baseline lecrease Baseline —Decrease paseline Decrease Baseline
1985 668 14,607 55 1,987 243 4,940 02 0,898 18 742
1986 681 14,900 56 2,027 299 5,039 o8 7.,036 18 798
1487 695 15,198 57 2,u68 305 5,140 315 7,176 18 8l4
1988 710 15,501 59 2,108 311 5,243 321 7,320 19 830
19489 723 15,812 60 2,150 317 5,348 327 7,467 19 B45
19490 738 16,128 6l 2,194 324 5,454 334 6,616 19 H64
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 pib] 899
1993 783 17,116 65 2,328 343 5,789 354 B,083 21 916
source: Exhibits IV-2, V-6, and V-1l {Reference 7-1).
Notes: (1) Unit decrease equals the difference between baseline forecast and the baseline

{2)

as adjusted for the incremental price increase between baselire and Stage 3.

Quieted units are applicable to rear loaders only and estimated at 10% of the

total units produced.
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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 complet:
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 price 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 7-3]1 sumnar-

izes the estimated Stage J reductions in unit volume for the first year, 1985.

TRBLE 7-31

STAGE 3 - ESTIMATED FIRST YEAR UNIT
REDUCTION FROM BASELINE FORECAST, 1985*

Reduction in
Annual volume

Compactor Body Type Units Percent
Front Loader 55 2.7%
Side Loader 293 5.6
Rear Loader 320 4.2

Total 668 4.3

*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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ramges from 55 to 320 units. The largest unit reduction is in the rear
loader category. The lamest percent reduction is in side loaders. The
smallest unit decrease and percent reduction are in front loaders. Intro-
duction of Stage 3 standayds reduces total projected volume approximately
two percent below the 1984 baseline forecast shipment levels.

Impact of Prebuying on Volume

The sclid 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:

1. The amount of excess capacity of manufacturers available to
produce compactor bodies above the baseline production level at that time.
2. The economic benefit of purchasing compactor bodies earlier
and the potential savings resulting from early purchase.
3. The risk of the technology required to quiet the compactor
bodies as related to possible increased costs of nalntenance and operation.
TABLE 7-32

ESTIMATED EXCESS PROIDUCTION CAPACITY BY
BQUY TYPE IN YEAR PRICR TO REGUIATICN

Estimated Unused as Per-

cent of Total Capacgity

Stage 1 Stage £ Stage 3
Compactor Body Type 1978-80 1981-82 1984-85

Front Loader 9% 0 ]
Side Loader 0 0 0
Rear Loader 20% 20% 20%

Source: Reference 7-1.

T xhibic V-I3 of Reference 7-1 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 production away from rear loaders in favor of side loaders or
other non-compactor body production,
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Estimates of the excess production capacity available in the year
prior to each effective date of the noise level regulation are summarized
in Table 7-32, and the prebuying anticipated in the year prior to the
effective date for each new noise standam is summarized in Table 7-33,

TABLE 7-33
ANTICIPATED PREBUYING
IN YEARS PRICR T0 EFFECTIVE DATES
{Percent Increase in Total Units
Shipped Qver Baseline Forecast)

1979-80 1981-82 1984 -85

Front Loader 2% 0 0
Side Loader 0 0 0
Rear Loader 6% 25% 25%

Source: Reference 7-1.

The unused capacity will allow prebuying to increase the 1979-80
production approximately six percent for rear loaders and two percent for
front loaders. There will be no excess capacity available to support
prebuying for side loaders. Prebuying 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 opemtions cost.

The Stage 2 price increase for rear loaders is 19,5 percvent (based
on the body only) above the base period price. It is expected that
all available production capacity will be utilized to accommodate
prebuying. 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 encourage a

full 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 1 does not involve increased risk and is not considered a
factor in stimulating prebuying,

No adjustments to the baseline [orecast or the revised baselines for the
three levels have been made to relflect prebuying, The adjusted baseline fore-
cast can be modified to reflect prebuying by adding the incremental volume
produced in the year preceding the effective date of the noise abatement
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,

Summary

In summary, the anticipated reduction in industry volume at Stage 1,
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 1, 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 Costss

* Purpose and Methodology

The resources which will be used to meet each noise standard are estimated
in this section, using four measutres:
A. The annual increase in capital cost required by end user industries

in the first year of enforcement, This represents the additional capital,

and reguired to purchase the more expensive quieted units.

B. The total increase in annual costs in end user segments in the
first year of enforcement. Estimates include depreciation, cost of capital,
and cperation and maintenance costs. This represents the incremental annual
costs to own and cperate the more expensive guieted 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
ronguieted compactors have been phased out of the population of packer
bodies in use,

D. Equivalent amnual 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 costs for end user industries
are based on the increased purchase price paid and the volume of purchases
estimated, 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
anmial 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 over 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 impact.

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 scciety pays for guiet 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 ke §$10.9 million for the first year of enforcement of the Stage
1 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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TABLE 7-34

TOTAL ESTIMATED FIKST YEAK
INCREASED CAPITAL COSI'S FOR
END USER INDUSTRIES ~ STAGE 1, 1480

$(00Us)
Increased Capital Costs
Compactor Body Type Mid=-Range Estimates
Front Loader $1,939
5ide Loader 2,019
Rear Leoader b,923
Total $10,581

Source: Reference 7-1.

TADLE 7-35

TOTAL ESTIMATED PIRST YEAR
INCREASED ANNUAL CCSLS FOR
END USER INDUSTRIES - STAGE 1, 1980

${000s)
Increased Capital Costs
Compactor Body Type Mid-Range Estiinates
Front Loader $ 383
Side Loader 196
Rear Loader 1,368
Total s1,947
Source: Reference 7-1.

Stage 2
Increased end user capital costs are estimated at $27.4 million in the
first year of enforcement for adopting a Stage 2 noise standard in 1982

(Table 7-36). Again, incremental capital costs are detemined by multiplying

the adjusted baseline forecast unit shipments by the unit cost increase.
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TABLE 7-36

TOTAL ESTIMATED FIRST YEAR
INCREASED CAPITAL QOSTS FOR
END USER INDUSTRIES - STAGE 2, 1982

${000s)
Increased Capital Costs
Compactor Body Type Mid-Range Estimates
Front Loader § 3,966
Side Loader 7,820
Rear Loader 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

TOTAL ESTIMATED FIRST YEAR
INCREASED ANNUAL QOSTS FOR
END) USER INDUSTRIES - STAGE 2, 1982

${000s)
Increased Annual Costs
Compactor Body Tvpe Mid-Range Estimate
Front Loader S 954
Side Loader 1,852
Rear Loader 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~

TOTAL ESTIMATED

38
FIRST YEAR

INCREASED CAPITAL COSTS FOR
END USER INDUSTRIES - STAGE 3, 1985

$(000s

Compactor Body Type

)

Increased Annual Costs
Mid-Range Estimate

Front Loader
Side Loader
Rear [oader

*Includes $977,000 for

Source: Reference 7-1.

The total estimated increases in annual costs for Stage 3 are presented

in Pable 7-39,

TABLE 7-39

54,931

9,811
16,909+%

§31,651

quieted rear loaders,

TOTAL ESTIMATED FIRST YEAR
INCREASED ANNUAL COSTS FOR
END USER INDUSTRIES - STAGE 3, 1985

$(000s)

Increased Annual Costs
Compactor Body Type HMid-Range Estimates

Front Loader
Side Loader
Rear Loader

Tetal
Source: Reference 7-1.

The total annual costs (capital expenditures, operating and main~

tenance costs)} for a 100 percent guieted compactor body populaticn in

$1,110
2,114
3,679

$6,903

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 rasource 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 $10.8 million for Stage 1, $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 downstream 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
technolegy, 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 major suppliers are briefly described below:
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A. Truck Chassis Manufacturers. The major truck chassis manufac-
turers are largs, 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 1, 2, and 3 are .09, .27 and ,31 percent respectively.

B, PIO, Pump and Valwve Manufacturers. Power Take-QfFf units, hydraulic
punps and valves are the major components affected by the proposed regula-
tions. The components utilized by the solid waste compactor body industry
are standard product items, and the volume purchased by the industry is

insignificant relative to total production and sales, Mo 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 compactor 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 conformance
with the body manufacturer's instructions. Consequently, there is
exnpected to be little or no economic impact on distribution due to testing

recquirements.
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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 guieted units.

(1) Ability to Finance New Unit Purchases. Fnd 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 veport 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 TOTAL PACKER TRUCK
PRICE INCREASES BY REGULATORY LEVEL
STAGE 1 STAGE 2 STAGE 3
Compactor Compactor Compactor
Body and Body and Body and
Compactor Truck Conpactor Truck Compactor Truck

Type Body Chassis Body Chassis Body 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 cperate 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 form of either higher collection rates for private

haulers or higher taxes to fund municipal collection operations.

Impact on Solid Waste Compactor Manufacturing Cperations:

* Purpose

The purpose of this section is to evaluate the potential inpacts
from adoption of nolse standamds on manufacturers of solid waste compactor
bodies.

The assembly operations in the manufacturing process are most
affected by noise abatement technology (Ref. 7-1). #asically, new
purchased compeonents are substituted for purchased components currently
utilized, Consequently, significantly different plant and equipment
investments are not expected to result from regulation,

Assessment of the ifppact of the regulation on overall industry
enployment involves consideration of the expected reduction 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.
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TABLE 7-41

TOTAL AMNUAL COST PER VEHICLE

FOR STAGES 1, 2 AND 3

Annual Costs

Capital Depre~

Cost

Mainten-

ciation ance Cost Cost

Iipact
Operating Mainten-—
ance Cost Total Vehicle per Year

Estimated Percent
Change in Total
Annual Equipment
Operating Cost pefl)

Stage 1

Front Loader $129
Side Loader 56
Rear Loader 86

Stage 2

Front Loader $238
Side Loader 196
Rear Loader 226

Stage 3

Front Loader 5258
Side Loader 214
Rear Loader 244

$185
80
123

$342
280
323

$369
307
350

co o

0
§60
60

$13
73
73

$-114
- 99
- 99

$-114
- 99
-~ 99

$-114
- 99
- 99

$45
18
18

$45
18
18

$45
18
18

Source: Exhibits v-4, B-2 and Table III-6 (Reference 7-1}.

Notes: (1) Calculated by dividing the total cost for the body type by

5255
64
137

$521
464
537

$581
522
595

$43,912, the average annual operations cost per vehicle,
Exhibit B-2.

(Reference 7-1).

.58%
.15
.31

1,19%
1.06
1.22

1,32%
1,19
1.36
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* Stage 1

Total unit reduction under Stage 1 requlation is expected to be approxi-
mately 1.5 percent, with a similar reduction in employment. However, this
reduction is offset by increases in employment to integtate the new technology.
The estimated number of incremental direct labor hours required to integrate

the new technology for each regulatory level are shown in the following table:

TABLE 7-42

ESTIMATED CURRENT AND INCREMENTAL
DIRECT IABOR HCURS DY
REGULATORY LEVEL

Current

Unit INCHEMENTAL DIRECT LABOR HOURS**

Direct Stage 1 Stage 2 Stage 3
Compactor Labor Abso- Percent  Abso- Percent Abso- Pervent
Type Hours* lute Increase lute Increase lute Increase
Front Loader 230 18 6.23 27 9.3% 27 9.3%
Side Loader 120 9 7.5 39 32.5 39 2.5
Rear Loader 180 9 5.0 39 21.7 39 21,7

source: Reference 7-1.

Note that direct labor inputs to produce units increase from 5.0 to
7.5 percent depending upon body type. A net increase in employment is

expected under Stage l.

*Estimated direct labor hours were derived by utilizing the typical
manufacturer mpdel shown in Section II (Reference 7-1), Total direct
labor costs account for 12 percent of total list price. [Labor hours were

calculated using $7.80 per hour.
**Incremental direct labor hours are taken from 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, vespectively, viewed from the perspective of the compactor body alene.

If viewed from the standpoint of the complete unit, ermployment declines result-
ing from treatment Stages 1, 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-ser by
increases in direct labor reguired 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, but do apply to products imported for use

in the United States.

* Exports
Domestic solid waste compactor body manuEacturers will be able to export

guieted and unguieted products to foreign countries depending on the requirements

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 export 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 a net cost/technology
advantage over forelgn producers. This is not expected to change as a result

of requlation,
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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 technolegy. Small manufac-
turers may be less able to support requirements for specialized personnel than
larger companies, 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,

Wwith adequate lead time and appropriate planning, business management is able
to adjust its plans to reflect changing conditions and aveid adverse impacts
on its operations. Future over-capacity, unemployment and other adverse
conditions are avolded, through adjustments in planning.

* Assessment

The adoption of the noise emission levels suggested for study could have
the following prchable effects:
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A, Stage 1 -— 1980, HNo disruptive inpacts 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 ¢conditicns. The solid waste compactor body
industry would be expected to continue its normal growth pattern with a Stage 1
noise standard. No absolute uneiployment would be anticipated.

B, Stage 2 — 1982, Adoption of a Stage 2 standard could result in high
costy 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 1, 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 compactor body industry should remain
at the baseline average annual tate. No absolute unemployment is anticipated.

C, 5tage 3 —— 1985. Compactor body price increases for Stage 3 can
range from 13,7 to 28.0 percent. Demand could decrease by 4.3 percent.

No absolute unemployment is anticipated and the growth of the industry
should centihue at the baseline average annual rate.

Given the size of the s0lid waste compactor body industry, no signifi-
cant economic disruption to the national or a regional economy should occur
from these changes.

Summarys

In this section, the economic impact has been assessed based on
product techriology modifications required by BEPA. A brief summary of the
results are:

A, Compactor body prices may increase as shown in Table 7-43 and would
probably be passed on to end users.
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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 21.1
Quieted Rear Loader —_— 9.5 11.1

Source: Tables 7-14, 7-15.
B, Compactor body unit volume will be affected as indicated below:

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 iIn an overall l.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 increases and volume demand declines for the complete

operational unit are shown below in Table 7-45.
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TABLE 7-45

SUMMARY OF LIST PRICE INCREASES
AND DEMAND DECLINES FOR COMPLETE
OPERATIONAL UNIT - FIRST YEAR OF REGULATICON

Stage 1 Stage 2 Stage 3
Percent Percent Percent
Compactor Price Unit Price Unit Price Unit
Body Type Increase Reduction Increase Reduction Increase Reduction
Front Loader 3.5% 11 6.4% 22 6.9% 28
Side loader 3.7% 31 12,8% 116 14.0% 146
Rear Loader .7 54 5,89 148 10.6% 160
Total 96 286 334

Source: Tables 7-41, 7-45.

Stage 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 Stage 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

SUMMARY OF THE RESQURCE COSTS
ASSOCIATCD WITH NOISE ABATEMENT
$(000s)

First Year of Enforcement
Noise Standard Capital Costs Annual Costs

Stage 2 - 1982 27,431 6,520
Stage 3 - 1985 31,651 6,303

|
|
1
|
} Stage 1 - 18980 510,881 §1,947
|
|

Source: Reference 7-1.
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The cost of noise attenuation is not imsignificant 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 compcnent suppliers,
or downstream distributors or end users.
E. There should be no effect on factory operations at any of the
regqulatory levels.,
F. No absolute unemployment is expected to occqur at any of the
regulatory levels.
G. No changes in import and export patterns should occur because
of noise regulations. |
H. Mo manufacturers are likely to withdraw from the solid waste :
compactor body market as a result of requlation,
I. There are no expected disruptive impacts from adoption of noise

standards.
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SECTION 7 ;

7-1. "A Study to Determine the Economic Impact of Noise Emissions
Standards in the Specialty Truck Components Industry. Truck Mounted
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1976,
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7-3. U.S. Environmental Protection Agency, Residential Collection Systems,
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SECTION 7 EXHIBIT

METHODCLOGY FOR DEVELOPMENT
CF COST ESTIMATES

The methodoleogy used to develop cost estimates for applying noise

abatement technolegy is described in this Exhibit.

METHCDOLCGY

The approach used to estimate the costs of applying noise abatement

technology is summarized below:

1.
2,
3.
4.

5.

6.
7.

Conducted plant visits.

Collected published data relating to manufacturers' cost structure.
Identified costs expected to be affected by noise regulation,
Collected component cost data from suppliers, manufacturers

and end-users.

Utilized industrial engineering analysis of production and in-

use changes.

Analyzed changes in overhead expenses.

Formulated the profile of a typical company and developed the

overall estimated cost and charges resulting from noise regulation,

Plant Visits

The plants of several manufacturers of truck-mounted solid waste compac-

tor bodies were 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 similarx among the

manufacturers, although a wide variation appears to exist in the technical

sophistication of the process. In general, compactors are manufactured in

the following sequence:

ﬁsww.—-m.,.-__ -
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1.

2I

6.

7‘
8.

9,

Purchased sheet steel is cut to size using shears and torch-
buming equipment. {One manufacturer purchases coil stock, which
is more economical, and shears the coil sheet to size).

The cut-outs are fonmed and machined to final specifications.

The basic body parts are kitted and moved to the first assembly
station where they are placed in assembly £ixtures and spot welded.
bimensions and tolerances are checked and welding of the body

is conpleted.

Welds are ground down and checked for quality.

The balance of the compactor components, including the hydraulic
system, are assembled onto the body.

The body is moved to the paint shop for prime and top coats.,

The completed body is inspected (and reworked if necessary) and
then moved into storage or to the mounting area.

The compactor bodies are lifted onto the truck chassis and secured.
Hydraulic and control systems are installed, and the completed unit

inspected prior to shipmnent.

Some of the individual characteristics of compactor manufacturers are

discussed in more depth subseguently.

Manufacturers' Cost Structure

An overall estimate of manufacturer cost structure was constructed

from data from the 1972 Census of Manufacturers and Dun & Bradstrest,

= Analytical Financial Reports for selected companies. The Agency's

own experience with the operating ratics of similar industries was also

i utilized in this analysis. A representative cost structure for the

industry is shown in the following table:
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TABLE 7-47
REPRESENTATIVE SOLID WASTE
COHPACTOR MANUFACTURER COST AND
PROFIT STRUCTURE

Net Percent of

Element Sales Revenue
Direct Material 443
Direct Labor 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 seguence in the production process:

1. Planning. The planning effort associated with noise control is a
cone-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.

¢, A review of manufacturing facilities, layout, equipment,
teoling, ete,, to insure optimal manufacturing practices,

The marketing effort consists of a review of sales and technical
literature, updating of training programs, and evaluations of warranty and
other policies, The data processing effort includes design or meodification
of manufacturing support systems required by process changes,

2, Implementation. Implementation of the noise control technology is
a cne~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 market ing
changes,

3. Production. The production cost represents an ongoing incremen—
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 guieting 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. Enforcement/Compliance. The enforceiment/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; ard,
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
108 percent {13/12) of direct labor. It is likely that the application of
noise contrel 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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COMPANY PRCFILE

The typical company developed for the purposes of estimating costs does
not represent an existing manufacturer, but instead reflects a composite of
flrms in the industry. The composite is based on an evaluation of the indus-
try in tems of production rates, manufacturing processes, and estimated cost
and profit structure., The following paragraphs describe the general and spe-
cific assumpticns on which the typical company is based, and the factors used
to estimate the cost of noise control technology.

(a) Dackground and General Assumptions

The general manufacturing process for truck-mounted solid waste compactor
bodies is described in Section 2 (Ref. 7-1). thile the basic process is
essentially the same for all manufacturers, there are some variations in the
nethods of operation. The following paragraghs describe the differences amorg
manufaccurers noted in terms of manufacturing methods and technology, product
nix, production rates, and level of vertical integration.

The differences in manufacturing methods and technology are most
prenounced in the areas of physical plant, tooling, and equipment sophisti-
cation. These differences are characterized in the following conpany
profiles, One manufacturer has a large, modemn plant, a large nunber of
technologically advanced, numerical control machines, and scphisticated
assembly jigs and fixtures. A second manufacturer also has a modem
plant, but does not have as much state-of-the-art equipment as the f£irst,

The third manufacturer has a very old and generlly wmun down facility,
does not appear to have any humerical control equipment, and uses

relatively unsophisticated jigs and fixtures in the assembly process.
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Although the mnge of labor intensive to capital intensive manufacturers
is considerable, the Agency concluded that the proposed noise control tech-
nelogy would not have a significant impact on either existing manufacturing
operations or labor. Therefore, the regulation should not result in unigue
cost advantages to either the labor intensive or the capital intensive
manufacturer.

Differences were also noted in production rates. Some manufacturers
produce truuck-mounted compactors in sufficient volume to justify continuous
production lines, while others produce in intemmittent small lots, The
proposed gquieting 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 production 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 produce items other than truck-mounted
compactors, including staticnary compactors, dunp bodies, hoists, and trash
containers. The overall product mix varies with each company. The primary
reason for the industry's general product mix is commonality of manufacturing
processes,

According to manufacturers, there 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
tedmold;y.

It appears that the make versus buy mix for the components affected
by the quieting technology is similar among manufacturers. All manufac-

turers 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. However, it appears that
most companies produce thelir own hydraulic cylinders since the process is
relatively simple and the necessary eguipment can be used to produce
cylinders for a wide line of products.

The implementation of noise standards should not significantly affect
the existing make versus buy mix. It can be assumed that those components
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 required to reduce
impact noise, then some manufacturers may elect to purchase these items
rather than incur the expense of redesigning the cylinder and production
process.

In summary, the Agency concluded that the proposed noise control
technology would not resuln in any major changes or disruptions in the
existing pattems of cperation. Consequently, the Agency developed cost
estimates for noise control technology based on the profile of a "typical”
conpany .

{b) Specific Assumptions for the Typical Company

l. Production Rates. The estimated production levels for the

industry and estimated market share of existing companies have been presen-
ted in the economic profile phase of this study. Using this information,
the following production mates 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
Production
Manufacturers of: (units/year)
Front Loader 200
Side Loader 300
Rear Loader 400

Source: Reference 7~1.

The production rates for the typical company have becn 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 STRUCTURE
; FOR A TYPICAL COMPANY

; Percent
Percent of Average

Cost. Category of COGs* Sales Price
Direct Material 58% 443
Direct Labor 15 12
Manufacturing Overhead 30 24
General, Sales and

Administrative -— 13
Gross Profit o~ 1

Total 100% 100%

i *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 materjial represents the lamest
cost element, and the total cost of goods sold is approximately 80 percent of
the avermge sales price.

3. (verhead Expenses. Based on the assumed overhead cost

structure for the typical company, the full overhead allocation would be
308 percent of dirmect labor costs.** Ik is unlikely that guieting will
lead to overhead cost increases of this magnitude and, therefore, estimates
of the actual incremental overhead expenses for the typical company have

been develcped.

*xpyl]l Overhead = [Manufacturing Overhead (24%) + GS&A (13%))
/Direct Labor (12%) = 308%
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SECTIOH 8
HIFORCEMENT
GENERAL,

The EPA enforcument strategy will place a wajor share of the responsi-
bility on the manufacturers who will be required to conduct pre-sale testiny
to determine the codpliance of truck-mountud solid waste conpactors with this
regulation and noise emission standards. Besides relieving EPA of an adninis-
trative burden, this approach benefits the manufacturers ly leaving theiv
personnel in control of many aspects of the compliance program and imposing
only a minimum burden on their business. ‘Terefore, monitoring by EPa
personnel of the tests and manufacturers' actions taken in conpliance with
these requlations is advisable to ensure that the Administrator is provided
with the accurate test data necessary tu detenaine vhether the cuupactors
distributed in comerce by manufacturers are in compliance with these
reyulations. Accordingly, the regulations provide that EPA Bnforosment
Officers, under previously promulgated and recently moedified regulations
(40 CFR Part 205 Subpart A}, are empowered to inspect records and facilities
in order to assure that manufacturers are carrying out their responsibili-
ties properly. Under a recent U,S5. Supree Cuurt decision (Marshall v.
Barlow's, Inc., 436 U.S5. 307, (1978)), such inspections uay be conducted so
loryy as (1) the manufacturer consents or (2) the officers have obtained a
warrant,

The enforcament strategy proposed in these regulations consists of three
parts: (1) Production Verification, (2) Selective Enforcenent Auditing, and

{3) In-Use Compliance Provisions.




PRODUCTION VERIFICATION

Production verification is testing by a manufacturer of selectued early
production models of a configuration intended for sale. The objective is to
verify that a manufacturer has the reguisite noise control technology in
hand to comply with the standard at the tike of sale and is capable of
applying the technoloyy to the manufacturing process. 'he carly production
models of a configuration tested must not exceed the level of the standaad
ninus the noise level deyradation factor (NLOF) before any models in that
configuration may Le distributed in commerce. Any testing shall be done in
accordance with the proposed test procedure,

Production verification dees not involve any formal BPA approval or
issuance of certificates subsequent to manufacturer testing, not is any
extensive testing reguired of EPA. All testing is perforwed by the manufac-
turer., However, the Mministrator reserves the right to be present to monitor
any test (including sinultaneous testing with Agency equipmnent) or to require
that a manufacturer supply the Agency with products for testing at EPA's Noise
Enforcement Facility in Sandusky, OChio or at any other site the Administrator
may find appropriate,

The production unit selected for testing is a product configuration. A
product configuration is defined on the basis of the parameters delineated in
section 205.205-3 of the requlation. 7he basic paraseters for configuration
identification include the type of truck enyine, comwpactor body, conpactor
power gystem or power take-off and the exhaust orientation.

A manufacturer shall verify production products prior to sale by one of
two methods. The f£irst wethod will involve testing an early production

product (intended for sale) of each configuration.
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Alternatively, production verification testing of all configurations
produced by a manufacturer may not be required where a manufacturer can
establish that the sound levels of sonme configurations (based on tests or
on engincering judyment) ave consistently representative of other configura-~
tions. 1In such a case, that product which emits the highest noise level would
e the only configuration reguiring verification testing,

This second method allows a manufacturer, in lieu of testing products
of every configuration, to group configurations into cateqgories. A category
will be defined by basic parameters of truck engine type, compactor type, and
cunpactor power system. Again, the manufacturer may designate additional
categories based on additional parameters of his choice.

Within a category, the configuration emitting the highest A-weighted
sound pressure level at the end of the Acoustical Assurance Period is deter-
mined either by testinyg or good ergimeering judgment, The manufacturer can
then satisfy the production verification requirements for all configurations
within that category by demonstrating that the loudest configuration complies
with the applicable standard minus the NLDF for that cunfiguration. 'This can
eliminate the need for a substantial amount of testing. llowever, it must be
emphasized that the loudest configuration must be clearly identified and the
NLDF for eacli configuration must be reported.

These regulations also provide that the Administrator may test products
at a manufacturer's facility using Agency equipment., 'This will provide the
Administrator with an cpportunity to detemnine that the manufacturer's
test facility satisfies the requirements of section 205,204 and is qualified
as specified in section 205.204 to conduct the tests required by this subpart.

If it is determined that the eguipment or facilities are not qualified, the
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Administrator may disyualify them fron further use for testing under this
subpart, Procedures that are available to the manufacturer subseguent to
disyualification are delineated in the reyulation.

A production verification report for a configuration must be filed by
the manufacturer before any products of that configuration are distributed
in commerce, A product confiyuration is considered to be production verified
when the manufacturer has shown, based on the application of the noise mea-—
Surenwent test, that a configuration conforms to the standard, and when a
timely report has Leen nmailed to EPA indicating that it complies with the
standard,

If a manufacturer is unable to test due to weather vonditions or other
cuonditions beyond his contrel, the production verification of a configuration
may be delayed for a period of up to Y0 consecutive days without the manufac-
turer's request provided that the test is perfomied on the first day that the
manufacturer is able and the manufacturer maintains records of the cunditions
which make testing impossible. If testing has not begun by the 45th day the
manufacturer has 5 days to notify the Adnministrator in writing that the
products have been distributed and must provide documentation of the conditions
which have prevented testing. This procedure will minimize disruptions to
imarmufacturing facilities,

If a manufacturer adds a new configuration to a product line or changes
or deviates fron an existing configuration with respect to any of the parameters
which define a configuration, the manufacturer nust verify the new configuration
wither by testing a product and submitting data or by filing a report which

dernonstrates verification on the basis of previously submitted 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 requlation as heing
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
emphasized that the manufacturer must reguest the use of previous data, If
the manufacturer 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
representat‘ion, 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 commerce of products
of that configuration. The Administrator will provide the manufacturer
the opportunity for a hearing prior to the issuance of such an order.

PFroduction 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, selectiwve enforcement audit testing of assembly line products
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will be made & part of this enforcement strategy in order to determine whether
production products continue to comply with the standard.
DISTRIBUTOR MANUFACTURER

Under Section 3(6) of the Noise Control Act, a "manufacturer" is "ary
person enyaged in the mamfacturing or assembling of new products, or the
importing of new products for resale, or who acts for, and is controlled by,
any such person in connection with the distribution of such products,"

This definition encompasses a distributor who mounts a compactor body and
attendant power take-off (PI0) eguipment on truck chassis and is the last
person to have control of the completed vehicle before it enters the stream
of commetce.

At the same time EPA reccgnizes the difficulties the production verifi-
cation requirements could pose for a small distributor. EPA 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
manufacturer, In view of this close relationship, sectlun 205.205~1(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 compactor body manufcturer if they follow the compactor body
manufacturer's installation instructions.

If the distributor fails to follow the instructions given to him, then
the responsibility for compliance with production verification testing require-

ments is shifted back to him.
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SELECTIVE ENFQRCEMENT AUDIT

Selective enforcement 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 fram a particular assembly plant
in order to detemmine whether production products comply with the noise
emission standard and to provide the basis 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 cne or more
inspection criteria have been established. As applied to product noise
emissions, the items being inspected are compactors and the inspection
criterion 1s the noise emission standard.

Testing is initiated by a test request which will be issued to the
manufacturer by the Assistant 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. Aan alternative category or configuration may be designated
in the test request in the event products of the first category or configu-
ration are not available.

Upen receipt of the test request the manufacturer will select the sample
fram the next run of products of the specifiled category or configuration that
is scheduled for production,

The Administrator reserves the right to designate specific products for
testing. Generally, a sample will be defined as the number of products
produced during a time period specified in the test request. A sample
defined in this manner will allow the Administrator to select sample sizes

8=7
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small enough to keep the nunber of products to be tested at a minimum and still
enable EPA to eventually draw statistically valid conclusions about the noise
enission performance of all products of the category or configuration which is
the subject of the test request.

One important factor that will influence the decisions of the Administrator
not to issue a test request to a manufacturer is the evidence that a manufac—
turer offers to demenstrate 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 the noise emission
stardard.

An acceptable quality level (AQL) of 10% was chosen to take into account
sane test variability. The number of failirng 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 probability that the percentage of noncomplying products is
less than the AQL and the SEA will have been passed. On the other hand, if
the number of failing products in the sample is equal to or greater than the
rejection number, 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 comrerce.

It is anticipated that the audit plan will establish two types of
"inspection criteria. These are normal inspection (SEA) and continued testing,

Normal inspection (SEA) is used until a decision can be made as to whether a
8-8
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sanple has passed or failed. When a sanple is tested and passed in response
to a test request, the manufacturer will not Ix required at that time to do any
further testing pursuant to that test request. When a sample is tested and
failed, then the Administrator may require continued testing of the cumpactors
of that cateyory or configuration produced at that plant. ‘he Administrator
will notify the manufacturer of the intent to require continued testing. The
manufacturer can request a heariny on the issues of whether the awlit was
properly conducted, and whether the criteria for a sample failure have been
met, The munufacturer iy also raise issues or supply any information he
believes to be relevant to the appropriateness or scope of a continued testing
order.

Since the number of compactors tested in response to a test order may vary
considerably, a fixed time limit cannot be placed on completing all testing.
The purpose of the approach is to establish the time limit on a test-tipe-
per-praduct basis, taking transportation requirements, if any, into consid-
eration., ‘The manufacturer will be allowed a reascnable amount of time to
transport products to a test facility if one is not available at the assembly
plant, fThe Administrator estimates that imanufacturers can test a minimum of
five {5) canpactors per day.

ADMINISTRATIVE ORDERS

Section 11{d){l) of the Act provides that:

"“whenever any person is in violation of secticn 10(a) of this Act, the
Administrator may issue an order specifying such relief as he determines is
necessary to protect the public health and welfare."

Clearly, this provision of the Act is intended to grant to the Administrator

f‘f discretionary authority to issue administrative orders to supplement the penalties
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of Section ll(a). If compactors which were not designed, built, and equipped
S0 as to comply with the noise emission standard at the time of sale were
distributed in commerce, 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 following
circumstances: (1) 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 PROMILGATED REGULATICN
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
provigions for inspection and monitering by EPA Enforcement Officers of manu-

facturers' actions taken in compliance with this regulation and for granting
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exemptions from this regulation for testing, preverification products,
national security reasons, and export praducts.
IN-USE COMPLIANCE

Thege provisions incluwle a requirement that the manufacturer provide a
warranty to purchasers [required by Section 6(d)], assist the Adwinistrator in
Fully defining those acts which constitute tampering [under Section 10(a)(2)(A)],
and provide retail purchasers with instructions specifying the proper mainten-
ance, use and repair required to minimize degradation during the life of the

campactor, and with a leg book to record maintenance and repairs performed.
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SECTION 9

EXISTING LOCAL, STATE, AND FOREIGN NOISE REGULATIONS

According to Section 6 of the Noise Control Act of 1972, the
Fedaral 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, requlations will he 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
progeams in 1977 and early 1978 (Ref. 9-2). The major element of the
assessment was a 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 information an assessment can be made of the number of
existing regulations that are applicable to refuse truck noise and
that may be affected by the proposed Federal requlation. Of the 50
states queried, 38 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 for types
of eguipment not regulated by the Federal Government.
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of the four states that have applicable legislation responded that they
have carried out enforcement actions under their legislation. However,
none of the states responded that their program had made significant
progress in reducing the noise levels or noise intrusiveness of truck-
mounted solid waste compactors.

The EPA survey also queried 824 comwmunities with populations of
over 25,000. Of these, 562 communities responded to the survey. Sixty-
six of the responding communities stated that they had enacted legisla-
tion that incluwdes nouise perfommance provisions for truck-mounted solid
waste campactors. ‘Twenty-seven of the sixty-six have carried out enforce-
ment actions under their legislation. Of the communities responding,

42 stated that their program had made significant progress in reducing
the noise levels or noise intrusiveness of truck-mounted solid waste
canpactors,

A representative sample of the existing state and local laws that
apply to noise from truck-mounted solid waste compactors is presented in
the following sections. This information comes fram a study conducted
for EPA (Ref, 9-1) as part of the requlatory analysis process, The laws
are sumarized in Table 9-1, where it can be observed that there is a
yreat deal of variation from one jurisdiction to the next. Sowe specify
sound levels; same rely upon curfew provisions, usually applyimg only to
residential areas, prohibiting night collections of refuse; and some con-

tain both types of provisiocns,
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TABLE 9-1

EXAMPLE LOCAL SOLID WASTE CUMPACTOR TRUCK NOISE LAWS

Source: Reference 9-1.
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LOCAL LAWS APPLICABLE TO REFUSE TRUCK NOISE

‘The local solid waste compactor truck noise laws which specify a
maxinum source level have a very wide variation in those levels. The
degree of variation is shown by the scale in Figure 9-1, which shows
the source levels in equivalent temms of dB(A) at 7 wmeters. Those
regulations which call for a different measuvement distance have been
normalized to equivalent 7-feter levels, assuning a 6 Jdi decrease per
doubling of distance in the spreading of sound. It can be observed that
the normalized levels range fram 91.7 dB(A) for Saginaw to 62.4 dB(A) for
New York City. (The apparent higher level of the Springfield, N, J. law
is discussed on page 9-11).

The community programs vary as nuch in their deyree of enforcement
as in their levels, ranging froam continuous in-use enforcemnent on all
garbage trucks to no enforcement at all, In the subsections which follow,
each of the local noise laws listed in Table Y-1 is briefly discussed.
The last subsection presents the texts of the refuse truck noise provi-
sions for each jurisdiction. The order of discussion is cities first and
then ocounties, with cities addressed in alphabetical order Ly the states

in which they are located.

1. los angeles, California

The Los Anyeles noise law provides for a 9:00 p.w. to 6:00 a.m.
curfew on garbage collections. There is no rumerical sound level speci-
fied in this law for truck-mounted solid waste compactors. As in other
laws that specify curfews, the provisions apply to the scavenger opura-
tions themselves rather than to the truck or the compactor. Violations

of the law are treated as a misdeneanor, as in wost wunicipalities, with
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FIGURE 9-1

RANGE OF MAXIMUM SOURCE LEVELS FOR SOLID WASTE
QOMPACTOR TRUCKS IN NOISE ORDINANCES*

*All levels not measured at 7 meters have been normalized to an
equivalent level at 7 meters.
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fines ranqing up to $200 or imprisonment ranging up to 6 months. ‘The
law is enforced by the Los Angeles Police NDepartment, with the cooperation

of the Acoustics Division of the Department of Environmental Quality.

2, San Anselmo, California

San Anselmo has a law specifying a maximumm source 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 curfew provision and a maximum 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 maximm source noise level provision was repealed
because 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 Department. This was one of the more active
noise programs in the natioh, They performed noise measurements of solid
waste compactor trucks 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 Ffive minutes for two
compacting cycles. The company name, license number, and vehicle type
were recorded for each test. Scavenger conpanies received copies of the
test reports on their vehicles and were required to correct vehicles
found to be excessively noiszy.

The remaining portion of the law, the garhaqe curfew 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 Francisce has one of the most active refuse truck noise abate-
ment programs of any city in the United States. The noise standard
of 75 AB{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 from marked cars equipped with sound level meters and strip
chart recorders. The sound measurements they perform are unannounced
spot checks of refuse vehicles operating on the streets, often in the
pre-dawn hours of the morning.

One of EPA's study investigators cbserved the San Francisco refuse
truck noise measurement procedure during an actual enforcement operation.
After lecating a refuse truck on the street, an Environmental Health
employee pulled his car up 50 feet to the rear of 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 ievels were recorded on a
Simpson Model 2745 strip chart recorder. In recording a compacting
cycle, the peaks from the sounds of bottles popping and cans crushing
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. When this measurement was taken the standard was 80
GBA at 50 feet, so this vehicle was in compliance.

In the course of enforcing the San Prancisco vrefuse truck noise
law, over 150 such strip chart recordings have been made by the Depart-
ment of Environmental Health. n the basis of the strip chart recordings,
the Department has issued abatement orders to the scavenger companies
when trucks have been found to exceed the noise limit. The companies
have generally been cooperative in retrofitting their trucks when neces-

sary to meet the limit.

5. 8an Jose, California

The San Jose refuse truck noise level is a part of the regulation
of garbage and rubbish vehicles which was added in October of 1975.
The law is administered by the Property Codes Department of the Bureau
of Housing and Community Development. The Department has tested newly-
manufactured refuse trucks and found them to comply with the law. Besides
enforcement through refuse truck licensing, San Jose puts similar wording

in its contracts with scavenger companies for municipal trash collection.



6. Arvada, Colorade

The Arvada noise ordinance providas 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 provided for violations.

7 & 8. Lakewood, Colorado and Englewood, Colorado

The Lakewood noise ordinance has been in effect since 1973. It

provides a 10 p.m. to 7 a.m. curfew on scavenger operations in residential

districts or within 300 feet of a hotel or motel. Lakewocod has an active

enforcement program for the curfew using a "soft fuzz" (i.e., gentle enforce-
ment) approach. Good cooperation has been obtained from the scavenger
companies by the Department of Community Develepment in changing routes and
schedules. The Department has reguired these changes on several occasions
in response to citizen complaints of refuse truck noise at night.

The Englewood, Colorade, refuse truck noise provision was apparently

patterned after that of Lakewood, Coloradc.

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 creates a sound pressure level in excess of 80 dRBA

at 25 feet (7.5 m) directly to the rear of the vehicle.

10. Littleton, Colorado

Littleton, Colorado, 1s another community located 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 from
the Lakewood ordinance. 1In drafting the Littleton noise ordinance the
noise officer used as inputs the Lakewood ordinance and the National
Institute of Municipal Law Officers (NIMED)/EPA model ordinance.

The enforcement approach is similar to Lakewood and Englewood in
trying to work with the scavenger companies in getting them to change
routes and schedules in regponse to complaints, In Littleton, however,
one scavenger company 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 =ncugh for them and they were later brought
into court again for a second violation and received a $45 fine. Upon
being convicted the second tiime the company changed its schedules,

The Littleton refuse truck curfew appeats to be a success, like
its neighbors in Lakewood and Englewocd. After proving the seriousness
of the law with convictions, Littleton appears to be receiving coopera-

tion fram the scavenger companies.,

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, Iowa

The Dubuque noise cordinance 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 impriscnment of up to 30 days.
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13, Saginaw, Michigan

The noise law in Sayinaw became effective June 30, 1977, and declares
that it is unlawful to operate a garbaye campactor which produces a noise
level in excess of 85 dBA at 50 feet. ‘The Office of Envirommental Improve-

ment and the Police Department are responsible for the law's enforcement.,

Viclators are reguired to appear in court. However, consideration is given

to voluntary compliance with the law before the court appearance.

14, Princeton, New Jersey

The Princeton ncise ordinance provides a 7 p.m. to 7 a.m. curfew
on scavenger operations Monday throuyh Saturday, with scavernyer operations
prohiibited canpletely on Sunday. This particular law is unusual in
providing a provision for its own suspension for emeryency garbage col-
lections, The law is enforced by the Police Department, and penalties

for violations can go up to a 5200 fine or 90 days imprisonment,

15, Springfield, New Jersey

The Springfield, New Jersey, noise law specifies a maximum noise
level for ygarbage trucks of 94 dB(A} at 50 feet, This level is far
higher than that specified in any other noise law. The reason is that an
erronecus provision of the New Jersey Model Community Noise Ordinance was
copied by Springfield, According to the State of New Jersey Noise
Control Office, the New Jersey Model Conmunity Noise Ordinance {discussed
further in this report under state laws) supplied noise levels for the
NIMIO/EPA model ordinance. Unfortunately, the level which they supplied
for "compactor" was copied fram another noise ordinance, which referred

to a piece of construction eguipment used for compacting the ground and
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not to a device which goes on a yarbaye truck. 'The writers of the
Sprirgfield ordinance accepted the 94 di(aA) level without checking any
further or makiny any measurements. This level is so high that even the
noisiest canpactor is not likely to exceed it,

The Springfield noise law also contains a curfew provision of 10 p.m,
to 7 a.am.  They receive about 5 complaints per year for refuse truck
compactor noise, which is approximately what they received before passage
of the law, The rate of complaints ygenerally runs higher in the sumumer
when people keep their windows open. The scavenger conpanies have resisted
any changes in schedule, claiming that the changes interfere with the
logistics of yetting to the dump on time.

Apparently the noise law had been passed primarily with gquarry noise
in mind ard with the refuse truck provisions as an afterthought, There
was no input from the scavenger companies in formulating the noise law
and there was no discussion of the refuse truck provisions at the hearingys.
One difficulty with the noise law is that it was passed as a Board of
Health cordinance rather than a township ordinance, which makes its
enforcement weaker. Besides the quarry noise situation, the law has

been used primarily in neighbor vs neighbor noise complaines.

l6. Uew Rochelle, New York

The New Rochelle noise law was enacted April 13, 1976. Under the
ordinance, it is unlawful to operate or to permlt to be operated, any
refuse collection vehicle such that the nolse exceeds 80 dHA at 10 feet frowm
any surface of the unit during collection or compaction. The law is entorced

by the Police Department and a violation is a misdemeanor. The penalty is
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up to a $50 fine and/or up to six wonths in jail, The Police Department
can also order violators to cease and desist and, with a court order,

can seal any device that is in violation of the law. An interesting ‘
provision of the ordinance states that Department of Public Works vehicles
are exempt until vehicles are available that comply with the law and until

the City Council authorizes their acquisition,

17. New York, New York

The New York noise ordinance as amended provides a maximum noise
level of 70 AB({A) at 1U feet for vehicles manufactured after December 31,
1978, 'The law calls for neasurements with the "slow” scale of the sound
level meter, The earlier version of the New York noise law called for
70 dB{A) measured at 10 feet from the side of the compactor using the
"fast" scale. However, the city was not able to cbtain trucks which met
the provision and held up in service, The amended 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 Hew York City Environmental
Protection Agency has measured newly-manufactured refuse vehicles which
meet the relaxed requirement.

Since New York's noise law applies to newly-manufactured refuse
vehicleg, it is the type of law which would be preempted by a Federal
new product noise regulation for truck-mounted solid waste compactors

when it is promlgated by EPA.

18. Toledo, Chio
The Toledo noise ordinance is unigue in its refuse truck provision

in that it provides a curfew-like maximum noise level requirement, with a
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higher level pemmitted during the day. 1he daytime level is 82 dB(A) at
50 feet and the niyhttime (Y p.m. - 7 a.m.) level is 80 dB(A) at 50 feet.
This, in effect, provides that only guieted equipment may operate at
night. An additional maryin of 5 dB is allowed for impulsive sounds froam
the compactor.

The law is administered by the Toledo Pollution Control Agency. It
has an unusval penalty provision, in that the fine is $100 for an indi-

vidual but 51000 for an organization.

19, Norman, Uklahoma

The noise control act in Nomnan was enacted on August 23, 1977. It
is a vioclation of the Act to operate, or cause or permit 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) fron the vehicle, It is also
a violation to collect garbage, waste, or refuse between 9 p,m. and 7 a.m,
the following day in, or within 300 feet of, any area zoned residential
or in any land use district so as to cause a nhoise disturbance. Enforce~
ment of the Act is carried out by the Environmental Protection Officer
and the Police Department. Violators of the law are subject to up to a
$100 fine and/or up to 30 days imprisonment. ‘“he city can also get a
sumnary restraining order or injunction against any source considered
to be a nuisance. The Environmental Protection Officer can reccamend

dimnissal of first offenses if they are voluntarily brought into com-

pliance 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 Health Department. Penalties provided

in the law are fines up to $299 and imprisonment of up to 6 months,

22, Sacramento County, California

The Sacramento County, California, noise ordinance became effective
on July 1, 1976. The maximum refuse truck noise level provision of 80
ds(A) at 50 feet, however, hecame effective on January 1, 1977. This
level will be lowered to 75 dB(A) at 50 feet on January 1, 1980, The
refuse truck provisions are quite similar to those in nearby San Prancisco
except for the later effective date.

The noise ordinance was written by a committee which included the
industrial hygienist who administers the noise program. There have been
a4 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 complaints 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 imprisen~
ment and is enforced by the Environmental Health Office,

9-15

AR e T e




b phrinsameer

23. Cook 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,

Coock County's enforcement program is unique because of the policy
of routinely yiving citations for refuse truck curfew violations. It is
estimated that 15 citations per year are handed cut to the scaverger
caopanies, When this occurs the company has to appear in court with its
lawyer, Convicticns alwost always are returned. The only exception is
when the arresting officer has a discrepancy in his report, such as an
arror in transcribing the license number, Fines of $50 are typically
required. Generally, the scavenger conpanies become very careful in
their schedules once they have qune through the inconvenience of hiring a
lawyer and appearirnyg in court to answer a citation. because of this
policy of strict prosecution, the situation has come to the point where
most of the finas cited are small new canpanies that do not know the law.

There has been good cooperation fran the larger finms in oobeying curfews,

24. Salt Lake County, Utah

The Salt lake County noise law was enacted on April 18, 1977, Cperat-
imny, or causing or permitting to be operated, any refuse corpacting vehicle
vwhich creates a sound pressure level in excess of 74 dBA at 50 feet {15 m)
fram the vehicle is a violation of the law. It is also a violation to
collect yarbage, waste, or vefuse between 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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responsibility for the law rests with the Salt Lake City-County Health
Department and the lecal law enforcement agencies, Violators are subject
to up to a §300 fine and/or up to six months imprisonment, Each day of

viclation is considered to be a separate offense.

Conclusions — Local Refuse Truck Noise Laws

The laws described abuve indicate that refuse truck noise laws speci-
fying curfews seem to Le more popular and to be enforced more effectively
than those specifying maximum noise levels.

Curfews, however, have varying effects on the garbage collection
process in different local areas. ‘The interference with collection
loyistics appears to be least in flat areas with wide streets that are
not too densely populated. In those areas where curfews can be applied,
laryely rural areas, they appear to offer the possibility of relief fraom
refuse oollection noise. A vigorous enforcement of the curfew, however,

is a necessary factor in such an approach.

STATE LAWS APPLICABLE 'TO REFUSE TRUCK NOISE

The States of Florida and New Jersey have model community noise
ordinances which have provisions covering refuse wvehicles. The text of
their refuse truck provisions are provided below as examples.

Model Community Noise Control Ordinance, Florida

8.1.1 Refuse Collection Vehicles. No person shall collect

refuse with a refuse collection vehicle ketween the hours of 7 pa.m.

and 7 a.n, 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 Community Noise Ordinance, New Jersey

9.1.5 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 peint 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 ¢
The above provisions have been recommended by New Jersey since
1976. Before that time 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 Compacting Vehicles. The operating or permit—

ting to be operated, of any motor vehicle which can conpact refuse
and which creates, during the compacting cycle, a sound pressure
level in excess of 94 4B(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 NIMLO/EPA model ordinance. The difficulty

in the above model ordinance is that it contains an erroneously high level of
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94 dB(A) at 50 feet for the compactor noise requivement. This resulted

when those who promulgated the New Jersey Model Ordinance mistook the
word "compactor" in ancther ordinance for a solid waste compactor. The
"compactor” whose 94 AB{A) level they put into their model oxdinance
was in fact a piece of construction equipment used for compacting the
ground.

Other applicable state laws are those specifying general truck
neise levels. These have been tabulated by the Motor Vehicle Manufac-
turer's Association (Exhibit 9-1). These general truck noise laws are
onlty 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 compactor is generally

not in operation when the truck is underway, the passby tests

do not measure compactor noise.

FEDERAL REGULATIONS APPLICABLE TO SPECTALTY TRUCK NOISE
Current Federal regulations applicable to specialty truck noise are
the EPA noise emission standards for motor carviers engaged in interstate

commerce (39 FR 38208) and the EPA noise emission standards for medium

and heavy trucks (41 FR 15538). The U.5. Bureau of Motor Carrier Safety
nf the U.S. Department of 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 requlation 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 commerce. The Secretary of Transpor—
tation is responsible for promulgating requlations to insure compliance
with the EPA standards, through the enforcement and inspection powers
authorized by the Interstate Commerce Act, the Departiment of Transporta-
tion Act, and the Noise Control Act of 1972,

Section 18(c)} (1) of the Act regquires 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 requlation under this section.”

On February 1, 1973, an Advance Notice of Proposed Rulemaking was
published in the Federal Reqlster soliciting public comment., Proposed
standards were published in the Federal Register {38 FR 20102) on July 17,
1973, and final nolse emission standards were established on October 29,
1974 (39 FR 38208). The standards went into effect on October 15, 1975,
The maximum neise level under test conditions established hy DOT is 86
dB(A) at 50 feet from the cenhterline 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 speed limits of more than 35 mph.

The interstate motor carrier emission standards are relevant to
future specialty truck noise emission requlations. 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 pericds 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 compactors is not included in the "total vehicle"
noise. The Interstate Motor Carrier Noise Emission Compliance Regulations
issued by the U.S. Department of Transportaticn 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 intentionally 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 comments received by the Director of the Bureau of Motor Carrier
Safety after publication of a text of the proposed regulations in the
Pederal Register (40 FR 8658). Several commenterS suggested that it

would be possible to intenticnally thwart noise measurements by scunding
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warning devices or by operating auwiliary equipment even if it is not

designed for operation above 5 mph.

EPA Noise Hmission Standards for New Medium and Heavy Duty Trucks

The EPA new truck noise standards appeared in the Federal Register
on April 13, 1976 (41 FR 75538). The standards set a new truck low
speed acceleration passby noise level of B3 dB(A) at 50 feet, effective
January 1, 1978. The level will be reduced to 80 dB(A) effective January
1, 1982, and may be reduced further to an as vet unspecified level
effective January 1, 1985.

The medium and heavy truck noise regulation standards apply to any
vehicle which has a gross vehicle weight rating (GWR) 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 termm "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 subpart "do
not apply to highway, city, and school buses or to special purpose
equipment which may be located on or operated from vehicles, Tests
performed on vehicles containing such equipment may be carried out with
the special purpose equipment in nonoperating condition. For purposes of
this regulation special purpose equipment includes, but is not limited
to, construction equipment, snow plows, garbage compactors, and refrige-
ration equipment."

Clearly, the intent of this statement is that garbage compactors
are to be requlated under independent rules and operating conditions,
after the Administrator has determined that ncise emission standards

are feasible for these types of special purpose eguipment.
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FOREIGN SPECTALTY TRUCK NOISE LAWS

The only foreign specialty truck neise 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 meters from the truck
side. It is comparable to the New York City noise ordinance level of 70
diB(a) at 10 feet which went into etfect 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 Gernany. ‘The Stockholin law is, indeed,

the only one known by EPA.

MODEL LOCAL REFUSE COLLECTION VEHICLE NOISE ORDINANCES

This section provides suygested sections dealing with solid waste
compactor trucks that can be included as part of a cumprehensive local
noise law.

As can be observed from examining the local noise laws discussed
earlier, there are many different leyal approaches to controlling refuse
truck noise. Basically the approaches are of two types: maximun source
noise level standards and curfews. ‘'he approach proposed here, which
combines both, is pattermed after the section dealing with refuse trucks
of the model conmunity noise control ordinance prepared by the National
Institute of Municipal Law Officers (NIMLO} in conjunction with EPA. The

NIMLO model provision for refuse 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 pemnit the operation of the campacting
mechanism of any motor vehicle which compacts refuse and which
creates, during the compacting cycle, a sound level in excess
of ___ dB{A) when measured at ___ feet (meters) from any
point on the vehicle; or

(b} Operate or permit the operation of the compacting mechanism
of any motor vehicle which conpacts refuse, between the hours
of _ p.m. and __ a.m. the following day in a residential
area or noise sensitive zone; or

{c) Collect refuse with a refuse collection vehicle between the
hours of __ p.m. and __ a.m. the following day in a
residential area or noise sensitive zone.

e only modifications which have been made to the NIMLO model are
to intrcduce some noise measurement procedures which are used in the
San Francisco enforcement program and to include maximun sound levels
which reflect the levels set in the EPA noise emission regulation for
newly-manufactured truck~-mounted solid waste compactors,

(1) Definition

In each noise law a definition of each product to be regulated
ig usually provided, The definition adopted by EPA is:

"A truck~mounted solid waste compactor is a vehicle comprising

an engine-powered truck cab and chassis or trailer, equipped

with machinery for receiving, compacting, transporting and

unleading 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 Qrdinance Provision

By combining the NIMLO provision with the San Francisco measure-
ment procedure and the EPA regulatory 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 be
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
cperation of the refuse collection vehicle or its compacticn,
by banging of conptainers or container lids against vehicle
components, by dropping or otherwise mishandling refuse
oontainers, or by any other overt action, such as loud con-
versation or whistling; or

(b) Operate or pemnit the operation of the compacting mechanism
of any motor vehicle which compacts refuse, between the
hours of ___ p.m. and ___ _ a.in. the following day in a

residential area or noise sensitive zone; or
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{c) Collect refuse with a refuse collection vehicle between
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, 1In the ordinances surveyed, the curfews
were ohserved 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 a.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 community
noise ordinance, to account for the slight additional noise when lcaded,
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 conpactor
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 little as possible. The fact that spat
checks are being made alsc seems to encourage the refuse collecteors to
be quieter in other parts of the process not connected with compaction,

such as banging cans and shouting to one another.
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MUNICIPAL SOLID WASTE COMPACIOR TRUCK NOISE LAWS (FULL TEXT)

Ios Angeles, California (1/24/73)

SEC. 113.01. Rubbish and Garbage Collections and Disposal. It

shall be unlawful for any person engaged in the business of collecting
or disposing of rubbish or garbage in any residential zone or within
500 feet thereof to collect, lovad, pickup, transfer, unlcad, dump, discard
or dispose of any rubbish or garbage as such tenns are defined in Sec.
66.00 of this Code between the hours of 9:00 p.m. of cne day and 6:00
a.m. of the next day, unless a permit therefore has been duly obtained
hbeforehand fram the Board of Police Commissicners. Such permits shall
be issued pursuant to standards established by said Board and approved
by the City Council by ordinance.

No permit shall be required to perform emergency work as defined

in Sec. 11,01{c) of this chapter.

San Anselmo, California (2/11/75)

o R e T e .-
;W" A i i kbt PETIRNIN

Section 4~7.09. Refuse 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, annocyance, or whose peace
is disturbed. For the purpose of this section noise emitted by eguipment
shall not be deemed unlawful if the person engaged in such services has,
to the extent reasonably feasible in the judgment of the Director of
Public Works incorporated avallable sound-deadening devices into equipment

used in rendering those services.
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() Ay persun authorized to endage in waste disposal services
or yarkage cllection shall not operate any truck-mounted waste or yarbaye
loading and/or compacting equipnent or similar mechanical device acyuired
after the effective date of this chapter in a manner to create noise
exceeding 75 dBA measured at a distance of 50 feet from the equipment,

{c} techanical street sweepers shall not operate in the manner
to create noise exceeding B0 dBA and 75 dBA six (6) months and twenty—four
{24) months respectively after the effective date of this chapter,

San Diego, California

Present Law [sinhce March 22, 1977)

SEC. 59.5.0406. Refuse Vehicles and parking Lot Sweepers,

1o person shall operate or pemit to be operated a refuse conpacting,
processing or collection vehicle or parking lot sweeper between

the hours of 7:00 p.n. to 7:00 a.m. in any residential area unless

a permit has veen applied for and yranted by the Administrator,

Repealed March 22, 1977

sSEC. 5Y.5.0406. Refuse Vehicles., No person shall operate or permit
to pe operated a refuse compacting, processing or oollection vehicle
after December 31, 1973, within the City of San Diego which whenh compacting
creates a sound level in excess of eighty-six (86)'decibels when measured
at a distance of fifty (50) feet fram any point of the compacting vehicle
unless a variance has been applied for and granted by the Administrator
or Appedls Board, No refuse collection shall be permitted £rom 7:00
p.ne to 7:00 a.m. in any residential area. Notwithstanding the above,

on or after a date forty-eight (48) months after the effective date

9-28

T T e g 4}

okl el p sl gl

!



T T = WP PR

of this article, no person shall operate or permit to be operated, a refuse,
compacting, 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 Francisco, 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 nokt 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-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 collection
to operate any truck-mounted 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 dRa
(b) ©On and after a date 66 months after the effective date of this
Article . . . 75 dBa

San Jose, California (10/14/75)

PART 7A. REGULATION OF GARBAGE AND RUBBISH VEHICLES

5307.20. Garbage and Rubhish Vehicles, Noise Levels,
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Mo 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 motor vehicle or any motor 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

requirements, or dispense with noise level requirements for certain

refuse wehicles, as the Council may deem necessary.

Arvada, Colorado (2/75)

Section 2.2.14 Refuse Compacting Vehicles. The operating, causing
or permitting to be operated or used, any refuse compacting wvehicle which
creates a sound pressure level in excess of 74 dB{A), at 50 feet (15
meters) directly to the rear of the vehicle (is prohibited).

Englewood, Colorado {7/18/74)

SEC 6~8-5. SPECIFIC PROHIBITIONS

The following acts are declared to cause unnecessary noise in violation
of this Ordinance provided however that the following enumerations shall

not be deemed to he exclusive.

(d} Loading Operations - The loading, unloading, ¢pening or otherwise

handling (of) boxes, crates, containers, garbage containers or other objects
in such a manner as to cause a disturbance; the loading of any garbage,

trash or compacter truck, or any other truck, whereby the loading, unloading
or handling of hoxes, crates, eguipment 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 be unlawful:
{7) The cgperating, causing or pemitting to be operated or used, any
refuse compacting vehicle which creates a sound pressute level in excess

of 80 dB(A), at 25 feet (7.5 meters) directly to the rear of the vehicle,

Lakewood, Colorado (7/23/73)

9.52,130. 'Truckloading. No person shall load any garbage, trash
or campactor truck, or any other truck, whereby the leading, unloading
or handling of boxes, crates, eguipment or other objects is conducted
within a residential district nor within three hundred {300) feet of
any hotel or motel between the hours of 10 p.m. and 7 a.m.

Littleton, Colorado (5/74)

Truckloading. No person shall load any garbage, trash or compactor
truck, or any other truck, whereby the loading, unloading or handling of
boxes, crates, eguipment or other objects is conducted within a residential
district nor within three hundred (30U feet) of any hotel or motel between
the hours of MU pem, and 7 a.m,

Chicayo, Illinois (12/16/69)

167.8. Scavengers. 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.n., within the boundaries of the City of Chicago,
except that this Section shall not apply to that area within the boundaries
of O'Hare International Airport and within that area bounded by Michigan

Avenue con the Bast, and south branch of the Chicago River on the West,

9-31

B e R P e IS At . e .
#al B B e P N P T L

i



the North branch of the Chicago River on the North and Roosevelt Road

on the South.

Any persen violating this Section shall be subject to a fine of
not less than $25.00 nor more than $200,00 for the first offense, not
less than $50.00 nor more than $500.00 for the second and each subsequent
offense in any one hundred and eighty (180} day period,

Dubugyue, Jowa (4/8/74)

SBaction 2, Noises Prohibited.

(h) 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,

Sayinaw, Michigan {6/20/77)

Section 603. Definitions. "Garbage Compactor." Garbage compactor is
a motor vehicle used for the collection and transport of garbage and refuse
which has as a part of its inteyral operation an auxiliary mechanism for
the compaction or cumpression of collected garbage and refuse.

Section 604. Unlawful Motor Vehicle Noise G04.1. It shall be unlaw-
ful for any person to operate a motor vehicle or combination of vehicles
within the city limits which produces a noise cor level of sound which

exceeds the sound level limits set cut in Table 1.
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TABLE 1 (in part)
LIMITING SOUNL LEVELS {dB(A))
s+ o« The dB(a) linits set forth herein are based on a S0 ft. distance

between the microphone location point and the microphone taryet point unless

otherwise specified ., . . .

{D) Garbage Compactor while compacting - 85

Princeton, New Jersey (10/10/72)

(k} Refuse collection., The collection, transportation or disposal

of garbage, trash, cans, bottles, and other refuse by persons engaged

in the business of scavenging or garbage collection, whether private

or municipal, at any time on Sundays, or other than 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 public health and safety, and, if the nature

of the emeryency will adnit of the prior procurement of a permit, then

only in accordance with a permit first obtained frum the Borough Engineer

pursuant to section 4 hereof.

Springfield, New Jewsey (3/75)

6.2.11. Refuse Compacting Vehicles.
The operating or pemmitting to be operated, any motor vehicle which

can canpact refuse and which creates, during the compacting cycle, a sound
pressure level in excess of 94 dB(A) when measured at 50 feet fram any
peint of the vehicle, or between the hours of 10 p.m. and 7 a.m. the

followiny day (in residential use districts).
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New Rochelle, wew York (4/13/76)

SECTION 1.03. DEFINITIONS

23. REFUSE COLLECTING VEHICLE shall mean any mmotor vehicle designed
to compact and transport refuse.

SECTION 3.03. REFUSE CQOLLECTING VEHICLES

No person shall operate, or permit to be operated, a refuse collect-
ing vehicle which when collecting or compacting exceeds a sound level of
B0 dB(A) at a distance of 10 feet frum any surface of the collecting or
compacting unit, (N.Y.S. Recommendation)

New York, New York (4/23/75)

1403.3~5.15, Refuse Compacting Vehicles. No person shall sell,

offer for sale, operate or pemnrit to be operated a refuse compacting
vehicle manufactured after the effective dates set out in Table IIIA,
which when compacting produces a maximum sound level, when measured by
a sound level mater set for slow response at a distance of ten feet
fram the center line of the face of the campacting unit, exceediny the

applicable sound level set cut therein,

Table IIIA
Effective date Allowable sound level
December 31, 1974 75 dB{A)
December 31, 1978 70 dB(A) |

This local law shall take effect immediately.

Toledo, Ohio (1/4/75) |

SECTICH 17-15~-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 unnecessary amount of noise. For the purpose of this
section, noise emitted by equipment shall not be deemed unnecessary
or without justification if the person engaged in such services has
to the extent reaasonably feasible in the judgment 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 S0 feet from the equipment when
within 500 feet of a residential zone:
{a) On or after a date
one (1) year after
the effective date 9 p.m. = 7 a.m. 7 a.m. = 9 p.m.
of this ordinance 80 d4B(A) 87 di(a)

(b) On or after a date
48 months after
the effective date 9 p.m. - 7 a.m, 7 a.m. = ¢ p.m.
of this ordinance BO dB{A) 82 dB(A)

(c) Impulsive 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 provisions of this ordinance.
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Norman, Cklahoma (8/23/77)

Sec, 10-307. Noise Prohibited

(k) Specific Prohibitions: The following acts are declared to ke

in viclation of this ordinance:

{(6) Ipading Operation. Ioading, 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 Compacting 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 dB(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 residentizl, or within 300 feet of an
area zoned residential;

{b) in any land use district so as to cause a noise disturbance.

Cgden, Utah (5/25/72)

19.9.2. Prohibited acts specifically. The following acts, among

others, are declared to be loud, disturbing or unpecessary noises in
violation of this ordinance, . . . namely:

L. Garbage trucks, The operation of any garbage pick 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 City, Utah (8/16/72)

Section 39~9-3, MNoises Prohibited - Standards. The following acts,

among others, are declared to be in violation of this ordinance . . .:

9-36

e P mt e s . e
R L S M IR B g



L S KU

(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.

COUNTY SOLID WASTE QOMPACTOR 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 any truck-mounted waste
or garbage loading and/or camposting 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 B0 dB(A).
{b) New equipment purchased or leased on or after forty-two

months from the effective date of this chapter shall not exceed a noise

level of 75 dB(A).
(c} Present equipment shall not exceed a noise lewel of 80

dB(A) on or after five years from the effective date of the chapter.
The provisicns of this section shall not abridge or conflict with the
powers of the State over mtor vehicle control.

Cock County, Illinois

9.5 Scavenger Cperations

All scavenger operations in the County of Cock, commercial and

municipal, shall limit the actual contact hours involved in the pickup
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of refuse and all other sulid waste in any residential or business-
contercial zone (Rl through R6 and Bl through B5S) whenever rveqular hunan
occcupancy is involved by virtue of residence only and such place of
regular residence or the instituticnal equivalents (hospitals, nursing
homes, etc.) to the period of 7:00 a.m. to 6:00 p.m, These limits apply only
to those contact periods wherein the collection function is in progress in
Rl through R6, Bl through B5S and contiguous porticns of M1 through Md
zones and are not intended to inelude or confine such functions as start
up and shut down operacions at the central operating point (transfer
station, sanitary landfill, incinerator, etc.) or the transit time of

the first trip to and the last trip from the defired collection areas,
Noise levels in sucli central operating points shall be govemed by the
property line values applicable for their location (Section 8.14 through
9,17), 'The exemptions on engine operation when parked, of Section 4.7
shall apply as will the restrictions on new vehicles of Section 9.8(b)

ard vehicle use of Section 9.9(a). When under severe conditions it

can be shown to the satisfaction of the Director that operation cutside
these hours is in the overall public interest or operationally essential,
a special variance can be requested for such period as can likewise

be shown necessary.

salt Lake County, Utah (4/18/77)

Sec, 16~150I~4, Noises Prohibited.

b. Specific Prchibitions, The following acts are declared to be

in violation of this ordinance:

6. Loading Operation. Loading, unlecading, opening or otherwise handl-

ing boxes, crates, containers, garbage containers or other objects between
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the hours of Y 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 Compacting 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 di3{A) at 50 feet (15 meters) from the

vehicle,

17. CGarbage Collection. The collection of garbaye, waste or refuse

between the hours of 9 pon, and 7 a.m. the following day:

4. 1in any area zoned residential, or within 300 feet of an area

zoned vesidential;

b. in any land use district so as to cause a noise disturbance.

REFERENCES
Section 9

9-1. "Legal Review Report on Specialty Truck Noise Abatement," Booz Allen
Applied Research, Draft report submitted to the EPA Office of Noise
Abatement and Control, July 1976.

9-2. U.,S. Environmental Protection Agency, State and Local Noise Control
Activities, 1977-1978, 0ffice of Noise Abatement and Control,
Washington, D. C., April 1979.
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EXHIBIT 9-1
STATE AND LOCAL [AWS AND REGULATIONS
o

MOTOR VEHICLE NOISE

CONTENTS
1. 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 procedure utilized.

Prepared by
State Relations Department

Motor Vehicle Manufacturers Association
of the United States, Inc.

June 24, 1975
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MOTOR VEHICLE NOISE

Laws and Regulations

california law enacted 1967 {amended 1971, 1975
Colorado law enacted 1971
Connecticut by requlation enacted 1971 {amerded 1973}
Florida law enacted 1974 (amended 19759)
Hawali by tegulation enacted 1972
Idaho taw epacted 1971
Indiana 1aw enacted 1971
Minnesota law enacted 1971 {repenled 1974)
Nebraska Jaw enacted 1972
Nevada by requlation enacted 197
New York jaw enacted 1965
Dregon by requlation enacted 1974
penngylvania law enacted 1972
washingron by regulation enacted 1975
city Ordinances
Albuquerque (New mexico) law enacted 1975
parrington {I1limpis} jaw enacted 1973
pillings (Montana) law enacted 1972
Birmingham (Michigan) 1aw enacted 1973
Boston 1aw enacted 1972
Baulder [Colorade) 1aw enacted 971
Chicago 1aw enacted 1971
penver {Colorado) law enacted 1974
pes Plaines {I11inois) law enacted 1972
Grand Rapids (Michigan) 1aw enacted 1973
Helena (Montana} law enacted 1972
Lakewood {Colorada) 1aw enacted 1973
Madfson (wiscongin) 1aw enacted 1972
Minneapolis 1aw enacted 197) {amended 1972)
Misscula {Montana} law enacted 1972
New York law enacted 1972
Ogden {Utan) jaw enacted 1972
San Francisco law enacted 1972
Sparta {Nev Jersey) law enacted 1372
QOounty Ordinances
Arlington {virginia)} 1aw enacted 1974
Coax (Illimpis) 1aw enacted 1972
Montgamery [Maryland} 1aw enacted 1975
Salt Lake (Utah} law enacted 1972
Administrative Authorities
Balt inore {Maryland) law enacted 1972
ouisiana Jaw enacted 1972
Maryland 1w enacted 1973 {amended 1974}
Milwaukee (Wiscansin} law enacted 1973
Minnesota 1aw enacted 1974
New Jersey law enacted 1971
North Dakota 1aw enacted 197
washington 1aw enacted 1974
Othet
How Jecdey rurnplke Authority law enacted 1974
9-41

L et
LT SRRV T R

RN AR

R




b6

State Law

Califomia

Colorado

Connect.icut

Florida

TABLE OF MOTOR VEHICLE NOISE LEVEL LIMITS

{STATUTES, REGULATIONS AND ORDINANCES)

Regulates

Manufacturer
(Dealer
authorized
to certify
compliance )

Operator

Manufacturer

Operator

Operators
Only

Manufacturer
(Certifi~
cation
required)

Operator

Automobiles

Before 1/1/73, 86 dBA
After 1/1/73, 84 anp
After 1/1/75, 80 dBA

Under 35 mph, 76 dmA
Over 35 mph, B2 dBA

Before 1/1/73, 86 dpA
After 1/1/73, 84 daa

Under 35 mph, 82 dRA
Over 35 mph, 86 dBa

76 dBA under 35 mph
82 dBA over 35 mph

Before 1/1/75, 84 dea
After 1/1/75, 80 dBA
After 1/1/79, 75 dpA

Before 1/1/79,
76 dBA 35 mph or less
82 dBA over 35 mph

After 1/1/79,
70 dBA 35 mph or less
79 dBA over 35 mph

Trucks

Before 1/1/73, 88 ABA
After 1/1/73, 86 dBA
After 1/1/75, 83 dBa
After 1/1/78, 80 dRA
After 1/1/88, 70 dBA

After 1/1/73,
86 diA under 35 nph
90 dbA over 35 mph

Before 1/1/73, 88 dBA
After 1/1/73, 86 dBA

After 1/1/73,
86 dBA under 35 mph
90 dBA over 35 nph

After 1/1/75,
84 dBA under 35 mph
88 dBA over 35 mph

*Before 1/1/77, 86 GBA
After 1/1/77, 83 dBa
After 1/1/81, 80 dRa
After 1/1/83, 75 dRa

*After 1/1/75,
86 dBA 35 mph or less
90 dBA over 35 nph

* Gross vehicle weight over 10,000 pounds

Test Procedure
Based on SAE

Based on SAE

Measured
50 feet fram
center lane
of travel

Based on SAE
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State Law

Hawail

Idaho

Indiana

Minnesota

Nebraska

Regulates

Operators
only

Uperators
only

Operators
Only

Automobiles

pefore 1/1/77,

73 dBA 35 mph or less

After 1/1/77,

65 dBA 35 mph or less

Also specified noise level limits for automobile and

Trucks

aAfter 1/1/74,

84 dsa 35 mph or less
84 dBA more than 35 mph

After 1/1/77,

75 dBa 35 mph or less
75 dBA more than 35 mph

Test Procedure

Based on SAE
Measured

50 feet from
the center
lane of travel

truck posted speed limits at 25 mph or less to 60 mph
or nore; measured at 20 feet, 25 feet and 50 feet; and
time periods when applicable for trucks.

After 6/1/71, 92 dBA

76 ABA under 35 mph
82 dBA over 35 mph

Decibel law repealed 10/1/74.

Manufacturer

No provision

88 dBa under 35 mph
90 JdBA over 35 mph

Pollution Control Agency shall pramulgate
motor vehicle noise regulations.

After 1/1/72,
After 1/1/73,
After 1/1/75,
After 1/1/80,

88 diAa
86 dBA
84 4BA
80 dBa

Measured at
"not less
than" 20 feet
fran vehicle
under any
condition of
operation

Measured at
"at least"

50 feet from
vehicle under
any condition
of operation

Based on SAE
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State Law

Nebraska
{Cont'd)

Nevada

Now York

Oregon

Requlates
Operator

Manufacturer

Operator

Operators
Only

Manufacturer
(Certifi-
cation
reguired)

Operator

Ldn haini

Autorobiles

Trucks

After 1/1/75,
86 di3A under 35 mph
90 dBA over 35 mph

CGross vehicle weight of 10,000 pounds or more.

1/1/72 o 1/1/73, 86 dBA

After 1/1/73, 84 asa

76 dBA under 35 mph
82 dBA over 35 mph

88 dia

Model Year

1975, 83 diA
1476-1978, 8O dBA
after 1978, 75 dRa

Before 1976,
81 dBa 35 mph or less
85 dBA over 35 mph

1976-1978,
78 dBRA 35 mph or less
82 dBA over 35 mph

After 1978,
73 dBA 35 mph or less
77 dBA over 35 mph

1/1/72 vo 1/1/73, 88 dBA

After 1/1/73, 86 aBa

After 1/1/73,
B6 ABA under 35 mph
90 dBA over 35 nph

88 dBA

Hodel Year

*1975, 86 dBA
1976=-1978, 83 dBA
after 1974, 80 dBa

*Before 1976,
86 dBA 35 mph or less
90 dBA over 35 mph

1976-1978,
85 dBA 35 mph or less
86 dBA over 35 mph

After 1978,
82 dBA 35 mph or less
84 dBA over 35 mph

Test Procedure

Based on SAE

Based on SAE
with vehicle
speeds under
35 mph

Measured at

50 feet fram
the center lane
of travel

Measured at

50 feet or
greater fram
the center lane
of travel
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State Law

Oregon
{Cont.'d}

Pennsylvania

Washington

City Ordinance

Albuguergue
(New Mexico)

Regulates

Manufacturer

Operator

Manufacturer

Operator

Operators
Only

Automobiles Trucks Test Procedure

*Mruck and Bus

Truck - Gross vehicle weiyht of 6,000 pounds or more,
Bus - Vehicle designed and used for carrying passengers
and their perschal baggage ard express for compensation.

Also specifies noise level limits for used nmotor vehicles
as measured by a stationary test at 25 feet or yreater;
and tiwe periods when ambient noise limits are applicable.

After 1/1/73, 84 dBA *after 1/1/73, 90 dBA Based on SAE
After 9/1/71, After 9/1/71,

82 dBA under 35 mph 90 J4BA under 35 mph

86 dBa over 35 mph 92 dBAa over 35 mph

*Manufacturer's yross vehicle weight rating of 7,000
pounds or more,

after 1/1/76, 80 dBA *after 1/1/76 and Measured at
Before 1/1/77, 86 dBA 50 feet from
the center lane

of travel
After 7/1/75, *after 7/1/75,
76 dbBA under 35 mph 86 dBA under 35 mph
80 dBA over 35 mph 9u dBA over 35 niph
*Gross vehicle weight of 10,000 pounds or more
After 6/1/75, *after 6/1/75, Measured at
76 dBA under 40 mph 86 dBA under 40 mph 50 feet from
82 dBA over 40 mph 90 dBA cver 40 mph the center lane
of travel

*Gross vehicle weight of 8,000 pounds or more

AT e
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City Ordinance Regulates

LBarrington Manufacturers

(¥1linois) Only
(Certifi-
cation
required)

Billings Operators

(Montana) Only

Bimmingham Operators

{Michigan) only

Bos ton Manufacturers
Only

Boulder Operators
Only

Autonobiles

Before 1/1/73, B6 dia
After 1/1/73, B4 dBA
After 1/1/75, 80 4BA
After 1/1/80, 75 dBA

Trucks

*afrer 1/1/70, d8 cbh

After 1/1/73, 86 dsa
After 1/1/75, d4 dBA
After 1/1/80, 75 dua

*Gross vehicle weight of 8,000 pounds or wore

After 11/27/72,
74 dBA
80 dBa

*after 11/27/72

82 diza
88 dBa

*Gross vehicle weight of 10,000 pounds or more

Before 7/1/78,

76 dBA under 35 mph
82 di3A over 35 mph

After 7/1/78,

70 dBA under 35 mph
79 dBA over 35 mph

*Before 7/1/78

86 dBA under 35 mph
90 dBA over 35 mph

After 7/1/74

82 dBA under 35 mph
B6 dBA over 35 mph

*Gross vehicle weight of 10,000 pounds or more

Before 1/1/73, 86 dBA
After 1/1/73, B4 dpa
After 1/1/75, 80 dBa
after 1/1/80, 75 dBA

*after 1/1/70, 88 dBA

After 1/1/73, 86 dBA
After 1/1/75, 84 dBa
After 1/1/80, 75 dia

*Gross vehicle weight of 10,000 pounds of more

80 dua

*88 JBA

*Within the City during the hours of 7:00 a.m. to 6:00 p.m. on Monday through
Saturday with a manufacturer's gross weight rating of 10,000 pounds and above.

Test Procedure

Measured

25 feet froam
the noise
source

Measured at:

50 feel

25 feet

from the center
lane of travel

Measured not
less than
50 feet fram
vehicle

Measured

50 feet fram
the center
lane of travel

Measured

"at least"

25 feet fram a
noise source
located within
the right-of-way
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City Ordinance

Regulates

Chiceago

penver
{Coloradeo)

Des Plaines
(Illinois}

Manufacturer
{Certifi=-
cation
reguired)

Operator

Operators
Only

Manufacturer
(Certifi-
cation
reqguirea)

Uperator

Automobiles

After 1/1/73, B84 dbp
After 1/1/75, 80 duA
After 1/1/80, 75 dBA

Before 1/1/78,
76 dBa under 35 mph
82 dBA over 35 mph

After 1/1/78,
70 dua under 35 mph
79 dBA over 35 mph

Trucks

*after 1/1/73, 86 dBA
after 1/1/75, 84 duA
After 1/1/80, 75 dBA

After 1/1/73,
86 dBA under 35 mph
90 dBA over 35 mph

*Gross vehicle weight of 8,000 pounds or more

80 dBa

*38 4Ba

*Gross vehicle weight over 10,000 pounds

Test Procedure

Measured at
not less"
than 50 feet
fram the center
lane of travel

Measured
25 feet from
the vehicle

Limit applicable between hours of 7:00 a.m. and 10:00 p.n.

Between hours of 10:00 p.m. and 7:00 a,m., limit is
80 dBA in residential areas and 88 dBA on heavily

traveled highways and freeways.

After 1/1/73, B4 dba
After 1/1/75, BO dBA
After 1/1/80, 75 diEA

Before 1/1/78,
76 dBA under 35 mph
82 dBA over 35 mph

After 1/1/78,
70 dBa under 35 mph
79 dBA over 35 mph

*after 1/1/73, 66 dBA
After 1/1/75, 84 dBA
After 1/1/80, 75 dBa

After L/1/73,
86 dBA under 35 mph
90 dBA over 35 mph

*Gross vehicle weight of 8,000 pounds or more

Measured at
"not less"

than 50 feet
fran the center
lane of travel
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Automobiles

After 1/1/73, 84 dBA
After 1/1/75, B0 dBA
After 1/1/80, 75 dBA

Before 7/1/78,
78 dBA under 35 mph
82 dBA over 35 mph

After 7/1/78,
73 dBA under 35 mph
79 4BA over 35 mph

Trucks

*pefore 7/1/73, 88 dBA
After 7/1/73, 86 dRa
Aftexr 1/1/75, 84 dBa
After 1/1/80, 75 QBa

After 7/1/73,
86 dBA under 35 mph
90 dBA over 35 mph

*Gross vehicle weight of 10,000 pouhds cor more

After 10/5/72, BO dBA

*After 10/5/72, 88 dBA

*Gross vehicle weight of 10,000 pounds or more

BO dBA

Manufacturers After 1/1/75, 86 dBA

City Ordinance Regulates
Grand Rapids Manufacturer
(Michigan)

Operator
Helena Operators
{Montana) Only
Lakewood Operators
{Colorado) Only
Madison
(wisconsin) Only

*Gross vehicle weight of

88 dBA

*After 1/1/75, 88 dBA

6,000 pounds or more

Test Procedure

Measured
50 feet from
center line
of travel

Measured "not
less" than
50 feet from
center line
of travel

Measured Erom
public right-
of-way a dis~
tance of at
least 25 feet
fram center
of nearest
traffic lane

Measured

25 feet from
the wehicle,
four feet above
the ground

Based on SAE
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City Ordinance

Minneapolis
(Minnesota)

Missoula
{Montana)

New York

Requlates Automobiles Trucks
Operators Before 1/1/77, After 1/1/74,
Only 73 diA 35 mph or less 84 dBA 35 mph or less

B4 dBA more than 35 mph
After 1/1/77,

75 dBA 35 mph or less
75 dBA move than 35 mph

After 1/1/77,
65 dBA 35 mph or less

Test_Procedure

Based on SAE
Measured

50 feet fram
the center
lane of travel

Mso specifies noise level limits for automobile and truck posted speed limits
at 25 mph or less to 60 mph or wore; measured at 20 feet, 25 feet and 50 feet;

and time periods when applicable for trucks.

Manufacturers Before 1/1/73, 91 dBaA Before 1/1/73, 93 dBA

tnly After 1/1/73, 89 dBA After 1/1/73, 51 dBA
Operators Before 1/1/78, *after 9/1/72,
Only 76 diA under 35 mph 86 dBA at 35 mph or less

82 apA over 35 mph 90 dikA over 35 mph
After 1/1/78,

70 @BA under 35 mph

79 dBA over 35 mph

*after 9/1/72,
92 dBA at 35 mph or less
96 dBA over 35 mph

Before 1/1/78,
82 dBa under 35 mph
88 dBA over 35 mph

After 1/1/78,

76 dBA under 35 mph
85 dBa over 35 mph

*Gross vehicle weiyht of 8,000 pounds o imore

Measured at

25 feet from
the center lane
of travel

Measured S0
feet plus or
minus 2 feet
from center of
the lane of the
public highway
in which the
motor vehicle
is idling or
is traveling

Measured 25
feet plus or
minus 2 feet
fram center of
lane of public
highway in
which the motor
vehicle is
idling or
traveling

; ‘ﬂh%'h&.‘ﬁﬂ?ﬁw,n,&,ﬂ-,l'_;
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City Ordinance Regquiates

Caden Operators

{Utah} Only

San Francisco

{California)

Sparta Operators

{New Jersey) Only

County Ordinance

Arlimgton Operators

{(Virginia) anly

Cock Manufacturer

{Illinois) (Certifi~
cation
required)
Operator

Automobiles

After 1/1/73,

86 dBA in residential area 86 dBA in residential area
90 dBA in other areas

90 dBA in other areas

Trucks

After 1/1/73,

{ONLY APPLICABLE TO OFF-ROAD VEHICLES)

After 3/28/72,
88 dBA within townshi
limits

After 1/1/75,
76 dBA under 35 mph
84 dBA over 35 mph

*Gross vehicle weight

After 1/1/73, 84 dBA
After 1/1/75, 80 dBA
After 1/1/80, 75 dBA

Before 1/1/78,
76 dBA under 35 mph
82 dBA over 35 mph

After 1/1/78,
70 dBA under 35 mph
79 dBA over 35 mph

After 3/28/72,

p 88 dBA within township

limits

*After 1/1/75,
86 dBA under 35 mph
90 dBA over 35 mph

of 10,000 pounds or more

*after 1/1/73, 86 dBA
After 1/1/75, 84 dBA
After 1/1/80, 75 dBA

Before 1/1/73,
88 dBA under 35 mph
90 dAA over 35 mph

after 1/1/73,
86 dBA under 35 mph
90 dBA over 35 mph

*Gross vehicle weight of 8,000 pounds or more

Test Procedure

Measured "not
less" than 50
feet fram the
line of travel

Measured at
least 25 feet
fram noise
source located
within the
public right~
of/—way

Based on SAE

Measured 50 feet
from the center
line of travel

Measured "not
less" than 50
feet fram the
center lire of
travel
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County Ordinance Reyulates
Montganery Operators
{Maryland} Only

Salt Lake Cperators
(Utah) Only

Other

ew Jersey Operators
Turnpike Only
Authority

Automobiles Trucks
*aAfter 10/1/76,

B6 dBA under 35 mph
90 dBA over 35 mph

After 10/1/76,
76 di3A under 35 mph
82 daa over 35 nph

*Gross vehicle weight of 10,000 pounds or more
*after 1/1/73,

86 dBA under 35 mph
90 dBA over 35 mph

After 1/1/73,
76 dBA under 35 mph
83 dBA over 35 mph

*Gross vehicle weight of 6,000 pounds or more

*After 1/1/75,
86 dBA under 35 mph
90 JdBA over 35 mph

After 6/1/74,
76 diA under 35 mph
42 dida over 35 nph

After 1/1/78,
80 dBA under 45 mph
84 diA over 45 mph

After 1/1/78,
70 dBA under 35 mph
79 disa over 35 mph

After 1/1/90,

75 didBA under 45 mph
78 dBA over 45 mph

*Gross vehicle weight over 10,000 pounds

Test Procedure

Measured 50
feet fram the
center line of
travel

Measured 50
feet from the
center lane of
travel

Measured 50
feet from the
center lane of
travel
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oF
PROPOSED NOISE EMISSION REGULATION
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A-1.

A-2,

A=~3.

e

TABLE OF CONIENTS

INTRODUCTION

LIST OF CONTRIBUTORS

A-2.1
A-2,2
A-2.3
A—Z 04
A~2.5
A-2.6
A-2.7

Compactor Manufacturers

Manufacturers Related to Compactor Industry
Compactor Distributors/Dealers

Trade Organizations

Governmental Agencies {State, Local, PFederal)
Citizens Groups

Private Citizens

SUMMARY OF COMMENTS AND RESPONSES

A-3.1

A=3.2

A"'303

A-3.4

HEALTH AND WELFARE BENEFITS

A=3.1.1 Magnitude of Benpefits
A-3.1.2 Computation of Benefits

NOISE CONTROL TECHNOLOGY

A-3.2,1 Power Take—Off (PIO)

A=-3,2.2 Best Available Technology

A=3.2.3 Fuel Consumption

A=3.2.4 Noise Scurces Not Included in Regulation

ECONOMIC IMPACT

A-3.3.7 Magnitude of Costs
A-3,3.2 Computation of Costs
A-3.3.3 Cost/Benefit Analysis
A-3.3.4 Exports

A~3.3.5 Unemployment

TEST PROCEDURE

A-3.4.1 Noise Level Determination

A-3.4.2 Definition of Maximum Steady Sound Level
A~3.4.3 Empty Truck

A-3.4.4 Operating Cycle

A-3.4.5 Meter Error

A-3.4.6 Tachometer

BA~3.4.7 Barametric Pressure

A-3.4.8 Standing Water

A-3.4.9 Radiator Fan

A-3.4.10 Areement of Readings within 2 dBA
A-3.4.11 Cost of Testing

A~3.4.12 Weather Conditions

A-3
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A-3.5.5 Containers
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A-3.5.7 Diesel Truck Usage

A~3.,5.8 Route Trailers

A-3.5.9 Acoustical Assurance Period
ENFORCEMENT

A~3.6,1 Legal Authority

A-3.6.2 Selective Enforcement Auditing (SEA)
A=3.6,3 Tampering

A=-3.6.4 Iocal Enforcement

A-3.6.5 Batch Acceptance

A-3.6.6 Enforcement by Other Federal Agencies

SEPARATION OF SOURCES FOR REGULATION

A-3.7.1 Separate Standards for Each Component
2 Noise Emission Tests for Conponents
7.3 Prexduction Verification Testing
A~3,7.4 Liability
7.5 Responsibility for Compliance

GENERAL ISSUES
A-3.8.1 Reyulatory Process

A=-3.8.2 Occupational Safety and Health Adninistration

A-3.8.3 Regulation of Other Aspects of Solid Waste
Collection

A-3.8.4 Public Education

A=-3.8.5 Favorable Comments
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A-1, INTRODUCTION

This docket analysis is the formal review of comments made by the public
regarding the proposed Truck-Mounted Solid Waste Compactor Neise Emission

Regulation. The proposed regulation was published in the Federal Register on

August 26, 1977, The formal public comment period extended from this date
until November 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 5alt Lake City, Utah.

all comments received by the EPA concerning the proposed regulation
during the formal public commant pericd are reviewed and responded to in this
analysis. Those persons or organizations contributing comments have been
grouped into the following categories: (1) compactor manufacturers, (2)
manufacturers related to the compactor industry, (3) compactor distributor/
dealers, (4) trade associations, (5) governmental agencies, (6) citizens
groups, and {7) private citizens. A list of the specific contributors in each
of these categories is provided in §A-2 of this Apperdix. Each contributor
has been given an identification number.

§A=3 provides a summary of the issues raised in comments received and
the EPA response to these issues. The issues have beeen grouped into general
categories. Comrents received in each category in §A-3 are cross-referenced
with the contributors listed in §A-2.

Only submissions made to EPA during the formal docket pericd 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
eonsideration by EPA in the responses to the issues, but are not formally
identified as submissions to the docket.

A-5
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A-2. LIST OF CONTRIBUTORS

This section lists all persons or organizations contributing comments
pertaining to the regulation during the formal comment period of August 26,
1977 through November 26, 1977. Following each contributor's name in paren-
theses are identification numbers of the submission to the dodket: mumbers
preceded by a 'D' identify the docket number of written submissions to the
docket; numbers preceded by 'NYC' denote testimony presented at the New York
City public hearing; and numbers preceded by 'SIC' denote testimony presented
at the Salt Lake City public hearings.

Under the headirg 'Comments' following each contributor's hame, numbers
are found identifying those areas in which each contributor made comments.

These numbers correspond directly to the categories of comments in §A-3.

A-2.1 QOMPACTOR MANUFACTURERS

A-2.1.10 Dempster Dumpster Systems Division
Carrier Corporation
Knozxville, Tennessee
(D-067, D~0Y1, NYC-B)

Comments: A-3.3.2, A-3.4.2, A-3.4.4, A-3.4.6, A-3.4.7,
4-3.4.8, 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-3.8.1

A-2.1.2 Peabody International Corporation
Galion, Chio
{1>~080)

Caments: A~3.4.4, A-3.4.12, A-3.5.5, A-3,5.9, A=3.7.1,
A-3.7.3

A-2.1.3 Leach Co.
Oshkosh, Wisconsin
(D-104)

Comments: A"3.2'1' A—30311' A"3o4.2’ A-3.404, A"'3|4¢91
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‘801
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A=2.1.4 The Heil Co.
Knoxville, Tennesse
{NYC-2)

Comments: A-3.2.3, 2-3.3.2, 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-307-3; A—3-8.1
A-2.2 MANUFACTURERS RELATED TO COMPACTOR INDUSTRY
A-2.2.1 Ford Motor Company
Dearborn, Michigan
{D-113)
Comments: 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 COMPACTOR DISTRIBUTORS/DEALERS
A~2.3.1 Capital Equipment Company, Inc.
Richmond, Virginia
(D~087)
Comments: A-3.7.5
A-2.3.2 Sanitation Equipment Corp.
Paramus, New Jersey
(D-074}
Comments: A-3.7.5
A-2.3.3 General Equipment, Inc.
Baton Rouge, 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 i
A=2.3.5 GranTurk Sanitation Equipment Co., Inc. ;
Warrington, Pennsylvania ;
(D-~085) ‘

Comments: A-3.7.5

A7
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A-2.4

A-2.3.8 Bell Equipment Company
Troy, Michigan
{b-105)

Comments: A-~3.3.1, A-3.7.1

A-2.3,.7 Truck Eguipnent
Baltimore, Maryland
(D=-107)

Comments: A-3.7.5
A-2.3.8 C. N. Wood, Co., Inc.

Watertown, Massachusetts

(D-108)

Comments: A—3-4-12; A-3A7-1' A—3!7a5
A-2.3.9 Elgin Leach Corporation

Chicago, Illinois

{D~109)

Coments: 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)

CC!TITEntS: A-3I2l1f A—3o7|1, A—3-7-5
A~2,3.11 Theodore J, Burke & Son, Inc.

Flushing, New York

(D-111)

Caments: A"3l7-1p A"3¢7-5

TRADE ORGANIZATIONS

A-2,4.1 National Solid Wastes Management Association (NSWMA)
Washington, D.C.
(D=078, NYC-6)

COITKIEntS: A"‘3-1c1' A-3o1-2' A"B.Z-]; A"3¢2|3' A-3-302
A-3-3-4p A‘3o4q4; A“'3-4|12; A"3a5.2’ A‘3-5-5p A"'3.5-6f
A-3¢5|7' A‘3-5lg' A-3n631' A—3.E.2, A“307n1, A‘3.7|2'

A“’3c7-3’ A‘*3.7-4, A'-3.7-5, A—3.B.l
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A-2.4.2 Institute for Solid Wastes
American Public Works Association
Washington, D.C.
(D—-090)

Comments: A-3.1.1, A-3.3.1, A-3.3.2, A-3.5.9, A-3.8.1

GOVERNMENTAL AGENCIES (STATE, LOCAL, FEDERAL)
A-2,5.1 Air Pollution and Noise Control Section
Montgamery County, Maryland
{SLC-14)
Comments: A-3.8.5
A~2.5.2 Village of Hamburg
New York
{D=012}
Comrents: A-3.8.5
A-2,5.3 Public Works Department
City of Fort wWorth, Texas
{D=025)
Comments: 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
A-2.5,6 City of Syracuse
New York
(D~040, D-059}
Comments: A-3.3.1
A-2.5.7 Noise Contrcl Administration
City of Colorado Springs, Colorado
(D~-041)

COIl'ITEntS: A—3.5.5, A-3.5.9

A~9
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A-2.5.8

B-2.5.9

A-2.5.10

A=2.5.11

A-2.5.12

A"205013

A-2.5.14

A-2,5.15

DeKalb Sanitation Department
DeKalb County, Georgia
{D~061)

Comments: A-3.1.1

Upper San Juan Regicnal Planning Commission
Pagosa Springs, Coloradoe
{D~086)

Comments: A-3.1.1, A~3.3.1, A~3.6.4

Department of Streets & Public Improvements
Salt Lake City Corporation

Salt Lake City, Utah

{D-078)

Coments: A-3.6.4

City of San Diego
California
(D-089)

Comments: A-3.4.4, A-3.5.3

Department of Environmental Quality
State of Oregon
(D=112)

Comments: A-3.1.1, A-3.4.1, A-3.5.3, A-3.6.5

City of Beverly Hills
California
(D~117)

Comments: A-3.4.4

Chicago City Council

Cormittee on Envircnmental Control
Chicago, Illincis

(NYC=~4)

Coments: A-3.3.1, A~3.6.6
Bureau of Noise Abatement
Department of Alr Resources

City of New York, New York
(NYC-3)

Comments: A-3.2.2, A-3.4.1, A-3.4.3, A-3.5.3, A-3.5.9,
A-3.6.4

A-10
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A-2.5.16 House of Representatives (R, N.Y.)
washington, D.C.
(NYC-1)

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

(BIC-1}

Comments: A-3.8.5
A-2.5.20 Salt Lake City Public Works Department

Salt Lake City, Utah

(8LC-12}

Coments: A-3.3.3, A-3.6.4
A-2.5.21 City of Boulder

Colorado

(S1LC-2)

Comments: A-3.5.5, A-3.8.4
A-2.5.22 Prow City Corporation Sanitation Department

Provo City, Utah

(SLC-6)
A-2.5.23 California Department of Health

Office of Noise Control

State of California

(SLC-9)

Comments: A-3.1.2, A-3.2.4, A-3.5.6
A-2.5.24 5.F. Department of Environmental Services

San Francisco, California

(SLC-10)

Caments: A-3.5.3
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A-2.6

A"Z.?

CITIZENS GROUPS

A—Z.E.?

A=2.6.2

A-2.6.3

A"206-4

A-2l6I5

Washington Sguare Village Tenants' Assoc.
New York City, New York
{L-072)

Comments: A-3.8.5

Federation of West Side Block Associations
New York City, New York
{NYC=5)

Coaments: &-3.4.1, A-3.5.5, A-3.8.3
Citizens for a Quieter City

New York, New York

(NYC=T7)

Comments:  A-3.1.1, A-3.1.2
Citizens Against Noise

Honolulu, Hawail

{SLC-13)

ODmnEntS: A"‘3o302; A"3-4-1; A—3.4|3} A"3.5.3' A"3n5.9'
A"3.6-4’ A“3¢6-5, A"3a8-3' A_308.4

Senior Citizens
Salt Lake City, Utah
(SLC-4) ;

Comments: A-3.2.4

PRIVATE CITIZENS

A=2.7.1

5-2.7.2

A-2.7.3

K. Martin

Reseda, California
{D-001}

Comments:  A-3.8.1
William K, Evarts, Jr.
New York, New York
{D-008)

Comments: 2A-3.8,5
Richard F. Hahn
Woodstock, Illinois
{b~011)

Comments: A-3.1.1, A~3.3.1

A-12

T N L A G g 4 et



e s e B £ e PRy 7 o p——— -

———

A-2.7.4 Terry N. Struve
Richmond, Indiana
{D-013}
Comments: A-3.1.1, A-3.3.1
A-2.7.5 Geraldine Graf
Wauwatosa, Wisconsin
(D-015)
Comments: A-3.8.5
A-2,7.6 Samuel T. Bodine
Buffalo, New York
(D~016)
Comments: A-3.3.1
A-2.7.7 Vern D. Kornelsen
Denver, Colorado
{D-017)
Comments: A-3.8.5

A-2,7.8 Henry Jordan
(D~024)

Comments: A-~3.8.5
A-2,7.9 Barry Benepe

New York City, New York

(D~027)

Comments: A"'314-1' A—3c5-9' A‘3.6l3
A~2.7.10 William F. Fuchs

Fairfax, Virginia

(D-029)

Comnents: A-3.3.1
A=-2,.7.11 Norman L. Arenander

DeWitt, New York

(D-031)

Comments: A-3.8.5
A=-2.7.12 Jonathan L. Eisenberg

New Haven, Connecticut

(D-034)

Comments: A-3.4.3, A-3.5.3
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A-2.7.13

A-2.7.14

A~2.7.15

A—2.7. 16

A-2,7.17

A-2.7.18

A-2.7.19

A—Z.?.ZO

A-2.7.21

Roy E. de la Houssaye, Jr.
New Orleans, Louisiana

(D-037)

Comments: A-3.5.5, A-3.8.3

Joan B, Williamson, Ph.D.
New York City, New York

{D-038)

Comments: A-3.8.3
Barbara Sadagopan
Sindelfingen, Germany
(D~-060)

Comments: A~-3.3.2
William Wale
Indianapolis, Indiana
(D-062)

Comments: A-3.3.1

aAlan L. Weiser

Silver Spring, Maryland

(D-~063}

Comments: A~3.3.1, A~3.3.4, A-3.3.5, A-3.4.1, A-3.4.3

A'3n5-9

W. H. Mathieu
{D-065)

Comments: A-3.8.3
Robert Weisberg

New York City, New York

{D~068)

Comments: A-3.5.3
Ranier Esslen

New York, New York
(D~069}

Commants: A~3.8.3

R. T. Cook
{D~G70)

Comments: A-3.3.1

A~14
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A-2.7.22 Jack Bratcher
salt Lake City, Otah
(D~071)

Coments: A-3.8.5
A-2.7.23 Harry perlstadt

g. Lansing, Michigan

(D~073)

Comments: A-3.6.4
A=2.7.24 patti Breitman

New York City, New York

{075}

Comments: A-3.8.5

A~2.7.25 praham and Diane Horwitz
{D-077)

Comments: A=3.8.5
A-2.7.26 Mones E. Hawley

washington, D.C.

(D~079)

Comments: A~3.8.5
A-2.7.27 wonne Vandenengel

Montreal, Canada

(D-081)

Comments: A-3.B.%
2~-2.7.28 Francis A. Lackner, Jr.

New York City, New York
(D-082)

|
|
i

Comments: A-3.2.4, A-3.6.4

A-2.7.29 Charles K. McWhorter
New York City, New York
(D-106)

it R e ik

Cammnents: a=3.3.1

2-2.7.30 J. W. Mellinger ;
Cocoa, Florida ‘
(D-114)

I —————

Camrants: A=3.8.5
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A_2.7-31

A=2.7.32

A-2.7.33

A-2.7.34

A~2,7.35

A-2.7.36

A=2.7.37

Erick Pfeffer
Albany, New Yrok
(D=116)

Commentss A-3.3.1

Thomas H. Fay, Ph.D.

New York, New York

{NYC-9)

Comments: A-3.2.4, A-3.4.1
L. K. Irvine

Salt Lake City, Utah
{SLC~7)

Comments: A-3.8.3

Steve Harmsen

Salt Lake City, Utah
{SLC-3)

Conments: A-3.5.9, A-3.6.4
Robert B. Chaney, Jr., Ph.D.
Missoula, Montana

{SLC-8)

CCXmEntS: A_3a1-2; A""'31402
Martin S. Robinette, Ph.D.
Salt Lake City, Utah
(8IC-11)

C('mlEnt'.S: A‘3n8.5

pDavid Mocre

Salt Lake City, Utah
(SLC-5)
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A~3. SUMMARY OF COMMENTS AND RESPONSES

This section summarizes the comments received from the contributors

identified in §A-2 and EPA's response to these comments.
A=3.,1 HEALTH AND WELFARE BENEFITS.

A-3.1.1 Magnitude of Benefits

Seven commenters (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 welfare benefits derived fram the
proposed requlation were too small, One conmenter remarked that noise
from truck-mounted compactors did not damayge hearing and two other conmenters
indicated that compactor moise was not a sericus problem. However, two
commenters stated that the regqulation should be more stringent to increase
the benefits,

Response: LPA's definition of health and welfare is based upon the
definition developed by the World Health Organization which includes factors
other than the absence of clinical disease, The phrase "health and welfare"
denotes personal comfort and well-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,
the reduction of nighttime noise that is of sufficient intensity and duration
to disturb a sleeping person has been analyzed.

a1l of these impacts need to be considered in judging the health and
welfare benefits of the proposed regulation. Compactor 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 be anticipated. Truck~mounted solid waste compactor
noise results in significant impacts in both of these areas, as shawn in the
health and welfare analysis and as corroborated by several commenters.

EPA has selected a requlatory level that represents the best means of
obtaining optimal health and welfare benefits within the constraints of the
best available technology. A more stringent regulation at this time would
not significantly improve the health and 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 L an = 99 ds
for adequate protection oFf health and welfare was too high and suggested an
optimum goal of L an - 35 dB. Ancther commenter (A-2.5.23) indicated that EPA
may have underestimated the impact of noise on people who live in mobile
homes. A third commenter (A=-2.7.35) remarked that criteria for limiting
sleep disturbance, speech interference and annoyance due to noise characteris-
tics other than the level of noise need to be incorporated inte EPA's require-
ments for protecting the public's health and welfare.

Two commenters {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 compact
trash at every stop.

Response: The EPA health and welfare model represents the EPA's best
estimate of the frequency of occurrence, duration, and intensity of truck-

mounted solid waste compactor noise and the location of compactor noise in

A-18
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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
gecgraphical location. Therefore, the model may not accurately represent indi-
vidual situations that vary significantly from the norm, i.e., mobile homes.

The criterion of L an = 55 dB8 was determined by the Agency to be the noise
level requisite to protect the public health and welfare outdoors, with an
adeguate margin of safety for koth activity interference and hearing loss
{p.28 ~ Levels Document). Therefore, a level of L an = 35 dB would not appreci=-
ably add to the public's protection, and would be unrealistic and impractical
to achieve. An Ldn of 55 dB, the attainment of which will involve a concerted
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.

Inclusicn of characteristics of noise other than the freguency 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 cther characteristics
quantitatively to human impact.

As for the parameters describing the frequency of the compactor operation
in relationship te 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
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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 PTO
and front PTO that were suggested noise control features for compactor
vehicles were not veadily available nor applicable to many chassis,

Response: As the demand for quiet PTOs increases, EPA anticipates that
manufacturers will offer improved designs to meet the regulatory standards,

some existing quieted refuse trucks use transmission PIOs, Use of a
gear ratio that allows lower engine speeds is helpful, The noise from the
PTO gears may be reduced considerably by grinding gears to a finer finish, or
by wrapping the transmission and PTO case with sound deadening material. One
manufacturer of transmission PTOs is considering a finer tooth design or
helical gear as an alterpative to an acoustic enclosure.

Front power take-offs have been adapted successfully to front, rear, and
side loaders. One major truck manufacturor offers front power take—offs on
its quieted trucks and another company offers the front PTO as a "Limited
Production Option". Two other manufacturers plan to offer the front PIO 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 take-offs on their chassis and reports success with both gaso-

line and diesel engines.
A-20
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A=3,2.2 Best Available Technology

Two commenters (A-2.7.15 and A-2.5.15) indicated that some European

countries have very quiet trash collection services. They suggested that EPA

study these systems further and incorporate some of the methods used there

into the EPA's definition of best available technology so that lower standards

oould be pranulgated,
Response: The EPA stldies focused on the best technology currently

available within the United States.
that is only being used in Burcpe (such as electrie trucks) would place undue

To propose Standards based on technology

economic hardships on U.S. manufacturers. However, in order to meet current

noise standards or in response to the INEP program which encourages production

of quiet compactor trucks, U.S. manufacturers may adopt, for their own use, some
of the Eurcpean methods.
A-3,2,3 Fuel Consumption

Three commenters (A-2.1.4, 4-2.4.1, and A-2,2.1) noted that factors
They expressed

other than reduced engine speed could affect fuel consumption.
concern over increased engine temperatures and reduced engine life resulting
from lower speeds.

Response: EPA recognizes that factors other than reduced engine speed
can affect fuel consumption. However, reduced speed is the only noise control
feature for compactors that should affect fuel consumption. FEPA studies
indicate that low speed operation reduces Fuel consumption without a decrease
in emngine life or an increase in engine temperature. One manufacturer lists
reduced fuel consumption as one of the benefits of quieted units in his

pramtional literature. EPA estimates an annual savings of 2 million gallons
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of gasaline 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 coimnenters (A-2.5.23, A-2.6.5, and A-2.7.32) favored placing some
controls on the brake noise of campactor vehicles. One commenter (A-2.5.5)
indicated that vehicles equipped with "121 brakes" (Motor Vehicle Safety
Standard 121, DOT) 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 campactor noise
only during the compaction cycle of a stationary truck, and is not intended
to control neise sources common to all truck chassis during transit operations.
Brake noise is not a problem characteristic of only refuse wehicles, 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.
A-3.3 ECONOMIC IMPACT

A-3,3.1 Magnitude of Costs

Thirteen commenters* indicated that they opposed requlation of truck-
mounted solid waste compactors because the costs of regulation were too high
or bec.;ause the requlation was not cost-effective, Two of the above commenters
indicated that the cost 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

elemanit 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 commenter (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.

'Resmnse: EPA expects that the costs of compliance with the regulation
will be passed through to the user of refuse collection services. FProm 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 cost to achieve the health and welfare benefits expected from the
requlation, 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. EPA has been given
estimates of as high as §75,000 for a modern, fully equipped refuse collection
vehicle which could entail a $7500 allowance for noise control while remaining
within the bounds of the EPA economic impact analysis. 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 contrcl. WNew 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,

EPA estimates of the cost of compliance are based on industry-wice 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 ¢ollection, independent studies have confirmed EPA's estimate that
the capital costs of vehicles represent no more than 5 percent of the htotal
cost, of refuse collection service,

The Noise Control Act, under which this regulation is being promilgated,
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 commenters, are:

+ Recordkeeping
« Engineering

' . Testing
. Warranty

+ Production Verification
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Costs that were omitted, according to some of the commenters, 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
bills, energy costs

Response: 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 document. Estimates were based on knowledge of
the current operating procedures of the compactor manufacturing industry
pravided to EPA by compactor manufacturers. In the original economic analysis
the production verification costs were estimated based on testing 15% of the
units produced. Many manufacturers indicated that the percentage requiring
testing would far exceed 15%. The production verification scheme has been
revised to reduce the number of units requiring testing so the cosks related
to PV testing are likely to be lower than originally estimated, EPA estimates
that fewer than 5% of the units manufactured will have to be tested, and that
very few, if any, PV tests will be performed by distributors in view of the
revisions in the regulation.

The requivement for testing compactors with the container attached has

been deleted fram the regulation; therefore, no costs for quieting containers
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will result from this regulation. Nevertheless, EPA helieves 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 decisicns and
action, and are not attrihutable directly to this regulation. {See Section
A-3.5.5),

Many of the manufacturers identified in the EPA studies currently mount
some of the compactor bodies at the manufacturing plant. Therefore, there
should be no additional cost to manufacturers for mounting facilities. Also,
with the regulation 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 munting 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 body manufacturers and
distributors.

Commenter-suggested costs related to the decreased numbers of service
shops are based on 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. In 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 pump. As the engine speed is reduced, the pumping capacity of the pump
must be increased accordingly.

The costs of not regqulating 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 compactor 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
i quality of life 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-cf-pocket costs of the requlation.

With respect to energy costs, these have been taken intoc account in EPA's
] econami.c analysis, in that the expected reduction of fuel costs results'in a

lower net cost of compliance.

A-3,.3.3 Cost/Benefit Analﬁis

One commenter (A-2.5.20) remarked that the costs of the regulation

should be justified in terms of the benefits received. A second commenter

PO
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(A-2.5.16) pointed out that it was impossible to quantify the costs of not
requlating, but that he believed the benefits of the regulation are worth the
oost.

Response: To perform a cost/benefit analysis of the regulation would
entail assigning a monetary value to the benefits so that they can be weighed
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 method of analysis has been
found that has broad acceptance by the scientific community. Consequently,
EPA believes that it is not feasible in the present state of knowledge to
asgess the hbenefits 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 Exports
A trade association (A-2.4,1) commented that costs of equipment produced

for export will be increased, resulting in a reduced demand for exported
equipment. Another commenter (A-2.7.17) indicated that those companies that
cannot maintain dual production lines will lose export business.

Response: Manufacturers may continue to produce unregulated equipment
for export. To the extent that some foreign markets may reguire quieted
compactor trucks, manufacturers will be in an improved competitive position.

Many of the noise control features identified for compactor vehicles
consist of using components with more advanced nolse control technology.
Most of these components 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
custam 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 ecuipment.

A-3.3,5 Unemployment

Ancther economic impact assessment questioned by commenter A~2.7.17 was
the conclusion that no unemployment would cccur as a result of the regulation.
This commenter thought the conclusion unreasonable since many workers would be
displaced.

Response: The determination of unemployment is based upon the total
number of persons employed by the affected industry. 'This and other economic
impacts of varicus regulatory alternatives are carefully assessed by EPA
prior to promulgating regulations. 1In selecting a regulatory standard, EPA
attempts to minimize these effects as much as possible. The decrease in
production as a result of the compactor requlation should result in unemploy-
ment for less than two percent of the total affected industry (i.e., fewer
than 40 persons). EPA anticipates that the job positions created hy the
required application of noise control technology and by the testing and
canpliance program will sufficiently offset this unemployment ang may even

result in increased employment.
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A-3.4 TEST PROCEDURE

A-3.4.1 Noise Level Determination

Several commenters had questions concerning the use of energy averaging
for computing the regulatory noise level. One commenter (A-2.5.15) indicated
that the energy average could permit a noise level as much as 6 dB higher than
the regulated level on one side of the truck. Another commenter (A-2.2.1}
suggested that an arithmetic average would be preferable to the energy average.

One commenter (A-2,2.1) remarked that there appeared to be no justifica-
tion for using microphones at seven meters because at that distance the
campactor is less like a point source (than at the 50-feet distance used in
the passby test procedures for truck chassis). Also, using four microphones
will make correlation with existing stationary test procedures for trucks
difficult. Another commenter (A-2.7.17) questioned whether the distance (7
meters) of the microphones could be considered relatively close.

Several commenters 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), cltizens
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 veflec—
tion of noise off buildings and other barriers usually present when trash iz
being collected. Possible soluticns suggested by commenters (A-2.5.15,
A~2.5.12 and 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).
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Response: The Aguncy believes that the logarithmic {energy) average of
the levels at the four microphone positions provides a more representative
measure of the noise emissions of the vehicle than the arithmetic average.
The logarithmic average of the sound levels is closely related to the sound
power emitted, which is the physical quantity generally regarded as best
expressing the "amount" of noise radiated by a nolse source. Many standards
for defining the noise of machinery are based on deteeminations of sound
power. It should be noted, however, that the actual measurements are made in
socund pressure level., The sound power (level) is determined by computation,
using the sound pressure level data.

The comment that the eneryy average could permit a level as nwuch as 6 dB
above the standard on one side of the truck is purely theoretical. To achieve
this, the measurements on the other three sides would have to be at least 14
decibels lower than the level on the noisiest side. Since the compactor
is not a highly divectional noise source, such an occurrence is most unlikely.
In all the noise measurements made of refuse collection wehicles by £EPA, the
largest spread in noise level observed among the four measurement positions
was 7 decibels, for one vehicle. In most cases, the spread (between the
highest and lowest nroise levels weasured at the four positions) was about 3
or 4 decibels.

If the regulation were to be based on a single maximum reading, a lamye
number of measurements would be required to determine at which point the
maximum reading occurs. EPA believes that the use of four microphones placed
at the same position for each test provides the best approach to ensuring
congistent and representative measures of the noize emission of a refuse

collection vehicle without introducing unnecessary complexity 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 individual noise scurces and would not
necessarily be characteristic of the wehicle as a whole.

With respect to the reverberation effects of nearby buildings on compac-
tor noise: the purpose of the measurement procedure is to provide a standard
methed, as simple as possible, by which noise measuremente can be made on
refuse collection vehicles to detemuine if they meet the Federal standard.
Therefore, it is necessary to eliminate, to the extent feasible, those factors
which represent non-standard and conplicating 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 manufacturers (A-2.1.1) suggested using the Leg metric since it
is a more oonsistent measure of sound emissions. It was further suggested
that the Leq be calculated over a 10 second period and the use of the graphic
level recorder not be permitted. Ancther commenter (A-2.7.35) indicated that
the Leg was unworkable for individual occurrences.

Response: EPA recognizes that there was some ambiguity in defining the
"maximum steady sound level", Several revigions have been made to the proposed
test procedure, and the term "maximum steady sound level" has been replaced by

“maximum noise level” (defined in 205,201(a)(17)), to clarify EPA's intent.
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If the noise fluctuates irreqularly by several decibels during the mea-
surement, it may 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 comment pericd, 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 maximum value using the "slow" response of the
meter. With respect to impulse noises, all units that had impulse peaks in
"fast" response of less than B3 dBA showed maximum values under 79 dBA in
"slow" respense. 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
simgle 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" ard one of "maximum impact”, using the "fast" meter setting. The
increage 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 inplied 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. The Agency believes that,
to ensure consistency 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 Empty 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 compactor whether or not it is loaded.

Responge: 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 actually being
compacted would 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 he too complex and unwieldy to be practical for test
purposes,

Several noise tests have been conducted while the vehicle was compacting
an actual load of refuse. These tests have shown that some loads do increase
the noise level slightly while others may decrease the noise level, but generw-
ally the differences are small. Refuse lcads 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" ncise emitted from a compactor and greatly simplify compli-

ance testing.

A~3.4.4 Operating Cycle

A trade association (A-2.4.1), three compactor manufacturers (A-2.1.1,

A-2,1,2 and A-2.1.3), and a truck manufacturer (A-2.2.1) commented about the
need for guidelines regarding normal operating procedure for manually operated

campactors.

: 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 normal operating procedure.

Response: §205.204(£){4) has been revised to clarify the normal operat-

ing procedure for manually operated compactors. The compactor engine shall be

operated at a speed in rpm corresponding to the maximum allowable speed of the

hydraulic pump which powers the compactor mechanism.
The regulation was not intended to cover compacting while the truck

iz in motion. This omission should not reduce benefits for those areas where

At e .

campacting in motion is the normal operating procedure. If the compactor
manufacturers limit the maximum allowable engine speed during compaction,

as anticipated, this will prevent the compactor truck from moving very fast

while compacting and also from compacting at the maximum allowable enyine

speed for the moving truck. ‘herefore, the total noise emission resulting
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from compacting while in motion should not exceed emissions of compacting

while staticnary.

A~3.4.5 Meter Error

A manufacturer (A-2.1.4) commnted that no aliowance was made for meter
ervor in the test procedure.

Response: The regulation assumes tht manufacturers will design eguipment
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 configuration.

A=-3,4.6 Tachometer

A manufacturer {A-2.1.1) comented that the truck mounted tachometers
could be used to record engine speed if the accuracy requirement for tachome-~
ters was amitted from the regulation.

Responge: EPA has revised the regulation to allow use of the instrument
panel tachometer installed in the truck, and to increase the allowahle error

for the tachometer reading from 2% to 5%,

A~3.4.7 Barametric Pressure

A manufacturer {A-2.1.1) requested that the reguirement for recording
barometric pressure be omitted from the regulation.

Response: Large differences in barometric pressure may have an effect
on the moise measurements and the field-check calibration, particularly by
affecting pistonphone (field calibrator) output, This requirement is neces-

sary to allow EPA to evalvate potential differences in test results.
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A~3.4.8 Standing Water
A manufacturer {A-2.1.1) requested that the requirement for no standing

water on the test pad be omitted from the regulation.

Regponse: 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

measurements.

A-3.4.9 Radiator Fan

One manufacturer (A-2.1.3) commented that the truck requlation does not
require the radiator fan to be operating during the test procedure., The com-
pactor regulation should be the same.

Response: The 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 wehicle is moving at road speeds. Since the
noise emission tests for compactors will be conducted with the engine at low
speeda, the fan is needed to c¢ool the engine. However, the noise contrihbution
of the fan operating at low engine speeds is expected to be negligible, based

on data obtained by EPA.

A-3.4.10 Agreement of Readings Within 2 dBA

A truck manufacturer (A-2.2.1) commented that it is unclear why readings
mast agree within 2 dBA, Further, if the readings have to agree within 2 dBA
at each microphone this would be a very difficult requirement.

Responge: The energy average of the readings fram each of the four
microphones should agree within 2 dBA for the two complete compaction cycles

to be tested for noise emissions. It is not expected that, under normal test
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procedures, readings will disagres 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 within 2 dBA. This type of situation would
need to be corrected before the test results could be considered valid.

The appropriate section of the regulation has been c¢larified to indicate
that agreement within 2 dBA applies only to the four-microphone energy average,

not to the readings fron each microphone.

A-3.4.11 Cost of Testing

A truck manufacturer (A-2.2.1) commented that the test procedures were
too costly for small manufacturers and distributors.

Response: The costs 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, thus eliminating the overhead
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 Conditicns

Two manufacturers of compactors (A-2.1.3 and A-2.1.2), two compactor

vehicle distributors (A~2.3.3 and A-2.3.8), and a trade organization (A-2.4.1)
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commented 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 prohability of
snow,, rain, or winds in excess of 12 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 designated facility for testing.
A~3.5 REGULATORY CRITERIA

A=3.5,1 Identification as a Major Source of Noise

A truck manufacturer (A-2.2.1) commented that, in their urderstanding,
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 Fguivalent Noise Impact), Since the ENI
for this product is 0.2% of the population (Note: using the Eigures 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
gource of noise, The environmental noise impact analysis involved calculat-—

ing both the intensity (loudness and duration) and extent (populaticn affected)
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of the noise source impact. The overall noise impact is determined by Frac-
tional Impact methodology (the preferved term now is "Level-Weighted Popula-
tion" (LWP)). Therefore, it is not correct 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 impacted 10 percent are equivalent to one person impacted
100 percent. The actual population that is affected by truck-mounted solid
waste compactor noise is estimated at 19.7 million perscns in the baseline year
for analysis (1976), or 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
computed Equivalent Noise Impact (ENI) or Level-Weighted Population (IWP) is
approximately 2.1l million equivalent persons who are impacted 100%.

s 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:

1. 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;

2. Vhether the spectral content or temporal characteristics, or both,
of the noise make it irritating or intrusive, even though the noise
level may not ctherwise 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 alveady pro-

posed for new medium and heavy trucks as noted in the Federal Register 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 (compactors) alene is of a lower order of magnitude, However, 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 requlations".

A-3.5.2 Data Base

A trade association (A-2.4.1), two compactor manufacturers (A-2.1.1 and
2-2,1.3), 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
emissions. The commenters were concerned about the size of the data base and
apparent inconsistencies in the measurement procedures utilized. Specifically,
these commenters believed that the data base was not large enocugh to be repre-
sentative, that too many quieted compactors were included, and that all the
compactors were not tested under identical conditions (i.e., same were tested
with containers, some without; some tested on different surfaces; and some
tested with variable engine speeds and cycle times).

Response: EPA made measurements of a number of vehicles which are
believed to 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 collacted under varying conditicns. 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 Decument, 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

Iocal 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 imdividual 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

which 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 guieting 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 dRA
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 compactor trucks
‘were investigated. These techinclogies ranged fram the exclusive use of elec—
tric vehicles to requiring special auxiliary motors for powering the compac-
tors. Since none of these nmore 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 too severe,

EPA 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 found that the full benefit of such standards were not
fully realized for a variety of reasons. It is costly to purchase compactor
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 anvhow, in order to meet urgent
needs for refuse cmllection. After the effective date of the Federal requla-

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 standaxd 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 wehicles 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 Loaders

Two compactor manufacturers (A-2.1.3 and A-2.1.4) commented that it did
not seem apmropriate to group all types of compactors under 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 commercial collection),
EPA studies indicate that all three types of campactors 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 fram
neighboring commercial establishments or from 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 haseline
noise levels for the three types of campactors. However, in its testing of
campactors with quieting features incorporated, EPA found that all types could

be quieted to meet the proposed standard.
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Therefore, the Agency believes that technolegy is available to pewmit
all three types of compactor wvehicles 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 emitted by the containers utilized for refuse collection con-
cerned many commenters. 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.).4), a trade association {A~2.4.1), and a truck manufacturer
{&~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-
tainers was that testing was impractical due to many different types and
materials of containers. Another was that potential higher noise levels
emitted with containers attached were not given full consideration in EPA
noise tests and were therefore absent from the data base supporting the
proposed standards.

Responge: This 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 bemeficial 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 nolse 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 more effectively 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 walidity of this view. The comments that
follow are intended to provide background information for the guidance of
local officials in planning possible action to abate container noise,

Two general classes of containers are used, One is a relatively small
capacity container such as a garbage can, used by individual households. The
aother 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 lcader). Traditionally, this container has been
of galvanized steel construction. In recent years containers made of plastic,
either cans or bags, have increasingly come into use, largely as a rasult of
local efforts to reduce the noise associated with trash collection.

The large commercial trash containey, with capacity up to eight cubic
yards, must be manipulated by container-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 dug to contact between the container and the handling
mechanism, truck hopper surfaces, and the ground. For the large containers
with lids, banging of the 1lid against the hopper surfaces and the container
body is one of the most prevalent causes of impact noise.

Although individual household containers made of plastic are practical,
large commercial containers must 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 substantially 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 compactor manufacturers supply elastomeric
materials, such as rubber or polyurethane pads, to those portions of the
hepper where impacts with containers and container lids are apt to occur.

EPA also recommends that municipalities require the use of such materials

in their commnities where noise from this source continues to be a problem.

! A-3.5.6 Definition of "Newly Manufactured"

Two commenters (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

campactor bodies which are mounted on used chassis or new chassis that are one i

|
1
i
} or two years old and do not meet the mmedium and heavy truck noise standards n
i
: for 1978. Ancther commenter (A-2.5.23) recommended that the regulation

§

include refurbished truck-mounted solid waste compactors,
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Responge: The EPA has clarified its definition of "newly manufactured"
in §205.200 of the regulation. Only truck-mounted solid waste compactors that
consist of chassis and compactor hodies manufactured after the effective date
of the requlation are subject to regulation. Previously used compactor bodies
or chasgis that are refurbished for further use are not subject to regulaticn.
Likewise, for the second stage of the regulation, only chassis and compactor
hodies manufactured 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 encugh torque and horse-
power to operate the compaction mechanism. Some manufacturers of compactor
bodies have indicated that they will continue to use diesel trucks because they
are believed to be easler to quiet, even though the noise oontrol technology
is more oostly., Nevertheless, New York's experience has shown that it is also
feasible to mnufacture quieted refuse collection wehicles with gasoline
b engines.

As evidenced hy 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 both gasoline
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A-48

A3 TS W gyt =

bt 4 i

. bl



RN

i Lt

" e e bt et . .
Frzmram oML et 0 SR e 0 e ot e e 5 100

ard diesel-powered vehicles can be manufactured to meet the standapd, 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-2.2.17) noted that route trailers are excluded
from consideration for vegulation in the Background Document but are included
in §205.201 of the proposed requlation. The commenter recommended that route
trailers be excluded from the regulation.

Response: The statement in the Background Document did not exclude
route trailers fram regulation. It merely pointed out that route trailers
were excluded from consideration in the economic impact analysis because of
the small number of such vehicles manufactured.

Compactors which are mounted on truck trailers (route trailers) are
subject to the noise emission standards for truck-mounted solid waste compac-
tors. Route trailers do not differ significantly in design or operational
aspects fram compactors mounted on trucks. Although there are only a few
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 compactor wehicle, increasing
the potential noise impact. This would represent unfair competition for the

manufacturers of compactors subject to the regulation,
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A-3.5.9 Acobstical Assurance Period

A-3.5.9.1 lLength 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 compactcr.

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 pericdic 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
econanic life of the product. However, EPA deoes not consider it reasonable to
hold the manufacturer 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 inadeguate 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 pramulgating
complementary in-use standards for truck-mounted solid waste compactors in

their jurisdiction.

A-3,5,9,2 Camputation of Sound Level Degradation Factor (SLDF)

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 a truck manufacturer (A-2.2.1) caommented that there
is not data avallable for computing the SLOF [now known as Noise Level Degrada-

tion Factor (NLDF)].
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Another three commenters (A-2.6.4, A-2,7.% and A-2.7.34) indicaced that
the most appropriate method for determining noise level degradation would be
long term durability tests or periodic monitoring by EPA after sale.

Response: 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 NIDF of their products. As more experience is gained and
test data is gathered, the estimation of the NIDF 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 back
the effective date of the regulation by several years. The cost of such a
program as well as the substantial delay in achieving benefits from the regu-
lation does not, in the EPA'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 requlation are being realized, It would be impractical for
the EPA to undertake monitoring of products except on a limited basis. How-
ever, State and local governments with monitoring programs can notify EPA

of specific situations where there appears to be non-campliance.

A-3.5.9.3 Cost of the Acoustical Assurance Period (AAP)
Cne ocompactor manufacturer (A-2.1.4) remarked that the costs of the AAP
were not included in the econcmic analysis. Another commenter (A~2.7.34) was

concerned that the ARP 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 manufacturers in
this industry maintain that they indeed build a high quality product. The
AAP merely ensures that these same goals ave 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 consuper by providing an additional

incentive for manufacturers to provide high quality, durable quieted products.

A~3.5.9.4 Coampliance with the Acoustical Assurance Period (AAP)

Three oompactor 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 comply with the AAP
for the total vehicle, since the medium and heavy truck regulation does not
have an AAP. One of the above commenters indicated that even if the truck
regulation had an AAP it would still be impossible to comply since 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 commenters indicated that

campactor 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 regulaticn.
Response: Experience with trucks included in the DOT Quiet Truck program
showed no significant noise level degradation after being in operation over
100,000 miles. Consequently, the Agency expects that the truck chassis used
for compactor vehicles will show no significant degradation in the two-year
pericd of the AAP, which generally entails less than 50,000 miles of operation

for a refuse collection vehicle.
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The difference between the regulatory test procedures for the medium and
heavy trucﬁ regulation and the compactor regulation should not be an important
factor relative to the AAP. The noise control components for the truck chassis
perform the same function in either type of test, and the quality and durability
of the components is not relevant to the type of noise measurement involved.

The secondary uses of products should not affect manufacturers' compliance
with the AAP. If the manufacturer has recommended operating instructions
indicating that the potential secondary uses involve improper operating
procedures, then any lack 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-2.2,1) and a trade asscciation {A-2.4.1) commented
that the Noise Control Act provides no authority for EPA to pramulgate an
Acoustical Assurance Period (AAP) and NIDF. The trade association asserted
that the AAP was in direct conflict with the Act by reading "the time-of-sale"
larguage cut 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 oould 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 implicit in
the Noise Control Act. 1In order to meet the requirements of the Act it is

necessary to engure 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 henefits.
A-3.6 [ENFORCEMENT

A-3.6.1 legal Authority

A truck manufacturer {A-2.2,1) and a trade asscciation (A-2.4.1) objected
to the authority 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.

Response: Since the EPA production verification system leaves the
manufactirer in control of many aspects of the compliance program, it is
essential that EPA Enforcement Officers have access to manufacturers' plants
and records in order to determine whether the requirements of the regulation
are being followed and whether conformirng vehicles are being distributed in
commerce. Thus, EPA has prescribed inspection and monitoring regulations (40
CFR §205.4) 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 records are being kept, that products whiéh 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 §6{c) and §13{a), and
the vecords obtained are information which the manufacturer s required to

maintain under §13(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:
{1} products to be distributed in commerce are manufactured, assembled or
stored; (2) noise tests are performed, (3} test preducts are present, or
{(4) records, reports, or documentary information required to be maintained
or provided to the Administrator are located.

Fxamination of 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)({1) and §13(a) of the Noise Control
Act. §13{a) specifically authorizes EPA to require such tests as are necessary
to assure compliance 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 case of Marshall vs. Barlow's

Inc., 46 USIH 4483, has prompted 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.
The changes Incorperate the spirit of Barlow's decision and clarify that EPA

Enforcement Officers may not inspect a manufacturer's property unless {1) 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 2798B.

With respect to recall and cease-to-distrihute orders, the Administrator

is given the authority to issue remedial orders under §11(d) of the Noise
Control Act. Remedial orders supplement the criminal penalties of §11(a) and

will be issued only after notice and opportunity for a hearing. Recall and
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cease~-todistribute are examples of orders the Administrator could f£ind
appropriate in certain circumstances. Different circumstances may necessi-
tate remedial orders different than those described in the regulation. The
Administrator 1s given the power to fashion remedial orders in such situations

to protect the public health and welfare.

A~3.6.2 Selective Enforcement Auditing (SEA)

A trade association (A-2.4.1) commented that the SEA procedure is totally
inappropriate for the compactor manufacturing industry. A later submission to
the docket indicated that the association was concerned about the lack of
"batches" 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 ccetions of

the regulation have been reserved for later incorporation of these improved

procedures.,

A~3.6.3 Tampering
One commenter (A-2.7.9) indicated that penalties were needed for tamper-

ing with the equipment. A manufacturer {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 tampering under the truck regulation and
would require the compactor manufacturer 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 which would result in an increase in noise emis-
sicns to a level above the standard are considered tampering. The manufacturer
specifies the list of components which constitute the noise control system.
Modification of any of these components is presumed to be tampering. While
some acts are presumed to be tampering, they may be shown not to be 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 canponent 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 tampering, but it is not a presumed act of tampering on
present models, because the exhaust system is not on the list of noise-control
camponents. However, if testing showed that the noise level was increased

above the compliance level by this act, then it would be considered tampering.

A-3.6.4 Local Enforcement

Several commenters were concerned about the impact of the Federal regula-~
tion on local governments. Three commenters (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 commenters (A-2.5.15 ard A-2.5.5) were concerned that local commni-

ties would be unable to enforce the regulation due to the proposed test

procedure.
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One commenter (A~2.5.10) suggested that EPA allow the manufacture of
both guieted and non-quieted trucks. Communities without curfews should then
order the quieted trucks.

Response: When the Federal standards for compactors are effective, state
and local governments will be pre-empted fram enacting and enforcing time-of-
sale standards which are not identical to the Federal standards, and all com-
pactor manufacturers will be required to meet the Federal standards. Congress,
through the Noise Control Act, mandated this result; the EPA does not have the
power to change the Noise Control Act. Two of the reasons for the Congres-
sicnal mandate of uniformity of treatment were: (1) to relieve manufacturers
of products identified as major noise sources fram the necessity of kuilding
different products solely to comply 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 instance, 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 enforee a standard identical to the Pederal 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 meters. If a vehicle measured in this way produces noise over the
state and local standard, the owner may be requested to take the wehicle to
another site more suitable for conducting the Federal test procedure. 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-compliance which was considered high. Development of a method that
would prevent the sale of any product in non-compliance was suggested.

Response: The Act and the regulations require that all products distri-
buted in commerce be in compliance with the noise emission standard. The 10%
BQL is utilized only during SEA testing requested by the Administrator., The
AQL was established to account for testing and production variations. The 10%
AQL does not permit 10% of the products produced to be in non-compliance, but
is merely the level of non-compliance found in an SEA above which the Agency
will likely take remedial administrative action. Any product tested and found
to be in non-compliance must be brought into compliance and retested prior to
distribution intc commerce. For example, if a manufacturer tests a preduct as
part of an intermal quality control program and that product is found to be
non-camplying, the manufacturer must correct the non—compliance and retest to
assure compliance prior to distribution. Any distribution in commerce of a
product which is pot in compliance is a violation of the Noise Control Act and !
is subject to remedial orders under Section 11{d}. Shipment of a product '
known 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 SEPRRATION OF SQURCES FOR REGULATION

A-3.7.1 Separate Standards for tach Component

Seven distributors of truck-mounted solid waste compactors (A-2.3.3,
A-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~2,1.1, A-2.1.2, and A~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 (A-2.1.4) suggested separate
tests for the chassis, compactor bodies, and hydraulic drives.

Response: FEPA believes that the noise problem must be viewed in the
context of the total compactor vehicle system, comprising the compactor
body, hydraulic power systems, enaine power take-off unit accessorjes, and
the chassis-cab unit. EPA's study of the noise control technology for garbage
trucks showed that the most effective way of reducing overall compaction cycle
noise is to desigh the compactor vehicle system to operate at low engine speed
during the waste-handling 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 ave 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 rpm and gasoline engines operating at speeds below 1500 rpm
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will not exceed a noise level of 72 dBA., Allowing an equal contribution from
compactor related noise sources, a body manufacturer could work toward a design
target of 75 dBA. This would provide a substantial margin for variability in
conforming with the proposed 79 dRA 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 contrel of the body
manufacturer and no cne else. Consequently, if the responsibility for the
noise of the total vehicle is to be assigned, it must be assigned to the body
manufacturer.

EPA believes that pramulgation of the regulation will set into motion a
market md:anism that will result in the aocguisition of chassis noise data by
compactor body manufacturers. At present, a number of the customers 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 chassis suitable for a given compactor body. 'The chassis
selected must ke one which the body manufacturer is assured has satisfactory
nolse emission characteristics (at appropriate engine speeds) to permit com-
pliance with the standard., This means that, in order to be competitive for
refuse vehicle applications, the chassis manufacturer will not only have to
supply the necessary 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 compared
to the total market for trucks, the EPA believes that it is of sufficient
magnitude to attract an adequate supply of chassis with suitable accompany-
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 chara‘lcteristics,
the Agency will seriously consider promulgation of supplemental regulations
to require chassis manufacturers to provide the needed noise data with appro-
priate warranties or certifications. The authority for such action is Section

B {noise labkeling)} of the Moise Control Act.

A-3.7.2 Noise Emission Tests for Components

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 mediun and heavy trucks and
the compaction vehicle. Commenters believed that no correlation had been
developed between the two tests, particularly when the truck has a load
comparable to a compactor. Compactor manufacturers were concerned that the
chassis generates more noise than the compactor body and that they have no

contrel over 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.

Responge: EPA analysis has shown that any truck engine used in a truck
chassis meeting the EPA noise standard for 83 dBA during a passhy test at
50 feet for medium and heavy trucks will be able to meet the EPA noise requ-
lation for compactors if the maximum engine speed during the compaction cycle
is controlled to a reascnable level, Several truck manufacturers have sub-
mitted data to EPA indicating that trucks meeting the 1978 medium and heavy
truck requlation of 83 dBA at maximum engine speed have sufficiently low noise
levels at reduced engine speeds to be suitable for use in assembling compactor
vehicles that conform to the standard. For gasoline engines, significant
reductions in sound levels were cbtained with engine speed reduced to below
2000 rpm, Diesel engines appear to reguire lower engine speeds; at engine
speeds below 1300 rpm sound level reductions ranged £rom approximately 10 éB
to 15 dB below the regulated level of 83 dBA, according to data submitted by
truck manufacturers. The compactor manufacturer has f£inal 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 Production Verification Testing

A trade association (A-2.4.l1), three compactor manufacturers (A-2.1.2,
2-2,1,3, 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,
indicated that separate standards for chassis and body would alleviate this
large testing burden.

Response: The final regulation incorporates 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 conflguration 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 compactor power system. The manufacturer may identify the noisiest
configuration within each category and production wverify only that noisiest
configquration.

By virtue of these changes, the Agency believes that a relatively small

percentage - probably less than 10 percent - of units would have to be tested.

A-3,7.4 Liability
A trade assocation cammented that the liability for warranty costs should

be placed on the party responsible for the moise emission characteristics of
the product. The compactor body manufacturer should not have to be responsible
for compliance and liability of the chassis and other components manufactured
elsevhere which produce noise,

Regponge: As discussed previously in Section A—3.7.’I, it is the compac~
tor body manufacturer's responsibility to design an overall system for the
compactor vehicle which will be able to meet the standard. The design process

must take into account the noise characteristics of the chassis. If the
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compactor manufacturer fails to select appropriate components and a feasible
design for this system, that should be the compactor manufacturer's responsi-—
bility, not the components manufacturer's responsiblity.

The compactor manufacturer may wish to elicit some type of assurance
fram 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 form of contractual commitments or purchase
specifications that include specific requirements regarding the noise emis-
sions of the components under conditions appropriate to the compaction cycle

operation of the wehicle.

A-3.7.5 Respcnsibility for Compliance

Nine distributors* of truck-mounted solid waste compactors objected to
the responsiblity for compliance being placed on the assembler of the total
vehicle., The distributers mount many of the garbage trucks that they sell
ard indicate that they would be unable to assume the costs of testing 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
shauld be placed upon the manufacturer of the complete vehicle 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 manufactwring 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-2n3-2p A-203n4; A—-2.3.5, A"2-3-7; A—2.3.8, A‘"2-349' A"2-3010'
and A~2.3.11)
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connection with the distributien of such products”. EPA believes that the
broad definition encompasses a distributor that mounts a body and attepdant
power take off equipment on a chassis and is the last person to have control
of the completed unit before it enters the stream of commerce. Although the
distributor does not have control over the system design, he could produce a
non-camplying unit by selecting an unusually neisy combination of components
(chassis~cab, PTO and body) or by improperly mounting 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. §205.205-1(d) was
added to the regulation to reflect this concern. This section of the regula~
tion is intended to relieve distributors (and any other manufacturer who only
assembles compactor wehicles) of the requirements to perform Production Verifi-
cation tests of the vehicles they assemble. The rationale for this provision
is cutlined below,

The distributor, in assembling a vehicle, follows the detailed installa-
tion instructions provided by the compactor body manufacturer. When an unusual
configuration is encountered, the distributor generally consults with the body
manufacturer who assumes and maintains continual engineering overview of the
distributer's work. It s recognized that this type of manufacturer-distributor
relationship helps to maintain a competitive situation in the industry.

EPA's intent is to cptimize the distributor's ability to function effec-
tively by shifting certain duties and vesponsibilities to others in the chain of
the manufacturing of the complete vehicle. The revised regulation §205.205-1{d)

now allows a distributor to rely in good f£aith 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
opission or commission, then the responsibility for compliance with the

standard is shifted back to him.
A-3.8 GENERAL ISSUES

A-3.8.1 Regulatory Process

Five cammenters (A-2.1.4, A-2.1.1, hA-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 com-
menter (A-2,7.1) indicated that the regulation should go into effect sooner.

Another manufacturer (A-2.1.3) 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 quidelines through provision of a well publicized public
comment period after publication of the proposed requlation, 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 reviewsed

thoroughly, together with information and data obtained independently by EPA
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fran other sources, including other Pederal agencies, state and local govern-
ments, environmental crganizations and the general public. The conclusions
reflected in the regulation ard accompanying documents represent, in the
rgency's view, a fair and objective synthesis of the information obtained. EPA
considers the time frame and process established for this regulation to be
adequate for receiving comments fram the public, and for reviewing and evaluat-
ing these comments before 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 unnecessary and redundant
Process.

The effective date of the regulation relates to the date of manufacture.
Any truck-mounted 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

One conmmenter {(A-2.5.3) opposed EPA's involvement in the regulation of
noise, indicating that noise regqulations should be for the protection of
workers rather than residents and therefore should be handled by the Occupational
Safety amxd Health Administration (OSHA}. |

Response: In the Noise Control Act of 1972, the Congress declared: "It
is the policy of the United States to promote an environment for all Americans
free from nolse that jeopardizes cheir health and welfare." While OSHA
regulates for the protection of workers, EPA is concerned with the effect
of noise on the general population. ALthough the regulation for compactors
does benefit the 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 Collection

Five commenters (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 commenter (A-~2.7.33) recommended that EPA consider the use of sound
absorbing materials and barriers to control noise for certain situations.

Response: In the Noise Control Act, the Congress declared that, while
primary responsibility for control of nolse rests with state and local govern-
ments, Federal action is essential to deal with major noise sources in commerce,
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
nolse, 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 dovernment, that is deemed necessary in

their jurisdictions.

A-3.8.4 Public Education

Two cammenters (A-2.5.21 and A-2.6.4) indicated that the proposed requla-
tion should be accompanied by a public education program designed to inform
purchasers 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
effectively maintain the products' noise control characteristics, The fact

that more noise does not necessarily mean more power should also be emphasized.
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Response: EPA concurs with these commenters. EPA's entire public hear-
ing process and accompanying publicity was designed to pramte public awareness
of noise pollution problems vrelated to products distributed in commerce. In
addition, the EPA Office of Noise Abatement and Control has been developing, and
expects to implement, in the near future, both a public awareness program on
noise, and a regulatory program (under Section B of the Noilse Control Act) for

labeling of both noisy products and products sold for the purpose of reducing

noise.

A-3.8.5 Favorable Comments

Seventeen submissions* to the docket consisted of comments that were
favorable to the proposed requlation 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 be addressed by the EPA
in regard to the proposed requlation. 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-2.501' A-2.5.2, A-255|17, A"2|5| 19[ A—Z.G.i, A-2.7.2, A—2.7.5, A-2.7|7;
A“2-7oap A-2.7'11f A—'2t7.22f A"2.7-24' A~2.7-25' A—2.7.26, A-2-7-27f A"2-7030’

and A-2.7n36) [3
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Appendix B

FRACTIONAL IMPACT PROCEDURE

Adapted, in part, from Goldstein, J., "Assessing the Impact of Transporta-
tion Noise: Human Response Measures," Proceedings of the 1977 National
Conference on Noise Control Engineering, G. C. Maling (ed.), NASA Langley

Research Center, Hampton, Virginia 17-19 October 1977, pp. 79-98.




FRACTIONAL IMPACT PROCEDURE

An integral element of an envirormental 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 nolse as described by metrics
such as the Day-Night Average Sound Level (Lgn}. Next, the distribution
of pecple who may be exposed to nolse anticipated as a result of adopting
various projected alternatives should be predicted or estimated. We can
judge the environmental impact by simply comparing these succeasive popula-
tion distributions. This concept is illustrated in Figure B-1 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 distribu-
tion, numbers of pecple are simply plotted against noise exposure where
Ly 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 comparisons of population distributions allow
ug 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
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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 therecf. 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 example, as
shown in Pigure B-2 using the linear function, if it is established that a
number of pecple are exposed to a value of L, the incidence of a specific
response occurring within khat population would be statistically predicted
at 50 percent.

A more comprehensive assessment of environmental noise may be performed
by cross-tabulating hoth indices of extent (number of people exposed) and
intensity (severity)} of impact. 1o perform such an assessment we must first
gtatistically estimate the anticipated magnitude of impact upon each indivi-
dual exposed at each given level, Lj, by applying suitable noise effects
criteria. At each level, Lj, the impact upon all people so exposed is
then cbtained by simply comparing the number of people exposed with the
magnitude or probability of the anticipated response. As illustrated in
Figure B-1, the extent of a noise impact is functionally described as a
distribution 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 arvay or matrix in which the severity of impact at
each Ly is plotted against the number of people exposed at that level,

Table B-1 presents a hypothetical example of such an array.
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FIGURE B-1

EXAMPLE ILLUSTRATION OF THE NOISE DISTRIBUTION OF
POPULATION AS A FUNCTION OF NOISE EXPOSURE
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TABLE B-1

EXAMPLE OF IMPACT MATRIX FOR A HYPOTHETICAL SITUATION

Magnitude or Probability

Exposure Number of People of Response in Percent
Li 1,200,000 4
Li+1 900,000 10
Liso 200,000 25
Li+3 50,000 50
Li+tn 2,000 85

An environmental noise assessment usually involves analysis, evalua-
tion and camparison of many different planning alternatives. Obviocusly,
comparing multiple arrays of population impact information is guite cumber-
same, and subsequently evaluating the relative effectiverwss of each of the
alternatives generally tends to become rather complex and confusing. These
cumparisons can be simplified by resorting to a single number interpretation
or descriptor of the noise environment which incorporates both attributes
of extent and intensity of impact. Accordinyly, the National Academy of
Sciences, Comnittee on Biocacoustics and Biamechanics (CHABA) has reconuended
a procedure for assessing environmental noise impact which mathematically
takes into acoount both extent and intensity of impact {Ref. B-1), This
procedure, the fractional impact method, camputes total noise impact Ly
simply counting the number of people exposed to noise at different levels
and statistically weighting each person by the intensity of response to the
noise exposure, The result is a single number value which represents the

overall magnitude of 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 betwsen
different projects or alternative solutions. To accomplish an objective,
comparative environmental analysis, the fractional impact method defines a
series of "partial noise impacts™ within a number of neighbeorhoods or
groups, each of which is exposed to a different level of noise. The partial
noise impact of each neighborhood is determined by multiplying the number of
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 community impact is then determined by simply summing the partial
impacts of all neighborhoods (Ref. B-1).

It is quite possible, and in some 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 lower levels of noise may still experience an adverse
impact, even though that impact may be 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 more importance to the

more severely affected population.
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As discussed previously, any procedure which evaluates the impact of
noige upon people or the environment, as well as the health and behavioral
consequences of nolse 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 human response varies
commensurately with the degree of noise exposure, i.e., the greater the
exposure, the more significant the response. Another major assumption 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 number 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.

0 interfere with spoken communication.

o disrupt or prevent sleep.

¢ be a source of annoyance.

Other effects of noise are less well documented but may become increasingly
important as more information is gathered. fThey 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 Figurs B-3 (Ref. B-1). The nonlinear

weighting function is arbitrarily normalized to unity at Lgn = 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 1076] (100103 g1 (1)
[0.2] [100:03 g1 + [1.43 x 1074} [100.08 pq

W(lgn) =

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 line in Figure B-3, and is defined as:

_ §0.05 (Lgy -55) for Lgy > 55
W(lgn) = { o 7 for 1122 < 55 ()
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FIGURE B-3
WEIGHTING FUNCTICN FOR ASSESSING THE
GENERAL ADVERSE RESPONSE TO NOISE
Using the fractional impact concept, an index refetred to as the
Level-Weighted Population (LWP)}* may be derived by multiplying the number
of pecple exposed to a given level of traffic noise by the fractional or
weighted impact associated with that level as follows:
LWp; = wmdni) X Py (3)
where IWPj is the magnitude of the impact on the pepulation exposed at
Lant, W(lgpl) is the fractional weighting associated with a noise exposure

of Lgnl, and Py is the number of pecple exposed to Ldni.

*Terms such as Equivalent Population (Pee), and Eguivalent Noise
Impact (ENI), have often been used inte?%-xangeably with LWP. The
other indices are conceptually identical to the LWP notation.
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Because the extent of noise impact is characterized by a distribution
of people all exposed to different levels of noise, the magnitude of the
total impact may be computed by detemmining the partial impact at each
level anug summing over each of the levels. This may be expressed as:

LWP = X IWPj = X W(lgpl) X B; (4)
1 1

The average severity of impact over the entirve population may be

derived fram the Noise Impact Index (NII) as follows:

LWP
5
Ptotal (8}

In this case, NII represents the normalized percentage of the total popula-
tion who describe themselves as highly annoyed. Another concept, the Rela-
tive Change in Impact (RCI) is useful for comparing the relative difference
between two alternatives, This concept takes the form expressed as a per-
cent change in impact:
Rer = DWPi - LHP; (6)
LWPj

where [WPj and LWP4 are the calculated impacts under two different condi-
tions.

An example of the fractional impact calculation procedure is presented

in Table B-2.

Sinilarly, using relevant criteria, the fractional impact procedure
may be utilized to calculate relative changes in hearing damage risk, sleep

disruption, and speech interference.
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TABLE B-2

EXAMPLE OF FRACTIONAL IMPACT CALCULATION FOR GENERAL ADVERSE RESPONSE

(1) 2 £3] {4 {5} (6} {7

Exposure  Exposure LWPy WPy
Ranga Range Wi{lgn! Wilgp) [Curvilinear) {Linear}

{Lan) {Lapl Py {Curvilinear) {Linear approx.) [Column {3) X (4)}) {Column {3) X {5)}

55=-60 57.5 1,200,000 Q.173 0,135 207,600 150,000
60-65 62.5 900,000 0,314 0.375 282,600 337,500
65-70 67.5 200,000 0.5286 0,625 105,600 125,000
70-175 73.5 50,000 0.822 0,875 41,100 43,750
75-80 77.% 10,000 1,202 1,125 12,020 11, 250
2,360,000 644,320 667,500

LWP (Curvilinear) = 648920

LWP (Linear) = 667,500

NII {Curvilincar) = G48,920 + 2,360,000 = 0,27
NII (Linear} = 667,500+ 2,360,000 = 0,28

REFERENCES
Appendix B

B-1. Guidelines for Preparing Environmental Impact Statements on Noise.
National Academy of Sciences, Committee on Bicacoustics and Bio-
mechanics Working Group Number 69, Februacy 1977.
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Appendix C

LISTING OF ORGANTZATIONS AND INDIVIDUALS

QONTACTED IN THE DEVELOPMENT OF 'ME REGULATION
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LISTING OF ORGANTZATIONS AND INDIVIDUALS
CONTACTED IN THE DEVELOPMENT OF THE REGULATION

The list below details those organizations and individuals with which
EPA had contact concerning the development of the roise emission standards
for truck-mounted solid waste compactors. These 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 requlation. 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 from
truck-mounted solid waste compactors,

The contacts with the public have been of several different types: by
mail, by telephone, 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 formal 90 day period during which public
coamment 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 pericd are listed in Appendix A to this document. The lists from
Appendices A and C, when combined, detaill the public that was contacted and
that participated in the development of the noise emission standards for

truck-mounted solid waste compactors,

b D A e P b s b e e 1ok et mies b £y e e




S A I At b e e oo o

|

Trade and Manufacturing Associations

National Solid Wastes Management Association;
Waste Equipment Manufacturers Institute

American Public Works Association; Institute
for Sclid Wastes

Truck Equipment Body Distributors Association
(now National Truck Equipment Asscciation)

Truck Body and Bquipment Association

Truck Manufacturers

Master Truck
White Motor Corporation

Oshkosh Truck Corporation

Chrysler Corporation

Mack Truck, Inc.

volvo of America Corporation

General Motors Corporation

Ford Motor Company

Crane Carrier Company

Paccar, Inc. ,
Freightliner Corporation |
International Harvester

WD Corporation

Mercedes-Benz of North America, Inc.

Hendrickson Manufacturing Company

piamond Reo Trucks, Inc.

Dodge Division, Chrysler Corporation

Chevrolet Motors Division, General Motors
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Compactor Manufacturers

Pak-Mor Manufacturing Company
Perfection Cobey Company

Wayne Engineering Corporation
Maxcn Industries, Inc.
Trugmore Industries, Inc.

City Tank Corporation

Elgin Leach Corporation

Hell Company

Dempster Dumpster Systems
Peabody Solid Wastes Management
Carrier Corporation

combust ion Engineering, Inc.
Fruehauf Corporation

Neway Division

Sargent Industries

Trailer Body Builders
whittaker Corporation

Ebeling Manufacturing Corporation
McClain Industries

Orbital Collection Systems, Inc.
Hesston Corporation

Union Corporation

Helix Corpcration

Lobal, Inc.

sanitary Controls, Inc.
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Compactor Distributors

Comnecticut Truck and Trailer Service Company
Stephenson Equipment, Inc,

MacQueen Equipment, Inc.

Capital Equipment Company, Inc.

GranTurk Sanitation Equipment Company, Inc.
Truck Equipment

Bell Bguipment Company

C.N. Woods Company, Inc.

Theodore J. Burke and Son, Inc,

Sanitation Equipment Corporation

General Equipment, Inc,

Elgin Leach Corporation

Compactor Users (Private Industry)

Browning Ferris Industries, Inc,
Golden Gate Disposal Company
Sunset Scavenger Conpany

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 Department

Salt Lake City, UT Corporaticn



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, Q0 Office of Environmental Protection
Kissimmee, FL Office of the City Engineer
DeKalb County, GA Board of Commissioners

City of Portland, OR Department of Public Works
Cklahoma City, OK Office of the City Manager
New Rochelle, NY Department of Public Works
Alexandria, VA Department of Health

Oregon Department of Environmental Quality
Denver, CO

Illinios Environmental Protection Agency
Memphis, TN Sanitation Department

Memphis, 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 Requlation
Town/Village of Harrison, NY

Montgomery County, MD County Government

Syracuse, NY Department of Public Works

Colorado Springs, CO Noise Control Administrator

City of Beverly Hills, CA

City of West Palm Beach, FL

Fort Worth, TX Public VWorks Department

Office of Noise Control, Colorado State Department of Health
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 Department of Environmental Services
City of Chicago, IL City Council Committee on Environmental Services
City of Beverly Hills, CA Superintendent of Sanitation
Santa Clara County, CA Environmental Health Services

Tuscon, AR

Los Angeles, CA Bureau of Street Maintenance

San Diego, CA Equipment Division

Industry and Organizations

Hackney Brothers Body Conpany
Conservation Industries, Inc.
Motor Coach Industries, Inc.

Sperry Vickers
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Waterous Company

Koehring Company

VIC Equipment Sales Company
hetna Freight Lines, Inc.

IRC and D Motor Freight, Inc.
Ramcon Environmental Corporation
Stone and Webster Engineering Corporation
Feeco International, Inc.

Dana Corporation

Donohue and Associates, Inc.
Society of Automotive Engineers
Washington Researchers
Automation Industries, Inc.

AIA AIP

Onan Corporation

INA Associates

Mull Bell and Associates
Acoustical Engineers, Inc.
Cladouhos and Brashares
Information Planning Associates, Inc,
Theta Systems, Inc.

Stephen A. 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 Transpott
Association Francaise

University of London

Institute Fuer Operations Research
CW Post College

Westinghouse Electri¢ 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

Natcher, W.H., U.S. House of Representatives
Scott, W.L., U.5. Senate

Proxmire, W., U.S. Senate

Nelson, G., U.S. Senate

Heinz, H.J., U.5. Senate

Humphrey, H.H., U.5. Senate

Stevenson, A.E., U.5. Senate

Percy, C.H., U.S. Senate

Cederberg, E.A., U.S. House of Representatives
Wydler, J., U.5. House of Representatives
Ireland, A., U.S. House of Representatives
Weicker, L.P., U.S5. Senate

Stone, R., U.S. Senate

Byrd, H.F., U.S. Senate

Vento, B.F., U.S5. House of Representatives
Huddleston, W.D., 0.S. Senate

Talmadge, H., U.S. Senate

Schweiker, R.S., U.S. Senate

Florie, J., U.5. House of Representatives
Winn, L., U.S. House of Representatives

Yatron, G., U.S. House of Representatives
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Other Federal Agencies

Occupaticnal Safety and Health Administration
National Bureau of Standards

Department of Agriculture, U.S. Forest Service
Army Environmental Hygiene Agency

Department of Commerce

Army Construction Engineering Research Laboratory

Individuals and Citizens Groups

Kamhi, V.
Pistoceoo, C,

De La Houssaye, Jr. R.E.
Kornelsen, V.D.
Bartlett, V.
Fay, T.H.
Reiniscn, H.R.
Mastriana, F.R.
Poirot, D.E.
Pfeffer, E.
Mellinger, J.W.
Homas, B.
Vandenengel, Y.
McWhorter, C.K,.
Bixler, D.W.
Fuchs, W.F.
Lacknex, Jr, F.A.
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Hawley, M.E.
Bratcher, J.
Cock, R.T.
Esslen, R.
Weisberg, R.
Mathieu, M.
Ledwozon, M.
Mercogliano, E.
Bundy, S.
Hoover, P.K.
White, L.D.
Gewlitz, M.
Graf, G.
Williamson, J.B.
Fields, W.
Ansberry, D.
Randolph, M.M.
Sadagopan, B,
ponofrio, 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.
Rhein, A.
Renneberg, H.F.
Price, G.
Goodman, M.
Horowitz, B.
Horowitz, D.
Kline, H.A.
Breitman, P.
Perlstadt, H.
Evarts, Jr. W.M.
Martin, K.
Wilson, D.G.
wale, D.

Moore, D.

Bogan, RGF.
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Washington Square Village Tenants Association
Citizens Against Noise

Citizens for a Quieter City

Federation of West Side Block Asscciations
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MEDIA
WNEW
WNEC TV
WINS
WOR TV
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CBS News

KTVX

KABRC TV

KNX FM Radio

Noise Regulation Reporter
Noise Control Reporter
Environmental Impact News
Montreal Canada Oracle

Toronto Canada Globe and Mail
London United Kingdom Sunday Times
Oakland CA Montclarion

Oakland CA Piedmonter

Newsworld

New Yorker Magazine

New York NY Post

Poughkeepsie NY Journal
Commercial Car Journal

Waste Age

Journal of Environmental Health
Greenwood SC Index Journal
Wappinger Falls NY News

Bristol United Kingdom Evening Post
Noise and Vibration Bulletin
Washington DC Post
Artesia CA News
Birmingham AL News
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Maplewood HJ News Record
Seranton PA Times

Montgomery County !D Sentinel
anaheim CA Bulletin
Somerville MJ Messenger Gazette
Manville NJ News

Manchester NH Union Leader
Conservation News

Denver CO Post

gpringfield MA News
Government Product News
chicago IL Tribune

Detroit MI Free Press
Indianapolis IN Star

Mt Pleasant MI Morning Sun
Sturgis MI Journal

Kansas City MO Times

Alpena MI News

Philadelphia PA Bulletin
Christian Science Monitor
Fair Lawn NJ Shopper

Waco TX Tribune Herald

Little Falls NY Evening Times
Thyee Rivers MI Commercial
Elmira MY Star Gazette and Telegram

Birmingham AL Post Herald
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Knoxvilie TN News Sentinel
Wilmington 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 Journal
Lomita CA News and Progress
Somerville NJ Courier-Mews
New York NY Westsider
Commerce Business Daily
Changing Times

Sacramento CA Bee

American City and County
Automotive News

Pleet Owner

Pontiac MI Oakland Press
Durkirk NY Observer

San Diego CA San Diego Union
Heavy Duty Trucking
Transport Topics

Beverly Hills CA Courier

Pagsaic NJ Herald News

Solid Waste Management/Refuse Removal Journal
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Honolulu HI Star Bulletin

St Petersburg FL Times
Denver 0 Rocky Mountain News
Pasadena CA Star News

Las Vegas NV Sun

‘Birmingham AL Times

Phoenix AZ Arizona Republic
Camphell CA Press

Bloomington IN Herald Telephone
Sound and Vibration

Pollution Enyineering

Noise News

New York NY News

Washington DC Star

Garden City NY Newsday

Dover NJ Advance

Bethesda MD Montgomery Journal
Savannah GA Press

Salt Lake City UT Sunset News
Forbes Magazine

Salt Lake City UT Desert News
Easton MD Star Delfncrat
Jersey City NJ Journal
Baltimore MD Sun

Owasso MI Argus Press
Construction 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

Oklahoma City OR Journal
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Appendix D

LISTING OF ORGANIZATIONS AND INDIVIDUALS
TO 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 and impacts
of the noise emission standards for truck-mounted solid waste compactors. This
effort will include direct mailings of information packets to the major groups
affected by the regulation and briefings to selected groups. The list below

cutlines the groups that are to be contacted in this informative public parti=-
cipation effort,

Congress
Senate
Bouse of Representatives

Concerned Congressional Committees
and Offices

Interested Federal Agencies

State and Local Governments
State Governors
State Attorneys General
State Noise/Environmental Offices

State and Local Environmental Agency
Fublic Information Directors

Major Cities

State and Lceal Government Associations

Truck Chassis 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 Haulers

Media
Major Media
Environmental Media
Trade Media
State and Local Government Media

Noise Media

Labor Organizations
Refuse Hauler Employee Unions

Manufacturing Employee Unions
Commenters to Docket and Public Hearings
Noise/Environmental/Citizens Organizations

Interested Citizens and Organizations
from EPA/ONAC Mailing List

EPA Regional Offices

Libraries
Major Public Libraries
State University Libraries
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