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SECTION 1
INTRODUCTION
BACKGROUND
This regulatory analysis presents the basic information relevant to the
development: of noise emission standards for newly manufactured truck-mounted
s0lid 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 concem 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 from the establishment of noise limits
for .newly manufactured RCV's; and the econamic status of the industry and the
potential costs and economic effects of a noise regulation.

As a result of studies conducted under the authorities and duties given
to the Administrator of the Environmental Protection Agency by the Noise
Control Act of 1972 (the Act), truck-mounted solid waste compactors were
identified as a major source of noise on May 28, 1975 (40 FR 23105). 1In
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 cutlined above, and entailed
a search of the pertinent Industry and government statistics and the avail-
able technical literature, measurements of the noise emissions of a substan~
tial number of refuse collection vehicles, both new and in service, and asso-
ciated analyses. Many contacts were made with all segments of the atfected

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 organizations which were germane to the regulatory
provisions and process.

Based on the results of this information gathering process and under
the requirements of Section & of the Act, the Agency published a proposed
reéulétion on August 26, 1977 (42 FR 43226). A docket to receive comments was
opened aﬁd 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 of 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
camments and the Agency's analyses and responses are summarized in Appendix A
of this report, The revisions to the requlation are detailed in the preamble

to the £inal regulation, which is published contemporaneously with this

Regulatory Analysis.
PUBLICV PARTICIPATION
~ Throughout the development of this requlation an effort has been made

to allow all groups, organizations, and individuals who have an interest im, or
w‘ho‘may be directly affected by truck-mounted solid waste compactor noise
emission staradards, the opportunity to participate in the rulemaking process.
This publi& participation effort has included meetings with concerned state,
county, amd city officials; refuse truck user groups; refuse collection 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



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. 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

naticnal 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
noise sources in commerce, control of which requires National uniformity of treatment.®
A5 part of this essential Federal action, Subsection 5(b}(1} of the Act
requires 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 & of the Act (Subsection
6(a) (1)) requires the Administrator to publish proposed regulations for each
product identified as a major scurce 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
compactors as a major source of noise, and under the requirements of Section &(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 also
under this authority and requirement that the final vegulation is published.
Preemption

Saection 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 regulation which sets a limit on noise emissions
from such new product and which is not identical to such requlation 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 envircnmental noise (or one or more sources
thereof) through the licensing, regulation, or restriction of use, operation or

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

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

which may be preempted by Federal regulations, and standards on the use, opera-
tion or movement of products, which are reserved to the states and localities
by Section 6{e}(2}.

Section 6{e)(2) Eforbids state and local municipalities from controlling
noige from products through laws or regulations that prohibit the sale (or
offering for sale) of new products for which different Federal noise emisaion
standards already have been promulgated., States and localities may augment
the enforcement duties of the EPA by enhacting a regulation identical to the
Federal requlation, since such action on the state or local level would
agsist in accomplishing the purpose of the Act. Further, state and local
municipalities may regulate noise emissions for all new products that weres
manufactured before 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, regulation or restriction of the use, operation, or movement of aﬁy
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 governma'nts may regulate community noise levels more
effectively and equitably than the Federal govemment due to their perspec—
tive on and knowledge of state and local situations. The Federal govermment
assumes the duties involwved in regulating products distributed natiohwide
because it is required amd equipped to do so. Congress divided the noise
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 comprehensive requlatory program
can be effectively designed and enforced.

One example of the type of regulation left open to the localities is the
property line regulation. This type of requlation limits the level of environ-
mental noise reaching the boundary of a particular piece of property, The
occupant of the property is free, insofar as state regulations are concerned,
to use any products 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.




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 ln specific land
use zones, as in a quantitative noise ordinance.

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

for example, curfews),

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

localities by Section 6(e)(2).

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

Labeling

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

RATIONALE FOR REGULATION OF THE TRASH COMPACTOR TRUCK

In determining whether a product (or class of products) is a major
noise source for regulation under Section 6 of the Act, the Administrator
considers primarily the following Eactors:

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

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

by the noise;
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2. Wwhether 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
maréin of safety;

3. t#hether 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 nocise 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
reéult 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 noise exposure was evaluated in terms
of the day/night average sound level { [‘dn) (Ref, 1-1). Since L an 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. 1-1). Table 1-1 summarizes the estimated number of
people in regidential areas subjected to noise from urban traffic, freeway

traffic, and aircraft operations at or above cutdoor L an values ranging

from 60 to 80 dB.
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EPA has identified an outdoor L an 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,
some 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 EPA believes that control of this source of noise is required

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

heavy trucks,

*rith an adequate margin of safety and without consideration of the cost and

technology involved te achieve an L ‘dn of 55 dB.
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TABLE 1-1

ESTIMATED CUMULATIVE NUMBER Of PECPLE IN MILLIONS IN
THE UNITED STATES RESIDING IN URBAN AREAS WHICH ARE EXPOSED
TO VARTCOUS LEVELS OF OUTDOCR [CARY/NIGHT AVERAGE SOUND LEVEL

Outdoor Urban Freeway Alrcraft
Ly Exceeds Traffic Traffic Operations Total
60 59.0 3.1 6.0 7841
65 24.3 2.5 7.2 34.3
70 6.9 1.9 3.4 12.2
75 1.3 0.9 1.5 3.7
80 g.1 0.3 0.2 0.6

Scurce: Reference 1-1.

NEED FOR CONTINUED 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 rnoise 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 period, 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
Assurance Period" (AAP). The AAP is defined as that specified initial pericd
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 recommendations.
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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 noilse 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 manner that will enable it to comply with the
Federal noise emission regulation which exists at the time the preduct is
intreduced into commerce, 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,

Wnile 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
some manufacturers may wish to stipulate, based on test results or best engi-
neering judgment, the degree of anticipated noise emission degradation their
preduct{s) may experience during a specified Acoustical Assurance Period. A
procedure has been developed by the Agency that permits manufacturers to

acoount 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 product
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 NLUF of zero.

OUILINE AND SUMMARY OF REGULATORY ANALYSIS

Background infonmation 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 - Bageline Noise levels for New Truck-Mounted Solid Waste
Campactors: presents current nolse levals relative to degradation noise
levels for existing new solid waste compactors and a discussion of the data
uged 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 preduct and to

determine compliance with the proposed requlation.

111




Section 5 - Health and Welfare: discusses the adverse impact of and
benefits to be derived from regulating noise emissions of solid waste compactors.,

Section 6 - Noise Control Technology: provides information on available
noise control technology and the criteria for determining the levels to which
solid waste compactors can be guieted.

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 Lo EPA to ensure compliance.

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

Appendix A - The Docket Analysis: summarizes the comments received
during the formal docket period and the Agency's response to those comments.

Appendix B - Fractional Impact Procedure: summarizes the procedure
used ln 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
regulatory 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, Environmental Protecticon Agency, Information on Levels of Environmental
Noise Requisite to Protect Public Heglth 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 hody industry. The section is
organized as follows:

The Product

Product Applications and Competitive Systems

The Industry

Characteristics of Industry Segments

THE PRODUCT
A truck-mounted solid waste compactor consists of a truck chassis and a

compactor body. The body is equipped to receive, compact, transport and
unload solid wastes.

The major compactor body types can be cperationally classified by the
body loading configuration:

1. Front loaders. These bodies utilize front mounted hydraulic 1lift

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

body. Packer plates dompact 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
compaction cycle for a front loader is illustrated in Figure 2-3.

2. Side ILoaders., 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 deor 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 2-1

A FRONT LOADER
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FIGURE 2-2
SIX STEP OPERATIONAL SEQUENCE FOR FRONT LOADING

Source: Reference 2-1.




Compaction

©

650

Return

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

Source: Reference 2-1.
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the materials against an interior wall, in the same manner as front loaders
{Figure 2-3). Some side loaders are also equipped to hydraulically lift and
dunp waste containers. Ejection of wastes is usually through a tailgate.
Many side loader models are not equipped for packer plate ejection, but
typically, will hydraulically lift the front end of the body and dump the
wastes through a tailgate.

3. Rear loaders. fThe 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 have the capability to hydraulically 1ift and
dump containrers. The packer plate sweeps the wastes from the hopper into
the body and compresses the wastes against an interior wall surface. In most
models, the packer plate is also used for tailgate waste ejection.

Two additional categories of solid waste compactors ave produced:

1. Satellite Vehicles. These bodies 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 laryer truck., These bodies were

excluded from consideration because available test information indicated they

were not a significant source of noise.
2. Foute Trailers. ‘Ihese 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

augxiliary engine mounted 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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FIGURE 2-5
A REAR LOADER




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 body.

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

povwered by a diesel emgine. Side loaders can be mounted on a light, medium,

or hea\fy 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.
PROLUCT APPLICATIONS AND COMPETTTIVE SYSTEMS

The distribution of packer bodies by lcading type and application are
shown in Table 2-2 and summarized below:

1. Front leaders are used predominantly in commercial and industrial
‘applications. Commercial collection includes residential complexes with more
than two~-family units.

2. Al;L other categories of bodies are used principally for residential

waste collection. Commercial 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

collection. Several studies have demonstrated 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 nore broadly used rear loader.
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TABLE 2-1
CLASSIFICATION OF TRUCK-MOUNTED SOLID WASTE COMPACTOR BODIES

Range of Body Estimated Corpaction Dengity Estimated Compactor Body Power Source

: Capacity {Pounds/Cuble Yard) ~ T Truck Engine Gasoline
Clagaification (Cubjc Yarda) Range Average Gasoline Diesal Auxiliacy
Front Loader 20 - 52 400-750 500 - 1008 -
Side loader 10 - 38 450-750 500 60% 40 15%
Rear Loader 10 - 31 500-1,000 750 60 40 2=3

Source: Fleld Interviews with product manufacturers, distributors and product literature, The
Virginia Town & City "Fuel Conservation in Solid Waste Management", Kemneth A. Shuster,
December, 1974, and associlated working papers.

PABLE 2-2

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

Percent of Total Units Employed
by Major Application

_ Commercial
Eguipment Classification Residential* and Industrial
Front Loader 10-15 85
Side Loader . 45 15
Rear Loader 70 30

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

*Residential includes single-family dwellings and duplexes.

A et et



The available competitive waste collection systems identified vary by

nature of application. Residential collection could ke 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 contreol noise
leveis.

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 secticn of the body. In this manner,
wastes are compacted to a density similar to that achieved by standard rear
loaders.

The only potential advantage identified would be possible reductions in

body maintenance expense.

2-10
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Potential disadvuntages relating to models curvently available include
higher levels of personal injury to the crew and reduction in crew productivity,
both attributable tou lifting wastes to a higher level for deposit in the
body .

No. U, 8, manufacturer currently produces this type of body, They are
imported from Burope and currently have not significantly penetrated the
U.5. market.

No noise measurements were made of this type of collection vehicle. [low-

ever, damestic conventional packer body manufacturers report that noise

-levels parallel those of rear loaders.

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

resents a return to pre-packer body collection practices. Nolse levels would
probably Le reduced but crew productivity would be substantially lower.
MIE INDUSTRY

Solid Waste Generation

The demand for compactors is based upon the genevation of solid wastes,
particularly by residences and commercial establishments.

The availability of solid waste genaration data ig relatively linited and
of recent origin. The nost broadly accepted estimates are reflected in
Table 2-3. It can be seen that total residential and commercial solid waste
geleration 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
1v85 are also sirwn 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
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TABLE 2-3

BASELINE ESTIMATES AND PROJECTIONS OF POST-CONSUMER* SOLID WAS1E
GENERATION, RESOURCES KECOVERED AND DISPOSED, 1971-1985

Estimated Projected Average Annual
1971 1973 198G 1985 Growtn Rate of
Daily Per Daily Fer bDally Per Daily Per Total Gross
Capita Capita Capita Capita biscards
lotal Pounds Total FPounds Total Pounds Total Pounds 1973-1955
~-Total Gross
Discards 133 3.52 144 3.75 175 4.28 20 4.67 3%
Resources
Recovered - 8 .21 9 .23 19 46 35 .81 12
Nek Waste '
Disposed 125 3.31 135 3.52 156 3.4 166 3.86 2

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

* — Post~consumer solid waste is considered to be residential solid waste.
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of four pervent between 1973 and 1980. Net wastes disposed are expected to
increase to 156 million tons during the same peried, an average annual
growth mate 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 ame paper, food and yard
wastes.

Sclid Waste Collection——The Packer Body

The first packer bhodies were broadly introduced for solid waste collec—
tion in the early 1950s. Market penetration of this egquiment was relatively
rapid, since it provided a means for dramatic productivity increases i{n solid
waste collection. The major benefit, compared to the traditional open body
collection truck, is that compaction allows larger quantities of wastes to he
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 equipment, 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 equioment innovations have been higher density
compaction, larger volume bodies, and different loading configurations
intended to reduce total crew size,

SIZE AND GROWTH OF 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
cperation that year, probably increased to somewhat over 80,000 currently.
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TABLE 2-4

POST=-CONSUMERY* RESIDENTIAL AND COMMERCIAL SOLID WASTE GEWERATED
AND AMOLIWDS RECYCLED, BY TYPE OF MATERIAL, 1973
(AS GENERATED WET WISXIGHT IN MILLIONS OF TONS)

puantity Net Waste bisposed
ot

Material Gross Materials Percent
Cateyory Discards iecycled Quantity of Total
Paper 53.0 8.7 44,3* 32,9%%
(slass 13.5 3 13.2 Y.8%
tHatals 12.7 .2 12,5 9.3
Plastics 5.0 - 5.0 3.7
Rubber 2.8 2 2.6 1.9
Leather 1.0 - 1.v H*
Textiles 1.9 - 1.9 1.4
Wood 4.9 — 4.9 3.6

Total Won-rFood Yo B¥ 2.4 85.4 63.4

Product Waste
Food Waste 22.4 - 22.4 16.b
Yard Waste 25.0 - 25.0 18.6*
tiisc, Inorganic 1Y - 1.9 1.4

Wastes i
Total 144.1% 9.4 134.7% 100.0%

Office of Solid Waste Management Programs, U. S, Environmental
Protection Agency, "third Report to Congress, Resource Recovery
and Waste Reduction," (8W—-161), 1975, Page 10.

Source:

*Aritlnetic sumations and differences modified to reflect correct total,
**pogt-consuet solid vaste is considered to be residential solid waste.
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TABLE 2-5

ESTIMATED TRUCK-MOUNTED SOLID WASTE
COMPACTOR [BODY UNITS IN OPERATION, 1974

Average Percent Estimated
Truck- Amnual of Average

Equipment Miles Miles/Truck Total Functional

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

Total 841 12,2 77,000  100.0%

Source:

U.S, Department of Commerce, Bureau of the Census, "Census of
Transportation, 1972, Truck Inventory and Use Survey, 1972,"

Page 2.

Truck Body and Bquipment Association, National Solid Waste
Management Association and fileld interviews with equipment

manufacturers.
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TABLE 2-6

TROCK-MIUNTED SOLID WASTE COMPACTOR BODY
MANUFACTURER SHIPMENTS, 1964-1974

Average Annual ) .
1964 1967 1972 Pakimated 1974* Growth Ratew* Average Annual Growth*#

Bquipment (000s) Millions (000a] Millions (000s) Millions (000s) s of Millions 1964~1974 Rate 1967 — 1974
Classification Units Dollars Units Dollars nits COollars Units fTotal Collars Units ~Dollars Unics Dollacs
Front
Loader - - - - - - 20w 2 - - - -
5ide
Ioader - - - - - 2.1 17 L] - - - -
[¥) Fear
L LoadeT B 2.0 73 _ 8 _— —_ —_
(=%
’ fotal 4.9 $22.1 6.5 $31.0 13.5 SP6,0 12.3  100%  $125.0 10% 19% 10% 223

I
u
”
||
ﬂ
|
||
|
||
u
u

Source: U.S, Department of Commerce, Bureau of the Census, "Census of Manufacturers
1967 & 1972," Motor Vehicles and Iquipment, MC 72(2)37A, Page 17; intetviews
with product manufacturers.

%1974 shipments and mix by loader type estimated from field interviews with product manufacturers.
**Rounded to nearest percentage point,
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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 menufacturer shipments in 1964, 1967, and
1972 are shown in Table 2-6. The Table also shows estimates, both total and
by loader type, of units and value of manufacturer shipments for 1974, An
estimated 12,300 units with a value of $125 million were shipped in 1974,
This represents an average annual growth rate between 1964 and 1974 of 10
perceﬁt 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 incr;eased to

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

loaders.

Export Sales

Te estimated value of manufacturers' exports in 1974 is shown in Table
2-7. nhpproximately 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 OF TRUCK-MOUNTED

E0LID WASTE CCMPACTOR BODY
MANUFACTURERS ' EXPORTS, 1974

(MILLION)
Total Shipment Export Shipments Export Percent
Equipment Tvne Value Value of Total Shipments
Complete Bodies 929 20 20%
Components 21 _2 20
Total $110 $22 20%

Source: Dun & Bradstreet, Inc., "Analytical Financial Reports."
Field interviews with eguipment manufacturer.
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CHARACTERISTICS OF INDUSTRY SEGMENTS
The general structure of the compactor bedy industry is depicted in the
gchematic 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 chassié and
so0ld to the ultimate end user. The primary end users are municipal govern-
ments and prilvate 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 Body Manufacturers

.1. As of 1974, some 25 companies were identified as manufacturers of

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

. the fleld and others have entered it since that year,

2. The total corporate revenues of these companies range from $100,000
to $1.4 hillion. Nearly 50 percent of the manufacturers are divisions or opera-
ting companies held by corporations which are substantilally 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 South-
eastern states. Nearly one-half of the companies have two or more plants.

Proximity to markets is an important factor due to the costs for transporting
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TABLE 2-8

FINANCIAL PROFILE OF TRUCK-MCUNTED
SOLID WASTE COMPACTOR BCDY MANUFACTURERS, 1974
$ (MILLIONS)

‘ FROFIT NET
: COMPANY NAME DATE NUMBER OF NET 1088 TOTAL TANGIBLE WORKING
) POUNDEL EMPLOYEES REVENUE }(\.I'TBRJ ASSETS HET WORTH CAPITAL
i TAKES
: Canpany 5 1945 5G 5 1.9 wva § .3 Wa A
! Company T (a) n/a 27,079 yg4.6 8.6 794.2 337.1 330.0
l Company U (b) 1912 40,765 1,428.0 37.5 982.0 331.0 158.4
} Company V n/a na 25.0 n/a n/a na n/a
i Company W (b) 1uls 26,400 1,315.0 22,7 1,020.8 32,z 139.9
i Company X (c) 1838 27 2.4 1 1 .1 .2
i Canpany ¥ 1956 n/a 30.0 n/a n/a wa 5.0
' Campany 2 1699 14,900 498.1  25.4 318.6 1820 1038
i .
| Campany C (a) 1501 1,633 7043 2.4 41.7 2.1 23.6
i Canpany A (d) 1953 140 7.1 .2 3.4 9 .9
| Canpany D (&) 1957 300 11.4 o4 8,5 1.8 1.8
Canpany BB 1945 175 7.9 (.3 va va n/a
Campaty CC 1960 14 .2 nfi 1 n/a n/a
Campary B {£) 1952 230 6.8 n/a 4.8 L9 1.5
} Campary DD (g) n/a n/a 257.9 9.6 205.4 70.0 1.4
| Company EL (b) 1408 2,151 109.1 5,2 57.0 37.6 25.6
\f Canpairy FF (1) 1966 200 13.3 {7} 4.3 2.0 +5
! i Canpaty I {y) n/a 1,622 61.8 1.7 38.8 14,7 1641
! Canpany 0G 1953 150 n/a wa n/a n/a n/a
Canpany HH (fg) nfa n/a 123,0 z.8 B6.6 22.4 24.8
i - Canpany II {(h) n/a H 2.4 1 1.4 " +3
| Company JJ 1976 7 n/e n/a n/a n/a na
R Canpany KK n/a 3 1.5 n/a n/a nfa n/a
! Canpany LL 1975 3 2 na n/a n/a n/a
Canpary M4 n/a 35 4,0 n/a n/a va n/a

Source: Dun & Bradstreet, Inc,, "Analytical Financial Reports,” unless otherwisw indicated.

n/a = not available

{a) Plscal year ending October 31, 1974.

(b) Moody's Investors Service, Inc., Industrial Manual, 1975,

(¢} Mevenue and earnings extrapolated from 6 month data ending Marech 31, 1975,
{d) Fiscal year ending May 31, 1975,

(e} Fiscal year ending May 31, 19%4.

{£) Placal year ending June 30, 1974,

(9) Annual Report, 19,

() PFlscal year ending August 31, 1974.

{i) Fiscal year ending March 31, 1975,
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TALLE 2-9

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

Production Facilities

Facility
sBize Owned

Company Name {Thousands or Humbur Of Products Manufactured

of Syuare Leased Erployees
Feet)

Canpary B n/a n/a 50 = bump truck beds, hoists, compactor
bodies,

Compary ¢ (&) n/a n/a 450 - Contatners, transfer stations, refuse
compactor bodies, roll-off holsts, com
pactor trailers,

n/a n/a na = Stationary packers,
107 n/a 150 - Transport trailers and containers,

Conpany U na n/a n/a n/a

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

Company W (b} na n/a na ~ Transport trallers, canpactor trailers,
cawpactor bodies, transfer trailers.

Canpany X 29 L 27 - Pruck dealer and auto repair.

Conpany Y n/a n/a na = Pruck tapks and refuse compactors.

n/a n/a HYE ~ Trailers, axles, brake shoes & drums,

Company 2 200 n/a 1,100 - Containers, refuse canpactor bodies,
stationary ccmpactors, roll-off holsts,
transfer trailera,

n/a n/a /i « Refuse cumpactors.

Capany C 760 0 n/a 'ruck bodies and holsts, tanks, tanks
for trallers; refuse collection and pro-
cessing equipmaent, dehydrating machines,
materlal handling equipment, and pul=
vurizing and reclamation equipment,

n/a o n/a wva
[e] L wva na
Company AM 480 0 n/a - Front loaders, side loaders, stationary
compactors,
Cangany D a i - Refuse campactor bodies, statiopary
compactors & hydraulic lift gates,
194¢{e) L na - Mechanized lifts, loading devices &
CUNPACLor's.
a0 L nu ~ Hydraulic lift & refuse body mfy.

n/da ® not available

Souree: Dun & Bradstreet, Ine,, "Analytical Flpapcial leports,” unless otherwise indicated.

(a) Annual Report, 1974 and interviews witl company mahageneit,
(L) Mocdy's Investors Service, Inc., Industrial manual, 1975,
{e} Total manufacturing facilities in Huntlngton Park & Log Angeles, Californias 194,000

square feet,
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TABLE 2-9 (CONTINUED)

Production Facilities

Facility
Size Owned

Conmpary Name {Thousands or Number of Preducks Manufactured

of Square Leased Employees
Feet) :

Campany BB 35 0 45 - Refuse compactor bodies, contalners,
roll-off hoists, portable & stationary
compactors, transfer trallers,

n/a n/a 130 - Refuse compactor bodles & contalners.

Campany €C 16.9 0 14 = Refuse packer bodies.

Campany B 80 n/a 135 - Stationary refuse campactors, compacting
& transfer trallers, containers, &
£ront loader compactors.

BO n/a 95 -~ Refuse campactors, refuse trallers,
contalners & front loader canpactors.

Conpary DR n/a n/a n/a - Refuse campactor bodies, containers &

C transfer stations.

Campany EE 219 n/a n/a ~ Rall car auto shipping racka, refuse
oconpactor hodies,

Campany FF 87 0 120 = 50lid waste compactor bodles, contain-
ers & roll-off containers & haists,

Camparny 1{¢) 196 L n/a - Dump bodies, containers and refuse
packer bodles.

Campany GG n/a n/a n/a ~ Refuse compactor bodies, containers &
roll-off holsts.

Canpany i) n/a n/a n/a - Refuse campactor bodies.

Campany 11 34 0 a0 - Refuse cumpactor bodies, truck hoists
& miscellaneous truck modifications.

Campany 37 n/a n/a n/a n/a

Canpany KK n/a n/a n/a n/a

Canpany LL n/a n/a n/a n/a

Canpany MM h/a n/a n/a n/a

{c) Anmwal Report, 1974 and Form 10-K filed with the Securities and Exchange Conmission,

1974, Pages 2, 3 and %
{d) Annual Report, 1974.
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bodies, but Favorable investment incentives and labor climates have attracted

many plants to the Southeastern states.

In addition to packer bodies, the more common products manufactured are
containers, portable and stationary compactors, transfer trailers, transfer

station equipment, hydraulic lift gates and hoists.
4., ‘The type and cubic yard capacity of packer bodies produced by each

manufacturer as of 1974 is summarized below:

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

broad product range.

b, Ten companies produce side loaders. Body capacity ranges from
10 to 38 cubic yards. The most common size range is from 16 to

24 cubic yards.

c. Ten companies produce rear loaders. Body capacity ranges from
10 to 31 cubic yards, The predominant sizes are 16, 20, and 25

cubic yards.
5. The estimated manufacturer share of shipments by body type in 1974
1s showm in Tables 2-10 through 2-12 and summarized below:

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

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

¢. Two firms shipped about 55 percent of all rear loaders. These
two Firms in combination with two others shipped about 80 per-

cent. of rear lcaders.

6. The gecgraphic markets served by a plant are limited, usually to a
regicnal area, by the cost to transport a body 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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TABLE 2-10

ESTIMATED MANUFACTURER SHARE OF TRUCK~MOUNTED ‘
FRONT LOADER SOLID WASTE COMPACIOR BODY SHIPMENIDS, 1974

Percent of Total

No. of Fimms : Shipments
Three Firms 75%
Four Fimns 208
Four Fimms _ 5%
Total & |

Source: Meld interviews with equipment manufacturers.

TABLE 2-11

ESTIMATED MANUFACTURER SHARE OF TRUCK-MOUNTED
SIDE LOADER SOLID WASTE COMPACTOR BODY SHIPMENTS, 1974

Fercent of Total

No, of Firms Shipments
Three Firms ' 60%
Three Firms 30%
Three Firms ' _10%
Total 100%

Source:; Field interviews with equipment manufacturers.
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TABLE 2-12

BSTIMATED MANUFACTURER SHARE OF TRUCK-FMOUNTEL
REAR LOADER SOLID WASTE COMPACTOR BOLY SHIPMINTS, 1974

Percent of Total

No, of Firms Shipments
‘IWO.E‘inns 55%
T™wo Firms 25%
Three Firms 15%
Three Firms _ 5%
Total 100%

Source: Field interviews with eguipnent 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 equipment,
Increased manufacturer concern regarding product liability will also encourage
this practice.

8, The suggested end user list price of packer bodies varies by loader
type, nature of body construction and body capacity. The price range of selec~
ted manufacturers and packer bodies by sizes (as of 1974) is shown in Table

2-13. HNote the following ranges:

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

Prices have increased somewhat, but not markedly, in the intervening period
(Ref. 2-2) (although chassis prices have increased substantially). 7
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. DNote 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 policles may cover labor in some
instances. Warranty coverages range from 90 days for selected compenents or
the complete body, to 12 months for the complete unit excluding selected
components. Longer warranties (two years or more) have been obtained by

large (e.g., municipal) purchasers through negotiation,
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TABLE 2-13

RANGE OF SUGGESTED LIST PRICES OF SELECTED TRUCK~
MOUNTED SOLID WASTE COMPACTOR BODIES*, 1974

Equimment Classification Cverall
and Body Cublc 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 lLoaders** 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.
*%Does not include prices for products huilt and sold as an integral body and

chassis unit.
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Compactor

Fleet Opevrators

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 COMPACTUR BODY

CHANNIELS OF DISTRIBUTION, BASED ON TUTAL
NEW AND USED UNT'CS SOLD ANNUALLY
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TABLE 2-14

ESTIMATED PRICING STRUCTURE FOR TRUCK-
MOUNTED SOLID WASTE COOMPACTOR BODIES

Average Percent Discount
Off Suygested List Price

Purchaser
tnd User 12%
Distributor 20
source: Field interviews with eguipment manufacturers, distributors and end
Users.

TABLE 2-15

BROPILE OF TRUCK AND TRACTOR PARTS AND SUPPLIES
MERCHANT WHOLESALERS, 1972%

Characteristic Value/Quantity
Nuaber of Firms 2,420
Sales Revenue $(Millions) S 4,430
Averaye Sales Revenue/Fina $(Millions) $ 1.8
Number of Paid Bnployees** 41,481
Average Number of Employees/Firm 17
Payrell, bEntire Year ${Hillions) : . S 387.5
5160,000

Average Payroll/Fion

U.S. Department of Commerce, Hureau of tie Census, "1972 Census of

Source: )
wholesule Trade", 1972, Paye 8,

¥Includes distributors of solid waste compactor bodies and insulated-
refrigerated truck bodies and trailers.
**pPor week including March 12.
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Truck Body Distributors

The estimated flow of new and used packer bodies is depicted in Pigure 2-8,
About 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. Leasing companies finance the purchase of about ten percent
of ali units sold, mainly new bodies. Rental of packer body trucks is
negligible.

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. Mote that the total number of €irms 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

thats

1. There are approximately 500 firms, with average annual revenue of

$2.5 million.

2. ‘e distributors' sources of revenue are approximately two-thirds
new equipment and one-third 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

ig 3 percent.

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

Eﬁd Use Market Fleet Onerators

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

are private contractors and municipalities.
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TABLE 2-16

BROFILE OF TRUCK HOUNTEL SOLID WASTE
COMPACTOR BODY DISTRINUTORS, 1972

Median Value/LDuantity

Characteristic
Nunber of firms 500

Revenue Mix {Percent of Total}

Wew Equiptnent 60-70%
Parts, Used Bquigment & Labor 30-40%

Financial Lata for Finm Averaged Across All Firns

_ Percent of Median
' Het Revenue

Net Revenue $2.5 Million 100%
Cost of Goods Sold 1.9 7
Gross Profit 5 .6 23
Operating Expenses 4 16
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 1END USE MARKETS FOR TRUCKR-MOUNTED
SOLID WASTE COMPACIOR BODIES

Yercent of Total

End Use Market Units in Operaticn
Private Contractors 60%
Municipalities 35

- Federal Government 2
Industrial Corporations 2
O‘cher 1

Total 100%

_ Scurce: Office of Solid Waste Management Programs, U.S. Envirommental
Protection Agency, National Solid Waste Management Association,
"The Private Sector in Solid Waste Management., A Profile of
Its Rescurces and Contributions to Collection and Dispusal,
Volume 2 - Analysis of Data", 1972; 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. Sexvices are contracted
on the basis of a direct contract or a municipal contract, franchise or awamd
of a competitive bid,

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

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

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

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

c. (perations 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 ccerated, 41,602 are packer trucks (primarily rear
loaders),

More than 90 percent of private contractor customers are residential, but
the total guantity of wastes collected is fairly egually distributed among resi-
dential, commercial and industrial customers. Over 40 pércent of the contmac~
tors collect only comercial and industrial wastes, but together, private
contractors collect more than 80 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 imdustry is relatively low, in terms
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 CONTRACIORS, BQUIPMENT, EMPLOYEES,
CUSTOMERS AND COLLECTION TONNAGE BY METROPOLITAN
AREA POPULATION SIZE, 1870

Private Toral Fmployees Total Trucks* Total Custojers Total Dally Tonnage**
Contractors Number Nurmber Number tiumber
Population puoner lercent  {Thousands) Percent {housands) Percent (Millions] Percent  {Thousands] Percent
More Than 1 Million 4,456  44.5% 60.5 59, 1% 5.9 58,4% 15.8 57.9% 438,7 64.0%
500,000-1 Millicn 1,311 13,1 15.1 4.8 H.2 13.3 3.8 13,9 111.7 16,3
250,000-499,999 1,498 14.9 11.1 10,9 6.1 9.4 2.6 9.5 53.5 7.8
1vo,000-249,999 1,017 10,1 7.0 6.8 5.0 8.1 2.5 9,2 35.6 5.2
50,000-99,4999 149 1.5 1.1 1.1 o 1.3 .3 1.1 6.9 1.0
Less Than 49,999 1,596 15.9 7.5 7.3 5.5 9.0 2.3 H.4 39,1 5.7
Total 10,027 100,0% I02.3*** T00.0% 6L, 5*** T00.0% 27.3 T00.0% 685.5 100,0%
Nverage per Contractor 10,2 6.2 2.7 68.4

Source:

Contributions to Collection and Disposal, Volume 2 - Analysis of Data", 1972.

*Includes 41,602 conventicnal solid waste compactur bodies.

**Includes rvesidential, cammercial and industrial waste.

*Wiadjusted to reflect rounding.

Office of Solid Waste Management Programs, U.S. Environnental Protection Agency, National Solid Waste
Management Association, “The Privite Sector in 50lid Waste Management - A Profile of Jts Resources and




TABLE 2-19

PRIVATE CONTRACIUR TRUCK BQUIPMENT
QOMPOST'TION, 1970

Thousands of Units

Number Percent

Equipment Type
Front Loadets 7.7
Side Loaders 7.7
Rear Louders 26.2
Open Non-Packer 7.2
Side Loader, Non-Packer -
Roll-Qff Chassis 6.5
Hoist ‘fype Vehicles 2.2
Other Collection Vehicles _4.0
Total 61.5%

12.5%
12.5
42.6
11,7
1.6
3.6

6.5

100.0%

Source: Office of Sclid Waste Hanagement Programs, U.S. Environmental
Protection Agency, National Solid Waste Management Assoclation,
“The Private Sector in So0lid Waste Management - A Profile of
Its Resources and Contributions to Collection and Disposal,

Volume 2 - Analysis of bata", 1972,

*sadjusted to reflect rounding.
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2. Municipal Fleets. The scope and nature of municipalities which pmvidé

public refuse collection services are difficult to ascertain. There are more
than 78,000 local governments, of which 35,500 are municipalities and townships
of 2,500 or greater population., Packer body manufacturers report that the
latter are the major purchasers of equipment, especially municipalities and
townships with populations of 25,000 people or more. Between 800 and 900
govemmental units (which account for approximately two—thir.;ds of the popula-
tion within municipalities and townships) make these purchases. ‘These
govermmental units account for about 85 percent of govemmental general
expenditures, and slightly more than 80 percent of the expenditures for
sanitation other than sewage.

Moproximately 35 percent of the packer trucks in cperation are owned and
operated by municipalities and used to collect approximately 50 percent of all
residential solid wastes. However, this understates the direct and indirect
influence of minicipalities 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 bhasis of a govermment Franchise.

TABLE 2-20
PERCENT' CF RESIDENTIAL CUSTMERS
SERVED BY PRIVATE HAULERS UMNDER
DIRECT CONTRACT AND GOVERNMENT FRANCHISE

Percent of Customers

Direct Contract 50.3%
Government Franchise 49.7
Total 100,0%

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

Truck chassis manufacturers, through thelr franchised truck dealer

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

in conjunction with a packer body. In a small proportion of total vnit -

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

operatot.
The four largest truck chassis manufacturers accounted for more than 80

percent: of total sales of medium and heavy duty trucks in 1975.
The National 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 Component Suppliers

Products purchased from suppliers consist of roll and bar metals, and
general components such as power take—off units (PTOs), pumps, cylinders,

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-]. "Nolse Control/Technology for Specialty Trucks (Solid Waste Compactors),”
Rolt, Beranek and Newman, Inc., BBN Draft Report 3249, February 1976,

Internal ONAC memoranda, July 11, 1979, summarizing information obtained

2-20
in telephone calls to distributors.
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SECTION 3
TRICK-MOUNTER SOLIIY WASTE COMPACTOR SOUND LEVELS

SOUND LEVEL MEASUREMENTS

Scund measurement testing was perforined on a total of forty—four
truck-mounted solid waste compactors. For mest 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. 1In 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
operation to characterize both the maximum continuous noise and impact
noise. The continuous noise, also denoted as "maximum steady noise
level," was read as the average or "central tendency" observed during
the noisiest segment of the operational cycle (igneoring impact sounds)
using the "fast" response setting of the meter. ‘The noise due to
impacts between different components of the compactor mechanism, or
between contalners {if used} and conpactor surfaces, was reaa 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

3-1




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 No. 18 in Table 3-2) was measured with

and without quiet 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
NUMBER OF MEASUREMENTS
MADE IN EACH COMPACTOR CATEGORY

Number of Number of Number of Number of

Load Number of

Type Measurements Conventional Quieted Diesel Gasoline
Rear loader 35 21 14 13 22
Front Jloader 6 5 1 5 1
Side loader 4 1 3 3 1
TOTAL 15 27 18 21 2

Source: fTable 3-2.

Pigure 3-1 shows histograms of all measured noise levels of truck-
mounted solid waste compactors, including maximum continuocus levels and

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

"slw" 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

SOMMARY OF TRUCK-MOUNTED SOLID WASTE
. COMPACTOR SOUND LEVEL MEASUREMENTS
{A-Waighted Noise Levels at 7 meters or converted to 7 meters)

Haximum Maximum Maximum
Continuwous (Fast) Impact {Fast) (Slow)
vehicle Body ouiet/ Energy Cycle SEL hengy  SEL Energy  Remarka
Number Mfgr. Ioad TFuel Conv. Avg, Time Wy, hvg,
{dBA) (sec) (dBA) _ (dBA) (dbA)  {dan)
1 A RL G Q 74 a0 47.5 18 75 76 -
2 A RL G c 87 12 94.5 44,5 45 a8 2000 rpm
3 B 8L 3] Q ™ 10 a4 none —— 76 Front PTO
41 c L ] C 9 35 88 86 BS 82 Lifting
5 D B G c M 20 a7 89 78 83 —
sax E sL G [+ 77 8 84 B4.5 8D B1 Sweep | Aux.,
b B 8 6 ¢ ) 75 95 84 79 81 Pack | Enaine
7 E HL G C 6 17 86 94 B2 749 1 point meas,
Baw P FL. L & a3 40 92 Y Bu 1.5 pup  H1ope.
b F FL n C L] el 100 98 93 - Compact | mzas,
9 3 Rl G c Ty 16 96 L] ¥ B1 S0 £t + 6 dB
|["] G RL n c 80 25 94 47,5 B6 431 S0 ft + 6 A8
n G FL b c 83 b hed none — H5 50 £t + o 4B
12 H L 4] C a7 - - 43 el a8 Su fe +  dB
13 It) FL D < 87 2u 160 97 97 2 50 £t + § oy
T4 I Rl D c 79 4y a5 44 —_— Hi —_—
15 I. RL ¥ c 82 -— —_— a2 -— 86 1 polnt mzas,
16 . I3 ¥l o c 45 20 -—— 9 - o 1 point meas.
17 I RL ] C 84 v - 3 - 81.5 1 point meas.
1ga=* g BL G c d2 — - - - - 1 point meas.
Tdb#» J Rl G o} 67 - - -— _— -_ 1 point m2as.
19 J HL [H Q bl 8 a3 44 79 79 Plywheel PTO
20 P RL G c 1] 20 90 62 B4 a0 Trans. P10
2t I KL G Q 73 7 85 83 78 7 Flywheel PIO
a2 I RL [+] Q " 25 a7 75 68 T4 Flywieel PIO
23 d AL G Q k2] 10 82 79 73 - Front PTQ
24 I RL G Q 75 28 87 79 79 -— Front PIO
25 i RL g C 76 Cont, - none -— — mwm+ 3dB
26a i RL D c ki - - - — - Packimg
26w H AL 1] c 7t —_ - - - - Ejecting
27 I RL G [of 79 -— -— -— - -_ 3 point meas.
24 I 6 [ 74 - -_ - - - 3 pint meas.
29 J Rl D cC 74 12 i 86 — B2
e J AL G Q 8.5 21 - a5 —— 42 Flywheel PIO
3t F RL D c KL 24 - 81 - i)
32 I AL D c 15 k] - B3 - 7
3 7 Rl G Q 79 ] - 90.5 - [iE] Flywheel P02
34 F RL D c 77 22 _— B2 - 18 ’
s 4 R b c 75 2] — u2 — 7
ea C Fi G Q 4.5 36 — 05 — a4 Loading
36b C FL G o 73 55 —_— T - b7 Compact ing
k¥l J RL D c 79 iR - 47 - 82
kL] A HL G Q 76 - -_ % - kel
39 A RL G ] 70 - - 74 -— H Front IO
qu A RL G ] 75 - —— 4] - 7
11 A RL G Q [ _ - au - 75 Front P10
42 I R, D q 76 40 - 81 - - Trans. PIO
43a i} 18 i} Q Fa| 36 bt none - - w/o override
Abw B shL D Qo 43 8 -— none - - override
LT H 19 b . Q 77 a8 _ M - - auk. engine

*[eSe Neasurchents were hot used in the sratistical analysis bycause they do pot represent

noise emissions of the compaction cycle,
smiehicle 18 was measured with and without guiet features and is treated as two wehicles,

HL » Rear Leader
3L = Side Loader
FL » Frent Loader

Souroes  Reference 3-1, EPA/QNAC measurementS in Hew York City, EPAVNER measurements In San

Francisco.
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FIGURE 3-1

HISTOGRAMS OF ALL MEASURED TRUCK-MOUNTED SOLID WASTE COMPACTORS

Source: Table 3-2,
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HISTOGRAMS OF FRONT LOADERS
Source: Table 3~-2.
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FIGURE 3-4
HISTOGRAMS OF SIDE LOADERS

Source: Table 3-2.
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Table 3-3 summarizes the noise measurements of front, rear and side
loaders in temms 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 additicnal noise of front loaders can
be attributed to lack of speed control of the engine and the banging of
the oontainer on the armns of the loader. Although the three side loaders
that were tested were quieter than the rear lcaders, the sample was tco
small to allow any conclusions to be drawn.

Table 3-4 subdivides the noise level data for rear, side, and front
loaders into conventional and quieted vehicles. Table 3~5 subdivides the

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

. conventional and quieted vehicles. Both the maximum continuous noise level

in fast response and the moximum 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 shows the time history of a quieted rear loader. The time
history of a rear loader typically has three phases corresponding to
different functions during the collection cycle. There is usually an impact
at the end of each phase due to the bottoming of the hydraulic cylinders.
The time history of a front loader (Figure 3-6) shows the noise level
during the loading cycle due to variation in engine speeds. There are
numnerous impulses due to the banging of the container and closing of the
cover during the dump cycle. Fewer peaks occur during the compaction

phase {additional time histories are shown in Exhibit 3-2 at the end

of this Section).

3-8

e an .




o

TABLE 3-3

SUMMARY OF NOISE LEVEL DATA
(dBA at 7 meters)

maximum Continuous Noise Level (Fast)

Load Number of Mean Standard
Type Measurements Deviation
All Vehicles 45 77.5 4,29
Rear Loaders 35 77.0 4,39
Front Loaders 6 82.0 5.18
Side lLoaders 4 74.5 2,65

Maximum Impact Noise Level {Fast}*

Load Number of Mean Standard
Tvpe Measurements Deviation
All vehicles 36 84.4 5.23
Rear Ioaders 29 83.6 4,51
Front Loaders 9 90.0 9,62
Side Ioaders 2 81.0 4.24

Maximum Noise ILevel (Slow)

Load Number of Mean Standard
™vpe Measurements Deviation
All Vehicles 32 80.5 4.51
Rear Loaders 26 B0.3 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.




TABLE 3-4

SUMMARY OF NOISE LEVEL DATA BY LOAD TYPE

{dBA at 7 meters)

Haximum Continuous Woise Level (Fast)

Load Conventional Number of Mean Standard
Type or Quieted Measurements Deviation
Rear Loader  Conventional 21 79,2 3.55
Rear Loader Quieted 14 73.8 3.47
Front Loader Conventional 5 83.8 3.03
Front Loader Quieted 1 73.0 -_—
Side Loader Cotwentional 1 76.0 —
Side Loader Quieted 3 74.0 3.00

Maximum Noise Level (Slow}
Load Conventional Number ot Mean Standard
Dype or Quieted Measurements Deviation
Rear loader Conventional 16 82.0 3.30
Rear Loader Quieted 10 77.5 3.75
Front Loader Conventional 3 86.3 5.13
Front Ioader Quieted 1 74.0 —_
Source: Table 3-2,

TBBLE 3-5

SUMMARY OF NOISE LEVEL DATA BY ENGINE TYPE

(dBA at 7 meters}

Maximum Continuous Noise Level (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
Diegel-Powered Conventional 17 B0.7 3.90
Diesel-Powered Quieted 4 74.5 3.1
Maximum Noize Level (Slow)
Engine Conventional Number of Mean Standard
Type or Quieted Measurements Deviation
Gasolire~Powered Conventiocnal 82.0 3.22
Gasoline-Powered Quieted 1 77.2 kWil
Diesel-Powered Conventional 14 B82.8 4.04
Diesel-Powered {uietegd 1 76.0 —_

Source: Table

3-2.
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FIGURE 3-5
TIME HISTORIES OF QUIETED REAR LOADER

Source: Reference 3-1,
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FIGURE 3-6
TIME HISTORY OF THE A-WEIGHTED NOISE LEVEL GENERATED BY A FRONT LOADER
DURING A DUMP AND A PARTIAL COMPACTION CYCLE. NOISE LEVELS WERE
MEASURED 50 FT TO THE LEFT OF THE VEHICLE CENTER.

Source: Reference 3-1.
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Figure 3-7 shows the time history of an operational passby of a
quieted side loader with the engine governed at 900 rpm. The truck was
equipped with a front power take—off and powersd by a 6-cylinder diesel
engine, Various nolse gvents 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 (80 dBA metal and 77 dBA plastic); noise of the
compaction ¢ycle (75 d8A) combined with several impulses due to impacts
between trash and compactor walls; noise of the release of the air brakes
(87-30 4BA); and the noise of the truck departure (80 apa),

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
conpactor, identified as a major noise source. The other chassis-related
noises éenerally are covered by the Medium & Heawy Truck regulations.
State ;nd local authorities have the option of further regulating the other

noises associated with trash collection, such as container noise.

NOISE SOURCES

Component Sound ILevels

EPA considered in detail the diagnosis of moise sources of a rear-
loading solid waste compactor truck. The noise sources identified were:
(1) Truck chassis
(2) Transmission power take-off (PIU)

{3) Hydraulic punp
(4) Compactor 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 & typical vehicle. This particular trmck was a gquieted vehicle, i.e.,

e s Lt = e by e

it already bad some noise control features. The chassis had a better than
average muffler installed. The truck cycled at an engine speed of 1050
pm and electric switches reversed the hydraulic cylinders, rather than
allowing them to bottom. 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-off, and some was £rom the hydraulic putp.

The chassis and power take-off noise were found to be highly speed-
dependent. Figure 3-8 shows the variation of noise with variations J:.n
the engine speed of the chassis and with and without the power take-off
engaged. Many trucks 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 shows the spectral contributions from the various major

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

hydraulic punp generates twe pure tones at 125 and 250 Hz. High frequency

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

sound hoth 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 overall noise of the truck-mounted solid waste conpactor,
EPA has set a not-to-exceed noise level of 83 dBA (at 15.2 meters, or 50 feet,

in a passby test} for the chassis in the regulation for medium and heavy
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TABLE 3-6

NOISE CONTRIBUTIONS
SPL (dBA at Tm)

Energy
Right Left Front Rear Average
Chassis 64 64.5 63 63 64
Power Take-off  73.5 72.5 72 68 72
{P10)
Punp 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.
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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

rem. During the compaction cycle, the ergine 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 trmuck nolse 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 scurces
in an emgine. Based on this model, several curves have been plotted
portraying predicted engine noise as a function of speed (Ref. 3-1).
These curves demonstrate the potential reductions in noise that can be
achieved by reducing engine speed.

Three chassis manufacturers supplied chassis noise levels as a func-
tion of engine speed for 14 chassis meeting the regulatory level of 83
dBA, ‘These data, along with the levels predicted by the mathematical
model for trucks requlated at 83 dBA, aré graphed in Figure 3-10, Although
several diesel engines exceed the noise level predicted by the model, all

of the gasoline engine noise levels are considerably less than the
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predicted levels for gasoline-powered engines. The slopes of the curves
representing the manufacturers' data are greater than the slopes of the
predicted curves, which indicates there is a greater dependence of noise

level on engine speed than predicted by the model.

SAN FRANCISCO NOISE DATA

Nolse measurements have been reported on truck-mounted solid waste
compactors operating in the city of San Francisco. The San Francisco
nolse 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 feport.

One hundred and fifty—-two noise measurements (Exhibit 3~1) were made
on compagtor lvehicles operating in the streets of the city. The measure—
menﬁs ware mxde at a distance of 50 feet from the rear of the truck.
(Elgsewhere iIn this report, the data were based on measurements made' at 7
meters or 23 feet,) The San Francisco data were corrected by 6 4B to
account for the greater distance between the microphone and the vehicle.
Tabhle 3-7 summarizes data for two scavenger fleets. EBEven after this
correction, the San Francisco measurements were significantly higher than
those reported by EFA in Table 3-1.

Table 3-8 clempares the noise levels of sixteen trucks measured both
by EPA investigators and by San Prancisco. BAgain, 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 FPA level, even though the
S5an Francisco measurements were made twice as far from the truck. The major

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

‘ SUMMARY OF SAN FRANCISQO NOISE MEASUREMENTS 5;
(dBA at 50 feet from rear of compactoyr) E

Maximum Continuous Noise lLevel averaye of 3 Highest Peaks

i Flect  lNumber of T 1 o
: Vehicles Mean Standard beviation Mean Standard Deviation
i :
5 A 57 75.35. 0.51 78.32 0.32
k B 95 78,57 0.36 81.08 0.32
;

Source: Reference 3-l,

;

TABLE 3-8 /

NOTSE LEVELS OF SAN FRANCISCO COMPACTOR TRUCKS

(dBA at: 23 feet and 50 feet) 4

Uperator  Vehiole Haxér;u;n Fﬁgzi:ucgus ele ﬁffl % ;

Mumber (50 ££) (adjusted) (23 £t} (50 £t} (adjusted) (23 ft) 5

Sunset: M 83 7 Al a7 &8 :

- Sunset 297 78 84 76.5 8t 87 a5 [

 Sunset anm M 80 74 78 85 86 i

Sunset 51 B0 86 5.5 63 a9 8.5

Golden Gate 29 73 79 76 i 8¢ 82 r:

© Colden Gate 1 - -- 7 - - 80 ‘

Sunset G 79 . 85 ) 83 89 88 )

Golden Gate 26 72 78 75.5 80 86 89 ‘.

Sunset 7 B 87 9 g 92 83

Sunset 234 a2 83 75 7 93 88

Colden Gate 33/ == - 78 - - &

Sunset 750 79 85 4.5 82 88 85

Sunset son 78 84 7 78 84 85

Sunset a7 83 76 81 87 8

Stnaet D7 - - 4.5 - - 8a

Sunset D7 - - 73 - - 7,5

Source: PReferenoces 3-1, EPA/NEF Measurements in San Franclsco. }

[}
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reverberation., San Francisco has many narrow streets with row housing, which
cause a reverberant bulld-up of noise. The higher correlation between San
Francisco and EPA data for the maximum impact levels supports this theory of
reverberation. Impact noiseé are of short duration and do not experience
significant reverberant build-up, Therefore, the nartow streets and row
housing in San Francisco cause an increase in the maximum contihuous 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 solid waste compactor which
are subject to degradation are the truck chassis (engine casing, exhaust,
and fan), power take-off (PTO}, and hydraulic purmp (Table 3-9).

The nolse degradation of the chassis is directly related to the
average life of the engine, Warranties for truck diesel engines usually
cover 50,000 miles or 24 months on parts and labor, or 100,000 miles or
24 months on parts only (Ref. 3-3). The warranty for gasoline engines is
half that of diesel engines. Waste 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

AVAILARLE DATA ON NOISE DEGRADATION FOR TRUCK-MOUNTED
SOLID WASTE COMPACTORS REGULATED AT 78 dBA (7 meters)

Noise Unregulated Regulated Reduction Noise Source Avallable Data on Sources of Data Treatment  Treatmant
Saurce Noise level Nolse level of Noise Degradation Source Degradation on Degradation to Comply Degradation
{dBA) {dBA) {duA)
Chassis 80 75 5 for trucks at -IOT quiek truck ~DOT quiet reduce none
=Engine B3 dBA: field tests txuck reports engine
-Exhaust (diesel at {diegel at -engine-source —engine useful life -engine migrs. speed
=Fan 1750 rpm) 1750 rm) and treatment ~angipe warranty ~muffler migrs.
«gxhaust muffler =-muffler useful life -conpactor users
PIO 79 {noise fram - degradation does -PTO useful life ~-compactor users replace none
flywheel or not affect over- ~PIO warranty trans. PTO
front PID not all level unless with front
significant) PIO falls or flywheel
PTO
Puirg 68 64 4 degradation of -~pump useful life
parp -punp warranty ~compactor USers  none —

(estimated Erom
64 dBA at 1250
rpinusing 30 log
of pump speed)




Department of Commerce data indicate an average annual mileage of

12,200 miles for all compactor vehicles. 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, thersfore, may be driven 5

or 6 years before the first overhaul,

Chassis nolse from waste compactors equipped with gasoline or diesel
engines 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 engine truck. If the engine speed is reduced, ergine

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

chassis.

The degradation of other noise scurces 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

PICs, gear wear should be less and, therefore, PTO noise degradation less,
The noise treatments of reducing engine speed and replacing the

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

in efficacy. Therefore, the chassis noise degradation will prcbably

dominate waste cowactor noise degradation.

3-24



'

Noise Degradation of Quieted Trucks

The noise emissions from two International Harvester DOT Quiet Trucks
with initial noise levels of 80 dBA {low ehough to camply with the 83 4BA
requlatory level) increased by 1 dBA during the first 150,000 miles of

- normal use {Ref, 3-2), “wo DOT Quiet Trucks with noise levels of 78 dBA
{low enough to comply with the 80 dBA regulatory level) demonstrated
reductions in their initial noise levels after 90,000 miles.

vhen chassis noise is reduced to a level below BO dBA, the noise
fram the hydraulie 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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EXHIBIT 3-1
NOISE EMISSION TESTS MADE O SAN FRANCISCO CITY TRASH TRUCKS*

Source: Reference 3-1.

Vehicle No. Compacting (dBa} Crushing Spikes (dBa)**

39 80.0 85.0 84,0 84.0
5-3 73.0 75.0 76.0 75.0
" 54 69.0 - 77040 70.0 70.0
5 86,0 87.0 88.0 88.0
-3% 71.0 72,0 74.0 75.0
36 73.0 73.0 74.0 75.0
40 74,0 79,0 . 80.0 8l.0
41 76.0 79,0 80.0 BG.0
42 70.0 72.0 72,0 76.0
43 75.0 75.0 77.0 77.0
44 74.0 74.0 75.0 8l.¢
46 71.0 72.0 74.0 77.0
48 75.0 83.0 B4.0 85.0
23 75.0 81,0 82.0 83.0
23 75.0 75.0 76.0 81.0
24 76.0 78.0 77.0 83.0
25 78.0 80.0 82.0 85.0
27 78.0 79.0 80.0 80.0
26 72.0 73.0 78.0 80,0
27 8.0 : 79.0 79.0 80.0
28 7640 76.0 76.0 77.0
29 73.0 74.0 76.0 78.0
3147 75.0 5.0 78.0 8l.0
32 78.0 79.0 82.0 84.0
33 82.0 86.0 86.0 89.0
1 75.0 77.0 78.0 78.0
12 77.0 82,0 82.0 83.0
11 71.0 75.0 75.0 78.0
14 73.0 73.0 73.0 75.0
15 73.40 73.U 73.0 74.0
169 74.0 75,0 76.0 77.0
169 75.0 : 78.0 79.0 79.0
1720 73.0 73.0 75.0 8l.0
1720 73.0 76.0 76.0 77.0
1720 71.0 71.0 74.0 75.0
1830 75.0 75.0 75.0 79.0
19 75,0 77.0 81.0 84.0
20 70.0 73.0 74.0 73.0
21 72.0 76,0 76.0 78.0
21 74.0 76.0 76.0 81.0
22 - 73.0 74.0 80.0 85.0
F2 B6.0 87.0 87.0 88.0
F5 77.0 78,0 79.0 80.0
2 79.0 79.0 80.0 80.0

*Measurenents made at 50 feet on city streets
**aximun noise spikes associated with the nommal operation of the vehicle,
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EXHIBIT 3-1 {Continued)
NOISE EMISSION TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

Vehicle No. Compacting (dBA) Crushing Spikes (dBA)
411 77.0 78.0 78.0 80.0
X4 74.0 75.0 76.0 77.0
P4 77.0 78,0 80.0 80.0
411 83.0 83.0 84.0 86.0
411 76.0 76.0 76.0 77,0
X5 75.0 75.0 7.0 77.0
6 73.0 78.0 79.0 g2.0
7 79.0 80.0 81.0 83,0
X7 83.0 83.0 84.0 85.0
X8 ~67.0 68.0 70.0 71.0
8 79.0 80.0 82.0 84.0
9 77.0 77.0 78.0 79.0
10 77.0 79.0 79.0 80.0
68 78.0 8.0 79.0 81.0
704 76.0 75.0 77.0 78.0
728 75.0 79.0 82.0 83.0
74A 81.0 81.0 82.0 84.0
744 81.0 85.0 85.0 86.0
75A 78.0 80.0 81.0 81.0
75A 79.0 79.0 80.0 82.0
768 B0.0 80.0 80.0 83.0
49A 79.0 79.0 80.0 80.0
7837 79.0 81.0 81.0 81.0
T9A 78.0 79.0 79.0 79.0
79A 77.0 78.0 77.0 77.0
71A 86.0 87.0 87.0 89.0
73A 78,0 79.0 80.0 87.0
784 82.0 82.0 82.0 83.0
4 85.0 85.0 85.0 86.0
63A 80.0 81.0 82.0 82.0
638 80.0 B0.0 B2.0 83.0
G7A 73.0 76.0 77.0 79.0
6BA 78.0 79.0 84.0 85.0
684 80.0 83.0 84.0 85.0
574 77.0 78.0 79.0 80.0
58A B2.0 42.0 84.0 85.0
55a 78.0 78.0 78.0 78.0
60 75.0 76.0 76.0 77.0
614 79.0 80.0 81.0 83.0
623 77.0 B0.0 82.0 88.0
62A 73.0 73.0 75.0 - 75.0
64a 76.0- 80.0 81.0 81.0
64A 78.0 79.0 749.0 80.0
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NOISE EMISSION TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

EXHIBIT 3~1 (Continued)

Vehicle No. Compacting (dBA}
65A 84.0
664 83.0
68a 75.0
393 80.0
408 87.0
41Aa 80.0
42a 78.0
43a 77.0
444 80.0
45A 75.0
464 88.0
47A 79.0
48A 75.0
49A 77.0
S1A 82.0
52A 82.0
54a 80.0
58a 79.0
56a 80.0
53a 82.0
51a - 80.0
34a 81.0

WD 75.0
25 74.0
X2 79.0
34 78.0
4A 75.0
4A 75.0
5A 78.0
X6a 78.0
158 75.0
16A 80.0
17A 80,0
183 82.0
184 79.0
194 81.0
20a 86.0
21a 74.0
223 80.0
23A 82.0
243 84.0
28a 75.0
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Crushing Spikes (dBA)

84.0
86.0
78.0
83.0
90.0
83.0
78.0
80.0
B0.0O
77.0
94.0
83.0
75.0
81.0
84.0
83.0
80.0
82.0
83.0
82.0
80.0
84.0
81.0
74.0
79.0
78.0
77.0
77.0
79.0
78.0
75.0
82.0
80.0
84.0
83.0
81.0
87.0
78,0
81.0
82,0
85.0
78.0

8s5.0
86.0
79.0
85.0
90,0
84.0
82,0
81.0
82.0
78.0
96.0
85.0
75.0
81.0
85.0
84.0
82.0
82.0
87.0
83.0
83.0
86.0
83.0
78.0
79.0
79.0
77.0
78.0
82.0
74.0
75.0
84.0
82.0
84.0
84.0
82.0
87.0
78.0
81.0
84.0
86.0
79.0

86.0
87.0
79.0
85.0
90.0
86,0
83.0
81.0
84.0
80.0
97.0
87.0
75.0
81.0
86.0
85.0
82.0
85.0
86.0
83.0
83.0
88.0
83.0
79.0
80.0
749.0
77.0
79.0
81.0
79.0
76.0
84.0
88.0
85.0
84.0
82.0
87.0
79.0
81.0
87.0
86.0
80.0
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EXHIBIT 3-1 {(Continued)

NOISE EMISSICN TESTS MADE ON SAN FRANCISCO CITY TRASH TRUCKS

Vehicle No. Compacting {dHA) Crushing Spikes (dBA)
278 76.0 77.0 79.0 80.0
278 79.0 80.0 81.0 B2.0
297 78.0 79.0 79.0 81.0
30A 78.0 78.0 78.0 80.0
325 78.0 78.0 79.0 80.0
A 77.0 79.0 79.0 79.0
36A 78.0 78.0 79.0 79.0

oA 80.0 £0.0 80.0 81.0
38a 82.0 82.0 83.0 83.0
37a §0.0 82.0 83.0 88.0
kY71 B1.0 B83.0 83.0 83.0
asa 77.0 77.0 77.0: 80.0
14A 75.0 78.0 80.0 82.0
13A 77.0 : 77.0 77.0 77,0
12a 71.0 72.0 72.0 74.0
- 11A 67.0 : 72.0 73.0 74.0
104 77.0 79.0 80.0 82.0
BA . 68.0 : 70.0 - 7.0 71.0
XA 79.0 79.0 79.0 82.0
X7a 78.0 80.0 82.0 82.0
X7A 80.0 83.0 84.0 89.0
" . 75.0 : : 78.0 78.0 78.0
X6A 81.0 80.0 81.0 83.0
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EXHIHIT 3-2

VEHICLE TIME HISTORIES: "SLOW" METER RESPONSE

5 The following figures shew the tine histories of the compagtion

or loading cycles for eighteen (18) of the vehicles listed in Table 3-1.
These histories were recorded on a Graphic Leve_l Recorder (GLR) with

a writing speed of 16 miysec and a chart speed of 3 mm/sec, ‘this roughly
corresponds to an averaging time of 0.5 sec or a "slow" meter response,

e equivalency is only exact, however, for a 4 dBA sound level spike.

A larger spike will cause the GIR to read lower than the sound level

metet and a smaller spike will cause it to read bhigher.

-These time histories give an indication of how the sound levels
i T (in "slow" meter response) of the vehicle noise emissions vary throughout
the compaction cycle. They indicate the maximum level at one microphone

pogition for the identified wvehicle; the four-position enewmy average

for each of these vehicleg 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. 1In this section each of these factors
is discussed as a basis for developing a measurement methodology.

| Perhaps the most important feature of a measurement methodology is its
correlation with environmental impact, It is not necessary that levels
acquired in a standardized way be identical to those observed under ordinary
operating conditions. What is important is that standardized data enable one
to correctly predict envir&:nnental levels. The consequences of inadequate
correlation are less than expected environmental protection or inefficient
allocation of noise-abatement resources. The relationship between desired
environmental control and test standards can be illustrated graphically. As
Figure 4-1 shows, the lines corresponding to the desired level of environ-
mental control and the not-to-exceed regulated level divide the noise sources
into four categories. In Category I the sources have passed the standard
test and therefore would not be controlled further, but are still environ-
mentally objectionable. ‘Those in Category II fail the test and are environ-
mentally objectionable. However, one may presume that some of these will be
quieted to the point where they pass the test but are still environmentally
objecticnable; others will be gquieted at some needless expense beyond the
point where they are éf concern. Similarly, all sources in Category ITI will

be quieted needlessly, i.e, they fail the test but are environmantélly




acceptable, Category IV sources will not be quieted, since they passed the
test and are environmentally acceptable,

In practice, the shortcomings of standard test procedures are inevi-
table, but may be minimized. Figures 4-1 shows contrasting test procedures
that correlate poorly (a) and well (b) with environmental levels., The prcblems
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
A A
I T e I
[ ] a
DESIRED . /
LEVEL OF .
ENVIRON. . -
CONTROL. .
[ ]
i m urd 1o
il -
REG.  TEST REG.  TEST
LEVEL STD (b) LEVEL  STD
fa) LEVEL LEVEL
FIGURE 4-1

ILLUSTRATION OF TREST STANDARDS THAT CORRELATE (a) PCORLY
AND (b) WELL WITH ENVIRONMENTAL LEVELS

Source: Reference 4-3.
Fase 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 develormental phases. In addition, manufacturers will
undoubtedly wish to test at least a sample of products prior to introducing
them into commerce. Also, the methodology should be easily performed by
enforcement personnel who may test at a manufacturer's facility and/for at
a special test site.

Finally, repeatability is obviously desirable. A test which is
nenrepeatable, 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 he avoider,

\SJTf%EﬁﬁE?HQL L
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Time (sec)

FIGURE 4-2

TIME HISTORY OF THE A-WEIGHTED SOUND LEVEL MEASURED 50 FEET TO
THE LEFT SIDE OF A FRONT LOADER

Source: Refereqce 4-3,
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NOISE CHARACTERISTICS
Before proceeding to specific requirements, it is useful to consider the
noise profile of a solid waste compactor. Flgure 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
ioaders, hydraulic actuators generate similar Iimpacts. 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 technigue for specifying engine operating conditions

or cycle time.

Alternative Measurement Methodologies

Measurement methodologies are comprised of three parts: (1) specifica-
tion of operating conditions, (2} establishment of measurement criteria
(2.9., whether to uce A-weighting, B-weighting, etc.,) and (3) specification
of test site and instrumentation,

1. Operating Conditions

Two primary factors of concern are the specification of compactor load

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

control devices,
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2. Compactor Load

A decision must be made as to what load will be placed in the hopper of
the compactor truck when its noise is beimy weasured., Swgestions have toen
made- that a stardard load should be used, ‘this load could consist of pager,
garbage or bottles, tHowever, any such load will inevitably vacy from one
sample to another and not be reproducible. fThe sanple could not even be used
twice in the same truck since it would change on beiny compacted the Eirst
time. Accordimgly, the only reproducible load that could be devised would be
no load., Although an empty hopper does not precisely simulate actual loads,
it does provide a constant baseline against which all trucks can be compared.
3. Engine Speed Contrel

It is desirable to make some provision for specification of enyine specd
for trucks, such as front loaders, which are not nomally eguipped with
engine speed control devices. At least three possible approaches for doing
this are:

0 specifying an engine rpm in the regulation

o requiring that the dump or compaction cycle e performed within

the time limits published in the munufacturcer's advertiswients
o spacifying the operation of the engine at wmaximun allowable engine
or pund tjan, whichever is lower.

It doeg not sean appropriate to specify a fixed engine rpm. Such a

specification would be a counter-productive constraint on manufacturers whio

wish to achieve noise control without compranising performance by minimizing

engine speeds and using high capucity pumps.
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The sseond aporoach, requiring thab nperational cycle times conform to
advertised values, has sone merit. However, the obvious problems are that, on
one hand, cycle tines are not advertised for all vehicles and therefore would
not be regulated; on the other hand, mannfacturses might cease such advertise-
ment if their publication led to excessive noise contenl problang,

The third techninue, specifying operation at the maximum speed allowed by
the manufacturer, also has positive and negative attributes. It could he
argued that engines or pumps are rarely operabted at maximun 3llewed speeds.
However, compackor operakors are motivabked to oparate dump and conpaction
cycles as cquickly as possihle to minimize the route-collection time. In fact,
there have been cases of aperators changing engine speed control settings for
this purpose. Furthermore, testing at maximum allowable speed s consistent
with many induskey practices. SAR test procadures typically specify maximan
anceleration/maximum speed condikions. Therefore, the Agency concluded that
compactors without mechanical speed controls should be tested at the maximm

engine or pump rpm allowed by the manufacturer.

Measurement Criterla

The key smeasurcenent problems relate to proper instrumentation, dekermina—
tion of the appropriate nolse lovel reading, the number and lncation of the
microphone positions, and the method of combining the level readings at the
various locations to ohtain a suivable avecages level.

1._ Weighting Scale
'fhe first question concerns which weighting scale, if any, to use in

taking the reading. Several seales 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 number,

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, Consequently, the
A-weighted sound level (also referred to as "noise level"), is the
quantity to be observed and reported in making noise measurements of
truck-mounted solid waste compactors.

2. Meter Response Setting

Originally, the measurement technigue 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 compactien 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 Etaken
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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In most cases, the noise emitted by the refuse collection vehicle

Thus,

level."

during compaction continuously fluctuates in level by several decibels,
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, ag the
oye does not always [ollow 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 reading 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 79 dBA in "slow" response.
This is to be expected, since the impulse response of the sound level meter
in "slow" setting is generally about 4 decibels lower than it is in "fast"
setting.

Consequently, EPA reached the conclusion that the test procedure
could be simplified and the meter reading process made more reliable by
setting a single noise level limit based on a reading of the maximum
noise level obsecved with the meter in the "slow" response setting, This
replaces the proposed procedurs, which required two separate readings,

one of "maximum steady" and one of "maximum impact", using the "fast"
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meter setting. The increase of one decibel in the not-to-exceed limit
accounts for the damped response of the meter to a mild impulse (such as
was allowed in the proposed impulse overshoot of 5 decibels in "fast™
mode, in the proposed regulation) while not degrading significantly the
control of continuous noise implied in the earlier "maximum steady" limit.
Consideration also was given to other methods of reducing the uncertainty
of the meter reading,l such as use of an integrating/averaging sound level
meter, also known as "Leq meter." Although this approach has potential
merit, it has not heen specified in the test standard because of the lack
of a national or international standard for such meters. The Agency believes
that, to ensure consistency and accuracy of the primary measurement which
establishes conformity to a regulatory limit, the instrument used should
conform to a widely recognized and accepted consensus standacd.
3. Microphone Locations
Compacting-vehicle machinery is often distributed around the vehicle,

requiring noise measurements at various locations. Drive train equipment

such as the engine and fan are located at the front. PICs 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 fouf locations, 7 meters
from the vehicle surface, at 90 degree intervals around the vehicle.
4, Combining Noise Levels

Since compactor noise levels are measured on all four sides, a single

number is needed that best characterizes the noise emissions of the vehicle.
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The total noise emission of the compactor vehicle is chtained by taking

an energy average of the four noise level measurements. Mathematically

speaking, this energy average is calculated by averaging the antilogarithms

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

logarithm of the result.

EPA MEASUREMENT 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.

3l
4-

A precisicn sound level meter which meets the Type 1 require-
ment of the American National Standards Specification for
Sound Level Meters, $1.4-1971,

As an alternative to making direct measurements using a

sound level meter, a microphone or sound level meter may be used
with a magnetic tape recorder and/or a graphic level recorder
or indicating meter, providing the system meets the require-
ments of the Society of Automotive Engineers {SAE) Recommended
Practive J184, Qualifying a Sound Data Acquisition System.

A sound lev.el 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 zero wind
velocity conditions for the type of nolse source being
measured.

A stopwatch having an accuracy of better than one percent.

4-10




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 hillgides, 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 meters {23 ft) from the mid-point of the surface of the
truck on the side on which the measurements are belng made. Measurements
will be made at four microphone positions to the front, rear and each side of
the wehicle.
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' conerete, asphalt, or similar hard material, and shall be free of
powdery show, grass, loose soil or ashes, or other sound-absorbing materials.
Test 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 container
handling anél compaction equipment shall be operated through
enough cycles to ensure that hydraulic oil and components

have reached a stable temperature and ocperating condition.
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5.

The compactor must be operated enpty.

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

The compactor engine must be operated at a speed in rpm
corresponding to the maximum allowable speed of the hydraulic
pump which powers the compactor mechanism. If the compactor
includes an engine speed control or governor which is operational
during the container handling and compaction cycle, the test must
be run at govermned speed, provided that the govermor cannct be
overridden by an operator during nomal in-use operation.

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

the "A" weighting network.

The contaiper handling and compaction equipment must be

cperated through two domplete cycles for eacﬁ noise measurement
taken. If the test results {4-position ensigy-average) differ
by more Lhan 2 4B, further tests must be run until the two
results agree within 2 dB and the average of the two will be
reported,

Noise lavel 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 cempaction at each microphcone position;

T e e e et iy = i ket .8 B TR 0 k. L1k o R e B ke



b. The four-position energy average noise level, computed

according to the equation:
4
L= 10 log © [ant(r.i/m)] - 64 {4-1)
i=1
where: L = energy average nolse level, in decibels; Lj 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 begimning 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 techniques of sound measurement select the

equipment and conduct the tests.

Proper use of all test instrumentation is essential to obtain valid
measurements. Operating manuals or other literature furnished by the
instrument manufacturer should be referred to for both recommended
operation of the Instruments and precautions to be observed. Specific

items to be considered are:
i. The effects of ambient weather conditions on the performance

of all instruments (for example, temperature, hunidity, and

harometric pressure). .
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3.

4,

7.

Proper signal levels, termil.'nating impedances, and cable lenghts
on multi-instrument measurement systems. '

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

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

Measurement shall be made ohly when wind speed is below 12

mph (19 Em/hr).

The ambient sound level (including wind effects) from sources
other than the vehicle being measured shall be at least 10 dBA
lower than the level of the tested vehicle.

Because bystanders have an appreciable influence cn meter response
when they are in the vicinity of the vehicle or microphone, not
more than one person, other than the ohserver reading the meter,
shall be within 15 meters (50 £t) 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 chserver.

SUGGESTED REFERENCES

Suggested reference material 1s as follows:

ANS 51.1-1960 Acoustical Terminology.

ANS §1.,2-1967 Physical Measurement of Sound,

4-14
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ANS S1.4-1971 Specifications for Sound level Meters.
SAE Recommended Practice J-184 - Qualifying a Sound Data Acquisition
System.

Applications for copies of these decuments should be addregsed to the
American Natlonal Standards Institute, Tnc., 1430 Broadway, New York, New
York, 10018; or, The Society of Automotive Engineers, Incorporated, Two
Pennsylvania Plaza, New York, New York, 10001.

DISCUSSION OF METHODOLOGY

There are a number of points in the methodology presented above which
heed further explanation. Decisions have been made concerning certain
parameters in the methodology, and the reasons for these decisions need
to be enumefated.

Measurement Distance

Two measurement distances are commonly employed in the measurement of
noise from vehicles: the SAE generally adopts a 50 £t distance, while the
International Standards Organization (IS0) adopts a 7 m (23 £t) 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 sit?.

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

distance is employed. Smaller sites are more readily available. Second,

since the neise levels to be measured are not very high, there will be less
interference from ambient noise at a 7 m distance than at a 50 ft distance.

Accordingly, all noise measuremants in this study are quoted for a distance

‘of 7 m (23 £t).

4-15
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Cperation 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 gocd simulation of
actual loads, but it does provide a constant baseline against which all
trucks can be compared. Also, one series of measurements made on compactors
indicated an average increase in noise of only 0.5 dB between empty and full
load conditions (Ref. 4-2).

Energy Average

The truck noise levels are measured on four sides. The SAR generally
takes the highest of the four levels measured and quotes that level. This is
appropriate if 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 community. This is best evaluated by
taking an energy average around all sides of the vehicle. The energy
average iz obtained by averaging the antilogarithms of the levels on the four
sides of the truck and then taking the logarithm of the result., That is, if the
four measurements are Ly, Lo, L3 and Ly, the enerqy averaged level, L, is

- . I4/10 Ly/10 L3/10 L4/10
L= loglo 1/4 (10 + 10 + 10 + 10 )

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

and may be considered analogous to a sound power measurement.

ket A e



4-1 ]
4-20
4-3.

4=4,

45,

REFERFNCES
Section 4

Blomquist, Donald S. (National Rureau of Standards) letter to Fred
Mintz, BEPA, dated March 23, 1977.

Mansbach, Peter A. {National Bureau of Standards) letter to Fred Mintz,'
EPA dated August 31, 1976,

"Noise Control /Technology for Specialty Trucks {Solid Waste Compactors),"
Rolt, Beranek and Newman, Inc., BBN Draft Report 3249, February 1976,

Environmental Protection Agency, Information on Levels of Environmental
Noise Requisite to Protect Public Health and Welfare with an Adequate
Margin of Safety, EPA 550/9-74~004, March 1974.

Environmental Protection'Agency, Information in Support of the Proposed

ulation for Truck-Mounted Solid Waste Compacters, Part 2, Draft
Background Document, EPA 550/9-77-204, August 1977.

e e



SECTION 5

EVALUATION OF EFFECTS OF TRUCK~MOUNTED SOLID WASTE
COMPACTCR NOISE ON PUBLIC HEALTH AND VELFARE

INTRODUCTION
The purpose of this section of the regulatory analysis is to explore

in quantitative terms the health and welfare impact of the noise of truck-
mounted solid waste compactors, and the benefits, in terms of reduction

of this impact, to be expected from a regulation limiting the noise emis-
sions of newly-manufactured compactors. Various regulatory options are con-
sidered,

Predictions of both the costs and benefits involved are necessary
inputs to define the trade-offs among the varlous 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 inhevent differences in individual responses to noise, the
wide range of situations and envircnments 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 tco 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 regulatory

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 Contrcl Act, is a broad term. It includes personal comfort 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
physiclogical injury (Ref, 5~20). In other words, the term applies to the
entite 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
oceur 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 noilse in general,

The best-known ncise 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 become merely a series
of low rumbles, and the intelligibility is lost. Neoise-induced hearing
loss is a permanent loss for which hearing aids and medical procedures
cannot compensate.

Moreover, noise 1s a stressor. The body has a basic, primitive
response mechanism which automatically responds to noise as if to a
warning or danger signal. A complex of bodily reactions {sorekimes called

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

on the skin and many others.

This stress response occurs with individual nolse events, but it is not
known yet whether the reactions seen in the short term become, or con~
tribute to, long-temm stress diseases such as chronic high blood pressure,
Therefore, the stress response to noise cannot yet be guantified.

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

The analysis in this section does quantify the generalized adverse
react:‘to'n of qroups of people to environmental noise. To the extent that
stress and verbalized annoyance are related, the “general adverse
responsa’ guantity may be seen to partially represent or indicate the
magnitude of stress response.

The general adverse response relationship to noise levels may
also be seen as partially representing another area of noise effects:
activity interference. Noise interferes with many important daily
activities such as sleep and communication. These effects (sleep dis-
turbance and communication interference) can be guantified. Thus,
computations 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, pecple often report that

noise interferes with sleeping, relaxing, concentration, TV and radio
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listening, and face—to-face and teleph‘bne 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

People are exposed to noise generated from trash compacting operations
most notably when inside their homes during late niaht dr early morning
hours. Reduecing noise related to trash compaction activity may produce
the following benefits:

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

tive long-term impact upon the exposed population.

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

by intense individual noise events.

Improvements in public health and welfare are regarded as benefits of
noise control. Publie health and welfare benefits may be quantified both
in terms of reductions in noise exposures and, mors meaningfully, in
terms of reductions in adverse effects. This analysis first cquantifies
noise exposure from noise associated with trash collection activity (i.e.,
numbers of people exposed at different noise levels), then translates
this exposure into an estimate of community impact.

Predictions of noise levels under various regulatory schedules are
presented in terms of the noise levels associated with typical trash collee-
tion operations. The trash produced within a unit area of land will be
generated at a rate dependent uron 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
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cvcles 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 block {175 x 600
feet for an oblony block or 330 x 330 feet for a square block).

Reductions in the average urban noise levels from current conditions
{i.e., with no comactor noise emission regulations, but taking into account
the noise regulation for medium and heavy tnicks) are presented for comparison
with reductions expected for a number of regulatory options on newly manufac-
tured truck-mounted trash compactors. Projections of the population impacted
by compactor neise during the regulatory period are determined from estimating
reductions in the average noise levels in various types of residential land
use areas,

lowever, measuring nationwide inpact in terms of average urban noise
levels does not adequately account for extremely annoying situakions arising
from a single trash conpactlion opevation, since annoyance or other responses
to noise frequently depend on the activity and location of the individual.

In addition, measures of average urban noise levels tend not to account

for the disruptive and annoying peak neise intrusions produced by individual
trash compaction cycles. Significant benefits may be obtained by reducing
current noise levels generated 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 immact of noise.

Regulatory Schedules

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

tion activity are presented for the mgulatory options shown in Table 5-1.
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The hase option assumes no specific noise requlation for compactors, and
hence the total reduction in noise impact is the result of the noise regula-
tions on medium and heavy duty trucks. C(ptions 1, 3, 5, and 7 were selected
from a lame 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 reduct:ioné, and the impact of

eliminating compactor noise.

TABLE 5-1

REGULATCORY OPTIONG: NOI-TO-EXCEED
A-WEIGHTED SOUND LEVELS AT 7m

Compactor (all types)

Cptions* 1980 1982
Base Q#* x*
htion 1 a1 76
Cption 3 Uk* 80
Cption 5 ¥ 76
otion 7 79 76
Silent 0 0

*In all cases, A-weighted sound levels for truck requlations
are 83 dB in 1978 and 80 dB in 19682 at 15 meters.

**0 = unrequlated.
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Cutline of the Health and Welfare Section

A description of the existing trash {refuse) compactor noise enviromment is
presented in the following section. The next section presents the predicted
reduction in impact for the population within various land uses due to the
reduction of average community noise levels by regulating truck-mounted solid
waste compactors, Following that, predictions of relative potential changes in
human activity disturbance due to individual trash collection cycles are

estimated for each land use for the regulations under consideration.

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 fipally, 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 accomganying
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 from 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 noise level of the truck which carries the compactor

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

being evaluated

.



a Propagation of the noise fram the sourve to the receiver through
situations which range from navrow streets to open areas
o Attenuatioﬁ of the sound by buildirgs or walls.
These elements may be combined and translated into average levels by
considering the number of collections occurring per unit area and the mix

. of collection trucks.

Truck Noise Per Collection Cyele

Much of the total collection cycle noise is ygenerated 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 englie noise occurs while the truck pulls up, while it is idling and
is being loaded, while the engire is accelerating during the compaction cycle,

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

"}lu i o ——n
2} " |I
2 HETTE .
=48 ‘ | ! RELEASE
= PULL.UP AND{  IOLE AND TRASH 1 COMPACTION ¢ IDIE M0
- |GRAKE SQUEAL LOAD l CYCLE GLL-AWAY
25 soe 40 see 20 sec ' 19 see
] 1 1 3 1 ! I | ]
(I

TIME, seconds

FIGURE 5-1
TYPICAL COLLECTION CYCLE NOISE LEVELS AT 7 M

Source: Referonce 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 wehicles has been
regulated to a not~to-exceed A-weighted level of 83 dB (based on the J336b
test) effective in 1978 and to a level of 80 dB effective in 1980. A more
stringent regulation may be promilgated at a later time. &8s these quieted
trucks are introduced into the compactor-truck fleet, the noise associated
with the collection cycle will decrease. |

Table 5.'2 presents an estimate, based on Reference 5-1, of the collec-
tion cycle noise levels produced by these quieted trucks. Table 5-2 also
presents estimates for levels of truck noise reduction under the medium and
heavy truck noise emission regulation {Ref, 5-1), The average values of
truck noise used for the analysis in this report are calculated by summing the
eqﬁivalent 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 quieted compactors were in the measured sample, the
average sound levels were weighted according to the estimated percentage of
quieted and conventional compactors in the total population of vehicles.

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

preseni:ed 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 7m OF THE NON-COMPACTION
COMPONENTS OF THE COLLECTION CYCLE

Regulated Truck Noise

U® = existing ungquieted trucks

Source: Reference 5-289.

510

Event Level @ 15 m.
Duration ds

{sec) 2 83 80
Pull-up 25 80 74 A
Brake Squeal 0.5 90 90 90
Tdle while Loading a0 67 66 65
'I‘rasﬁ méding Impacts (4) (ea ) 0.5 77 77 77
Compaction Cycle {See Table 5-3)
Idle 20 67 66 65
‘Brake Release 0.5 90 90 90
Pull-away . 15 86 80 77
Avefage (not including ‘
campaction cycle) 100 77.2 72.8 71.2
‘ Notez

SO
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TABLE 5-3

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

Continuous Noise Impact Noise
Maximum - T

Sound Compacticn Cycle Ig Sound "

Compactor Level Time Level Lg

Type dB (seconds) ds

Average | Range [ Average | Range Range Average Range Range
Front-loader 82,7 | 73-87 34 20-55 88-100 91.9 75-98 85~97
Side-loader 75.8 | 71=77 32 8-75 84-95 83.4 78-84 79-80
Rear~loader 78.8 | 67-87 23 8-40 B2-96 85.4 75-94 68-87

NOTES: ¥

k.

Sound levels are weighted according to number of quieted and conventicnal

Calculated from Lg = Lp + 10 log (duration)
= Sound Exposure Level

where L,
and Iy 1

Source; Table 3~2.

I Lt I IR L

5 Sound Level

' campactors in total population; compaction cycle times are not weighted,




although a number of larage cities {e.q., New York and San Francisco) require
the use of quieted trucks, and thus some densely populated urban aveas 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.

‘fable 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 both the steady-

state and the impact sounds. EPA data indicate that the number of impacts

during a cycle varies with the type of compactor.

noted for each front-loader compaction, 2 for each side~loader and 5 for each

An average of 8 impacts was

rear-loader. FEach impact noise is assumed to have a duration of 0.5 sec. The
average nolse level for compaction was calculated using:
" L
Ly = 10 109 1= :f_- mre/10 + —E—- w 7 W (5-1)
where
ty = compaction time, in seconds, from Table 5-3,
ty = impulse time = number of impulses x 0.5 seconds,

- A-weighted sound pressure level, in decibels, of steady-state
coampaction, from Table 5-3,

et
n

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

H
n

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

compactor types and defines the noise levels of existing compaction cyeles.

5-12
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TABLE 5-4

AVERAGE (A-WEIGHTED) NCISE LEVEL OF COMPACTION
A1 7 PRODUCED BY DIFFERENT COMPACTOR TYPES

| NoIse Lavel

]
} Compactor ype i dB
I Front-loader 85.4

80.2

Side~loader | 76.4
Rear~loader (
|

Averayge Collection Noige levels Per Unit Area

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

compactor types in each land-use category varies as presented in Table 5-5,

TABLE 5-5

AVERAGE PERCENT OF DIFFERENT TYPE COLLECIOR VEHICLES
OPERATING PER DAY IN BACH LAND-USE CATEGORY.

Collector Type

Front=Loader Side-Loader Reak-Loader

Land Use Percent Percent Percent
Surburban Single- 7.4 21.5 71.2
Family Detached
Suburban 6.8 21.7 71,6
Duplexes
Urban Row 15,8 18.7 65.5
Apartments
Dense Urban 19.4 17.5 63.1
Apartments
Very Dense "31.8 13.5 54.8
Urban
Apartments

Source: Reference 5-29.
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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-averaged with the

compaction noise (Table 5-4) as:

Ly, = 10 log—t-T+t— ty 010, b, 10°9/10 (5-2)
(s
where
Lir, = the noise level for each truck-compactor combinaticn, in decibels,
Lp = truck noise level, from Table 5-2, in decibels,

tp = duration of truck noise for the collection cycle (omitting

compactlon time) = 100 sec,

L}

Lo averade noise level for each compactor type, from Table 5-4,
in decibels,

compaction time from Table 5-3, in seconds.

ta

(2} -The noise level for each compactor type was multiplied by the

use factor from Table 5-5, for a mix of truck types in a qiven area.

Lpr,/10 Lgp/10 Ly /10
Li =10 log [(fﬂ,)"’ +(fSL)’° + (fRL)“’ (5-3)
‘W'hére
j = collection noise level in a given land use area,
fpr, = fraction of front-loaders in a given land-use area,

from Tahle 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 avemge 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 WOISE ENVIRCONMENT

i
|

i

; Sound Propagation and Amplification

| Since sound levels propagate spherically from the source in a free-field
‘ environment, the sound pressure level loss due to pf:opagation varies inversely
! with the square of the distance between the noise source and a receiver., In

| other words, in the free-field envivonment the propagaticn loss is eguivalent
to & dB for each doubling of distance between the source and the receiver,
i.e., a -6 dB/dd attenuation rate.

Trash compactor noise, however, does not occur in a free-field environ-
ment. Non-unifomn akttenuation rates have been developed to estimate the
sound level attenuation in varying environments (Ref. 5-4). For this
analysis, unifowmm attenuation rates providing an approximation to the non-
uniform attenuation rates are used for each land use category. The uniform
attenuation mates se;ected are -6di/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

apartments. These attenuation rates apply to distances beyond 50 feet from

. the source. U 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 gsource and receiver,

In urban areas where the height of a flanking facade is nearly continuous
and is greater than or comparable to the street width, there is a reverberant -
build-up of sound, Furthermore, there are shielding effects from different
types of barriers or buildings on apparent source intensity. For a U-shaped
space, which approximates an urban street, amplification factors may be esti-
mated. These factors are dependent on the width of the space. For example,
when building fronts are separated by 15 meters (49 feet) the amplification
factor is estimated (with linear approximation) to be 2.2 dB. A 7.6 meter (25
feet) separation of building fronts is estimated (with linear approximation)
to amplify sound at the source by 8 dB. Therefore, a sound source of 80 dB,
referenced at 7 m free-field, would, on a 15 meter wide street, be amplified
to B82.2 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 metrcpolitan areas” to relate distance between building fronts to
collection logcation for various population density categories. On the

basis of this survey it is assumed that one-half of the compactions occur

*Los Angeles, Berkeley, Atlanta, Washington, D.C. Distances between build-
ing fronts were paced or estimated.
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on streets wider than 24 meters 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 per&ent of the time in 4.5 meters (15 foot) wide alleys, 20 percent an 7.6
méters 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

MMPLIFICATION FACTORS DUE TO REVERBERANT BUILDUP IN
MARROW STREETS (GROUND REFLECTION IGNORED)

Width Betwegn Percent of Amplification

Buildings Total Factor, dB
meters feet Collecticns
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 a5 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

2 Agsumes continuous building fronts

Source: Reference 5-29.
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Since the apparent build-up in sound level is a function of the width
between facing buildings, the technigque described in Reference 5-4 was used
to calculate the amplification and propagation factors for representative street
. widths., Adjustment factors of 11.6, B.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)
j and 24 or more meters (>78 feet) wide respectively, best represented truck-
! nbunted solid waste trash compactor activity in urbun areas, These reverberant
build-up factors were added to the noise levels associated with the collections
occurring on various street widths in urbanp areas (see Table 5-6).

No reduction in noise level due to the shielding of a row of buildings

between the source and the cbserver was considered for the suburban single-
family detachied and suburban duplex land-use categories. The typical collec-
tion noise levels in these areas are low enough that they will be insignifi-
cant on an adjoining street, For the denser dwelling areas, the barrier
effect of a row of buildinys is taken into account in the sound propagation

{attenuation) rates.

Sound Attenuation Within Buildings

o estimate indcor noise levels fron outside noise sources, the attenu-
ation factor of building walls and windows must e calculated., Althouyh
dwelling walls attenuate sound, windows yenerally provide poor insulation
from exterior noise., When windows are open the difference between indoor and
outdcor noise varies from 8 to 25 dB; while with windows closed, the attenu-
ation varies from 19 to 34 di, and with double-glazed windows, noise may be
reduced as much as 45 dB. Averaye differences between values for open window
and closed window conditions are 15 dB and 25 dB respectively (Ref. 5-19).

The maximun, closed value is seldom achieved in older urban areas, for

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

G~18
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arcund the glass panels and the window and door frames. In this analysis an
attenuation value of 15 d8 will be used for the suburban single-family detached

and the suhurban duplex areas (assuming window open conditions), and a value of

© 20 dB will be used for the cther 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 lLevels

The preceding description of compactor noise ignores the contribution
of background ambient noise, i.e., levels of ncise due to all cther con-
ditl:ions. 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 outdoor
noise levels (Ref. 5-7), it wags determined that day and night ambient

levels can be represented as a function of population density as follows:

Lpp = 7.90 x log PD + 29.1 (5-4}

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

Lap = ambient daytime egquivalent sound level, in decibels

L N ambient nighttime eguivalent 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 aré significantly above the target
ambient levels determined to be requisite to protect the public health and
welfare. Therefore, for purposes of this analysis, where ambient levels '
exceed the minimum community neise level identified by EPA as protective

of public health anc_i welfare (Lgn = 55 dB) (Ref. 5-5), the ambient levels

were set instead to a level of 1 dB under the identified level (Ldn = 544B)
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under the assumption that amblent levels will, in the future, be lowered by
coordinated Federal, state and local efforts to reduce noise, and to better
rvaeflect desires of states and municipalities for a quirter 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 B decrease in the noise level. This portion of the analysis consists of

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

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

impact (as described later in this section) is assoclated with that noise level.

(3.01/d)
R =Ry | 10%/10

A (5-6)
104/10 gt

where

[

distance from source

i

reference noise source distance (7m)

L at 7m from soutrce

5 6 & 7
It

It

Lgn at distance R from source

I8, = ambient noise level

d = attenuation rate (6, 6.5, B or 8.5 depending on land use
category)

NOISE METRICS
as discussed in the introduction of this section, two methods are used

to evaluate the health and welfare benefits of reduced trash compactor noise
emigsions on the human population. The first method estimates the general

adverse response due to trash collection cycle noise as a component of the
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overall noise in urban areas. The second method estimates the potential human
activity interferences (sleep disturbances and speech communication interfer-
ence) attributable to individual trash collection cycles.

Three primary noise metrics are used in the two methods, The primary
measures of moise exposure for general anhoyance are the equivalent A-weighted
sound level (Leq) and the day-night sound level (Ldn). Sleep disturbances
are calculated using the Sound Exposure Level (L) of the individual event
a8 the primary measure of noise impact. Speech interference is calculated
using the L__ of the individual event as the primary measure of noise

eq
impact. A brief description of these three noise metrics follows.

Equivalent Sound Level (Leq)

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-weighted sound level in

; as its general measure for environmental noise (Ref. 5-5 and

decibels, ['eq
5-14).
The basic definition of [‘eq is:
10 1 ! _?‘ —-—pztt’ dt (5-7)
= ——rt— L] -~
Leq 0 e E £ oo

where ty =ty is the interval of time over which the levels are evaluated,

p(t) is the time-varying magnitude of the sound pressure, and Py is a

rveference pressure standardized at 20 micropascals, When expressed in terms
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of A-weighted sound level, Lp, the equivalent A-weighted sound level, Leq,
is defined as:

t
1 2~ . 1altl/10
= —_— 0 at 5-8
l'.eq 10 logqp (tZ't‘] .{‘ [1 :|o { }

when associated with a specific short time interval s 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, 1-hour, day and night,

symbolized as Leq (24), Leq (8), Leq (1), Ly and L, respectively.

Day-Night Scund Level (I3}

In describing the impact of noise on peorle, the measure called-the
day-night sound level (Lgn) is used. This is a 24-hour measure with a
weighting applied to nighttime noise levels to account for the increased
sensitivity of people to intruding noise assoclated with the decrease in
background noise levels at night. The Ly, is defined as the equivalent
noise level Auring a 24-hour period, with a 10-dB weighting applied to the
eqﬁivélent noise level during the nighttime hoﬁrs of 10 pum. to 7 a.m. The

basic definition of Lan in texms of the A-weighted sourv] level is:

’ 2200 0700
: Lalti/0 (La{t)+10)/
Fan = 10 logyg 2—; (j 10 dt + ﬁo A " ae)  (s9)
' 70

0 2200

This may also be expressed by the following equation:

: Lg/10 {(L#10)/10
Lgn = 10 logyg 57 {15 (10 +9 [10 ] (5-10)

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

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

collection sound levels is calculated as follows:

A
Lgn = 10 log [mLSn/"’ + w"dn/m] (5-11)

where
the collection sound level

Lan
Idn

I

ambient noise levels.

Sound Exposure Level (Lg)

Most of the criteria which relate noise exposure to human impact deal with
'pervasive environmental noise rather than discrete noise events. Specification

of the nolse environment in terms of equivalent A-weighted sound level is ade-

quate for pervasive noises. 8Single events, like a trash collection cycle, may

contribute an insignificant amount to the total environmental noise, yet be of
significant impact. Fortunately, some effects of noise on people have been
quantified in. terms of sound level over a particular duration. A simple metric
which measures sound level, taking into account the duration of the event, is the
Sound Exposure Level {Lg). The sound exposure level is the integral of the
sound power per unit area received at a specified distance during a single

aoccurrence of a nolse producing event. The sound exposure level, in decibels, _
is defined as:
{5-12)

2
Lg=10lg o /% BLO) at
P 0

where p(t) is the A-weighted sound pressure at time t, pp is the reference

pressure {20 micropascals), and T is the duration of the noise event. For
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a rectangular pulse time history of approximately constant average sound
level, Ip, such as a trash collection cycle, an approximation is:

Ls = Lyayx + 10 log (T} (5-13)
where T is the time in seconds over whiéh the sound is present and ILyyy is

the maximum A-weighted sound level,

REFUSE COLLECTION NOISE LEVELS UNDER REGULATORY OPTIONS

Average Sound Level (Lp) for Collection Activity

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 nomal production variations. Using this assumption, the

2u e e b Y T LT gL S e
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regulatory schemes presented in Table 5-1, the requlated truck noise levels of
Table 5-2, and the noise metrics cutlined in the preceding section, the average

sound level, [p, for each land use area to the year 2000 was calculated, The

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

section,

Sound Exposure Levels for Collection Activity

Sound exposure levels were calculated for each component of bruck
collection noise shown in Table 5-2 and for compaction and impulse noise
shown in Table 5-3. For steady-state noise pulses, Equation 5-13 was
used. For triangular pulses, the sound exposure level was approximated by:

Is= Ipax + 10 log(t/2) (5~14)

where Ipay is the maximum sound level,

*Reference 5-6 reports that a compactor body may be remanufactured and
placed on a new truck. This analysis assumes the remanufactured units
meet the noise standards of new units.
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An average collection cycle time containing a compaction (tavg)
for each land-use class was calculated. This average time changed
as 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 cyele is given in Table 5-2, and the fraction of collections per-
formed by each tyne of compactor in each land-use class in Table 5-5. .

The average onllection time in each land use category was thus calculated

ag:
tavg = 2f(te x o) | + tp
v i i {5-15)
where
to = compaction time for a given compactor type, Table 5-3,
fo = fraction of collections hy a glven compactor type in the land-use

class bheing examined, Table 5-5,
tp = non-~compacting truck noise time, Table 5-2,

1 = rear loader, side loader or front loader compactor type.
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Average times for the complete collection cycle and components of the

collection cyole are shown in Tahle 5-7.

TABLE 5~7

AVERAGE COLLECTICN CYCLE
TD4ES FOR VARIOUS [AND~USE AREAS

Average Average Average
Compact ion Truck Scound Collection
land Use Time Time Cycle Time
{seconds ) (seconds) {seconds)
Suburban Single~
Family Detached 25,8 100 125.8
Suburban
Duplexes 25,7 100 125.7
Urban Row
Bpartments 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 levels 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 environment for a single
compaction when compactors are unregulated. Exhibit 5-F at the end of this

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

EXISTING AVFRAGE A-WEIGHTED SOUND LEVELS AT 7 METERS
FOR VARIOUS [AND-USE CATRGORIES (ADJUSTED FOR
TRUCK MIX, TRASH NOISE AND REVERBERANT AMPLIFICATION)

Land Use Type Ta Lg Propagation
(From Egquations
52 and 5-3)

Suburban Single-

Family Detached 78.6 99,2 ~6 dB/dd
Suburban ‘

Duplexes 78.6 99.2 -6 dB/dad
Urban Row

Apartments B2.6 103.4 ~6.5 ds/da
Dense Urban

Apartments 84.3 105.2 -8 dB/dd
Very Dense Urban :
Apartments B4.R 105.8 -8.5 dr/dd

The sound exposure level data are of concern primarily with respect
to sleep disturbance effects discussed later in this section. The data
listed in Table 5-8 give sourd exposure levels for the collecting cycle
times shown in Table 5-7. Although the published data upon which the
sleer disturbance criteria are based do not extend heyond a 30-second
Auration, it is EPA's judgment that extrapolation up to the time periods

used in this analysis is valid.

Fouivalent Noise Tevel (Leq)

Similarly, the Leq for a 24-hour period for each year of each option

was calculated in the following manner:

1. The average collection cycle times listed in Table 5-7 were used.
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2. 'The nunber of seconds per day the noise source coerated in each

hectare (ha) of land-use class for each year up to year 2000 was

calculated. The average collection time was multiplied by the number

of compactions per ha per day (Table 5-9) for each land-use class
for each year. The number of total daily compactions for each
year was taken from Table 5-10 which incorporates the yearly
growth factor into daily compactions. The total daily collection
times for the different land-use categories for selected years arme
listed in Table 5-11.

3. Teg (with ambient noise) for each year and dwelling category was

calcul.ated ass

Layp/10 [ ts . L/
Leq = 10 109{ [1 -t—i] 10"AB/ *[“'Ef‘. 10" i}dB (5-16)

where

ty = time of source, from Step 2 above
t; = reference time, 86,400 sec/day
L = A-weighted sound-pressure level from Table 5-7 and Exhibit 5-3,

The resulﬁing 24-hour Leg for each year of each option is given In Exhibit

5B at the end of this section.

Day-Night Average Noise Levels (Lgp)

Similarly, Exhibit 5-C gives the values of Igp for the five dwelling
categories to the year 2000. ‘The values for Ly and I, were calculated using
BEquation 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.

5-28

A e e e e




L i PV

6§

T S et et e i ea U Y e W B Pt g

TABLE 5-9

DAY-NIGHT DISTRIBUTION OF AVERAGR CCMPACTIONS PER HECTARE FOR 1976

Front-Loader
Land Use
' Day Night
Suburban
Single-
Family 0.0219 0.0003
.Detached
. Suburban '
Duplexes 0.0541  0.0035
Urban Row
Apartments 0.2733 0.0849
" Nense Urban :
Apartments 0.6455 0,5817
Very Dense
Urban 2.6084 2,3505
Apartments

Source: Reference 5-29.

Side-loader
Day Night
0.6338 0.0009
0.1734 0,011
0.3235 0.1005
0.5822 0.5247
1.1046  0.9954

Rear-Loader
Day Night
0.2115  0.0029
0.5725 0,0365
1.1332 0.3520
2.0994 1,8919
4.4990 4,0549

Total
bay Night
0.2972  0.0041
¢.8000 0.0511
1.7301. 0.5374
3.3271 2.9982
8.2120 7,4009

Total

0.3011

0.8510

2,2674

6.3253

15.6136



YFAR

19760
1976N
19767

1977D
197N
19777

19780
1978N
19787

1979D
1979N
19797

19800
1980N
19807

1981D
1981N
1981T

19820

1982N
19821

1983D
1983N
19837

1984D
1984N
19847

19850
1985N
19887

1986D
1986N
1986

1987D
1987N
1987T

Source:

PROTFCTIONS OF AVERAGE SOLID WASTE TRUCK COMPACTIONS

Surburban Single~
Family Detached
(55F)

0.2972
0.0041
0.3013

0.3026
0.0042
0.3068

0.3081
0.0042
0.3123

0.3136
0.0043
0.3180

0.3175
0.0044
0.3219

0.3214
0.0044
0.3258

0.3253
0.0045
0.3298

0.3293
0.0045
0.3339

0,3334
0.0046
0.3380-

0.337M
0.0046
0.3417

0.3406
0.0047
0,3453

0.3443
0.0048
0.3491

Reference 5-29.

TABLE 5-10

PER HRECTARF TCQ THR YRAR 2000

Suburban
Duplexes
(sD)

0.8000
0.05M
0.8511

0.8145
0.0520
0. 8665

0.8292
0.0530
0.8822

0.8442
0.0539
0.8982

0.8546
0.0546
0.9092

0.8651
0.0553
0.9204

0.8758
0.0559
0.9317

0.8865
0.05686
0.9432

0.8974
0.0573
0.9548

0.90M
0.0579
0.9651

0.9169
0.0586

© 0.9755
0.9268

0.0592
0.9860

Urban Row
Apartments
(UR}

1.7301
0,5374
2.2675

1.7614
0.5471
2.3085

1.7933
0.5570
2.3503

1.8258
0.5671
2.3929

1.8482
0.5741
2.4223

1.8709
0.5811
2.4521

1.8940
0.5883
2,4823

1.9173
0.5955
2.5128

1.9408
0.6029
2.5437

1.9618
0.6094
2.5M2

1.9830
0.6160
2.5989

2.0044
0.6226
2.6270

530

Dense Urban
Apartments
{nu)

3.32Mm
2.9982
6.3253

3.3873
3.0525
6.4398

3.4486
3.1077
6.5563

3.5111
3.1640
6.6750

3.5542
3.2029
6,757

3.5980
3.2423
6.8402

3.6422
3,2822
6.9244

3.6870
3,3225
7.0095

3.7324
3.3634
7.0858

3.7727
3.3997
7.1724

3.8134
3.4364
7.2499

3.8546
3.4736
7.3281

Very Dense
Urban

Apavtments
(voa)

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

8,884
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

9.4132
B.4827
17.8959

9,5149
8,573
18.0892
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TABLE 5-10 (Continued)

;
;
; Very Dense {
: Surburban Simgle- Suburban Urhan Row Dense Urban Urban i
! YFAR Family Detached Duplexes Apartments Apar tments Apartments {
| (SSF) (RD) (UR) (o) (VDU) i
' 1988D N.3480 0.9368 2.0260 3.8962 9.6177 !
] 1988N 0.0048 0.0598 0.6293 3.5111 8.6669 :
i 1988T 0.3528 0.9967 2.6554 7.4073 18,2845 i
1989D 0.3518 0.9470 2.0479 3.9383 9.7215 ?
1989N 0.0049 0.0605 0.6361 3.5490 8.7605 l
1989T 0.3567 1.0075 2.6841 7.4873 18,4820 j
i 1990n 0.3546 0.9546 2.0645 3.9702 9,8003 ;
! 1990N 0.0049 0.0610 0.6413 3.5777 8.8314 |
J 19907 0.3595 1.0156 2.7058 7.5479 18,6317
i 1991D 0.3575 n.9624 2.0812 4.0024 9,8797
‘ 1991N ©0.0049 0.0615 0.6465 3.6067 8.,9030
‘ 19917 0.3625 1.0238 2.7277 7.6091 18,7826
i 1992 ©0.3604 0.9702 2.0981 4.0348 9,9597
_ 19928 1.0050 0.0620 0.6517 3.6359 8.9751
. 19927 0.3654 1.0321 2,7498 7.6707 18,9348
! 1993n 0.3633 0.9780 2.1151 4.0675 10,0404
' 1993N 0.0050 0.0625 0.6570 3.6654 9,0478
} 19937 . 0.3683 1.0405 2.7721 7.7328 19,0882
;. 1994p n.3663 0.9859 2,1322 4.1004 10,1217
9 1994N .0051 0.0A30 0,6623 3.6951 9,121
‘.f- 19947 0.3713 1.0489 2,7945 7.7955 19,2428
. 19950 0.3688 0.9927 2.1469 4.1287 10.1915
N 1995N 0.0051 0.0/34 0.6669 3.7206 9.1840
o 19957 0.3739 1.0562 2.8138 7.8493 19,3755
L 19960 0.3713 0.9996 2.1618 4.1572 10.2619
! 1996N n.0051 0.0638 0.6715 3.7462 9,2474
‘ 19967 N.3765 1.0634 2,8332 7.9034 19.5092
; 1997n 0.3739 1.0065 2.1767 4.1859 10,3327
1997N 0.0052 0.0643 0.6761 3.7721 9,3112
19977 0.3791 1.0708 2.8528 7.9580 19,6438
j 19980 0.3765 1.0134 2,1917 4.2148 10.4040
i 1998N 0,0052 0.0647 0.6808 3.7981 9.3754
; 19987 0.3817 1.0782 2.8725 8.0129 19.7794
: 1999n 0.3791 1.0204 2.2068 4,2438 10.4757
1999N 0.0052 0.0652 0.6855 3.8243 9.,4401 |
; 1999 0,3843 1.0856 2.8923 8.0682 19.9159
| 20000 0.3817 1.0275 2.2220 4.2731 10.5480
; 2000M 0.0053 . 0.0656 0.6902 3.8507 9,5053
; 20007 0.3870 1.0031 2.9122 B.1238 20,0533
)
i
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- TARLE 5-11

PROJECTIONS OF DAILY COLLECTTION TIMES (IN SECONDS) PER HECTARE
FOR SELECTED YRARS TO THE YRAR 2000

Suburban S'ingle- Suburban  Urban Row

Dense llrban Very Dense
Year Family Detached Duplexes Apartments Apartments Urban Apartments
1976 37.9 107.0 286.6 8.4 1993.9
1980 40.5 114.3 291.8 856.1 2130,0
1985 43.0 121.3 306.2 908,74 2260.9
1990 - 45.2 127.7 - 342.0 956.3 2379.3
1985 a%.0 132.8 355.7 994,5 2474,3
2000 8.6  138.0 368.1 1020,3 2560,8
Source: Table 5-10 and Tahle 5-8,
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The minimum value of Lan 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 Lys, calculatic;ns when ambient noise is considered are

presented in Exhibit 5-D at the end of this section.

IMPACT OF REDUCTION OF REFUSE QOLLECTION 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 regulation, 'The statistical description characterizes the noise ex-
posure distribution of the population by estimating the number of people
exposed to different magnitudes of noise as defined by metrics such as
day=-night sound level. This is conceptually illustrated in Figure B-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 Ldn' That is, the magnitude of human response to noise
generally inceases progressively from an identified "no response" threshold
to some extreme maximum projected impact -— the greater the exposure, the more
extreme the response. Hence, once the identified level is exceeded, the 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, Bioacoustics and Biomechanics (CHABA),
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that permits the assessment of environmental noise impact by mathematically
taking into account both extent and intensity of impact (Ref, 5-21) (Bee
Appendix B). This procedure, the fractional impact method, computes total
nolse impact by simplv counting the number of people exposed to noise at
Aifferent levels and statistically weighting each person by the intensity of
response to the noise exposure, The result is g single number value which
represents the overall magnitide of the impact.

To assess the impact of trash collection activity noise using the fractional
impact procedure, a relation between the changes in mllection noise and the
responses of the people exposed to the noise is required. Human responses may
vary depending upon previous exposure, age, sociceconomic status, political
cohesiveness, and other social variables. In the agoregate, however, for
resldential locations, the average response of arouns of people is related to
cunulative noise exposure as expressed in a measure such as Lan. For example,
the different forms of response to nolse, such as hearing damage, speech or other
activity interference, and annoyance, were related to leq and Igy in the
FPA Levels Document (Ref. 5-5). For the purposes of this part of the analysis,
criteria based on Ldn presented in the EPA levels Docutent are used. Further-
more, it is assumed that 1f the outdoor level of Iy is less than or equal
to 55 dB (which is identified in the EPA Levels Doctment 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 annoyance 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-niqht average sound

level of the intruding noise is 5 dB helow the level existing without the presence
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of the intruding noise to "vigorous" when the intruding noise is 20 dB above
the level hefore intrusion. For this reason, a level which 1s 20 dB above
Ign = 55 4B is considered to result in a near maximum impact on the people
exposed. Such a change in level would increase Ehe percentage of the

population that is *highly annoyed" by nnise to 35-40 percent of the total
exposed population. Further, the data in the Levels Document suggest that for
environmental nolse levels which are intemmediate between 0 and 20 dB above
Lgn = 55 aB, the impact varies linearly. That is, a 5 dB excess {Lg, = 60 dB)
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 Tgn = 75 dB, may be expressed as repre-
senting percentages of impact in accordance with the following equation (see
Appendix B):

W(lgn) = {0'85 tan =€) §§§ E: %f;‘ (5-17)

where W(lg,) is the weighting function for general adverse response, Lyn is
the measured or calculated community noise level, and C is the identified thres-
hold below which the public is not at risk (Lgy = 55 dB). '

lA recent compilation of 18 social surveys from 9 countries (Ref. 5-21 and
5-22) shows, in fact, that the response curve relating "percent highly annoyed"
to the noise measured arocund 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 hetween

ILgn values of 55 dB to 80 dB.
Using the derived relationship hetween community noise exposure and general
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adverse response (Bguation 5-17), the Level-Weighted Population (LWP)* ass_ociated
with a qiven level of trash collection noise ( Lén) may be cbtained
by multiplying the number of people exposed to that level of noise by the

relative weilghting associated with that level as follows:

ey = W(LY ) Py (5~18)

where IWP{ is the magnitude of the impact on the population exposed to trash
collection noise Lé n and is numerically equal to the numher of people who
would all have a fractional impact equal to unity (100 percent). W(Lén) is
the weighting associated with a day-night sound level of Lén, and P; is
the population exposed to that le.vel 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(Ilgn) = 0.25), the environmental nolse impact for this group is the same as the
impact on 250 people who are 100 percent impacted (1000 x 25% = 250 x 100%}. A
conceptual example is portrayed in Figure 5-2.

vhen assessing the total impact associated with trash collection noise, the
observed levels of noise decrease as the distance between the source and receiver
increase. The magnitude of the total impact may be computed by determining the
partial impact at each level and summing over each of the levels. The total impact
is given in terms of Level Welghted Population by the following formula:

we =S = Wl ) B (5-19)

where W( LénJ is the fractional weighting associated with Lén and Py is
the population exposed at each I"ciln'

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 BEguivalent Population (Peg) and Eguivalent Noise Impact (ENI) are
used interchangably with LWP.
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FIGURE 5-2

LEVEL WRIGHTED POPULATION: A METHOD TO ACCOUNT FOR THE EXTENT AND SEVERITY OF NOISE IMPACT

The computation of WP allows one to combine the number of people
jeopardized by noise above an Lgn 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 varicus degrees of partial impact by the
noise. The partial impacts are summed to give the IWP. In this
example, 6 people who are adversely affected by the noise {par-
tially shaded) results in a Level wWeighted Population (LWP) of 2
(totally shaded).




impacts, both before and after implementation of noise reduction measures,

in terms of the Relative Change in Impact (RCI), which is calculated from

the following expression:

ReL = 100 WP (before) - [WP (after)] (5-20)
WP (before)

This basic fractional impact procedure may be used to compute noise impact
using a variety of additional criteria (e.g., activity interference, hearing
damage risk, etc.) other than general adverse response (Ref, 5-30).

RESULTS OF ANALYSIS

While the exact value of present or future LWPs may not be known precisely,
the relative reductions of the LWP due to noise regulations ~ of primary interest
here =« are known with much greater accuracy than the absolute value of the LWP
since the changes in the theoretical components of LWP can be well defined. For
ingtance, 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 tco 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 s.uch small changes may
Seem unnecesséry if it is not kept in mind that, although truck-mounted selid
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
IWP, Thus, the changes found to ogeur in IWP 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 pecple,

As discussed above, the concept of fractional impact, expressed in units

of ILWP and RCI, is most useful for describing relative changes in impact from a
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specified baseline for the purmose of comparing benefits of alternative regu-
latory schedules. 1In order to assess the ahsolute impact or benefits corre~
sponding to any vegulatory schedule, information on the distribution of popu~
latinon as a function of noise envircnment Is required. This information is
included in this section in the form of tobles showing the nunber of people
exposed to different levels of compactor nolse. The anticipated absolute
impact of noise upon those individuals exposed to any given noise level may
be traced by referring to the various noise effects criteria presented in the
Levels Document: as well as in this analysis.

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

Table 5-12 shows that up to a 0% reduction in the extent and severity of
noise impact (a reduction in IWP of about 630,000) from refuse collection
noise will occur in 19381 because of the truck (chassis) noise regulation,
without a compactor regulation. The regulatory 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 ahout 1,570,000}, Likewise in 1991, Options 5 and 7 show a 64% reduc—
tion in noise impact over and above that achieved by reduction of truck

chassis noise alone (a reduction in INP of about 940,000). Beneflts
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TABLF 5-12

LEVEL WEIGHTEN POPULATION IMPACTED (IWP) (in millions)
AND PFRCENTAGE RENFFIT (RCT)
{Taking ambient into account, from Exhibit 5-D)

Options

Base One Thres Five Seven Silent

1976 Total 2,1 2.1 2.1 2.1 2.1 211
RCT 0.0 0.0 0.0 0.0 0.0 0,0
ror® 0.0 0.0 0.0 0.0 0.0 0.0

1982 Total 1.71 1,44 1.62 1.60 1.40 1,31
RCT 19,0 31,7 23.1 24,4 33.5 38,0
rROI* 0.0 15.8 5.2 6.4 18.1 24,0

1991 Total. 1.48 54 .77 .54 .54 .38
RCT, 30,0 74.5 63.4 74,5 74,5 82,2

RCT 0.0 63.5 48,0 63.5 63.5 4.3
2000 Total 1.57 .58 .82 .58 .58 .40
RCI, . 25.5 72,7 61.0 72.7 72.7 80,9

RCI 0.0 63.0 47.8 63.0 63.0 74,5

RCI: 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 (i.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 5-13, 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 exanple to show that
the impact 1s 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

NUMBER OF PFOPLE EXPOSED TO ILgpn {in millions)
(Taking ambient into acoount)

L Raseline 1991 Option
dn 1976 Rase One Three Five Seven §ilent

55-60 17.36 12.66 5.50 7.41 5.50 5,50 4,10
61=65 1.77 1.20 0.46 0.5% D.46 0.46 0.33
A6=70 0.45 0.32 0.05 0.12 .05 0.05 0.02

>70 .09 0.03 - - - - -
Total 19,67 14.21 6.01 8.12 6.01 6.01 4.45

TABLE 5-~14

PORULATION EXPOSED TOQ TMSWC NOISE (in millions)
{Taking ambient into account)

1976 17991 1991 1991
Type of Area gy PBaseline PBaseline Option 7 Silent
Sinale Family - 0,0 0.0 0.0 0.0
Suburban Muplex - 0.0 2.0 0.0 0.0
55‘-60 6.82 4 - 66 1 .92 ]- 24
Urban Row 61-65  0.46 0,20 - -
55-60 B.34 6,23 2,92 2,26
Dense 61-65 1.02 0.76 .36 0.25
(rban 66~70 0.34 0.24 .02 -
. >70 0.05 - - -
55~60 2.20 1.77 0.76 0.60
Very Dense 61-65 0.29 0.24 0.10 0,08
Urban 66-70 g.1 0.08 0.03 0.02
>70 0.04 0.03 - -
Total 55 19,67 14,21 6.01 4,45

All Areas
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REDUCTION OF NOISE IMPACT OF INDIVIDUAL TRASH COLLRCTION EVENTS
To this point, the analysis of truck-mounted trash compactor noise impact

has heen concerned with the contribution that compactors make to average day-

night urban neise (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 completely masked out by other nocises, making the conclusions

reached by using Igy essentially correct. At other times or in other situa-

tions, one can expect that other noise sources will not mask trash oollection

noise, and thus trash compactors will cause a finite impact. 7The actual

impact from trash compactors is certainlv due to a comhination of various
levels of trash collection noise and other environmental noise. Thus, the
nreceding analysis does not reflect the fact that almost the entire amount of
Aaily acoustical energy contributed by trash compactors in an arvea may he
aenerated in only a few minutes of noise during trash collection activity,
Yet this Iintrusive, short, intense event may be one of the most annoying
nolse~related situations faced over the entire day by a large number of resi-
~dents, Admittedly, such annoyance 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 rhysiological problems (Ref. 5-14
and 5—1‘5).

A loud, short-duration noise event may alsc interrupt people's activities,

such as oonversation or sleeping.. The interruptions may again lead to annoy-

ance, but in themselves they may rvepresent a degradation of health and welfare.
For instance, in a recent study of the annoyanee caused by different levels

of simulated aircraft noise for people seated indoors watching television,
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annoyance was seen to be mediated, at least in part, by speech interference.
Not only is the TV proqram or other person speaking more difficult to hear
during the time in which there is a noisy event, but it has been observed
that the distraction which may occur from the conversation in which the per-—
son is engaged may contribute in itself to annoyance (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, hy discontinuing con-
versation altogether. Such behavioral reactions may be qﬁite indicative of
deneral annovance and distui:bance with the intrusive noise event. Similarly,
the reaction to a neise intrusion during sleep may be, in many cases, diffi-
culty in falling asleep, a change in sleep stage {fram "deeper" to "lighter"
stage) or, if the intrusive nolse is intense or long enough, an éctual awaken~
nimi. In either case, repéated disturbance of peovle's activities may be
expected to adversely affect their weli-beinq {Ref, 5-24 and 5—-25:). Covari-
ance of verbalized annoyance 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, cne recent survey (Ré.f. 5-23) four! respondent indica-
tions of interference with sleep and speech communication to correlate
more highly with feelings of generalized annovance, tﬁan with any other factor,
including actual sound levels measured outdoors. .
' For these reacons it seems appropriate for an analysis of noise impact
to examine in some detail the importance of individual event exposures upon
humén activities (Ref. 5-27 and 5-28), in particular, the activities of speech
comunication and sleep. Such an analysis was undertaken both in order to
Adetermine 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 nolse. These single event noise intrusions become particularly
important in light of other requlations and efforts to reduce the noise from
other urban nolse sources, i.a., without a reduction in emissions from trash

compactors, these units may very well stand out as one of the most intrusive

noise sources.

Sleep Disturbance
The sleep periods of humans are typically classified into £ive stages.

In Stages I and II sleep is light and the sleeper can be easily awakened.
Stages III and IV are states of deep sleep where a person is not as easily
awakened by a given noise, but the sleep may shift to a lighter stage of

sleep, An alditiona) stage is termed REM (rapid eye movenent) and corre—

gponds to the dream state.
{1) show response by a brief change in brainwave pattern, without shifting

When exposed to an intrusive noise, a sleeper may

5leep stages; (2) shift to a lighter sleep stage; or (3) awaken. The great-

est known impact cccurs due to awakening, but there are alse indications that

disruption of the sleen cycle causes 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

frequency of response (disturbance or awakening) and neise level of a stimulus,
and further determined as well that the duration of the noise stimulus is a

critical parameter in prerdicting response. The study alse showed that the

frequency of sleep disruption is predicted by nnise exposure better than is

arousal or behavioral awakening., It is important to note that sleep disturb-

ance is defined as any physiological change which cccurs 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 slesp
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, same cohsideration must be made of the hours of trash collection
activity., Table 5-15 shows the percentage of day, evening and nighttime
collections vsed for this analysis, Although some fraction of the population
sleeps during the day, it is assumed for this analysis that sleep occurs only
during nighttime hours, Therefore, only the fraction of total refuse collec-
tion activity that occurs during nighttime hours is applicable.
To detemine the impact of trash collection noise on sleep and the reduc-
tion in sleep disturbance achievable with noise emission regulations for com=
pactor trucks, the following steps were Followed:
Step 1. Average sound exposure levels at 7 meters were computed for
all collector truck types {rear, front and side loaders).
These data are presented in Exhibit 5~F at the end of this
- section,

Step 2. The distances from the compactor cperation 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 Sectien.

Step 3. The number of pecple 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 dB bands (calculated in Step 2}, This is then multiplied by
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TABLE 5-15°
PERCENTAGES OF TOTAL REFUSE (.DLL.EC’I‘IOr’JS

Daytime Collection Fvening Collection Nighttime Collection
6300 am - 6:00 Bm 6:00 pm = 10:00 m 10:00 pm ~ 6:00 am
Land 1974 Population Population Populat.ion
llge Population % of Involved % of Involved % of Involved
Category {(millions) Collections {milliens) Collections (millions) Collections (millions}
 Wilder- '
ness 2 NA NA NA NA NA NA
Fural 57.0 100 57.0 0 - - 0
Suburban
fingle-
Family 106,1 98 103.9 0.7 0.7 1.4 1.5
Detached
-~ Suburban ) :
' Duplexes 17.4 | 9 15.8 3.0 0.5 6.0 1.1
Urban Row
Apartments 22,2 64,5 14,3 11.8 2.6 23,7 5.3
Nense Urban
Apartments 12,0 28,9 3.5 23.7 2.8 47.4 5.7
Very Dense
Urban 2.0 28.9 0.6 23.7 0.5 47.4 0,9
Apartments

Source: Reference 5-29.




the number of trash collections within the given land uses.
(The number of trash collecticns by land use area is presented
in Table 5-10.)

Step 4. The average sleep impact i\s 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 (Fiqure 5-3 for Aisruption and Figure 5-4 for awakening).
This procedure is analogous to the fractional impact method
used for calculating WP for general adverse response.

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

To determine the resulting sound exposure level inside the home, transmis-
sion losses were avolied to the propagated noilse 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 caleulations of the impact of trash collection noise, the analysis
arbitrarily igrnored impact contributions below I,g = 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 dB,

The frequency of behavioral awakening as a function of sound exposure
level is shown in Figure S5~4. The relationships, displayed in Figures 5-3 and

5-4, adapted from Piqures 1 and 2 of Reference 5-10, consist of data derived
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FREQUENCY OF SLEEP DISRUPTION
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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
fram those contained in References 5-10 and 5-11.* The regression equétions
used are:

1.35x - 50, for sleep disturbance, and (5-21)
1.10x - 49.5, for sleep awakening.

Y
Y

nn

The functions (y) indicate the approximate degree of impact (percent disruption
or awakening) as a function of noise level derived fram the indoor Sound
Exposure Level (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 sec))' This measure was

converted to Ly by the following approximate relationship:

Lg = LE?NL(0.5 sec.} ~ 16 dB {5-22)

The LWP for sleep disturbance and awakening was derived for each of
the regulatory schedules and study years undar 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 mnumber of nightly compactions in each area.** The compound probabil-
ities were calculated as:

i i ,
Pa=1-= [(p;a)CJ {5-23)

*Personal Cammunication, 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. Compound probability applies
here, as each noise event is considered to be indeperdent of the cther
events in terms of its probability of disrupting sleep, and the number of
individual noise events per unit area could be derived.
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pl = probability of sleep disruption at Li

probability of no disruption = 1 = [(Li - 37) {.0135)]

2
]
n

compactions per night per hour from Table 5-15

0
[}

gound exposure level in the ith increment.

=
p=-
It

The probability factor was multiplied by the population contained in the 1 4B

band 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 disruption except that the probability of no awakening used

the following basic equation:
pha = 1- [(LE - 45) (.011)] (5-24)

Table 5-16 shows the sleep disturbances (LWP) for each option and the
percent reduction in impact accomplished by each requlation with reference to

the no requlation case for selected years., A complete listing of the results

~is provided in Fxhibit 5-G at the end of this section.

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

In order to explain more fully the contents of Tables 5-16 and 5-17, an
example follows. In Table 5-17, by consulting the year 1991 row, it is

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

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

ptions
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 0.0
i rRCT” 0.0 0.0 0.0 0.0 0.0 0.0
1
_ I 1982 Total  12.41 9,59 10,83  10.66 9,36 8.75
, { : RCT 17.6 30.8 21.8 23.0 32.4 36.8
: | RCT* 0.0 16.0 5,2 6.7 18.0 23.3
3 1991 Total  9.43 2,84  7.48 2,84 2,84 1.57
| - RCI 31,5 79.5 67.6 79.5 79.5 88.7
1 RCI* 0.0 70.1 52,8 70.1 70.1 83.5
2000 Total 10,01 2.99 4,73 2.99 2,99 1.66
RCI, 27.7 78.4 65.9 78.4 78.4 88.1
RCI 0.0 70.1 52.7 70.1 70,1 83.4

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

ROI*s Percentage raduction in impact from base option. Base ootion

includes henefits from medium and heavy truck regulation.
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TABLE 5-17

SLEFP AWAKENING LWP
{(LWP in millions; RCI percentage benefits)

Otions

Base 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 n.0 0.0
RCI 0.0 0.0 0.0 0.0 0.0 0.0

1962 Total 9,51 7.99 9,02 g.38 7.80 7.29
RCI* 17.3 30.6 21.6 22.8 32,2 36.6
RCI 0.0 16.0 5.1 6.6 18.0 23.3

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 B88.6
RCI 0.0 70.1 52.8 70,1 70.1 83.5

2000 Total 8.38 2.50 3.96 2.50 2.50 1.38
RCI* 27.1 78.2 65.6 78.2 78.2 88.0
RCI 0.0 70.1 52.7 70.1 70.1 83.5

RCI: Percentage reduction in impact from base year (1976).
RC1*: f‘ercentaqe reduction in impact from base option. Base opkion
includes henefits £rom medium and heavy truck regulation.

IHP (measure of the extent and severity of the impact) due to trash collection
noise is reduced to 3.74 million per night and 2.37 million per night, respec-
tively. "Therefore, the relative difference in IWP between the cptions is 1.37
millicn, Examining the percent reducltion in extent and severity of impact, we
find that the 3.74 LWP value translates to 67.5 percent reduction in ifrpacl: rela-~
tive to the 1976 case prior to requlation., Likewise, the 2.37 million IWP value
translates to a 79.4 reducﬁion relative to 1976, However, relative to the year
2000 hase case (where only truck chassis noise is reduced), the bent_afits for

options 3 and 7 translate to only 52.8 percent and 70.1 percent, respectively.
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As was the case for the analysis of qeneral 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 alone, and cdoes not take into acoount the presence of

other noise sources in the environment. It is obvious that other environ-

mental noise sources create hackground noise over which, in many situations,
trash ocollection noise will not intrude. fThe henefits presented in this
analysis represent the benefits accrued during those times when the collec—
tion activity nolse clearly intrudes cver an ambient background. The absolute
sleep impact attributable to trash coollection 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 aver any given ambient level.

Speech Communication Interference

As is the case with sleep disruption, speech interference occours as a
result of individual noise events. The potential for speech interference
{i.e,, the interruption of conversation) due to trash collection activity
occurs when externally-propagating collection noise exceeds certain levels.
However, unlike sleep disruption, the impact of noise 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 ncise can change the impact from one of sleep stage
disturbance to actual sleep awakening. Therefore, the appropriate noise
metric for measuring speech interference potential is an Leg occurring for
the duration of the event, rather than a sound exposure level which considers
the effects of the duration of the event, '

Also, unlike sleep disruption, interference of spéech may occur when
people are either indcors or outdeors. The degree of speech interference
from nolse is dependent on the particular ecircumstances involved, such as
noise level and duration, separation distance of the converser."s, and vocal
effort. 'The relationship of these factors is described in Reference 5-5;

The methodology for detemining ocutdeor 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 pecple are engaged in
conversation continuously. Further, the analysis assumes that people do

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

Outdoor Speech Interference

The populatijon exposed to potential outdoor speech communication inteir-
ference are those people who are outside of any building but not aleng a
street, This analysis does. not take into account pedestrians or people
engaged in other' forms of transportation during the day. Rather, it is in-
tended to include those time-periods in which people are melaxing 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 outdoor back-
ground level of 55 dB, Although average outdoor urban ambient noise (Lgy)

in many areas may tend to be greater than the assumed cutdeor 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 Amplificaticn, The
distances at which the noise levels fall off in 5 dB steps are computed, and
the number of people living within each band is derived using the functicnal
relationship pertaining to outdoor speech communication interference shown in
Figure 5-5 {Ref., 5-5}). This number is multiplied by the number of collections
occurring during the time in which people are estimated to be outdoors each
day (0.4 ﬁours, i.e.; 2,7 percent of the day) (Ref. 5-29) to give the total
INP due to outdoor speech interferenée.

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 regulations also is tabulated. Complete

results are presented in Exhibit 5-1 at the end of this section,

Indéor Speech Interference

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

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

QUTDOOR SPEECH INTERFERENCE
(LWP in millions; RCI percentage benefits)

e e S b L e [ e

ptions
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 0.0 0.0 0.0

.RCT* 0.0 0.0 0.0 0,0 0.0 0,0
1982 Total  22.72 19,54 21,70 21,32 19.01 17.67

RCT 23.3 34,1 26.7 28,0 35.8 40,4

RCI* - 0.0 14,1 4,4 6,2 16.3 22,0

1991 Total  18.53 7.34  10.46 7,34 7.34° 5,32

RCI, 37.5 75.2 64.7 75,2 75.2 82.1

;‘ RCT 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
RCI 35.1 74,2 63.2 74.2 74.2 81,3

RCI* - 0.0 0.2 54,2 60.2 60.2 71.4

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

RCI*: Percentage reduction in impact: £rom base cption. Base option
ineludes benefits from medium and heavy truck regulation.
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Speech Interterence (Fractional Impact), Percent

10D

e v

Level of Continuous Outdoor Noise Causing Interference (Leq). d8

FIGURE 5-5

CRITERIA FOR QUTDOOR SPEECH INTERFERENCE
(NORMAL VOICE AT 2 METERS)

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 1s 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 computed in the same manner as the outdoor impact., A summary of the
estimted IWP for potential indoor speech interference and the percent reduc—
tion is given in Table 5-19 for each of the regulatory options., A complete
listing of results is presented in Exhibit 5-J at the end of this section.
Adding these impadts to the potential cutdoor impact described above
gives the total estimated equivalent noise impact due to the potential inter-
ference of speech by trash collection operations. The result is the equivalent

number of people who are unable to conduct normal conversaktion during each two

minute collection cycle as shown in Table 5-20, The associated pervent reduc-

tion is also shown in Table 5-20.

MAgain, it should be noted that the single event noise analysis examines
the eflfects of reducing trash collection noise alone, and hence does not take

into account the presence of other noise scurces 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 absclute speech and sleep impact is, of course, dependent on the
background level assumed. However, the present reductlon 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
(Lwp in millions; RCI percentage henefits)

Options
Bage One Three Five Seven Silent
1976 Total .84 .84 .84 .84 .84 B4
RCI 0.0 0.0 0.0 0.0 0.0 0.0
RexT* 0.0 0.0 0.0 0.0 0.0 0.0
1882 Total .65 .56 .62 .61 .55 .51
. RCI 2].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
RCT 35.0 74.9 63.6 74.9 74.9 82.9
RCI 0.0 6l.1 44.4 6l1.1 6l.1l 74.1
2000 Total .57 .22 .32 .22 .22 .15
RCI* 3l.4 73.4 61.5 73.4 73.4 8l.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. Base option

includes benefits from medium and heavy truck regulation.
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TABLE 5-20

; TOTAL QOUIDOOR PLUS INDOOR SPEECH INTERFERENCE
(IWP 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 82.1
: RCT 0.0 60.4 43.6 60.4 60.4 71.4
2000 Total 19,81 7.87 11,22 7.87 7.87 5.69
i RCI, © 35.0 74.2 63.2 74.2 74.2 81.3
0.0 60.3 43.4 60.3 60,3 7.3

RCI

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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SMMARY AND CONCLUSIONS

The calculation of noise impact from trash compactor ncise is based

primarily on a single equation:

NP = W{Lgn) x P

where
IWP = the level weighted population,
Wilgn) = the weighting function representing severity of impact,
o = the population impacted.

This basic equation finds many forms as the investigated area of impact changes
from urban noise to individual collection events. Table 521 summarizes the
forms used in the preceding sections, Three areas of impact ate distinguished:

a. General adverse response (anhoyance) from environmental noise
{expressged in terms of day-night sound level);

b. S8leep disturbance from individual events;

¢, Speech interference from individual events.

The expected benefits from the major options considered are presented
in summary form in Table 5-22. The table summarizes the expected improvements
in environmental noise impact for the key options considered for two specific
perilods: 1984, which represents a "near-term" pericd, and 1991, which typifies
the period when esgsentially 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 regulaticn in

concert with the regulation reducing new truck noise emissions as

promulgated (Ref. 5-1).
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TABLE 5-21

SUMMARY EQUATION DESCRIBING CALCULATION
COF TRASH COMPACTOR NOISE IMPACTS

Level Weighted Population = Fractional Impact x

Basic Equation:
Population

a. Impact of total urban noise.

: Lan max i
IWPpyaffio = E_ {(W{Lgn) x Popy)
i=55dB

where
0 Lgn < S55dB

W(Lgn)annoyance =
\05(Lgy - 55) Lgq > 55B

b. . Sleep disturbance and sleep awakening from individual events.

Lginax .
iP5l eap ={r W(Lén)sleep % Pop. Density x Size of Area
disturbance | 1 = 378 disturbance
(awakening) (50} {awakening)
where '

Wsleep disturbance = 1.35 Lg — 50.0

Wsleep awakening = 1.10 Lg — 49.5

Speech interference from individual events,

c.
leg ; |
WPgpeech > W(Lgn)speech % Pop. Density x Size of Area
disturbance I = 5B disturbance
outdoors {45) outdoors
{indoors) { indoors)

5~G3

e ————

——— e e
e A bt et e i o



TABLE 5-22
SUMMARY OF EXPECTED RENEFITS

FROM VARIOUS REGULATORY QPTIONS
(LWP in millions; RCI percentage benefits)

General Adverse Response

Regulatory 1976 1984 (Near-term) 1991 (Long—-term)
Option LWP WP RCT RCI* LWP RCI RCI*
Baseline (Quieted
truck chassis only) 2.11 1.47 30.4 — 1.48 30.0 -
1 2,11 0.94 55.5 36.1 0.54 74.5 63.5
3 2.11 1.20 43.4 18.4 0.77 63.4 48.0
5 2.11 1.11 47.5 24.5 0.54 74.5 63.5
7 2.11 0.90 57.5 38.8 0.54 74.5 63.5
Silent . 2,11 0.75 64.4 49.0 0.38 82.2 4.5

S8leep Disturbance

Regulatory 1976 1984 (Near—térm) 1991 (Long-tetm)
gEtion LWP LWP RCI RCI* LWP RCI RCI*
. Baseline (Quieted
truck chassis only) 13,85 9.93 28.3 —— 9.49 31.5 _—
1 13.85 6.29 54.6 36.7 2.84 79.5 70.0

3 13.85 8,05 41.9 18.9 4.51 67.4 52.4
5 13.85 7.49 45.9 24.6 2.84 79.5 70.0
7 13.85 6.03 56.4 39.3 2.84 79.5 70.0
Silent 13.85 5,07 63.4 48.9 1.57 88.7 83.5

RCI Percentage reductien in impact from base year (1976).

.

RCI*: ©Percentage reduction in impact Ffrom base option. Base option
includes benefits from medium and heavy truck regulation.
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Requlatory
Option

Baseline (Quieted
truck chassis only)

1

~ W

Silent

Regulatory
Option

Baseline (Quieted
truck chassis only)

1
3
5
7

Silent

Requlatory
Option

Raseline {Quieted
truck chassis only)

1

3

5

7
Silent

TARLE 5-22 (Continued)

Sleep Awakening

1976 1984 (Near—term) 1991 (Long-term)
Iwe - WP RCI RCI* LWP RCI RCI*
11.50 B.28 28.0 - 7.94 31.0 ——

11.50 5,25 54.4 36.6 2,37 79.4 70.2
11.50 6.7 41.7 19.0 3.74 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-term)
LWP LWP RCI RCI* WP RCI RCI*
29,63 19.02 35.8 - 18.53 37.5 -—

29,63 12.65 57.3 33.5 7.4 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 7.34 75.2 60.4
29.63 10,03 66.2 47,3 5.32 82.1 71.3

Indoor Speech Interference

1976 1984 (Near—term) 1981 (Long-term)
MNP LWp RCI RCI* LWe RCI RCI*
0.84 0.55 34.4 - 0.54 35.0 -

0.84 0.36 56.6 J4.5 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 23.6 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 0.4 82.9 74.1
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By 1991, the number of people exposed to environmental noise levels
above [gn = 55 dB 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 also anticipated.

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

Relief afforded by limiting noise emissions from newly manufactured
truck-mounted trash ocompactors adds significantly to the benefits
consequent to a new truck requlation, i.e., ahsence of a trash
canpactor regulatién will negate the full potential benefits that
may be realized from the truck noise requlation.

As new truck requlations become more stringent, greater relative
benefits are realized from noise emisslon restrictions on trash
compactors.

Requlating a truck-mounted compactar more stringently than is done
in Option 7 would result in only slightly greater henefits because
of the nolses other than compaction ocourring during the collection
cycle,

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 degree, receive fewer benefits.
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SECTICN 5 EXHIBITS '
]

The following Exhibits present tabulaticns of computations concerning
the health and welfare ﬁnpacts for the various cases being examined for each
year and land use type. Resulbs are presented for each of four final regula—

tory Options (1, 3, 5, and 7), the Base Case (no regulation} and the Silent

Case (see Table 5-1).

The Exhibits are presented as follows:

Exhibit 5-A: ILp (Average A-weighted sound level) for Collection Cycle At 7m

Exhibit 5-B: leg (Equivalent sound level for a 24-hour period) At 7m

Exhibit 5-C: Igp (Day-night sound level} At m . ’

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

LWP and RCI for General Adverse Response

Exhibit 5~E:
Exhibit 5-F: Lg {Sound Exposure Level) At 7m

BExhibit 5-G: WP and RCI for Sleep Disturbance

Exhibit 5-H: WP and RCI for Sleep Awakening
WP and RCI for Qutdoor Speech Interference

Exhibit 5-I:
Exhibit 5-J: IWP and RCI for Indoor Speech Interference

Symbols defining columns are as follows:
Suburban Single Family Detached

e e e b o it aga
e —

Ss5F -

Sb - Suburban Duplexes

UR = Urban Row Apartments

DU -~ Dense Urban Apartments
Very Dense Apartments

E

5-70
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YEAR
1976
1977
197A
1879
1980
1981
1982
1983
1984
19385
1986
19497
1388
1989
1990
1991
1992
1993
1994
1995
1995
1997
1998
1999
2000

SSF
TR.5T5
78.575
7310
7B.028
177217
77403
76.988
76.530
76.017
154935
754852
75.T86
75,679
15.679
T5.679
15.67%
T9.679
754679
T5.679
15679
75.679
75.670
7h.679
Th.67T0
T°.67%

Exhibit §5-A:

Baseline Option

sn
TR,.55]
78 .551
78.284
18,000
T1.697
T77.370
T6.952
764489
75.971
15 .8RR
75 .803
15.717
TH.629
75.629
15,609
T5.629
15.62%9
15.629
T5.629
15.629
15.4529
15.629
T7%.625
15.629
.20

Ur
82.577
B2.577
A2.,332
82.073
81.797
81.502
Bl1.129
B0.720
B0.2¢9
B0.197
80,125
60.051
79.97%
719.97%
79.975‘
79.97%
19.975
79.975
79.975
19.915%
72.51%
79.97%
79.97%
79.971F%
T9.971%5

P S PR

lA (Average A-Weighted Sound Level) for

ot
R4.316
B4.316
A4.0R0
B3.P30
R3.566G
A3,2An2
82.924
82.534
82.106
£2.038
B1.970
Al1.900
r1.829
f1.829
Al.B29
R1.82%
81.629
R1.829
pr.p29
f1.629
Al1.R29
H1.829
R1.F29
81.829
A1.129

vou
84.758
B4.758
Ba.540
B4.324
B4.090
83.843
83.532
A3.198
B2.R837
AZ2.700
A2a.T22
B2 .664
B2.605
82.60%
82.605
82.605%
B?2.605
A2.605
82,605
92 .606
82.H005
A2.60%
B2 .60%
92 .605
NZ.605

YEAR
1976
1977
1978
1979
1980
1981
19A2
1983
1984
1985
1934
1987
1988
1989
1990
1991
1992
1993
1964
1995
1996
1997
1994
1999
2000

SSF
78.57%
78,575
TA.310
78.028
17.603
77.132
Th.406
75.5%33
Thattyl
73.822
73.099
12.64%4
72.1306
12.1386
72.136
72.136
12.136
72.136
72.134
72.136
12.136
T2.12306
72.136
T2.136
72.136

Option 1

SD
78.551
78,551
TH.2R%
78.000
T7.576
TT.106
T6.301
75.510
T4 %20
73.808
73.096
T2.6462
72.135
72.135
72.135
T2.13%
72.13%
72.135
72.135
12.135
12.13%
72.135
724135
72.135
72.135

UR
A2.577
82.5177
82.332
82.073
B1.632
81.142
80.40t
79.500
76.303
77.667
76.809
76.347
75.831
75.83]
75.831
75.831
75,6831
75.831
7% .831
75.031
75.831
75.A31
75.631
75.631
75 R3]

Collaction Cyele at 7 m

1]
B4.316
B4.316
B4%.080
83.630
83.303
82.885
82.139
81.230
80.099
79.343
78,4206
77.962
774442
TT.642
T7.442
17.442
77.442
774462
17.442
77.442
77.442
77442
77.6442
77442
77.442

vbu
84.758
B84.758
B4.540
B4.3264
B83.85%9
B3.3317
B2.574
B1.647
B0 .4 66
79.579
T8 .663
17.909
T7.4506
T7.056
TT.450
17.456
77.456
TT.450
17.454
TT.456
17456
T7.456
TT.456
17,456
TT.456



eL-S

YEAR
1976
1977

197 .

1979
1980
1981
15682
1983
1584
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1998
1997
199K
1999
2000

SSF

78.575.

78,575
78.310
7TR.02R
77.727
77.403
764811
76.125
75.311
76.945
Th 505
74,106
13.8614
73.61%
73.614
73.614
73.614
73.61%
73.61%
73.614
13.614
73.014
73.614%
73.614
73.614

Exhibit 5-A: lA {Average A-weighted sound fevel] for Colection Cycle at 7 m

Option 3

5D
TE.5%51
T0.551
72 .2H4
78.000
TT.697
77.370
T6.718
76.093
75.278
74.917
Th 523
T4 .090
73.608
73.608
73.608
73.608
73.600
73.608
73.608
73.608
13.608
73.60R
73.608
T3.668
73.6H0R

Ur
82.517
R2.577
82,332
AZ.073
Al1.797
Bl.503
80.907
AO.216
79.39¢
TR, 964
T8.487
77,950
77.337
11,2337
772337
T7.337
17.337
T7.327
77.337
17.337
77.337
T7.337
T7.337
77.337
17.337

pu
R4.316
B4.316
04,000
A3.n30
83.564
A3,282
2,685
Al.992
Bl.16R
BD.T712
AD.203
79. 626
TBa. 9561
TB. 961
TB.961]
T8.941
TR.G61
TBa961
THa 61
78.961
TR.961
THe 961
TE. 95
Thae G061
TH.A61

vou
B4.758
B4.T758
B4 .546

Be.324 .

84,090
83.843
Al.241
A2.543
B1.711
Al.178
B0.5T1
19.865
75.021
79.021
79.021
1%.021
19.021
79.021
79.021
79.021
79.021
79.021
79.021
19.021
759.021

YEAR
1976
1971
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
19923
1994
1955
1996
1997
199n
1999
2000

SSF
TB.575
18.57T%
78.310
768.028
TT.727
77.403
16.724
15.920
T4.932
76.383
13.755
73.021
72.136
72,136
72.136
12.136
72.136
72.136
72.136
12.136
12.136
72.138
12.136
72.136
12.136

Optien §

SD
TH.551
TR.551
78.284
m,.000
T7.697
17.370
76.691
75.R86
74.098
74,356
73.732
73,006
72.135
12.135
72.135
12.13%
12.135
72.135
12.135%
12.13%
72.135
72.135
72.135
72.135
72.1356

UR
82.5717
82.577
B2.332
B82.073
81.797
81.503
80.R27
an.02%
79.041
T8.433
71.726
76.A81
75%.831
75.821
75.831
75.0831
75.6831
75.831
75.821
15.831
15.431
75.831
75.831
715.831
T5.031

ov
84.316
84.316
84 .080
B3.830
a3.564
83.202
82.606
81.0806
B0.B24%
B0.193
T9.45h
TH.56%
Tlat62
Tt.442
TTa042
TT.4642
T7.442
TP.442
TTa442
TT.442
TTatt62
TT.442
17442
77442
TT.462

vou
04.758
B%.758
B4.546
84.326
84.090
03.843
bi.170
892.372
81.397
80.695
79.859
Th.821
17.458
IT.45%58
T7.4586
77.456
T7.456
T7.456
77.456
T7.456
TT.658
17.656
TT.456
T7.456
TT.450



EL-5

et e = et e £ L ¢ i

YEAR
1976
1977
1978
1979
1980
1941
1982
1983
1944
1995
1986
1987
1988
1989
1990
1991
1992
1933
1994
1995
1996
1997
1998
1999
Z0oon

SSF
78.575
T8.575
78.310
78.026
174555
17.025
T6.279
75.376
Tha240
73.569
T2.823
724493
72.13¢
12.136
124136
12.136
T2.136
7?-13(‘
72.136
72.136
T2.136
72.136
T2.13¢
72.136
T2.13¢

Exhitit 5:A: Ly {Average A-weighted sound level] for Collection Cycle at Tm

Option 7

sp
TR,.551
TH.S%]
T8.2U4
7R.000
T71.528
76.999
T6.254
75,355
T4.219
73.576
72.8021
TZ.492
72.135
T2.135
12.125
72.135
72.125
772.13%
12.13%5
72.13%
12.135
17.135
T2.136
772.135
12,125

UR
R2.577
B2.577
82,332
Az.073
81.50¢6
Al.028
Bo.278
79.256
160,184
77.432
16.521
76.190
TH.A31
75.R31
T5.031
T5.831
75.0831
75.831
15.921
TH.831
Tha.t131
7e.031
74,031
75.8231
74031

DU
B4.318
B4.316
84.080
A3.R30
A3,337
82.702
£2.017
81.087
79.902
79.107
76.133
77.A01
77,642
11,462
77442
77.442
77.442
774462
17,462
77,462
77,642
77,442
77,6442
77.442
77.442

VDU
B4 . 758
B4 758
B4 546
B4 326
83.815
83.238
B2 .455
81,500
80.272
79.340
78.151
77.817
77456
77.456
77.456
77.456
77.656
77.456
77.456
77.4%6
77.456
77.456
17.456
77.456
77.456

YEAR
1976
1977
1978
1979
1980
1931
1982
1983
19446
1995
1986
1987
1988
1999
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

5§F
78.575
78.575
70,310
18.028
TTe454
76.793
15.930
T4.852
T3.415
T2.456
71.223
70.971
T0.703
70.703
70.703
70.703
10.703
70,703
70.703
70.703
70.703
70,703
70.703
70.703
T0.703

Sitent Option

50
78,551
T8.5%1
TP .204
70.000
TT.427
76.766
75.906
74.028
73.393
T2 444
71.227
70.9175
T0.707
70.707
70.7T07
70.707
0707
T0.707
70.707
70.707
70.707
70.707
r0.707
T0.707
70.707

UR
82.5717
82.5717
82.332
82,073
81,491
80.819
79.948
18.857
17.397
76,322
74.0891
T4.639
The371
74.371
74,371
T4.371
74.371
T4.371
74.371
74.271
T64.371
T4.371
74.371
Ta.371
T4.371

ou
84.316
A4.316
R4.ORD
83.PR30
B3.245
B2.%69
B1.69%
B0.598
79.128
78.008
76.488
The23b
75.968
T5.950
75.968
75.949
75,968
75.968
75.968
75.958
75.950
75.958
T5.969
75.968
75.968

Yybu
BA.T758
84.758
B4,546
86,324
B3,730
83.041
B82.156
B1.043
T9.54%
78.268
To. 454
76.202
75.936
15.9364
15,934
75.934
75.934
15.934
75.934%
75.93%
15.924
75.93%
7%5.934
75.934
T5.934



PL£

YEAR
1976
1977
1978
1979
1980
1981
1982
1933
1984
1335
1986
1937
19488
1959
1990
1991
1992
1993
1994
1995
1996
1997
1990
1999
2n00

SSF
44 997
45,074
44 LRBA
4h.606
44,435
46 4164
43.803
43.39R
42.938
42.903
42 .866
42.827
t2.787
47.833
42 .868
42 .304
42 .930
42 .974
43.009
43.039
43.068
43,080
43.128
3,155
4,1 4K

Exhibit 5-0:

Baseline Option

st
69 .479
45.59%7
49.3¢6R
49.162
4,911
48,638
AR L2732
47.0863
47.398
67.361
47.323
47.2F6
47247
47.200
47.326
47.30y
47.394
47.429
47064
41,494
4T.524
107055{0
47450
"7-"13
h7.743

T

UR
57.7R4
57.062
57.696
57514
57.292
57.051
56.73C
56.374
55,976
56,951
565,926
55.R97
55,849
55.915
55.950
55.9R5
56.020
56.065
56.0%0
564120
56,150
56180
56.210
66.240
RE.2T0

lﬂl (Equivalent Sound Leve! for a 24-Hoor Pericd) at 7 m

oy
63.990
64.067
63.909
63.737
63.525
63.295
62.991
624654
62.279
62.250
62.235
62.212
62.198
62.23%
62.269
62.304
62.339
62374
62.410
62.439
62.469
h2.499
62.529
b2.hR09
H2.%RG

vou
60.3A9
6R.G6T
6A.334
684190
58,009
67.814
67T.5517
67.276
66.967
66.9517
66.947
66,935
66.922
b6.969
67.004
67.039
67.074
67.109
67.144
67.174
67.204
67.234
67.264
67.294
67.323

YE&R
1976
1977
1978
1979
1980
1981
1982
19683
1984
1585
1986
1987
1988
1989
1920
1991
1992
1993
1594
199%
1996
1997
1998
1999
2000

55F
44.997
45.074
44 .88R
44,684
Gh,312
43.893
43.220
42.401
41.362
40,789
40.114
39.105
39.244
A9.791
39.326
39.361
39,390
3%.431
39.4606
19,496
19.525
39,555
39585
I9.61%
39,645

Option 1

SD
49.479
49.557
49.368
49,162
48.791
4R.IT4
47.702
46.88¢
45,8647
45,282
64,617
44,209
43,749
43,795
43,830
43,865
43,900
43.935
43.970
44 .000
44,030
44,060
44,090
44.120
44,150

UR
5T.7R4
57.862
57.696
57.514
57.127
56.689
56.002
55.162
54.090
53.420
52.609
524194
51.725
51.771
51.8086
51.R41]
51.876
51.911
51.947
51.976
52.006
524038
52.068
57 .096
52.126

DU
63.990
64,067
63.909
63.737
63.343
62.098
62.205
61.357
60.272
9,562
58.692
5,274
57.801
67.P48
57.883
57T.918
57.953
57.988
58.023
58.0%3
5R.003
SH.113
SR.142
58,172
5R.202

You
68,389
68,487
68.33%
68.190
6T.777
67.309
66.599
65.725
64.597
63.7157
62.600
62.260
51.773
61.820
61.855
61.090
61.925
51.960
61.995
62.02%
62.055
62.085
62.114
62.104
62.174



Si-g .

YEAR
197¢
1977
1978
1979
1980
1951
1982
1983
1584
1285
1986
19487
19n8
1989
1990
19791
1992
1993
1994
1995
1596
1997
199¢
1999

S000.

SSF
44,997
45.074
44,A88
44.6R%
44,635
44.164
43.626
42.993
42,232
41.913
41.559
41.16%
40.721
40.768
40,803
40.838
40.873
40.900¢
60.%43
40,372
41.003
41.033
41.063
41.093
41.127¢

e e i b o

Exhibit 5-0: lEq (Equivale:* sound level for a 24-hoar peried) at 7 m

Option 3

S0
49,479
49.557
49 .36R
49.162
4P .911
4B .63R
4R .099
“7-""7
46706
46.391
GE 044
45.657
45.222
45.269
45,304
4%.339
4%.37%
4% .409
45044
65,474
45 504
45,534
45.564
{0‘.—‘.593

4n.623

LR
57704
57.862
57.696
57.%14
57.292
57.0b51
56.%50M
55.H70
55.102
S54.718
54,287
53.796
53.230
53.277
53.312
53.347
53.382
53.417
53-‘15’2
53.4F2
53.512
52.542
S3.5T1
53,601
53.(!3'

ou
63. 99D
bhOET
63.909
63.737
63,525
63.29%
62.751
62.112
61.340
60.932
60.469
59,939
59.320
59.367
59.402
59.437
59.472
59.507
59.542
59.572
50.602
59.637
59.0567
59.691
F9.721

AR o AL ra 8 e da Faain e r AR

vbu
68.3F9
68.4¢67
68.334
69.190
68.009
67.814
57.266
66.671
65,0642
65,356
64,795
64,136
63,339
63,385
63,420
63,455
63,490
63,525
63.560
63.590
63.620
63.6%0
63.6E0
63,710
63,740

YEAR
1976
1977
1978
1979
1980
1981
19p2
1983
1944
1985
1986
1987
1988
1589
1990
1991
1992
1993
1994
1995
1994
1997
1998
1999
2000

SSF
44.997
45,074
44.808
44,684
44.435
44.164%
43.539
42.784
41.853
41.351
40.770
40.082
19.244
39.291
39.326
39,361
39,396
39.431
39.466
39,496
39.525
39.555
39,585
39.61%
AT.665

Optien 5

50
49.479
49.557
69,368
49.162
48,911
4B.63R
4f8.012
47.260
46.325
45.828
45,253
44,574
43.749
43.795
43.830
43,865
43.900
43.935
#3.970
44.000
44,030
44.060
44.090
44.120
49.150

UR
57.7604
57.862
57.696
5T.514
57.292
57.051
56,427
55.679
56.748
54,187
53.527
52.72A
51.725
51.7171
51.B06
51.841
51.876
51.911
51.947
51.97¢
52.008
52.036
52.066
52.0%6
52.126

ou
63.990
64.067
63.909
63.737
63.525%
63.295
62.673
61.925
60.997
60.412
59.720
50.876
57.801
57.848
57.8683
57.918
57.953
57.988
58.023
58.053
58.003
58.113
50.142
50.172
5Ra202

vou
68.389
6B.467
68.334
68.190
68.009
67.814
67.194
66.451
65.528
64.873
64.083
63.092
61,773
6t.820
61.855
61.890
61,925
61,960
61.99%
62.025
62.055
62.085
62.11%
62.140
62.174



Exhibit 5-8: leq (Equivalent sound level for a 24-hotr peried] at 7 m

Option 7 Sitent Optiow

YEAR SSF SD UR au vou YEAR SSF 50 uR pu vou

1976 6464.997 69,479 57.7R4 63.990 66.389 1976 44.997 49.479 57.784 63,990 68.389
1977 45.074 49,557 57.962 64.067 6B.467 1977 45.074 %9.557 57.062 64,067 68.4567

1978 44.588 69,368 57.696 63.909 6B.334 1978 64.88A 49,36 57.695 63,909 68,334

1979 44.684 49,162 57,514 63.737 68.100 1979 44.684 49,162 57.514 63,737 68,190

1980 44,2064 4B.763 57,081 63.298 67.734 1900 44.1063 46,642 56,986 63,205 67.64A

1981 43,786 &8, 267 56,565 62.79% 67,210 1981 43.555 40,03 56.3467 62.582 67.012

1982 43,096 47.575 $5.878 62,083 6b.480 1982 42.745 47,225 55.549 61,781 66.181

: 1583 42.296 46,729 55.010 61.206 65.517 1993 41,720 46,202 54.511 60.717 65.121
tn 1986 41,181 G5.646 53.B91 60.076 64.403 1984 4D.337 46.P20 53.104 59.301 63,675
I 1985 40.557 45,050 53.185 59.326 53.517 1985 39.6424 43,917 52.076 50.225 62.446
S 1986 39,838 44.342 52.321 5B.399 62.375 1986 38.238 42.747 50.692 56.754 50.678
1987 39.554 44.059 52.037 5B.114 62.088 1987 38,032 42.542 50,486 56,548 60.473

1988 39,264 43,749 51.725 57.801 81,713 1988 37.811 62,321 50.265 564327 60.251

1989 39,291 43.79% 51.771 57.R48 61.820 1999 37.858 62,367 50.311 56.374 50.294

1990 39,326 43,A30 S).R06 S7.5H43 61.8%5 1950 37.893 62,402 50,346 56,409 60.333

1991 39.361 43.AEt5 51,841 57.91F 61.890 1991 37.928 42.437 50.3P1 Sb.44% 60,368

1992 39,396 43,900 51,876 57.953 61.925 1992 37.963 47.672 50.416 56.479 60.403

1993 39,631 43,935 51,911 57.988 61.960 1993 37.999 42,507 50,452 56,514 60,.43A

1994 39,466 43,970 51,947 58.023 61,995 1994 3R.033 42,547 50,487 56.549 60.473

1995 39.496 44,000 51,976 58.053 62.025 1995 38.063 42.577 50.516 56.579 60,503

1996 39,525 46,030 52.006 SP.0R3 62.055 1996 38.093 42.602 50,546 56.609 60,533

1997 39.55% 64,060 52.036 S5B.112 H2.085 1997 38.123 42.632 50,576 56,838 60,563

1998 39,585 66.090 52.D66 SA.142 62.114 1998 3B.1%52 42.662 50.606 56,668 650,593

1999 39.515 46.120 %2.096 50,172 62.144 1999 3R,182 62.697 50.636 56.698 60.622

2000 39.64F 44,150 52,176 5P.202 62.174 2000 3H.212 42.727 50.686 56.728 60.652




Li~-5.

YEAR
1976
1977
1978
1979
1980
logl
1982
1993
1984
1985
1986
1987
1988
1989
1990
1991
19a2
1993
1994
1995
1996
1937
1998
1999
2000

SSF
45 499
45,577
45,390
45,186
44,938
44 6T
44 ,30%
43.900
43,4641
43.406
43.368
43,330
43.289
43,336
43.371
43,406
43,441
43,676
43.511
3,541
43.571
43.601
43,630
‘03.!‘()0
A3 090

e T BRI

Baseline Dption

SD
51.3556
51.433
5l.244
51.038
EQ.THER
E0.514
50.149
49,739
49,274
49.228
49.2c0
49.1¢0
49.119
49,165
49.200
49,235
194270
49 .30%
49.340
49,370
49.400
49,430
(G660
fr'.'.‘o‘?n
49,520

UR
62.T44
62.822
62.655
62.474
67.251
62.010
bl1.690
614334
60.936
60.911
60. ARG
60.057
60.E2R
L0.HTE
60.210
60.945
60.980
61.01%
61.080
61.CF0
6l.11rp
6l.160
61.170
£1.199
£1.229

Exhitit 5.6: Lgn (Day-Night Sound Level) al 7 m

pu
T1.204
71.282
T1.12%
704952
70,739
T0.510
70.205
69,869
69.46493
69.4172
6£9.450
69.627
69,402
69.46Y4
6%. 484
h9.519
69,554
69.589
£9.624
69.65%
69.60R4
6%.714
9. 744
b9.7T74
bY.AN3

vou
75604
T5.06A82
75.549
75404
754223
75.029
74,772
74.491
Tho182
TaalT2
T4.161
744150
14,137
74.104
T4.219
74.254
T4.2R9
T4.324
Th.359
T4.389
T4.619
Ta.049
Ta.4 70
T4.508
T4 .534

YEAR
1916
197
1978
1971y
1980
1991
1982
1983
1994
1945
1956
19497
1588
1949
1990
1991
1992
1993
1994
1995
1996
19497
1998
1949
2000

SSF
4% .499
45.577
45.390
45.186
44.B14
44.39¢
43,123
42.904
41.865
41.292
40.617
60,208
39.747
39,794
39.82%
A%.864
39,899
39,934
39.969
39.999
40.029
40.0580
40.0808
40.118
40.14R0

Option 1

s0
51.355
51.433
t1.244
51.02R8
50.667
£0.250
49,578
4n.761
471.723
47.159
46.493
46.006
45.62%
45672
45.707
45,742
65.777
45.R12
45.867
45.877
4h.907
45.937
65,966
45,996
46.026

e it 1y et Rt e e = b

UR
62.T44
62.822
62.65%
62.4T4
6?2.086
61.649
60.962
60,122
59.0649
58.380
57.569
57.154
56.6604
56.731
56.T66
56.036
56.871
56.906
56.936
56,966
26.996
57.026
57.05%
57.085

ou
71.204
71.202
71.124
70,952
70,558
70.113
69.420
6B.572
67.486
66,777
65.907
65.489
65.016
65.063
65.098
65.133
65.168
65,203
65.238
65.268
65,297
65.327
65.357
65.387
65.6417

vou
73.604
75,682
75.549
75.404
76.992
764.524
73.813
72.939
71.812
70.972
69.902
69,474
68,968
69.035
69.070
69.105
69.140
69.175
69.210
69.240
69.269
69.299
69,329
69,359
69.389



8L-5

YEAR
1976
1977
1978
1979
1980
1941
1982
1983
1904
1085
1986
1987

~-1988

19AR9

-£990

1991
1992
1993

1994

1995
1996
1997
199¢
199¢
2000

SSF
45.499
45.577
45.390
45,1806
494 .928
b 667
46,128
43.4586
42.73%
42,415
62.062
4]l 6068
"1.2?‘0
41.271
41.306
41.361
41.411%
‘!1."’0{)
4l.476
41.50L
41.53¢6
41.56%
41.59%
Gl1.02¢

Option 3

sD
514355
51.033
51,244
51.038
H0. 78R
50.51%
49.97%
49,343
Wl BR2
4R.267
47.%920
47.533
47.099
47.145%
47.300
47,215
4T.250
’O?OE"‘)
4T.320
67,350
47.3P0
47410
47.440
47.670
47500

UR
62.744
b2.022
62 .6%5
b? -"7"
62.2%1
62.010
b] -‘0@-7
60.830
60.061
59.67T7
59,246
5R.T56
58,190
58,236
5Fa2T1
5R.306
5Ra342
5377
S5R.412
50,441
SH.4TY
50.50)
5F .53
SR.HBE1

SH_RG]

Exhibit 5.C. Lyy (Day-night soond level]

pu
71.204
Tl.292
Tl.124
70.952
T0.739
70.510
69. Q86
h9.320
6B.555
6GR.1G6
657.684
67184
66.525
Gb.RR?
66,617
Lb.6E2
bb.GBT
é’cl-’???
66757
L6.787
&6.B17
H60.Ffih
Lb.FTE
6R.O06
bhefidf

vou
75.604
75 .6R2
75549
75 .406
75.223
7%.029
T4 401
T3.838
T73.047
772.511
72.010
71.351
T0.553
T0.600
70.635
T70.70%
70740
T0.715
T70.80%
70.835
70.865
T0.B9%
70.92%
70.954

YEAR
1376
1977
19718
1979
1980
1981
1982
1933
1984
1945
1986
1987
1948
1989
1930
1991
1992
1993
1994
1995
1996
1997
1958
19%9
2000

SSF
45 .499
45 .57
4%.390
65.186
44.938
44,667
44.041
43,290
62.355
61.854
4l1.272
40.585
39.747
39.794
39.829
39.864
39.899
39.934
39.969
39.799
40.029
40.058
40.00R
4n.11P
40.14R

alm

Optien 5

So
51.35%55
51.433
5la246
51.03R
50.7RR
50.514
49.8R9
4%9.137
48.201
47. 704
4T7.129
46,450
45.625
45,672
45.707
45.7492
45,777
4R.812
G5 .847
45,877
45.907
05,937
45 . 966
45.996
46,076

UR
62.7404
62.822
62.65%
62.474
62.2%1
42,010
41.387
60.628
59.7T08
59.147
58,486
57.688
5h.684
56.731
56. T6H6
56.801
h6.836
56.071
56,906
56.936
56.966
56.996
57.02¢6
57.055
57.0P%

ov
T1.204
71.282
T.124
10.95%2
T0.739
70,510
69.887
69.140
66.212
61.6217
66.935
66.091
65.016
65.063
65.098
65.133
65.168
65.203
65.238
65.268
65.297
65.327
65,357
H65.387
65.417

you
T5.604
15.682
75.549
15.404
75.223
15.029
T4.409
73.666
12.742
12.088
T1.298
10.307
68.908
65,035
69.070
69.105
69.140
69,175
69.210
69,240
69.269
69,299
69.329
69.2%9
69.3P9



6{-5

YEAR
1976
1977
1978
1979
1980
1931
1982
1983

1984

1985
19136
1987
l19sR8
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF
45.499
45,577
45,390
45 . 188
44.766
94 . 2R9
43.556
42.748
41.664
“1.060
40.341
40.057
39,747
39,794
3%.829
39.864%
39.899
39.934
39,949
39.999
40.029
40.05R8
40.0Rh
40.11p
40a.14F

Dption 7

sD
51.355%
£1.423
S1_264
51.03R
50.620
50.143
69,451
48,605
67,523
46.926
46.218
45,935
45,625
45.672
45,707
45,742
45,717
46,8127
45,847
45,677
45,507
454937
Gh.060
4% .9eb
Gf N2k

LR
62.T44
62.822
62,655
2474
62.040
61545
60.H838
59.969
58,851

58.145

57.201
56.996
56.6R4
56.731
56.766
56.001
56.R36
56.P71
56.906
56.936
5h.964
fhaTUG
5T.026
£7.0%5
5T.085

Exhibit 5-C: tdn [Qay-night sound level) at 7 m

DU
71.204
T1.292
Tl.124
70.952
70.512
70.010
69.298
68.421
67.289
66.541
65.614%
65.328
65,016
65.063
65,098
65,1323
65.168
65.203
65.738
65.26HR
65,297
65.327
65.357
65.287
t5.417

vpu
7%.604
T5.682
75549
75.404
T 940
The425
T3.695
T2.792
T1.618
70.732
69.590
69.303
68.9PB
69.035
69.070
69.10%
69.140
69.175
69.210
69.240
65.269
65.299
69.329
69.359
69.3H9

YEAR
1976
1977
1978
1979
1980
1981
1982
19493
1954
1985
1956
1987
19AA
1969
1990
1991
1992
1993
1994
1995
1994
1997
1998
1999
2000

SSF
qs.’qu
45,577
45,390
45,186
44,665
44,057
43,247
42.223
40,939
ag. 921
38.742
38,536
38,316
3B.362
38.397
38,432
IN.G67
3,502
36.537
38,567
3R.596
JH. 626
AR.656
38.6R6
an.t1e

Sfent Option

sD
£1.3%5%
51.433
51.244
51,038
RD.51R
49.911
49.102
4P.078
45,794
46,624
44 .41R
44,197
G4.2404
64,279
494,314
44,349
G4k
44,619
G4.449
44,479
44,509
44 .%53R8
L4 568
64,598

UR
62,.T4h
62,022
52.655
62.474
61.94%
61,326
60.508
59.471
58.063
57.036
55.651
55,446
55,224
55,271
5%.306
55,341
55.376
55.411
55,646
h5.4706
R%.506
55,536
E5.566
25.595
K5.625

ou
T1.206
71.202
71.124
T0.952
10.420
69.797
68,975
67.932
66.518
6544540
63.969
63.763
63.562
63.5948
63.624
63.65%9
63.694
63.729
63.7584
63.793
63.0823
63.0853
63.183
63.913
63.943

vou
75.604
T15.6R2
75.549
15.404
T4.B63
T4.227
73.395
T72.336
70.890
69,661
67.893
67.6A7
6T.4086
67.513
67.548
67.583
67.618
67.65%3
b7.6R8
67.718
67.748
67.777
67.807
657.837
6T.R67
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YEAR
1976
1977
1978
1919
1980
19481
1982
1983
1984
1985
1986
1987
1988
1589
1990
1991
1992
1933
1994
1595
1996
1997
1998
1599
2000

S5F
544582
54.560
54,536
54.508
S56.479
54,443
54.40%
564366
54,363
564,360
54,357
S4.354
54.35E
£4.360C
Shadb3
H4.366
56,369
54,372
542374
54.377
56,379
54.34°7
54.3K4
BhJART

Exhibit 5-: Linh (Day-Right Sound Level With Ambieat] at 7 m

Baseline Option

50
£5.8R6
£5.914
55,847
55.777
55.695
55,608
b5 .498
Rh,383
55.261
K5 ,252
£5.242
55,232
ERL.222
f‘:‘-?B{Q
9h.742
b! o 2B
BY.2600
hi .269
5,276
BE,2PF
55,293
55,301
56,308
h5.31¢
Ef.a74

UR
63.2EF
63-357
63.210
63.051
62.857
62.640
62.272
62.070
61.737
£1.716
61.6%4
61.671
6l.0667
bl.b686
61.7T1E
6l.744
61.773
t1.803
61.R32
bl.B57
61.0R2
61.907
61.632
£1.657
1002

0w

T1.286
71,363
T1.207
71.0238
70.830
T0.606
T0. 208
69.979
69.614
69.594
69.572
69.550
69.526
69.571
69 .605
67,639
69.673
69.707
60,7462
62.771
69.800
69.029
694 H5P
69.787
ho,a16

ynu
15.634
75.711
75.579
15.436
15.063
14.080R
Tha530
Tha226
Tha2l4
T4.203
74191
T6.179
T4 4225
14.260
Th.295%
T4.329
T4 .36%
14,399
T4.428B
ThH5R
Th.4RR
T4 a517
Th.547
Th o570

YEAR
1976
1971
1974
1979
19R0
1981
1982
1933
19894
199%
1986
1987
1968
1939
1990
1991
1992
1993
1994
1995
1996
1997
199H
1909
/000

55F
54,574
54.583
H4.560
54.536
hWa 095
54,451
54,389
%%4.32%
54,258
S4.227
54,195
54,1 TH
54,160
S4.162
54.163
54,164
94.,16%
54.167
54,168
59.169
S4.171
“4,172
54.173
4,174
S4.175

Oplion |

sD
55.0886
55.914
55,847
55.77T7
55.6%6
55.528
56.339
55.137
54.919
54.817
4,710
54,651
54,589
54,595
56,600
54.60%
54,609
54,614
R4 ,61R8
£4.622
54.626
54.630
Ehy b4
4,630
4,642

UR
63.288
63,357
63.210
63.051
62.713
62.337
61,758
61.071
60.231
59.730
59.151
58.A67
58,557
50,587
SR.610
58.633
58.6%6
50,679
51,702
5R,722
58,742
5R.7€]
5R.TE1
58,801
5R.H21

ou
T71.286
11,353
T1.207
T1.038
70.6%3
70.218
694543
h8.721
h7.617
67.000
t6.178
65.787
65.347
65.390
65.422
65.455
65.407
65.520
65,553
65.580D
65.608
65.636
65,656
65.692
45.719

Ypu
75,624
75.711
15.579
75.436
75.026
T4 .562
73.058
72.994
71.R83

114058

10.012
69.594
69.123
69.169
69.203
69.237
69.271
69.305%
69.329
69.368
69.397
69.426
624455
6%.4R4
69,513



18-S

YE&AR
1976
1977
1978
1979
1980
1981
1382
1983

1586’

1985
1986

‘1987

1988
1989
1990
1991
1992
1992
1994
1995
1996
1997
1998
1999
2000

§SF
54.574
544583
504560
564.536
4 508
56 .h70
H4.426
H4a370
54.313
54,291

546,269

ha ., 267
bha223
54,220
54,227
564.229
54.231
54,233
h4,23%
54,236
54 ,.23R
54.239
56,241
654,267
B ,240

Exhibit  50: LgsA (Day-night sound evel with ambient) at 7 m

Dption 3

sD
55.686
55.914
55.047
f5.71T
55,695
55.608
55,448
55.27R
55,096
56,028
54,957
54.B83
54,807
564 .6815
54 .A21
54,827
54.833
56 B39
G465
4,850
L4 LB56
k4,061
5’! .Bf‘h
54,072
C4.RTT

Ur
63.288
62.357
63.210
63.051
62.857
h2.H4f
67.113
61.649
61.022
60.717
60.3R2
650.009
59.5¢2
59.626
i9.651
59,617
59,702
59,72R
h.7h4
59.776
59,798
59.£20
59.F62
59.R£4
559.PE6

v
71.286
71.363
71.207
71.038
T0.R30
70.506
70.07%
69.452
60,705
68.310
67.866
67.359
66.771
6b.R15
66. 848
66b.R5]
b6.915
6b.94GR
6h.9R])
67.010
67.03R
67.086
67.095
67,123
67.151

YDu
75.634%
15.711
15.519
75.436
15.256
15.063
Th.520
73.8481
73.110
12.631
12.078
11.430
70.640
10.694
ma.l28
70.762
70.797
T0.821
mn.865
T0.895
TN.924
70.9%3
10.982
71.012
71.041

YEAR
1926
1977
1978
1979
19A0
1941
1982
1783
1994
1985
1956
1987
1988
1989
1990
1991
1992
1993
1494
1995
1996
1997
1998
1999
2000

SSF
54.574
54.583
54.560
54,536
54.508
54.479
hat18
54.354
54.288
54,257
54,226
54.193
54.160
54,162
54.163
54.164
H4.166
Sa.167
54.16R
54.169
54,171
54.172
54,173
54,174

Option §

sD
A% .0A6
h5.914
55,847
55.777
55.695
55.608
h% 424
55,2217
55.014
54.915
54.812
54,703
54 .59
54,595
54,600
564,604
54.609
54,614
54.618
4,622
4.626
54,630
LI . KLY
54,638
Shabb 2

UR
63,288
63357
63.210
63.051
62.057
62.648
62.115
61.491
60.741
60,305
59.009
59.234
5R.557
58.587
58.4610
50,633
58.656
56.679
58.702
50,7122
58.742
58,741
58.701
58.AR01
58.A21

by
T1.206
T1.363
T1.207
71.038
70.830
70.606
69.998
69.271
60.373
67.811
67.15%0
66.35]
65.347
6%5.390
65,422
65.455
65.487
65.520
65.553
65.580
65.600
65. 0636
65,666
65.692
65.719

vou
75.634
75.711
75.579
75.436
15.256
75.063
74,448
73.712
72 .800
12.1%%
71.378
70.407
69.123
69.169
69.203
69.237
69.271
69305
69.339
694368
69.397
69.426
69.4%55
69.404
69.513



€8-¢

YEAR

1976
1977

1978

1979
1980
1981
1982
1993
1984
1995
19846
1937
1988
1989
1990
1991
1992
1993
1994
1995
1956
1997
1994
1999
2000

SSF.

54,574
54,583
54.560
54.536
54.489
56.441
54.370
54.314
54,2646

54,215

54,103
54.172
56,160
54,162
Hha.163
54,164
5‘0.1‘)6
54,167
S54.16%
54,169
56.171
54.1%2
54,173
54,174
EL Sy

T S e

Exhibit 5-0: tg A [Day-night sound level with ambient) at 7 m

Option 7

50
55.886
55.914
55.847
55,1717
55.641
55,497
55.306
55.102
54.601
54.778
544669
54.630
54.589
H54.595
54.600
54.606
4,609
S4.614
B4.61AR
54622
h4.,676
54.630
5" nb:“"
54.63R
S4.662

UR
63.288
63.357
63.210
63.0A81
62.674
b2.249
61.655
60.949
60.0B0
59,560
58.953
S5P.T62
58.5H7
58.%87
58,610
BR.632
H8.65%0
58.679
5p.702
58.722
SR, 142
5r.761
58,781
58.P01
S8.R21

pu
71.288
71.3863
71.207
71.038
70.608
70.11R
69.426
hB. 575
6b7.4P8
6b6.776
65,903
65.637
65.347
65.390
65.422
b5.455
65.487
65.520
65.553
65.580
65.608
65,636
65.648%
65.692
65.719

vou
756234
75.711
75.579
Th.438
T4.9863
Thoobh
T3.741
T2.849
T1.692
T0.B23
69.708
69.429
59.123
69.169
69.203
69,237
69.271
69.305
69.339
69.368
69.397
69.426
69.455
69.4R4
69.513

YEAR
1976
1977
1978
1979
1980
1981
1982
1983
1934
1985
1986
1937
19498
1989
193D
1991
1992
1993
1994
1795
1996
1997
1998
1999
2000

SSF
54.574
54.583
54.560
54.5306
54,479
54.419
54,351
54.279
54,205
54,167
54,128
54,122
56.116
54,117
h4.118
54.119
54,120
54.121
54,122
54.123
54.123
54.124%
54,125
54,126
54,127

Stieat Option

sn
55,886
55.914
55.047
557111
55.609
55,430
55.218
54,909
54.741
54.611
564.47%
54,054
Eh4.432
56 .437
54.440
54,443
LUNCLY
54,450
54,654
b4 ,.457
564,460
54,663
54,466
56,469
56,672

UR
63.288
63.357
63.210
63,051
62.592
62,064
61.384%
60.555
59.50]
58,708
57.914
57.793
57.66%5
57.692
57.712
57.732
57.753
57.773
57.793
57.0811
57.6828
57.846
57.8¢3
57.8R1
57.6Q%

Du
T1.286
71.363
T1.207
71.038
70.518
69.909
69.111
68.104
66.752
65.7641
654.3006
64.199
63.99%
64,041
64,073
G4 105
64,136
64,168
64,200
6ha227
Gh.2%%
64281
64.308
64,335
bha3062

vou
75.634
75.711
75.579
75.430
74.898
79.268
73.44%
72.399
70.978
69.777
68.067
67.869
67,657
67.702
67.735
67.769
67.803
67.836
67.870
67.898
67,927
67.956
67.964
66.013
68.062



£Eg-5 -

YEAR
1976
1977
1918
19179
1980
1931
1932
1983
1994
1985
1996
1937
1584
13489
1990
19%1
1992
1993
1994
1995
1995
1997
X994
1999
2000

SSF

200000000

DOQOoO0o000 D000 Ca0D0OC0D

D0QOO0ONO0QQOoQO0DDOGO

=

4 L 4 % B 3 OF BS

e e el b i,

L
o000 00O0n0 =

L]
VOO COODO 00O

DoCOoO0QCO000 0000000000 oO0O0

paseline Option

ur
57507B.9
507007.2
S61782.0
535539.9
5042R7.5
472180.8
%32597.6
A92448.9
350623.8
348123.1
345530.1
342832.5
340025.9
34450942
24npsh.l
351557.1
355091.9
35A660.7
362269.2
345370.7
AGRG94.T
3710496
374H29. 4
ATAN3L. 9
ABI270.3

00
1174101.0
119201%.0
1155H822.0
11177210
1072097.0
1026469%.3

964909 .4
F0265R .4
B3tr273.1
033737.4
A30027.7
B26156.6
822108.0
B29R%9.3
835711.7
841606.8
847550.1
B53%22.1
859544 .4
B64T700,0
B6IR9T .6
AB75124.6
HRO3IGN. T
FPROECE LT
RCCOTH 5

you

363450.9
36R493,.9
3h9902.2
350R3].4
A397155.2
32824346
313535.1
2981 74.4
2B82124.1
281615.1
2R1070.0
280&79.2
27985644
202211 .5
2h3988.1
205778.9
2RTST6.T
2B938B8.9
291212.%
292772.3
2943643 .4
295922.17
291507.0
2991072.6
A00706.6

Exhitit 5-E LWP and RCI for General Adverse Response

TOTAL

2112629.0
2147515.0
2077506.0
2004091.0
191613%.0
1825119.0
1711031.0
1593281.0
1470020.0
1463475.0
1456627.0
1449468.0
1441989.0
14£66%59.0
1667754.0
1478941.0
1490218.0
150157040
1513025.0
1522842.0
1532735.0
154269640
1552706.0
1%62795,0
15729%0.0



8-S

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

Option 1
YEAR SSF S0 UR ]I Y0U TOTAL RCH
1976 0.0 0.0 H75078.9 1174101.0 363450.9 2112629.0 0.0
19717 0.0 0.0 S5RTO0T7.2 1192015.0 36B493.9 2147515.0 =1.1
1973 Na0 0.0 HBH1TR2.6 11558272.0 3%5902.2 20771506.0 1.7
1979 .0 0.0 %35539.9 1117721.,0 3%083l.4 2004091.0 5.1
1980 N.0 0.0 4P2093.4 1034460.8 376095.6 1842649.0 12.8
1991 Na0 0,0 427791.2 067455.4 299933.6 15675179.0 20.7
19472 0.0 0.0 353224.6 025035 .6 264003.4 14462263.0 31.17
19483 0.0 0,0 2777179.9 694855.4 225291.8 1197927.0 &43.3
19494 0.0 0.0 2D1118.1 555203 .6 183061.8 939383 .6 55.5
1955 0.0 0.0 162H894,0 47R1094.7 1%6453.6 T97562.4 62.2
1954 N0 00 12517R.0 396450.3 127680.4% &49308,7 69.3
1547 a0 0.0 10R702.9% 361749.2 111535.5 587987.1 72.2
1988 0.0 C.0 91IRN9.5 325627 .6 106935.6 524372.6 T5.2
1989 N.0 D.0 93358.6 329027.1 107911 .4 530297.1 T4.9
1930 0.0 0.0 94%4p,.6 331601.4 lthﬁB.b 534790.6 74.7
1931 D.0 0.0 95737.6 334197.7 109392.2 6£39327.5% Thoh
1992 0.0 0.0 96950.2 336011.7 110160.3 543902.2 T74.2
1994 0.0 0.0 GA1TR.G  339447.1 110P92.5 548518.0 74.0
19946 D.0 0.0 99423.6 342099.6 111650.6 5E653173.A 7T3,R
199% 0,0 0.0 10D49R.0 344377.9 112299.7 5571715.6 T3.6
1996 0.0 0.0 1015A3.0 346670.9 112953.4 561207.2 73.4
1997 C.0 0.0 102681.46 2A64A975,7 113611.3 56526R.4 T3.2
199y 0.0 Q.0 1037%1.8 251298.1 114271.2 569361.1 73.0
19909 C.0 0.0 104914.5 362535.4 1140385,.7 ST34R5.7 T72.9
2000 n.0N 0.C. 106069,2 3ABKRIAT A 1154604 .2 K7T66G61.2 T72.7

o iy b el R .
T N 4T ey Gt e T e 15 s e s B s e €a st et st R st e e £y,



S8-5

YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1936
1987
1968
1989
1990
1991
1592
1993
1994
1995
1996
1997
199¢
1999
2000

SSF

2000002090000 0MN0DODDND

D200 M00
L
909D‘J:’DOOOOOOOOOOUOOOOQ'DO

o
»

[
=

COQOQOoOQOoO0D

{

OO0 ODOD

O,

VOO0 O0O0O0DOODO0
L I I I I T I TN DN Y

o0 ODO0ODOC

A Mttt D a4 1o o 5 b D 0 s e e Y 3 1 e 3

R715078.9.

587007.2
561782.6
535%39.9
5062R7.5
472180.8
40T0T4.4
34D177.4
273022.5
243212.4
212467.7
1P4074.0
153122.2
155464.1
15724646
159049.4
160H7%.3
162720,0
1645AR7.8
16H195.2
167R20.6
169460.6
171117.3
172790.1
174471.5

1176101.0
119201%.0
1155822 .0
1117721.0
1072057.0
1026469%.3
920251 .4
ROY6 2R .1
6%24R1.2
636T30.1
5786%1.3
517732.4
453992.6
45A566.7
46203642
465532.1
"(190 52.7
472502 .1
476163.2
479210.3
4GP22 30,1
GRE2 R A o3
4BP34R .9
491423 6
49453F .1

Yoo

A63450.9
36B8493.9
3%9902.2
350R31.4
339155.2
32R263.6
297634,0
265081.1
230157.6
2105862.7
189913.8
1679%9.3
16464%540,.2
14%P28.6
146B00.6
147780.6
148764.9
149757.6
15075646
151613.0
1524172.4
153338.4
154207.0
156079,1
155950.8

Exhibit 5-E: (WP amd RC) for Generdl Adverse Respomse
Cption 3

TOTAL

2112629.0
2147515.0
2077506.0
2004091.0
1916139.0
1825119.0
1624959,0
1414PR6.0
1195661.0
1090%13.0
9n2032 .8
B&ITOL .7
TH%165%5,1
T*9R%9,4
T66083.4
T12362.0
778692 .9
7685069.7
19150746
1970185
A02529.1
ROPDRS .2
P13673.2
#19302.7
R26966.4

e A et et A g

i e P



28-S

Exhibit 5-E; LWP and RCI for General Adverse Response

Option 5

YEAR §SF 0 UR DU 1] T0TAL

1976 c.t 0.0 575078.9 1174101.0 363450.9 2112629.0
1977 D.O 0.0 5E7007.2 119201%.0 368493,9 2147515,0
1978 0.0 0.0 S617RZ.6 11%55RZ2.0 3%9902.2 2077506.0
1979 0.0 0.0 %535539.9 1117721.0 350831.4 2004091.0
1980 0.0 0.0 S04287.5 1072097.0 339755.2 1916139.0
1931} 0.0 0.0 AT21R0.8 1024695.3 32B8243.6 1825119.0
J9R? 0.0 0.0 39A81A3.D0 9060641 29383T7.7 159p0R%.0
1983 0.0 0.0 322055.5 TT19R50.7 257041.2 1356947.0
1994 0.0 0.0 24545T7.2 64533658 217305,.% 1108098.0
1985 0.0 0.0 207120.9 571801.6 192656.3  971578.8
1986 0.0 D0 1686314 49%421.9 1663086.5 B29359.8
1981 0.0 0.0 130097.9 412534.9 137922.% 6B80555.2
1988 0.0 0.0 9IRD9.5 325627.6 106935.6 524372,6
1939 0.0 0,0 9335B8.6 329027.1 107911.4  530297.1
1990 N0 0a0 94540.6 331601.4 10864B.6 534790.6
1991 0.0 0.0 95737.6 33¢197.7 109392.2  539327.%
1992 0.0 N.0  96950.2 336811.7 110140.3  543902.2
1993 0.0 D.0 94178.4 339467,1 110092.5 548518.0
1994 0.0 0.0 99423.6 342099.6 111650.6 553173,R
1995 0.0 0.0 10049R.0 344377.9 112299.7 557175.6
1996 0.0 0.0 101%Bl.0 346670.9 112953.4 h61207.2
1997 0.0 0.0 102681.4 36A975.7 113611.3  565268.4
1994 0.0 N.0 103791.8 35129R.1 11427}1.2 569361,1
19949 N.0 0.0 104914.% 3%363%.4 114935.7 573405.7
conn {4 0.0 106049.2 3ARKRGRT.A 113606.2 5776641.2

e PN A YU IS SOUP AL SUTTIC RE B}



L8-5

YEAR

1976
19717
1978
1979
1990
1931
1582
1983
1984
1935
1986
1987
1788
1989
1990
1931
1992
1992
1994
199%
1996
1997
1998
1993
2000

SSF

SO00000DO00000O000OD0O0D D000
IR EEEEEEEEEERE RN

000 COoOD0O00O00o0DOOOO0O0OOD300

L]
[ —]

00000 ODO0000DO0000COODOOO0O0
DO OO0O OO OO LoD OD

Option 7

UR

575078.9
587007.2
561782.6
535539.9
476054.4
415798.8
340975.7
265665.2
189420.1
150905.7
113785.9
10289844

91809.5

93358.6
9454046
3573746
96950.2
98178.4
99423.6
1006960
101583.0
102681.4
103791.B
104916.5
10604942

()

1174101.0
119201%.0
1155%822.0
11171721.0
1025217 .4
9268378.1
804982 .6
673670.7
532672 .9
454542 .4
311859.7
36490680.2
35627 .6
325027.1
331601 .4
335197 .7
336811.7
339647 .1
342099.¢6
344377.9
346670.9
34B9TD LT
381298,1
353635 .4
355907 .0

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

You

3634%0.9
368493.9
359902.2
350631.4
323571.86
2964654.4
258404.7
219295.56
176554.8
149%31.9
1202D4%.6
113690.%
106935.6
107911.4
10864B.6
109392.2
110140.3
110R62.5
111650.6
112299.7
112953.4
113611.3
114271.2
114935.7
11560442

TOTAL

2112629.0
2147515.0
2077506.0
2004091.0
1824852.0
1638630.0
1404362.0
11568621.0
BOBELT.T
T54980.0
605B5D0.2
5654569
524372.6
530297.1

53479D.6
539327.5%
563902.2
546518.0
553173.8
557175.6
561207.2
565208.4
569361.1
573485, 7
57T661.2

e L N SO R



g88-c¢

YEAR

1975
1977
1978
1579
1980
1991
1952
1993
1934
1935
1936
1937
1958
1989
1990
1991
1992
19593
1994
1995
199¢
1997
1998
1999
2000

Exhibit 5-E (WP and RC! for General Adverse Response
Silent Option

SSF

QOO CO0
)

0000000000000 COODODDOD OO0

CODO0QOODOQOUOVUTCLCQO0C

A Y

[ ]
=

NCOo0COCO0O0DNOCDO00000000000000

DUOD0D00O0QCUOCROoODOCO0O0DCOTCO

% ¢ % B e 8 B @

575078.9
58700%1.2
561702.6
535539.9
463083,6
391643.1
310289.5
22686452.2
146960.0
10416641
63079.5%5
57861.4
52763.5
53781.9
54575.9
553R1.4
5619%2.9
57031.0
518767
SA6D4.1
59343.0
60091 .4
60R49.3
61617.3
623964.8

1174101.0
1192015.0
1155A22.0
11171721.0
1006652.9
AR9TR 7.1
754363.2
609304 .9
452D093.9
IASTRCI WA
256642 .4
24475642
232%68.1
235087.9
236998 .5
238921.48
240861 4
267017.2
264TRO.T
246479.0
26481R7.9
2490898.1
251623.1
253360.9
255110.9

L

363450.9
360493.9
3%9%02.2
INDE31.4
31R671.8
26863499.9
2644755,.2
201668.4
154065.7
121853.9
B60%92.0
B2596.1
TRObL .5
T971R.1
BD2B7.7
BpBL1 .6
f01433.0
82019.5
R2604 .8
£3106.2
a36l1l.4
BE4119.5
84620.6
H5139.9
FREGT L3

TOTAL

2112629.0
2147515.0
2077506.0
2004091.0
1789207.0
1565799.0
1309407.0
1039425.6
753119.6
503A23.4
405R13.9
3ns213.6
3sa278 1
IeeNA7.9
371862.1
37516%.7
378499.3
3nl1eer.?
IRn26ba2
ARBIARY.3
391137.3
394108.9
397102.9
400110.0
403153.0

1]
0.0
1.7

1.7
5.1
15.3
25.9
38.0
50,8
bhah
T2.4
B0 .68
f1.8
§2.8
B2.6
82 .4
B2.2
2.1
81.9
1.8
B ot
81.5
1.3
81.2?
8141
B0.9



68-S

YEAR
1976
1977
1978
1979
1980
1981
1982

1983

1994
198%

158¢

1987

" 19E8

1989
1999
1991
1992
1993
1994
1995
1994
1997
1998
1999
2000

$SF
99.26
99.26
98 .99
9B .67
98 . 3R
98.04
97.60
97.11
96 .56
96443
96.29
96.15
96.01
95.96
9% .91
95.87
95.H47
95.61
95 .87
95.87
9587
95.47
95.h7
95.87
95,17

Raseline  Option

s
99.23
99.23
9R.95
GR.65
9K .33
27.99
97.55
97.05
96,50
26.22
96.08
9%.94
1% .R9
9%.94
95,79
3%.79
92.79
95.79
9% ,79
.79
ak,79
yE L 19
9%.79
9nh.79

UR
102.3¢9
142,39
103.15
102,88
102.60
102.31
101.92
101.51
101,04
100.94
1c0.82
100.71
100.59
1C0.55
100.51
100.4R
100.4R
100.48
100,48
100.48
100.4R
100.48
100.40
100.40
10000

Exhibit 5-F: Ly (Sound Exposare Level) at Im

1]
105.18
106 .94
10".(‘9
106 .42
1n6.14
103.7R
103.239
1p2.9%
102.8%
102.75
102 .64
102.53
102.50
102.46
102.43
ipz.43
102.43
102.43
102.43
102.43
10?2.43
102.43
102.43
1D2 .43

You
105.7%
105,75
105.54
106,32
105.09
104 .85
106 .54
1046.22
103.88
103.78
103.49
103.61
103.%2
103.49
103,47
103.44
102.44
103 .44
103.44
103.44
10304'0
103,44
103,44
103.44

YEAR
167¢
1977
1978
1979
1980
193]
19R2
19813
1944
1905
1086
1987
1984
19R9
1990
1991
1992
1993
1994
1995
1994
1957
1998
1999
2000

§SF
99.26
99.246
98. 99
98.69
8.23
91.172
96.92
95.95
G4 .68
93.85
92.01
92.09
91.22
91.08
90 .93
90.78
90.7A8
90. 7R
90.78
90.7H
90. 78
92.78
90.78
0. 70
9%. 78

Optien 1
1) L]
99.23 103,39
99.23 103.39
9R.9% 103.1%
9R.6% 102.A8
98.20 102.641
97.68 101.87
926.89 101.06
9%,9) 100.07
94,65 9R.T7
93.m3 97.81
92 .80 96.%6
92.08 9h .83
91,22 94.95
91.08 94 .52
90,93 96.67
90.78 94,52
90.78 94,52
90.178 94,52
90.78  94.52
q0.78 94,52
90,74 94,52
90.78 Q4 .52
90,78 04,52
90.78 af 52
90,78 94,52

Bl
105.18
105.18
106.94
106.69
104.21
103.67
102,85
101 .85
100.54

99.53
98.20
97.40
9%.5A
Gb.0k
96.30
96.15
96.1%
96.15
95.15
96.15
96.15
95.1%
96.15
95.1%
9615

n
105.75
10%5.75-
105.5%
105.32
104 .82
104.26
103.42
102.40
101.06

99.90
98,30
97.5%
96.60
96.52
96.38
96.23
96.23
96.23
96.23
96.23
96.23
96.23
96.23
96.23
96,23

Wi



06-5

YEAR

‘1976
1977
1578
1979
1580
1581
l9p2
1983
1984
1985

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

§SF

99%.26
99.26
98.99
98.69
93,38
95-0"!
97.39
G6.64

95,73

95.24
94.69
9%.06
93.32
93.23
93.14
93,05
93.05
93,05
93.05
93.05
23.05
93.05%
93.05
91.0%
93,04

0

99.23
00,23
9F.55
AR5
9r.33
97.99
97.35
9€.60
Yhl.bA0
95.20
94.66
Q4.04
93.31
93.23
23.14%
93.0%
93.0%
93.0%
13.05
93.05

‘93.06

Q2.0%
93.05
93.05
D3.0%

Option 3

103,39
103.39
162,15
102.88
1C02.60
102.31
1C1.66
160,91
100.00
99 .04
QR.T9
QR,.02
97.09
97.01
96.92
9¢.83
96,83
96.83
H6.A2
96,03
"6H.B3
gk R3
U6.A3
GhHL.RY
TfH2

Exhibit §-F: Ly (Soand Exposare Level] at 7 m

b

105.1¢
105.18
104,94
106.69
104.42
104.14
103.5%0
102.75
101.84
101.25%
10D0.56
39.74
98.74
9R.6%
GR.57
98.4B
98.48
99.48
39.48
9848
9h.48
98.48
38.4AR
oa 4P
99, 4R

¥ou

105,75
105.75
105,54
105.32
105,09
104.85
104.2]
103.66
102 .55
101.8A
101.09
100.12
9a.87
9H.79
9/.70
98,67
9h.62
9R.67
9R.67
F0.60
90.62
9he6?
9B.627
9k .62
GR .67

N b a1 et
T R 1 P T R SN P TP

YEAR

1976
1977
1978
1970
1980
1981
1982
1983
1994
1985
19B6
1987
1948
1989
1990
1991
1992
1993
1994
199%
1996
1937
1998
199y
2000

SSF

99.26
99.26
9n. 99
98.69
98 . 3R
98 .04
97.30
9641
95.30
94 .58
93.72
92.6%
91.22
?1.08
50.93
90.78
90.78
90.78
90.78
90.7R
90.78
920.78
50.78
90. 7R
90. 7R

Optian 5
LY ok
99.22 103,39
99.23 103,39
96.95 103.15
9B.65 102.88
9R.33 102.460
97.99 102.31
97.25 101.58
96.37 100.71
9%.25 99.61
94.54 98.83
93.69 97.88
D2.62 94.66
91.22 94.9%
91.08 94.82
90.93 94.67
90.78 94.52
90.78 94.52
90. 7€ 94 .52
90.78 94.52
90.78 94.52
90.78 54 .52
70.70 G49.52
an.?7n Q4.52
90.78 G4.52
90.78 94.52

105.18
105.1A
10%.94
104.569
104.42
I04.14
103.42
102.55
101.47
100.66
99.68
98.40
956.56
96.44
95.30
96.15
96.15
96.15
96.15
96.15
96.15
96.15
%15
96.15
96.15%

105.75
106,75
105,54
105.32
105,09
104.85
104,14
103.28
102.22
101.2¢6
100,27
90.083
96.60
96.52
96. k1]
96.23
96-23
96.23
96.23
96.23
96.23
56.23
96.23
96.23
96.23



- 16-S

YEAR

1976
1977
1978
1979
1930
19581
1982
1983
1994
1985
1584
1997
1988
1959
19%0
1991
1992
1993
199¢
1995
1996
1997
1998
1959
2000

SSF

99.26
G99.26
98.99
9B. 69
G8.1R
97.61
9%.79
95.78
96,46
93.%7
92.4%
91.084
91.22
9] .08
90.93
50.78
90.78
92,78
90.7%8
90’ 73
90.78
90.7P
90- TB
52.170R
10.7H

Option 7
§D UR
99.23 103.39
99.23 103.29
GR.55 103,15
9R.65 1p2.88
98.15 102,236
97.57 101.77
26.75 100.93
g9E.14 Q9,90
94.43 R H5
93.55 97.%3
9745 Y96.19
91.88 95.01
91.22 04,95
91.08 94.82
90.93 D4.6T
90.78 94 .52
9C.18 94,52
90.78 9h.52
q0.78 964.52
90.78 GH.52
90.78 94 .52
q9Cc.78 94.52
9C.7H 94.52
0.8 94,52
90.78 94.52

Exhibit 5-F: Lg (Sonnd Exgosure Level) at 7 m

105.18
105.18
106.04
104 .09
104.16
103.56
102.72
101.69
100.32
99.25
97.R01
97.24
96.58
95,44
96.30
96.15
96.15
05.15
96.15
95.15
G6.15
95.15
96.15%5
95.15

°5.15

¥ou

105.7%
105.75
105.54
105.32
104.78
104.15%
103.31
102.25%
100.8%
99.62
97.089
97.32
96.66
96 .52
96.238
96.23
96.23
96.223
96.23
96.23
96.23
96.23
96.23
96.23
DE.23

YEAR

1976
19717
1978
19719
1980
1981
1982
19433
1984
1985
1996
1937
19R9
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF

59.¢6
99.26
98. 99
98.69
98.07
97.3%
96.40
95.17
93.45
92 .08
90.0R
89,46
83.74
Al.HA
RB.21
B?.93
A7.93
A7.93
B7.u3
B7.93
B7.93
B7.93
#7.93
HTa%3
47.93

Shent Option
]| R

9%.23 103.39
99.23 103.39
90.95 103.15%
9k.6%5 102.88
98.04 102.26
97.32 101.53
96.306 100.57
95.13 99.34
93.42 97.62
92.06 96.11
90.08 93.76
89.48 93.14
BR.T74 92.42
BR.HP 9217
BR,21 91.90
87.92 91.61
87.93 91.61
B7.93 91.61
87.93 91.61
687.93 91.61
87.93 91.61
B7.93 91.61
87.93 01.61
A7.93 91.561
81.93 91.61

105.18
105.18
104,94
10k.69
104,07
103.33
102,38
101.15
99.42
97.85
95.37
96.75
94.03
93.78
93.51
93.22
93.22
93.22
93.22
93.22
93.22
53.22
93.22
93.22
93.22

106,79
105.75
105,54
105,32
104 .69
103,9%
102.99
101.76
100.03
98,30
95.37
94.76
94,03
93.78
23.%1
93,22
93.22
93.22
93.22
93,22
91,22
93,22
93.22
92,22
93.22




6-5

YEAR

1975
19311
1978
1979
1980
19181
19A2
1942
1984
1935
1986
1987
1988
1939
1930
1991
19492
1933
1994
1995
19946
1997
199p
1999

2000

§SF

1557R2.15
158601.69
152761.31
146546.19
132176.50
131906.31
121797.87
111653.12
101056.62
994446,00
97T .87
96GA2.06
94235.%%
94369.50
96223.06
94066.12
94R26.12
g95597.37
G6366.94
g7033,31
97702.69
GA3T5,50
99043,62
99737.31
100428 .31

I
315156, 47
320R39. 44
30685025
29612544
201056 .06
265404 .99
264553R, 62
224801.19
2063149.06
199807.50
196348481
19276%.44
189096.19
18929044
1EB958 . 44
1ERA06.LE]
190128.75
191661.37
193206444
194536,12
16566931
167215.12
19P665.44
199933, 26
201206, 25

e e o 1 e i

Baseline Cption

uR

4954231.00
5040630.00
4861377.00
4673404 .00
44511 88.00
4221657.00
3933436 .00
3635056.00
3326475.00
32R2419.00
3236547.00
31891 95.00
3140366 .00
3146893 .00
3145080.00
3143093.00
31476486.00
3192060.00
3216817.00
3238064 .00
3259443 .00
3280959.00
3302610.00
3326439¢ .00
2346321400

646564873,00
6750661.00
6566643,00
63714R80.00
6137116.00
ER92739.00
5561699.00
5255710.00
4914065,00
4R66543.00
4E17365.00
h766353.00
4713485,00
4723429.D0
4723299.00
4722R30.00
47%52293,00
4781889,00
4411610.00
4837045,00
GRGZ2573.00
4RBR199.D00
4913911.,00
4939717.00
4965617.00

Exhibit 5:6: LWP and RC for Sleep Disturbance

¥ou

1768332.00
1787458.00
1745696.00
1701799.00
1650141.00
1596557.00
1528832.0D
1458285.00
13n4738.00

13743952.00

1363734.00
1352734.00
1341402.0D
1343378.00
1343243.00
13430R2.00
136491B1.00
13552A5,00
1361398.00
1366611.00
1371832.00
1377054,00
13R22RK2.00
12R7511.00
1392743.00

TOTAL

1384P375,0
14058230,0
13¢35327.0
13189354.0
12658677,0

12107864.0

11411302.0
10685505.0

9929461.00

9822607.,00
971176 2.00
9597082.00

547B%L 6,00

94971359 ,.00
9494831.00
9461677.00
9553914.,00
9616487.00
979398.00
9733287.00
$787420,0)
9r41801.00
9F96426.00
9951294.00
10006412.0

Da



£6-5

YEAR

1976
1977
1978
1979
1980
1981
1982
1523
1984
i985
1386

- 1987

198K
198Y

199D

1991
1992

1993

1934
1995

1996

1997
199¢p

. 1995

2000

sst

1565702 .15
158601 .69
152761 .31
14654619
135190.12
123344,19
106195 b2
8BOTR.LTS
6BRDD,)2
5849 .5
47631.51
41377.12
34835 82
34167230
33402 .59
22801 .98
3ZROLN DA
33130.91
33399.4)
3AL3CL39
33842,37
3409% 52
24230.60
IRSETLEE
3480¢ .00

§0

A15156.37
320839.456
A0PRR0L?S
296125.4%
27324%.19
269376, 21
214751 .37
17R162.19
139240.37
118623.31
96905.69
86191.75
70P%4,.50
65631.237
679710.75
HEAAR LG
A6RT4. 31
fl?’c13-75
67957.4%
tRAZ4H 469
EFR94L 50
t93bb.0b
toPga . nb
TN3264.%50
TCPDT o9

Fxihit 5-6; LWP and RCI for Sleep Distarbance

UR

4554231.00
%040630.00
4801377.00
4673604 .00
4269750.00
46121400
3262249.00
2656 740.00
202644% .00
1652379.00
12h5332.00
105942 .00
9€0323.00
BR1192.69
669311.62
P36971.19
R43696 .02
REODGGLE2
BEGGRT.TH
862371.31
BOBRDB9 .25
873045406
P79637.37
FRE 405 69
RO1331.25

{iption 1

oy

6656A73.00
6750661.00
6ER6643.00
63714R0.00
5907142.00
541 7654.00
47133530.00
3996370.00
3191530.90
2677757.,00
211R123.00
1866R74.00
1596788.00
1571059.00
1539130.00
150640700
1516037.00
1525713.00
1535436.00
1543757.00
1562110.20
1560494 .00
1568913.00
1577362.00
15p5R45.00

You

176R322.00
17R7498.00
1745596.00
1701799.00
1577910.00
16067082.00
1270237.00
107871100
B&HTTE2.00
717209.0¢
$49606.19
4686874.31
419589.94
612323.9%
4046216.12
3591 6.0T
397790.31
399665.F1

401R43.69

403166,25
606750412
406355,56
L07T962.37
409570.¢1
4111h0.27

TaTAL

13p48375.0
1405A0230.0
13635327.0
12189354.0
12159237.0
110415977.0
9:86963.00
7998061.00
6291777.00
5224464.00
40T77%9R.00
3565258.00
30Z4430.00
29682 73.00
290402R.00
2638723%5.00
2e57061.00
2875989.00
2095023.00
2911329.00
2927706.00
2944157.00
2960687.00
2977209.00
2993949, 00

Ak B U 1 Al

L]

0.0
=~1.%2
1.5%
4. 76
12.20
19.9“
30.77
42.25
54.57
62.27
10.56
T4.26
Tha16
1857
79.03
79.460
79.37
79.23
179.09
18.98
.06
TheT4
TE.062
TH.50
7R.38



¥6-S

YEAR

1976
1977
1978
1979
1980
1581
1962
1983
1984
1985
1986
1947

1788 -

1989
1990
1991
1992
1993
1994
1995

1996 .
. 1997

1994
1999
2000

§SF

1557P7. 75
158601 .69
152761.31

- 164546419

139176.50
131506431
11607).37
101498.31
95272.62
77970.37
70371.06
62427440
54134.14
53737.05
53181.R9
52610.63
53035.72
53464.23
53R97.52
54270.21
54644 .60
55020.95
55400.17
557012 .54
S6167.37

8D
A1%156.37
320839. 4%
30PB50.25
296125.4%
2P10556.06
265406 .94
235635.94
f06T797.25
172052.25
157502 .44
142382.50
126579.R7
1100R5.12
1CR274.37
1CPI3T.62
106970 .44
107ARA3 . 64
10R703.28
109579.69
110332.FR1
111090.37
111685301
112622.06
1127396, 6°
1161706 .67

4954231.00
5040630.00
4R61377.00
467136064 .00
44511 88.00
64221657.00
ATITS5T .00
3194311.00
2649762 .00
2365785.00
2072497.00
176RT62.00
14543R7.00
1441934.00
16757%3.00
1408R00.00
141975F .00
1430798 .00
1441920.00
14%16 646,00
1461077 .00
14707 39.00
1400467 .00
1490257 .00
15001 0F .00

6654RT73,00
67150661.00
6566643.00
6371480.00
6137116.00
5A%2739.00
%311107.00
46916R8.00
4027170.00
3651P96.00
32550236,00
?B32%545.00
2378911.00
2362403.00
2340363.00
2317171729.00
2332387.00

2367109.00 .

2361898,00
23714556.00
2387261.00
2500014,00
2412F14.00
264256649.00
2430 SR.00

Exhibit 5-G: LWP and RCt for Sleep Distarbance
Option 3

m

1768332.00
170876498.00
1745696.00
1701799.00
1650141.00
1496557.00
1466186.00
1205778.00
1113122.00
1001435.06
RR2270.2%
153918,.06
c13586.R1
~0RB8B1.8B7
£03097.00
£97189.00
£99963,.01
6027641.62
605522.75
£07895.31
610270.19
612646.R1
615025.62
61760627
A19T8R.PT

TOTAL

13048375.0
14050230.0
136353217.0
13189354.0
12658677.0
12107864.0
10027557.0
9470072.00
8047379.00
7254588,00
64225546, 00
5544232.00
4611103.00
46576229.00
4530532.00
4483299.00
4512977.00
4562081%5.00
4572817.00
459R520.00
H4624337.00
6650273.00
467632R.00
4702505.00
472R796,.00

0.0
=1.5%2
1.54
.76
8.59
12.517
21.81
31.5%56
4#1.89
47.61
53.62
59.96
66. 70
66 .95
t7.28
67.63
67.41
67.20
66~-98
6679
66.61
th.ua2
t6.23
66 0%
5. B5



S6-S

YEAR

1976
1977
1978
1979
1980
1981
19382
1983
1964
1985
1386
19587
19¢€8
1989
1990
1591
1992
1953
1994
1995
1996
1997

1998

1999
2000

8SF

185702.75
1568601.69
152761.21
146546.,19
139176.50
131506.31
11465%9,P1
96903.69
78072.19
6R096.15
57620.5%2
46573.99
34835,02
34167.30
33602.54
32601.5P°
32865.36
33130.91
33399.41
33630.39
13R62.37
34095.52
34320.60
3nB6T .56
3HB06 .00

o

315156,37
320R39.44%
A3NRASD.25
256125 .44
2F1056 .06
265404 ,9%
231336.81
195452 .56
157406452
13762R .37
11606%.81
94366 .69

T0R94 .50

€9531 ,37
67970.75
¢6338,94
66874 .31
6741375
£195T .46
6R426 .69
&ARD4G .50
£5368.06
£9F 4G 58
70226 .50
TNEDT .69

49%4231.00
5040630.00
4861377.00
4673404 .00
44511FE .00
4221657.00
3649601.00
3094897 .00
26364958 .00
2073101.00
1697911.00
1307707.00
900323.00
BR1192.69
p59311.62
B36971.19
B43494 .62
BhODEG.O2
AS56687.75
862371.31
BHAQRG .25
A73R45 .06
RT9637.37
BRELHS .69
RG12331,25

66560873.00
6150661.00
6566643.00
63714B80.00
£137116.00
$A52T739.00
5236631.00
4%29907.00
376 7TR49.00
3209452.00
2776086.00
2?18200.00
159R708B.00
1571059.00
1539130.00
1506407.20
1516037.00
1525713.00
1535636.00
15437%7.00
1552110.00
1560694.00
1568913.00
1577362.00
15A%A4%5,00

Exhibit 5-6: LWP and RCI for Sleep Distarbance
Option 5

Yoo

176R332.00
1787498 ,00
1T45696.00
1701799.00
1650141.00
1596557T.00
14287193.00
124B783.00
1053406.00
g1 706%5.R7
769303 .47
606136.81
4195R9,94
412323 .44
404214.12
A95916.687
3977190.31
A99665.°1
401543,.469
403146.25
404750,12
4063%55.5%6
407962.37
409570.81
4111R00.37

TOTAL

13848375.0
1405R230.0
13635327.0
13189354 .0
12658677.0
12107864.0
10659021.0
9125930, 00
7491691 .00
&6A%143.00
5417306,.00
4272983, 00
3024430.00
2968273.00
2904028, 00
2P3R235.00
2657061400
2875989.00
20195023.0D
2911329.00
2921106.00
2944157, 00
2960606700
2977209.00
2993969, 00

G TSV N K

0.0
-1.52
1.54
4. 76
é.5%9
12,57
23.03
34.10
4%.90
53.17
50.08
69.14%
78.16
78.57
19.03
7%.50
79.37
19.23
79.09
78.90
78.86
T4
TR. 062
.50
78.38




YEAR

1975
19717
1978
1979
1980
1931
1982
1933
1984
1935
1986
i9a7
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

- 96-9

et o . it L g a8 it s g S

SSF

16857R2.75
158601.489
152761.31
146546.19
133853.94
12054%2.74
1033236.87
85062,37
656564,37
55230.R2
44221 « 01
35635.86
34B35.82
34167.30
A3402.54
32601.98
32885.36

$33130.91

33399.4)
33630,39
33862.37
34095.52
36330.60
3456T.56
34R04.,00

8

315156.37
220839, 44
3(0RR50.25
296125.44
270537.44

243794.37°

20895131,_.94
172107.9%
132861.37
112003.75
69996.94
80664, 31
10R94,50
69531,37
67970,75
66338,94
66074 ,31
67413.75
&67957.44
6R424 .60
68894.50
69368 ,06
&9R44 .50
70324 .50
T0807.69

Exhibit 5-8: LWP and RCI for Sleep Distarbance

Option 7
UR 1]
4954231 ,00 6654873,.00
040630.00 6750661.30
4RA61377.00 656666463.00

4673406 ,00
4222624.00
3756077.00
A1712278.00
2564138.,00
1928260.00
1553623 .00
1163517.00
1033993.12
900323.00
BA1192.69
859311.62
8386971419
B43494 .82
850066 .62
856687.75
B62371 .31
B6A0A0L2E
R73845.064
BT9637.37
BRR465 .69
891331 .25

6ATI4R0L00
5859]114.00
531749900
4627483.00
38R2912.00
3067944 .00
2545563.00
19743348.00
1791514.00
159R8788.00
15710%9.00
1539130.90
15D08407.00
1516037.00
1525713.00
1535436.00
15637%57.00
1552110.00
1560494 .00
1560913,00
1517362.00
1585A45,00

e

1768332.00
1T874968,00
1745696.00
1701799.00
1566480,00
1423118.00
1244720,00
1051134 .00
H37317.49
6A3969,07
512217.2%
467206.37
4195089 .94
41232344
404214,.12
395916.87
397790.31
399565, 81
4015643.69
403146.25
406750.12
406355 ,%6
607962.37
409570 .41
411100.37

TOTAL

12848375.0
1405A230.0
13635327.0
13109354 .0
12052609.0
10861081.0
9356 T71.00
7755386.00
6032036.00
4950389.00
3784289.00
3413013.00
3024430.00
2968273.00
290402R.0D
<D3IB235.00
2657061,00
2R759089.00
289%023.00
2911329,.00
2921706.00
2944157.00
2960687, 00
2977289.0)
2993969.00

D.0
=1.5
1-5‘
fe T
12.9
21.5°
2.4
4%, 0(
50 o &k
b4, 2
12,61
15.35
76.16
70.57
79.03
79.50
79,37
79.23
79.09
70.98
70.86
THeTH
.62
18.50
7R.3R



e T PR,

!

YEAR

1976
1977
1978
1979
1930
1931
1982
1983
1934
11985

1936

. 1987
1988
1989

-.1990
19191

1992
1993
1994
1995
1996
1997
1994
1999
2000

§SF

1557A2.75
158601.6°
152761.31
146546.19
130907.56
114501 .50

. 95407.31

75114.19
53319.60
404R7.97
26701.31
23615.22
20395.17
159492 .48
18510.75
17519.07
17660.62
17603.32
17947.60
1A071.76
18196,40
18321.70
1R448,00
1R67% .08
18703.00

m

315156.37
320839.44%
3CPA50.25
2961254 4%
2645%39.31
231402.69
1€2R22.00
151R07.31
107769421
£P025.62
£4390.75
48105.52
41546461
3970H.11
27700, 08
25697.99
35976.00
3620634
3665508.91
36B10.32
27063.17
3731k.05
A7574.48
ATRI?.TH
anpne 7?2

Silent Option
IR 1]
49%54231.00 fH54R 73,00
5040630.00 6750661.00

4861377.00
4673404.00
4131654,00
IR69806.00
2933023.00
2268042 .00
1570181.00
1131744,.00
671470.25
SA?TH2 .46
S01h31.e7
477567.69
451062.69
625225 .44
42R550.06
431900.00
63%2 74,56
43F171.19
441086.50
LG44020.49%
64€972.7T%
4409944 .56
45293%,19

h566643.00
£3714R80.00
R759171.00
%107R21.00
436R909.00
AR228T75.00
260%4R7.00
1977040.00
1250R41.00
1121485.00
984201431
94%333.67
90270F .26
B50T54 .52
8662343.56
B69959,.17
B7T5601.R7
AB0A31.]1Y
EBRZA]1 .44
BRO15].2F
RYLNI6]. 31
rRG99S51.00
904p 77,50

Exhitit 5-6: LWP and RCI for Sleep Disterbance

Vou

1760332,00
1787498,.00
1745696.00
1701799.00
154393900
13715579.00
11R1060.00
948010.37
72877%5.12
546195.19
330727.67
29B284&4,27
263799.56
7R3664.F1
242751.50
231505.37
232636.8]
233769,37
234904.00
235872.00
236B41.2%
237811.09
238783.12
239755,¢€2
240729.06

TOTAL

1384837%.0
140%8230.0
13636327.0
13169354.0
11830210.0
16399112.0
A7%1221.00

6ORSBGEA . DD

5065531,00
37712492.00
2234130.00
20719272.00
1F)11773.00
1735765.00
1653540.00
1568692.00
1579166.00
1589697.00
1600286400
16093%6.00
1610468.00
1627622.00
1636819.00
1646058.00
1655339.00

RCI

0.0
-1.52

1.54

.76
14.57
24.91
36.81
49.55
63.42

72.76

R3.15
84 .99
fb.92
BT.47
68,06
ae. 67
88,60
08.52
an. 44
88,38
688,31
BA.2%
rs.18
AB.11
fB.05



86~5

i A i s L waah

YEAR

~1978.

1917
1978
1979
1990
1931
1982
19383
1984

1935
1986

1987
1988
1939
1992
1991
1992
1993
1994

1995

1994
1997
1999
1999
2000

SSF

125112.31
127379.75
122€B5,75
117707.94
111795.44
105635.25
97851.25
89703 .87
B1204.R1]
79509.25
7A564 .56
77170.00
7572R.62
75P37.506
75721.81
15593.81
T620R. 44
76425 .87
T7440.15
T1901.62

78519.50

79060.62
7960F .37
BO156.00
A0705.94

S0

253299.43
25TB6YD. 94
248246444
23p0364,50
225934 ,37
213306446
197412.81
180759.,12
163367.19
1606A5,56
1£7909.75
155037.06
1%2087.69
152266.55
151982, 7%
181702.75
1£2927.00
154161.50
165605.75
156673.87
1£7549,R7
15R633.12
150723,.00
160P21 .5k
1t 1020 )

Exhibit 5-: LWP and RCI

for Sleep Awakening

Baseline Option

4D012619.00
4DR3126.00
3938511.00
37186764.00
3607105.00
3671695.00
31082%4.00
29246746.00
2696926.00
2661437.00
262464E87.00
25P6329.00
2546951.00
2552408R.00
2551197,00

. 2549754 ,00

2569715,00
25P3R25,00
26100A7,00
2627479.00
2644902.00
2662599.00
2600327.00
2690171.00
271612P.00

5569369.00
5653096.00
5502239.00
5341R806.00
5147231.00
49440604.00
46B4779.00
66412637.00
4127132.00
40ARTI0.0D
4D4PR9T.00
400T48T7.00
3964491.00
A9T442T.00
39754R9,00
3976269.00
400731R.00
4D2R498.00
4D54805,.00
4077332.00
4099955.00
4122669.00
41454R1.00
41 6E3AS 00
41913R85.00

Yo

1543902.00
1562110.00
1526925.00
1489841 ,00
1445442 .00
1399307.00
1340680.00
1279499,00
1215608.00
1207102.00
11989476.00
1189458.00
1180137.00
1182549 .00
11R2953.00
11A3297.00
1189]1%2.00
1195099.00
1201015.00
1206068.00
1211126.00
1216196.00
1221269.00
1226351.00
1731439.00

TOTAL

11504302.0
1l1683581.0
11338607.0
10974153.0
10537503.0
100R3887,0
9%508977.00
8909345,.00
f2B423P.0D
8197943.00
8108334,.00
A015481.00
79192395.00
1937548.00
1937343.02
1936616.00
7990360.00
8044409,.00
POSHTEL.OD
68145334.00
8192132.00
£239157.00
b286408.00
8333R84. 00
F381584.00

0.0
-1.56
1.44
4,61
B8.40
12.3%
17. 3%
22.56
27.99
28. 74
29.52
30.33
3l. 18
31.00
31.0) .
31.01
30.54%
jo.07
29.60
29.20
28.79
26.38
?7-97
27.56
2Talh



Wwo=a

YEAR

1976
1977

© 19718

1919
1980
1981
1982
1983

1994

1985
1986
1937
1988
1989
19%0
1991
1992
1993

1994
1995 .

1996

1997

1994
15999
2000

§SF

125112.31
127379.75
122685.75
117707 .94
108596431
99083 .75
B5327.19
70779.87
55306,82
47032.31
38307.A7
332A6.16
2B029.14
27493.62
26079,35
2623%5.452
2544P P9
26663418
26879435
27064.29
27250.98
27643P .73
2767P P9
2761k .55
2ANCa.7?

S0
2£3299.469
£HTh69.94
2HR2H 640G
23P034.50
219660.69
200491.75
172679.75
143287,.31
112016.12

YhaHh.R?
77994 .62
ETTT6.75
£ 70R6.62
55991.95
L4T36.492
£3425.93
£3p57.21
54292.09
54730.4]
565106.764
55{08508“
ERART .45
r6251.39
HE6ARLAT
HETOR 7456

4012619.00
40P3126.00
2938511 .00
37R6TH4 .00
3G56B8R0.00
3115578 ,00
2664353.00
215372.00
1641557.00
1340070.00
1026372 .01
BFO9EP .56
730521 .4%
T15066.25
69736156
6792R3.25%
68a61r .31
689994 .31
695410.50
700060.00
T06T3E .62
769449.00
T14109.25
Tin9s6,01
723761 .31

Dption 1

5569369.00
5653096.00
5502239.00
5341P06.00
40854063.00
64544919,00
39171829.00
A3536590.00
267R163.00
7246946.00
1776R92.00
1566127.00
1361069.00
131R197.00
1291656 .00
1266435 .00
1272091.00
12R13A8.00D
17R9932,00
1297249.00
1304599.00
1311979.00
1219394.00
122¢R40.00
133431000

Exhitit 5H: LWP and RCI for Sleep Awzkening

o

1543902 ,00
1562110.00
1526925.00
14R9841 .00
1382049.00
126R8027.00
1113435.00
945735.9%
THOTH6.T5
62B8691.0P1
4R1483.69
426510.69
367675.94
361274.12
354273.19
347101.12
348R99.19
3%0701.06
A52506.62
356404R.56
365593.00
35T140.%0
2388690.06
3r0242.56
AB1T97.25

TaTAL

11%04302.0
11683581,0
112386&07.0
10974153.0
101212649.0
9228099.00
7987623.00
6667364.00
5247R00.00
4358180,00
3401050.00
2574686.00
2524181.00
2476022.00
2424906.00
2370480.00
23B86714.00
2403038.00
2641945A,00
2h3352R.00
244T7667,00
2461874.00
2476153.00
24904699,.00
2:06913.00

T S L R L T PR PSP

0.0
"1-56
1.46
4.0
12.02
19.79
30.57
42,04
54.38
62.12
T0.4%
T4.14
78.06
78,46
78.92
79. 39
79.25
79.11
76.97
T8. 0%
78.72
70.60
70.48
78.35
T8.723



ooT-s -

~ YEAR

1976
1977
1978
1979
1980
1931

‘1982

1983
‘1924
1945

©.198%

~1987

~ 1984

1989
‘1990

1991

1992
©'1593
1994
1295
1996
1997
1993
1999

2000

sst

125112.31
1273719.75
122€85.75
117707.94
111795 .04
105635 .25
93poT.12
81552.31
68535 .56
62669.02
5654R .95
50190.2)
43529 .9%
43213.29
427T6R,70
42308 .86
42652 .86

- 42998.43

43347.07
4364% .30
43946 .41
44Z2h5.17
hoyS55.7H0
44067 .32
45170.064

e ek o i it b,

sD

253299.469
257869494
24RP46.44
73R034.50
225934.37
213366.44
1E961R .94
1646R7.44
12R381.9%
f6694.19
114545.50
101849.31
6AS03 31
ET7943.50
87031.62
86094 .94
P&TRG . £]
E749D.56
BL196.RT
FRBRO3,19
£9413.9%
GON28 K]
9064 7.44
91271.G0
cirapr.no

iR

4D12619.00
4003126 .00
39238511.00
3786764 00
3607101.00
362149%,00
301331F.00
2hP9541.00
214R627.00
1918406 .00
1680795 .00
1434671 .00
1179862 .00
11609865.00
1156810.00
1143135 .00
1152069,00
1161131.00
1170231 .00
1178043400
11R5906.00
119381F .00
1z01781.00
1209797.00
1217R£3.00

s 0 A e bk e splrm m o A B 4 A e TR B AaBS Ty e

5569369.00
5653096.00
5502239.00
5341R06.00
5147231.00
4944084 .00
4657304.00
3953p347.00
3381034.00
3066692 .00
2733418.00
237092R.00
1997793.00
190 4625.00
1966607400
1948077.00
15609°6,00
1973959 .00
1986997.00
199R166.00
20083R0.,30
2020644 ,00
20319%4.00
2063313.00
2054721.00

EAP R S

Exhibit 5-H: LWP and RCI for Sleep Awakening
Option 3

R7)

1543902.00
1562110.00
1526925.00
14R9841.00
14645642.00
1399307.00
126B047.00
1127811.00
976617.06
RTAR52.37
774380.81
661730.94
53R413,81
534565,.94
529687.4%
£26696.00
527368.19
530046.06
wA2720.62
535019.56
£27314,.06
£39612.4%
T41014,.25
544219.50
465728,

TOTAL

115064302.0
116B8358]1,.0
11338607.0
109741%3.0
10537503.0
looR3887.0
9022185,00
7901938.00
6712995,00
£053113.00
5359915.00
462T368.00
3R40191.00
Ap202311.00
3782904.00
3T44311.00
3T69895.00
3719562400
3821499.00
3Ps3676.00
3865959.00
3rBe351.00
39108%2.00
3933462.00
3956 180.00

0.0
-1 .56
154
4.61
T
12.35
21.58
31.21
41.05
47.38
53,41
59.78
66.55
66.79
67.12
67.65
67.23
67.01
66,78
66.59
66.40
66.20
£6.01
6h.81
b5.61



TOT-5

YEAR

19756
1977
1974
1979
i980
1981
1992
1953
1984
1985

‘1986

1937
1988
19b9

1990 -

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF

125112.31
127379.75
122685475
117707.94
111795.44
10563%5.25
92122.12
T1R66.50
62754.03
54761 .31

- 46330.29

AT45R8.01
28029.14
27493.62
26879.35
26235.52
2644809
26663.18
26B879.25
27064 .29
27250.98
27438.73
2T67B.P9
27618.85
2AC09.72

50

253299 ,69
257869.94
240246 ,44
236034 .50
225934,37
213366444
166006.75
187180.1%
126614.62
110562 .37
F3T16.94
75955 .94
57086462
56991 .95
54736.92
53!025.93
53R57.21
54292.09
54730.4)
55106.74
E64R5 A0
S5ER6T.45
H6251.39
ERGARLAT
FT027.54

Exhibit 5-N: (WP and KCi for Sieep Awahenimg

4012619.00
40P3126.00
393r511.00
3786T64.00
3607101.00
36421495.00
295A24A,00
24716552 .00
19T4310.00
1681139%9.00
1371100.00
1060R19.00
T30521.44
715066.25
697361 .56
679783.25
6R461E D]
6A%994 .31
695410.50
TOD0E0.LOD
TO4TIBLE2
T09449,00
7141R9 .25
710959.A1
723761 .31

Optien 5

5565369.00
5653096.00
5502239.00
5341R806.00
5147231.00
4944084 .00
4393014.00
3p02295.00
3162801.00
2761549.00
2330526.00
1861772.00
1341069.00
131R157.00
1291656.00
1264435.00
1272891.00
1281388.00
12B89932.00
1297249.00
1304599.00
131197900
1319394.00
1326840.00
1334313.00

15439%02.00
1562110.00
1%26925.00
1489841 .00
16445442 ,00
1399307.00
12527165.00
1095278.00
G26074.94%
BO45A2.56
674908,.87
$31569.31
367475.94
361274.12
354273.19
347101.12
A4RA99.19
3%0701.06
342506.62
AR4068.56
A55593.00
357140.50
ASR690.06
360242.56
36117197.25

TOTAL

11504302.0
11683581.0
11338607.0
10974153.0
10537503.0
10083887.0
6862153, 00
7609169.0)
6250633.00
5412%73.00
4522581.00
35475%3. 00
25264181, 00
2678022,00
2624906.00
2370480, 00
23067164.00
2603038,00
261945800
26433528.00
2447667, 00
2661B74.00
24761%53.00
2490499, 00
2504913.00

0.0
-1 .a5¢

1.4¢
§.06]
f8a4C
12,2
22175
33.0¢
4561
52.9%
60.69
68.99
768.06
T8.46
78.92
79- 39
79.11
18.97
78.685
18.72
78.60
78. 48
T8.35
18.23



c0T-%

YEAR

1976
1977
1978
1979
1930
1981
1992
1983
1984
1985
1986
1987
1948
1999
1930
199]
1992
1993
1994
1995
1996
1957
1998
19939
2000

SSF

125112.31
127319.75
122685.75
117707 .94
107523.75
96875 .75
33032.56
68382 .62
52762 .98
44409 .98
A656F A2
31RAL . H2
2R020.14
27092.62
26B79.35
26235.52
26448 .89
26663.18
26B79.35
27064.29
21250.98
2743R.73
27625.09
2THIR.9S
296000,77

!

253299.69
257869.94
248266444
238034.%0
217405.69
19600R,12
1680722 .44
130423.3]
106890431
90129.06
72441 .37
64939.76
57086.62
55991 ,95
54736.92
£3425.93
S3R57,.21
564292.09
54730.41
55106.74
EG4RK L AD
55R8A7 .45
56251.39
ReRARLAT
ET02T.%%

Exhibit 5-H: LWP and RC! for Sleep Awakening

4012619.00
4083126 .00
A93AK11 .00
3TR6T64 .00
342194% .00
3N44244 .00
2571436 .00
2070814 .00
1563593 .00
1260011 .00
943R22 .19
A3BB62 .69
730521 .46
115066 .2%
697361 .56
6192R3 .25
bR4GIRL3]
649994 .31
695410.50
700060.00
TO4T3Ih .62
709449.00
T141R9 .25
718959 ,81
723761 ,31

Option 7

5569369.00
5653096.00
&502219.00
5341€06.00
4913724.00
4650762.00
3Baz2690.00
3756286.00
25T4216.00
2135727.00
165%972,00
1502712.00
1341069.00
131F197.00
12916%6,00
1264435.00
1272891.00
1281384.00
1289932.00
1297249.00
1304599,00
1311979.00
1319394.00
132AR40.00
13343148.00

oe

1543902 ,00
1562110.00
1526925.00
14R9841.00
1372019.00
1246981.00
1091010.00
921487.56
733984. 31
599438.69
44B592.19
409190.06
JeTHTH. 04
AB12746.12
A56273.19
As710t.12
348899,.19
350701.06
352506.62
A54068,56
355593, 00
3R7140.50
358690,.06
An0242.%6
sl 1eT.25

TOTAL

11504302,0
11683581.0
11338607.0
10974153.0
10032897.0
9044870.00
7796191.00
6465392,00
5031466.00
4£129725,00
3156366.00
2P47589,.00

2526181.00

267T8022.00
2624906.00
23704 80,00
2384714,00
240303R.00
2619458.00
2433520.00
2647667.0D
2461874,00
24T6153.00
2490499,02
25049123,00

0.0
=1 <54

1.4¢
42861
12. 7
21.3¢
32.2:
43.8¢
hba2€
64.1C
T2a5€
T5.28
TR. 08
TR .46
78.92
79. 239
19.2%
79.11
18.97
78.65%5
76.72
768. 60
Th.48
768.35
78.23



E0T-C

YEAR

1978
1917
1978
1979
1980
1981
1982
1583
1984
1985

1986

1987
1984
1983
1990
1991
1992
1993
1994
1995
199¢&
1997
1998
1999
2000

SSF

125112.31
127379.75
122685.15
117707.9%
1051%59.109
919n07.00
T6667.50
50372.67
42B77.42
32569.36
21493.33
19012.5%
16423.91
15699,.21
14910.54
14112.36
14227.18
16342 .46
16450,.77
14558.24
14658 .64
14755.65
14861.97
16%964,19
15066.77

S0

253279 .49
257869.,94
24LR24b64 44
22803h .50

| 212667.9%

1660564.25
155063,.06
12211256
geT24412
¢6N32.19
43811.96
3875715
334R81.2)
A2002.94
30394.59
ZFT6ELT?
29001.03
29235.24
29471435
29674, 00
25878.21
an0a3. 16
30290.549
20478498
ANTOR LGS

Exhibit 5H: LWP and REl for Sleep Awakening

UR

4012619.00
40R3126,00
3g3ns511.00
37867¢64.00
Ja4R241.00
2F93311.00
2377555.00
1R3E8139,.00
1273329.00
S179R3 .40
544820 ,56
476990.94
40730%.01
IrTh5h.12
36681R.19
3457227.006
347945.19
350684.00
363443 .62
An5R12.87
A5K197.00
A60596 .94
A62012.00
A654643.,25
INTEID LRT

Silent Dption

oy
5569369 .00

5653096.00

55072239.00
5341806 .00
4P29776.00
42A4575.00
364P531.00
2955%h4.00
21RL348.00
165344R.00
1047612.237
939240.81)
P24106.81
191728.94%
15606562
718271.00
7264150.5%0
726056,.31
733217.94
738212.69
742657.00
T4¢7?21.56
751003.62
755306.62
T5962R.56

Yoo

1543902.00
1562110.00
1526925.00
14A9841.00
13%2233,.00
1205237.00
1035074.94
R4B410.AT7
630503.75%
478215.00
2BB905, 94
260528.01
2303171.69
221532.08
212009.62
2021RT.62
203265.R1
204346,%0
20%429,50
205354 ,.094
207281 .51
208210.69
209141.37
210073.56
211007.62

TOTAL

11%504302.0
11683581.0
11238607.0
10974153.0

9e48077.00
0661164&4.00
1292890.00
AA2%29R.00
4226781.00
31408248.00
196 664 23.00
1734%529.00
1511634 .02

-1448617.00

1360197.00
1309566400
1318%88,00
1327664.00
1336790.00
1344611.00
12352471.00
1360371.00
1368309.00
1376286.00
13R4301.00

0.0
’1.56

1.466

4461
14,40

2411

.6l
49,36
63.26
72.62
83.08
B4 .92
86.86
AT 41
A8. 00
PR. &2
8. 54
88. 46
BR .30
AB.31
BB. 24
Rﬂlls
80. 11
A8 .04
R7.97



FOT-5"

YEAR

1976
1977
1978
1979
1990
19381
1932
1983
1934
1985
1986
1987

1988:

1584
1990
1991
1992
1993

1994

1995
1996
1997
1934
1999
2000

S5F

7245359.00
1314777.00
6937132.00
6549040.00
6130489.00
5702357.00
5179549.00
4640 2726.00
4090465 .00
40287TTH .00
3966234.00
390276C.00
383A3R3.00
3864656 .00
3684570.00
39046605 .00

3924F16,00

394508] .00
396546F .00
3942939.00
400049P .00
4018145 .00
4035079,00
4D513702 .00
4071011.00

£xhibit 5 LWP and RC! for Outdoor Speech Interference
Baseline Option

207£238.00
210035R.0D
200204%5.00
1900656.00
1169%R”7.00
1675737.00
1536027,.00
1392197.0D
124387%.00
1228247.00
1212310.00
1156107.00
1179%A9.00
118773R.00
1192389200
1200074.00
1206286.00
1212526.0G0
121R796,.00
1224163.00
1229%02.00
1234960.02
1240391,00
1245840 .00
12%1318,00

s L sy

IR

13101522.0
13241292.0
126R9855.D
12122163.0
11698627.0
108621660
100P3571.0
92B1303 .00
B4T727154.00
8393939.00
£313826.00
B232101.00
riLpa0l 00
F201410,00
P241127.00
PIAID2ZY .00
R3Z21118.00
£361391.00
g4n1p41 .00
P436675.00
847125000
£5061%0.00
£541191.0¢
AL T63T6.00
a6 11695 .00

5922344.00
£975016.00
5750593.00
5578R39.00
5356152.00
5122471.00
4p3%5438.00
4537A17.00
4228745.00
4200146.00
4170943,00
4161144 .00
4110674.,00
$1320809.00
4149%07.00
41692T1.00
4183099.00
4199997.00
4216960.00
4731472.00
65745033.00
47606472 .00
4275301.00
4290009.00
6306764.00

YOO

1201447.00
1292125.00
1258002.00
1222532.00
11#2549,00
1141318.00
1090026.00
1036861.06
9f1636.31
71222 ..81
972695.06
9&P05T .04
963310.69
96/100, 50
971702.94
97531 7.50
978941.75
982576419
9R6221.17
9p9336.19
992458.69
996508 .62
99R725.94
1001870.¢69
1005022.87

TOTAL

29628880.0
29923536.0
286567616.0
27273104.0
25955376.0
24%06032.0
22724576.0
20096960.0
190174720
14820320.0
18636000.0
16440160.0
1R240752.0
16354704.0
184407P4,0
18527344,0
1R6164240,0
18701540.0
1RTR8264.0
186436840
18939776.0
190154720
19091472.0
1916 7776.0
1924 43R4.0

)

0.0
-~0.99

3.26

7.61

- 12,40

17.30
23.30
29.47
35,81
35.45
37.10
37.76
3040
38.05%
37.76
37,47
37.18
36,88
36.58
38.33
3b. 00
35.02
35,56
35.31
35.05



B P

YEAR

1976
1977
1978
1979
1680
1981
1582
1983
1954
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
199E
1999
2000

SOT-5

ssf

7245359.00
T314777.00
$927133.00
6549040.00
5948427.00
£331439.00
4463151.00
3560932.00
2617977.00

7171539.00

17110221.00
1554945.00
1283290.00
1295350.00
1304475.00
13136%B.00
1322901.00
1332203.00
134156%.00
1343594 .00
135766600
13857TRZ.00
1373042 ,00
13R214%,00
1390347.00

Exhidit 5-1: LWP and RC) for Outdoor Speech interference

80

2070230.00
2100358.00
7002045.00
19005586.00
174209%.00
15709246400

1347686.00

1106877.00
B54630.06
7346591.94
614409,.8]
540930 ,2%
470494 .37
482510.62
LP55 44 9%
4PRROG P)
491659.50
494740C.17
49703% .94
HO004RG.PT
5031449.31
5(5R22.77
ECRR0T.HD
511204.06
513011 .¢9

8 Mt e b sna i 8 1 s b e e

Option 1

UR

13101522 .0
13241292.0
126896%5.0
12122163.0
1109203%.0
10037516.0
A595728 .00
7110086400
5576502 .00
47TTRRB6 .00
2959396 .00
35R6003..00
3204295.00
3226101 .00
3242564 .00
3289104 .00
3275720400
2292413.00
3309102,00
332353F .00
33371950.00
A35241F .00
33669745 .00
AAR1N27.00
3396166 .00

%5922344.00
5975015.00
5TR0593.00
5578R39,00
51840865.00
47772028.00
42020718.00
3595427.00
2943295.00
25774?29.00
2188874.00
2019098.00
1842273.00
1852650.00
186048000
1868340400
1P76220.00
1PA41%3.00
1r92107.00
18958909.00
190%736.00
1912536.00
1919489.00
19263%5.00
1933774.00

12R1447.00
1292125%.00
125£002.00
1222532.00
1137934.00
1049239.00
928897.94
199747.37
6%9228.06
569998.9%
473416.49
438519.19
401966.F1
404037.08
40559 T.4%
407162.00
4DRT31.19
41030487
41IRA3.00
413231.F)
414583.B1
41593R.9%
417297.%0
418659.12
420024.04

TeTAL

29628880.0
29923536.0
28667616.0
773713104.0
25106528.0
22769728.0
19%37536.0
16173839.0
12065%1632.0
10836446643,0
89446318%,00
R147503,00
7210318.00
12606648.00
1298660.00
7336858.00
T315241.00
7413813, 00
Ta%52572.00
748575R8,00
1519084 .00
1552546.00
7584150, 00
7619R8%4, 00
7¢537172.00

o r d it g s B e ek e

0.0
=0.99

3. 24

T.061
15.27
23.15
34.06
45441
57.30
63.42
69.01
72.50
75.66
75.49
75.317
15 .24
75.11
T4.98
T4 0%
7“.73
T6.62
74.51
T4 .40
T4.28
T9.37



90T-§

TEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

1994

1995
1996
1997
1993
1999

-2000

SSF

726%359.00
7314777.00
6937133.00
6549040400
61304089.00
5702357.00
495273R.,00
4177914 .00
3374014.00
3061990.00
27425682.00
26415167.00
2079033.00
2096551 ,00
2109797.00
2123121.00
2136526.00
2150005.00
21635%66.00
217518B.00
2106R67.00
219R605,00
2210402.00
2222257.00
2234169,00

Exhibit 5. LWP and RCI for Outdoor Speech Interferemce

50

20T8238.0D
710035P.00
2002045.00
1900556.00
17895A7, 0D
1678737.00
14764R2,00
1270029.00
1085353, 00
973662.69
BR9AL6.25
BO3R0A.69
715321.00
T20790.31
T7246920.62
125069 .RT
TA323B8.37
TITH?6.87
T41634.9%
T452346.75
T4PR53 .69
TE26084,37
756129.12
759707, 94
Te2nh2a3l

13101522.0
1324129240
126R9R%5.0
172122163.0
11498627.0
TOBA21 66,0
Y049 TR .00
R313924 .00
69856 R4 .00
6390507 .00
57P2511.00
5160741 .00
4524130.00
455415P .00
4576028.00
4599607.00
4622487.00
4645475.00
hE68565.00
46BA333.00
GTOH176.00
4728104.00
474R104 .00
4762183.00
4TFR34T .00

Dption 3

5022344.00
5975015.00
5790%4%3.00
557THB39.00
53564152.00
5122671.00
46330A9.00
4117934.00
3572285.00
3307793.20
3032416.00
27464743.00
2642R94,.00
2656383.00
2466563,.00
24767P0.00
2487037.00
2497337.00
2507676.00
2516521,00
2525395,.0¢C
2534300.00
2543234.00
Z2552198.00
2561191.00

yee

12814647.00
1292125.00
12%8002.00
1222532.00
11R254%.00
1141318.00
10238423.21
29419.4%
813069.06
767131.37
677786.31
604420,.%8
526190.75
528061.50
%30RT3.81
h32R91.75
h34915.56
536945,44
53689200.94%
R4D720.56
562666.25
566212,25
545964.44
S41720.69
£5696181.06

TOTAL

29628880.0
29923536.0
ZRE6T616.0
27373104.0
2595%5376.0
24504032.0
21705680.0
18009200.0
15r00385.0
14481078.0
13125151.0
117288717.0
102687568.0
106356 743,0
10400981.0
10461468.0
10514201.0
10567188.0
10620421.0
10665998.0
107117%5.0
10757705.0
10A03833.0
10/r50145.0
10P966%50.0

L1y

0.0
-0.99

3.74

7.41
12,40
17.30
26.74
36.52
46.67
51.13
55.70
60.41
65.20
65,05
64,87
64,69
6"-5'
64,33
6%,.16
64,00
63.85
63.69
63.54
63.38
63.22°



YEAR

1975
1977
1978
1979
1980
1981
1982
1983
1984
1985
" 1986
1987
1988
1989

1990
1991

1992
1993
1994
1995
T 1996
1997
1998
1999
2000

L0T-S

SSF

72645359 .00
73164777.00
69371233.00
6549040.00
6130489.00
5702357.00
48464R59.00
1955550.00
3028%10.00
2592136.00
2142316.00
1677392.00
1283290.00
1295350.00
130446 7%.00
13136%8 .00
1322901.,00
1332203.00
1341565.00
1349%94 .00
1357€66.00
1365782.G0
1373943.00
1382149,00
1390397.C0

S0

Z07F23R.00
2100358 .00
2002065 .00
1900%56.00
1769%R7 .00
1675737 .00
1447427 2 00
121005600
GE210b 94
B48755 .15
T2765%5 231
604363 .01
47R60h & 3T
4F2510.62
ELL UL L
40R594 4 B1
491659450
464740212
447835. 9%
5004Rk . A7
5(3149.31
506R22. A7
500507 & 50
511204.06
513911 - 49

Exhibit 5 LWP and RCE for Ontdoor Speech Interference

R

13101522.0
13241292.0
126R9055.0
12122163.0
11498627 .0
10862]166.0
S9436713.00
7970625.00
6£458T713.00
5677019.00
H4ATHH5B OO0
4052462 .00
320429%5.00
3226101.00
32425064 .00
3259104 .00
3275720.00
3292413.00
3309182 .00
33235238.00
3337950..00
3352418 .00
3366944.00
33016527.00
33261 6H6.00

Dption 5

5922344.00
597501%.00
S7R0593.00
E5TRA39.00
5354152.00
5122471.00
4568621.00
3982564.00
2357194.00
3010375.00
2665123.00
22%7699.00
1B422731.00
1A52650.00
186048¢.00
1B6P340.,00
1876230.00
1AB86153.00
1P92107.00
1R98909.00
1905736.00
19125R6.00
1219459,00
1926355.00
1933274.00

L

1281647.00
129212%5.00
12:8002.00
1222%532.00
1182549,.00
11413%8.00
1026080. 62
903322.81
1712234069
tABT702.07
600T52.69
505946.75
4019656.81
404037.006
405597, 44
407162.00
4pA731.19
410304.07
411R83.00
413231.8)
4)14503.81
415938.94
417297.%0
418659.12
42002406

TOTAL

2962068080.0
29923536.0
2066761640
27313104.0
25955376.0
24%04032.0
21323696.0
1po22112,0
14577T48.0
12814987.0
10991504.0
9097842.00
721031R.00
7260648,00
7298660.00
T13368580.00
T13715241.00
7413813,00
Th52572.00
7485750 ,00
7519084 .00
7552546,00
T586150.00
7619094 .00
7653772.00

0.0
~0.99
3.24
7.061
12.40
17.30
268.03
39.17
S0. 080
56475
62.90
69.29
75.66
7549
7537
1524
75.11

. Ta.98

Ta.85
T4.13
T4a.062
T4.51
Tha40
T4.2R
Teal7



dhmt gl

BOT-S

YEAR
1975
1977
1978
1979
1580
1951
1932
1983
1984
1985
1986
1937
1938
1999
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

§SF

7245359,00
7314777.00
6937133.00
6549040.00
5R79392.00
51903HB.00
%317858.00
36410512.00
2461007.00
2010500.00
164R139,00
1667609,00
1233290.00
1295350,00
1304475 .00
1313658.00
1322901 .00
1332203.00
1341565.00
1349594 .00

1357666.00 |

1365782.00
1373942.00
138214c,.00
1390397.00

S0

2078238.00
210035P.00
2002065.00
1900556.00
1723%592,00
1541042.00
130A%99,00
1066391.00
812366.62
693190.69
572546.06
5260P1,96
4TR4GG .37
402510,62
4F55464.9%
4 8P594 A1
491659.50
454740.12
457835.94
5004R6.K7
503149.31
505R22.F7
SCR507.50
511204.06
517911 .69

i LSO T AUV S L SO

UR

'12101522.0

1324)292.0

126R9855.0

12122163.0

10980947.0

9R11809.00
836535P.00
68750F8.00
5334090.00
4531812.00
37068B0F.00
345R8027.00
3204295.,00
3226101.00
A242564,00
3259104 .00
A2THT20,00
3292413.00
a3nela2.co
332353F.00
33379%0.00
338241R.00
3366944.00
33n1527.00
A30R] 66,00

Option 7

59223244.00
5975015.00
5780593,00
S57AA39.00
5142227.00
468%053.00
4110845.00
A4908714.00
2839292,00
246R126.00
2072R43.00
1959430.00
1862273.00
16852650.00
18604R0,00
1868340.00
16876230400
1PB4153,0D
1R92107.00
1ROR909.00
190%736.00
1912%86.00
1519459 ,00
192639%5.00
1933274.00

Exhibit §-1 LWP and RCI for Outdoor Speech Interference

il

1281447,00
17292125.00
12%9002.00
1222532.00
1129693.00
1032028.94
910669.07
7F0210,.01
637916,25
5641226407
44B676.31
425738,37
401966.8)
4064037.06
405597, 44
4071862.00
4D8731.19
410306.87
411RB3. 00
413231.r]
414503.8)
415938,9
417297.%0
418659,12
420024,.00

ToTAL

29628880.0
29923536.0
20866T616.0
27313104.0
24855824.0
22261104.0
19013312.0
15630915.0
12086671.0
102508%4.0
R449009, 00
1836885, 00
7210338,00
T260648.00
T2908660. 00
T336850.00
731%241.00
T413813.00
74572572, 00
T4R5758. 00
7519084 .00
7552546.00
T586150.00
7619894, 00
1653772.00

0.0
~0.99

3.24

T.61
16.11
26.87
35.83
4T.24
59.21
65.40
11.48
73.55
75.66
75.49
15.27
75.24
75.11
74.98
Th.r%
T4.73
74.62
76.51
T4.40
T4.2R
T4.17



o b el

YEAR

1976
1977

1978

1979

1980

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

60T-5

SSF
7245359.00

d316777.00

6937133.00
6549040.00
5735386.00
48949023 ,00
3936326 .00
23364777 .00
1RTATES.00
1421576 .00
960105.62
1049648 .00
929914 .87
937232 .C6
942773.00
948353 .00
953972.41
959633.25
965323 .07
970225 .62
15146 .69
980077.81
985079.37
990090.62
onntdl.lz

D

207823B.00
2100358.00
2002045.00
1900556.00
1664R36.00
l14€ 1482,00
1205809.00
33R098.69
655216.87
510527.69
J63299.69
3g2512.31
3250B6.75
A2TR02.69
A29856.469
331923.0D
334001 ,.P1
336093.12
33A197.06
340000.25
341812.07
343634 ,37
A4n4465 .05
347305 .3
ALa154 .F1

13101522.0
13241292 ,0
12689955.0
12122163.0
10755658 .0
935304F .00
7779140 .00
6153705 .00
4466494 .00
3517760 .00
2535229.00
2406100 .00
2270521 .00
2286521.00
2298597 ,00
2310719.00
23722904 .00
233514% .00
2347441 .00
2357967.00
2368534 ,00
2379144 .00
2389795.00
24004p7.00
2611222.00

Silent Option

5922344.00
£97501%5.00
5780%593.00
55TPR39.00
505R072.00
4510643.00
A79543.00
A202650.30
246%314.00
20130AR7.00
1520742.00
1457411.00
1392287.00
1400234.00
1406403.00
1412497.00
141R615.00
1424 756.00
1630922.00
1436198.00
14414991.00
1446801.00
1452120.00
14574 716.00
1467R39,00

Exhibit 51 LWP and RC) for Outdeor Speech Interference

¥0u

12816447.00
1292125.00
1258002, 00
1222532.00
1113739.00
99B8540.50
A66122.19
122546458
563739.94
455474 .94
A364063.50
321261.37
J0RD23,37
309640.00
A10ASR. 3]
312080.00
312305.31
Has34.06
A15766. 506
A16B19.69
TATS.50
318933.56
319994.31
321057.%6
are123.?5

TOTAL

296268080.0
29923534.0
2B66T7616.0
273713104.0
242476464.0
21210416.0
17666928.0
13951776.0
10020532.0
TG1HA 24,00
5713439.00
5504912.00
5225842.00
5261529.00
H2084R2.0D
5316572.00
$342798.00
5270161.00
5397659.00
5421209.00
5444859. 00
5468610.00
5492463.00
5516415.00
Hh40469.00

0.0
'0099

3.24

T.61
17.82
20.39
40.37
52.91
66.15
13.27
B0.72
fl1.15
82.36
B2.2%
82.15
82.06
B81.97
f1.88
81.78
81.70
81.62

‘fl.54

01,48
Al.38
Rl .20



0IT-S.

VEAR

1976
1977
1978
1979
1980

1981

1982
1983
1934
1955
19386

1997

1960
1989

. 1990

1991
1992
1993
1994
1995

1996

1997
1998
1999
2000

§§F

241099.94
26534D.94
235636.31
225003.94
21302R.25
200610.56
1954807.006
168386.19
151337.44

-150228.31

148867.37
147455 .A7
145994 .25

L 147522.75

148682437
149853 .12
151030.56
152216.94
153412.31
154438437
155471.19
156510.62
157556 .81
158609 .49
155669 .44

S0

101117.81
l1o02814.01
9u586.25
941642 ,94%
Lap69.12
AAT43.12
TT15R.15
70250406
63153.A5
62572.57
61970.14
6134R.47
60704495
£1310.99
€1769.764
62231.62
62696.75
$3165.01
63636.4]
£4040,P%
6464647.59
64R56 .63
65268.05
65681.01
LE09RL 0D

260556.62
2¢6626 .31
253871.00
242664 .04
229990.37
216026.12
200515.81
1838R7.00
166644 .44
165207.87
163892 .69
162452.62
161118.50
162607.006
1637132.2%
164863.94
166002.06
167146.69
168297.75
169283.94
170274.87
171270.56
172271.0¢
173276.19
174286412

183666.87
IB6H0BS5.2%
180172.37
174006.52
1667R2.62
159285.69
1649923.37
140104.25%
129R58.00
129115.44
126401.62
127603.87
126776.69
127753.2%5
126489.46
129228.06
125969.00
130712.44
131450.19
132095.81
132735.,00
133375.87
13601869
124663.00
135308.94

Exhibit 5-): LWP and RCI for indoor Speech Interference
Basefine Option

Yot

48780.93
69220.74
470467.40
46416.57
44000.62
43134.,52
41059.31
38907.61
36673.02
36489.58
36299.95
36105.05
35905.24
A6080.79
26226452
3bash.lb
36501.70
36639.16
36776450
A6A93,48
37010.37
3r127.21
A37243.94
37360.58
37977.13

TOTAL

035222.12
048086.00
815913.87
7822346.50
T43671.00
703400.00
65346 4.25
601535.06
567667.50
£43693.75
539431.75
53496% .81
530699.50
535282.75
538900.31
542540,.01
546200.06
549880.19
553581.12
556752.37
£59939.00
563140.067
5662358.50
£69591.25
4%72R39.62

et M e Fade g ¢ s b S R 1kt e e .
B e b ey

0,0
=1,5%
2.3
b, 3%
10.96
15.70
21.76
27.98
34,43
34.90
35.41
35.95
36.48
35.91
35 .40
35.04
36.60
34,16
33.72
33.34
32.96
32.%8
32.19
31.80
31.41



[ —

TTT-6

- YEAR
11976

1977
1978

1979
- 1980
. 1981

1982
1543

. 1984
11985

1986

1987
- 1988
©1989

1590

1991
1992

1993
1994
1995
1996
1997
1998
1999
2000

§SF

261099,94

2653640.9%

.2354356.31
225003 .94
.2DT1RE.O0

188477.94
151706 .12
133700.50
104337.87
30737.06
TH45F .62
S 68911449
60945,.43
61587.081
620T4.51
62ht4.96
63055.25
6356T.22
64059.12
b44B9.P9
64923.57
65360.06
65799.37
66201.607
EGOLEE TN

fuhikit 5. twP and REY for fndoor Speech Interfereace

50

101117.81
102R16.8]
9RLBL.25
aql4? 4
E6705.12
TRG23.56
6T7769.9%
£6106.27
43872.98
an254.17
32361.06
29147.27
25845.50
26107.02
26305.03
2F506.,44
26705.24
2690748
27111.16
2728BNH. 85
2746160
2763R.37
2T7R16.24
7799%.14
SF175.170

260556.62
264624 .31
2%3971.00
262664 44
221212 .56
1950071 .94
1AR4TC.54
136974 .81
106439.56
BT724 .81
70603.72%
42808 .26
HEDP 4 JOA
5554R .97
55945 .50
Bh3664 . G4E
5674% .90
5714977
5755¢ .12
BI04 .42
CA294 J4B
S5R6E06.43
Lh9060,13
50315 66
594672 .06

Dption 1

183666.87
186005.25
1A0172.87
174006062
161019, 31
14746T7.50
12r411.00
ioR143.19
B6327.06
7617637
612R3.2¢0
55754422
49908.59
50317.48
S0625.95
50935 .04
51246.60
515560.79
51872.1%9
52140.25
5240%9.2F
5267914
52943 .07
52221.52
530G .06

o

48780,.93
69220.74
47R4GT.48
46616.57
43000,10
39415.66
35555.11
29340445
235670.97
20074.66
1618A.2A
14786.67
13314.02
12290.47
13447.9]
1350%5,32
13562.75
13620.17
13677.58
13726.51
13775.43
13R24.36
13R73.26
13922.16
13971.04

e e e e e Su e

TOTA

B35222.12
P4R0AG6.00
a15913.07
T82236.50
719129.05
653286.56
560918.56
464265.19
3620643.37
310966, 9%
256R 95,31
231448.00
2050368,08
206951.62
208398.81
209854.75
211319.62
212793.31
214276.06
215546.81
216826,19
218108,25
2193G8.75
220696, 00

221999.87

T TNt S I

3.4
0.0
«1.54

2.31

b 34
13.90
21.178
32.04
46,41
55.58
62.77
6%.26
12.29
T5.45
.22
75.05
T4.07
T4.70
T4.52
T4.35
74.19
T4,04
73.09
T3.73
T3.5A8
TI.42



Exhitit 5-1 LWP and RC! for Indoor Speech inferfersmce

AN

Rt i kil R Rt 88 et T e e e o

Opfion 3
YEAR SSF S0 UR 11 100 TOTAL Kl
1976 2641099.94 101117.°P1 260556.62 183666 .87 48TR0.93 835222.12 0.0
1977 245340.94 102P1 4. Rt 264624 .31 186005.7% 49220.7% A48086, 00 < =1,.54
1978 235436.31 AAs86.25 253071.00 1R0172,87 47847 .48 815913,87 2.31
1979  225003.94 94142,94 262664 .04 174006.62 46416.57 782234.50 6434
1980 213028.25 89069,12 229990.37 166TR2 42 44R0D .62 T43671.00 10.96
1981  200410.56 £3743,12 216B26,.12 159255,59 43134 ,52 703400.00 15.78
1982 177478.94 14185.56 100296 .69 143043,31 RG75.41 623979.07 25,29
1983  153361.00 64151,62 162798 .69 12587A.94 34571.53 540761.69 35,26
1984 128370.81 53764.96 134594 ,08 107576.00 29871.75 454157.56 45,62
1985  119072.19 49914.93 122163 .50 9RRIT. G4 27207.18 617189.12 50.05
1986 109262.75 45EB87.05 109266.7% B9RAT, bk 24407498 370461,.87 54.69
1987 99149,.75 41736.55 96229 .62 BOD76.06 21449.18 338641.06 59,645
1988 BB904,00 37526.57 R270H .25 70036.%0 18293.73 297467.00 66.38
1989 B983L .75 17901.94 A34B7.06 70596,56 18394.37 300238,.62 64.006
1990 90547,06 3P187.66 84076 .00 71018.87 18469.91 302299, 4% 63.01
1991 91260,75 3847534 84668 .44 71442.7% 1A545.43 304392.62 63.56
1992 91980.00 38765 .04 85264 .44 71868,25 18620.93 306498.55 63,30
1993 92704 .62 319056.71 F5864 ,00 72295.2% 18696, 39 308616, 5% 83.05%
1994 93434 ,01 39350,46 BE46T .06 72723.87 18771.R4 310748.00 62.79
1995 24061 .62 39602.38 ALYEI .96 73090.4% 1RB36.11 31257444 62.58
1996 94692 .56 39855 .85 A7503,37 73458.06 180900, 36 314410.12 62.36
1997 95327.5¢6 40110,78 REDZS .44 73826.75 18964459 316255.06 62.14
1998 95966 ,.561 40367.19 AR550,12 74196.69 19028, 78 3181 09.55 $1.91
1999 26610.12 40625415 BI9D?7.37 14567.62 19092.95% 319973.19 61.69
2000 97257.6? 40RNG .57 FOL07 .31 76939.69 19157, 08 321846,25 61.47

L T T



A s e

£TT-¢

YEAR

1976
1977
1978
1979
1980
1931
1952
1983
1954
1985
1986
1587
1588
1989
1990
1991
1992
1993
1994

. 1995

1996
1997
1994
1999
2000

SSF

261099.94
245340.54
2354356 .31
225003.94
213028.25
200410.56
173997.94
146392 ,B1
117467.11
103961.94
90187.31
TH127.94
60945,43
61587.01

62074.51

62564.96
63059.25
bAEE7.22
64059,12
b44k9.E9
64923.57
65360.06
55799.37
66241462
b6606,.75

101117.81
102014.81
9AhB6. 25
S4142.96
a9069.,.12
R3T43.12
72736.44
€1235.94
40108.13
43614,86
37922.43
21955.R8
250845,5D
26107,02
26305.03
26504.4%
26705.24
26907.48
27111.18
271285.85
27461.60
276308,37
2TR16.2%
27995.14
cP175.13

260556.62
264624 .31
253871.00
242604 .56
229990.37
216826412
186603 .87
155379.56
123236.75
106793 .A1
69946 .19
12687T.37
55024 .68
55540 .97
55945 ,50
56344 .41
56745 .90
57149 .77
5755¢€ .12
57904 .42
58256 .48
5606 .43
5A960.13
59316 .66
59673 .06

Option §

183666487
1R60R5.25
150172.87
176006.62
1667R2.62
159245.69
140853.19
1212718.12
100337.31
BAT42.27
%6579.75
b3606.24
49908.59
50317.48
50625.95
50935.64
512406.60
51558.79
518712.165
52140425
52409.20
52677.14
5294%.87
52221.52
53404,06

Extibit 51 LWP and RCI for Indoor Speech Interference

oo

487060.93
49220.74
GTR&4T .40
466416.57
44R00.62
43134 52
38477.03
3351A.12
28184.32
24853.93
21307.62
17490.23
13314.02
13390.47
13447.91
13505.32
13562,75
13620.17
13677.%8
13726.51
13775.43
13824.36
13873.26
13922416
13971.04

TOTAL

B35222.12
B84B086.00
B15913.87
182234.50
T43671.00
703400.00
612710.44
517804,50
4108414,31
A67966.81
315943.19
261547.58
205028.06
206951.62
20839R.81
209854, 75
211319.82
212793.31
214276.05
215546.81
216B24.19
218108,25
219398.7%
220696.00
221999.87

b e e et | -

0.0
=1.54

2.31

ba34
10,96
15.78
26464
38.00
49.90
55.94
62.17
68,69
75.45
15.22
75.05
T4.87
T4.70
Th,.52
7“ - 35
Tha19
T4.04
T3.89
73.713
73.58
T3.42



Exhibit 5-1: LWP and B! for Indoor Speech Interference
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Option 7
YEAR SSF Y] UR 1) L[] T0TAL 1
1976  241099.94 101117.81 260856 .62 103666.87 48780.93 835222.12 0.0
1977  2%5340.94 102P14 .81 264624 .31 1860R85.25 49220.74 £48086,00 ~1.54
1978 235636.31 ° 98586, 25 263871.00 180172.97 47847.48 815913,87 2.31
1979  225003.94 04142, 94 242666 J44 176006.52 46616.57 182234.50 6.34
1980  20497%.06 85790.31 210R15.50 159602.12 42667.20 711850.19 14.77
1981  183947,69 77111.2% 194129.62 164524,25 38720.71 638433.50 23,56
1982  15703R.12 E5A27 .44 163506.12 125317.62 33819.20 545508.50 34,69
1983  128B7R.56 54099 ,23 131500.44 106R67.44 28552.21 448257.81 46,33
1984 89336.50 41792.05 98255 .62 AZRAL.75 22R12.03 344077.87 5B.56
198% 85623,37 36122.65 62662469 70496.75 19157.96 293863.37 64.62
1996 71421.61 30252.20 65264 .93 57397,39 15194, 66 239530.07 71.32
1987 66252.56& 2R077.79 60114.33 53756.50 14273.63 222474.81 73.36
1988 ' 60945 .43 25845.50 55004 J58 459908.59 13314.02 205038.06 75,45
1969 615R7.81 26107.02 55548 .97 50317,48 13390.47 206951.62 75,22
1990 H2074.5] 26305,03 h5945 .50 50625.95 13447.91 2083948,.81 15,05
1991 62564 .96 26564, 44 56344 .48 50935 .64 13505.32 209854.15 74.67
1992 53059.25 26705.24 56765 .90 51266.50 13562.75 211319,.62 74.70
1993 . 53557.22 26907. 4P 57149.77 51558.79 13620417 212792.31 T4 .52
1994 66059.12 2711116 57556.12 51872419 13677.50 214276.06 76435
1595 54489 ./9 272R5 . F5 57304 .42 52160.25 13726, 51 215546481 74.19
1996 64923,57 27461.ARD 68254 .40 52409, 2R 13775.43 216824,13 Th .04
1397 6E53R0, 04 2T53R. 37 HR606.43 52679.14 13R24,36 210108,25 73.89
1998 65799,37 2TR16.44 LA960.13 572949.87 13873.26 219398,75 73.173
1999 66201.42 195,14 %9315.66 KA221.52 13922. 16 220696.00 73.58
2000 566RE6.TH 2P1T5,11 R9673.0¢L 53494,04 13971.04 221999,87 T3.42



STi-S

YEAR

1976
1977
1978
1979
1980
1941
1982
1983
1984
1985
1936
1987
1988
1999
1950
1991
1992
1993
1994
1935
1998
1997
19919
1995
2000

SSF

241099.94
245340,.964
235436.31
225003,94
200361.94
174661.75
145005.56
113e81.56
R1117.75
h6256.11
46757.07
44227.00
41432.28
41869.94
42201.56
42535,.7%
42B77.56
43211.90
43553,.91
4A047.47
441493.04
44440.52
64739.97
A5C4T,36
45 ha.70

Exhibit 5-5; (WP and RCI for Indoor Speech Interference

$0
101117. M
102814.P1
T QHARHLZ5
941642.9%
PaAhb. 462
7315607
60799.03
47830.73
A4169.09
2T178.04
19915.91
1ABA7.03
17655414
17834.R3
17970.R9
1r107.82
18245494
1A384.92
1P524,92
18A45,.03
1F165.86
1FRBT. 42
19009.70
19132.73
lapas,. %1

Silent Dption
] ou
260556 .62 1A3666.97
260624 ,31 1IRL0RA%.25
253RT71.00 1A0172.87
a2t 64 44 174006.82
213956 .44 156752.19
1864372.25 138578.19
151024 .75 117%535.3]
116565 ,19 94912,2%
PN9AR .96 710758,31
61203.12 55321,49
41218.70 39237.11
IRE64,14 37199.4¢%
586456 3%190,79
36211.05 3A54484,09
16473.19 35708,9%
36736 .98 35932,71
3002 44 3b1RT.55
37269.59 36383.30
3753P .41 A4610.00
37760 ,90 36B04.00
3IA000..5%9 36998.60
3R233.5% 37194.06
R46T.T8 37390.12
IA703,1R 3758687
4039 _pa 377H4,31

48790.93
49220.74
LTR4T.40
46416.57
42022.86
3736B.75
32021.12
26226.21
19827.76
15473.11
10616.46
10098.96

9574.64

. 9632.27

9675.75
9719.14
9T62.55
2805.98
SB49,.43
9806.46
9923.51
9950.56
599 7.h02
10034 .68
10071.76

TOTAL

835222.12
246086.00
815913.47
182234,5)
696960.00
6o8137,.81
506385,.469
396415.87
206311.81
223433,89
157745,12
148928,25
139717.31
141034.25
142030425
143032.50
164040.9%
145055.56
148076455
146951.41
147831.56
148715.94
169605.00
150498.75
151397.06



SECTION 6
NOTSE CONTROL TECHNOLOGY

INTROMUCTION

There are four main sources of noise on a truck-mounted solid wastes
compactor,. These arae:

1. Truck chassis,

2. Powar take-off (PTO),

3, Hydraulic pumn,

4, Impact between components.

The control of truck chassis nnise is not addrassed by this study,
but the garbage truck manufacturer has control over chassls noise in the
compaction cycle by his specification of the engine speed during compac—
tion. A significant reduction in noise ¢an he achieved by restricting the
maximum engine speed during the compaction aycle.

The transmission power take-off currently used on most compactor
trucks produces an obtrusive whine. Alternative desiqns and types of
PIO will be discussed that greatly reduce or eliminate this whine. The
hydraulic pump can also make a measurable amwunt of noise and on some
trucks a noige reduction can he achiaved by employing a quiet pump,
Methods for reducing the noise from impacts between componants by means
of cushioning these impacts will be discussed,

It has been found that thelhydraulic lines and walves on a garbhage
truck agenerally make very little noise. In a properly designed system,
there is some very slinht flow noise from control valves and that is
all. Sometimes a valve or very sharp bend may produce flow cavitation

and hence noise. However, this is easily cured with a large valve or
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bend radius. Measuremenkts have been made of the hydraulic system noise of
a truck body on which no special precautions had been taken to reduce the
hydraulic system noise. The lines were hard holted to the body and there
was no hydraulic accumulator. Tn spite of this, the noise was very diffi-
cult to measure and insignificant (less than 60 dBA at 7 m)} when compared
with the noise from the rest of the truck. Thus, it appears unnecessary
to address further the matter of gquieting hydraulic lines and 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 rpn maximum.

Stage 2 -~ Elimination ot redesign of transmission power take-offs

in conjunction with reduced engine specd.

‘Stage 3 ~ Quieting the hydraulic pump in addition to the above,
These neise control treatments will be considered in conjunction with a
chassis noise control program and the combined noise lavels presented,
Reduction of impact noise hy hydraulic and rubber cushions will alse be
discussed.
STAGE 1 - ENGINE SPEED REDUCTICHN TO 1200 REM

The speed at which the engine is operated during the compaction cycle

is currently determined by the cycle time desired and the size of the hydrau-

lic pump. Typically, truck engines run between 1200 and 1800 rpn and employ

a pump of about 5 cubic inches/revclution displacement {about 20 gallons per
minute (gpm) at 1,000 rpm). The speed of the engine while the truck is
compacting is set to a nominal value by the manufacturer, but the operator
can, and sometimes does, reset the cycle speed to any value he desires.

Thus, the manufacturer's speed may not have any particular meaning.




Speed controls
‘there are a nunber of different Lypes of engine speed controls avail-
able., The simplest is a solenoid or an electropneunatic cylinder which
advances the throttle linkaye by a [3P"PF;f9ff amnmt when the "cowpactor cycla!
button is pressed. Other speed controls are pnewnatic yovernors and
electronic governors, However, none of these govermors are tamper-proof
and all can be reset by the operdtor, l"‘urtiher, most front loadiry yarbage
trucks do not have any form of autumatic sgpeed control, ‘Mhe enyine speed
during cycling is controlled only by the cperacor's foot. Therefowe, Lhe
hardware reguired for this level of noise reduction consists of two items:
L. An electro-pneunatic throttle control or some other fom of yov-
ernor. Since goverpors are usually installed on most cowpactor
trucks, except for the front loaders, this reguirement will velate
primarily to front loaders, Governors are not usually installed
on front loaders since the cab operator is awle to control ooth
the loading cycle and enyine speed, .
2. A lapyer hydreulic punp is needed 1f the sawe cycle tine is
to be achieved with a lover engine speed.  Por exanple, if a 20
g at 1,000 rpm punp is currently used at an etyine speed of
1800 v, t:l‘zen & 30 ypm at 1,000 rpan pudp will bepequiced Lor
an engine speed of L2UU ppn to achieve the suawe volune £low
rate.
An engine speed of 1200 rl wvas chosen since this is typically
the slowesl idle speed to which a yasoline engine can be set amd yet
not have the wiyine stall during the compaction cycle. An enyine which

is set Lo a no-lvad speed of 1200 mpo will lose speed to about 1,000

6-3



rom when it comes under load. fTypically, an engine is reguired to produce
20 hp, but in some cases 40 hp may be required. Most truck engines rated
at 200 hp or more are capable of Qelivering 40 hp at 1,000 rpm.

The simplest types of governors allow a suhstantial 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 nolse difference between the case
when the erngine is closely requlated to 1050 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 load. Accordingly, there is little to he
gained in noise control by installing the better governor. However, it
can help in preventing the engine from stalling under load.

Noise levels

Tahle 3-3 in Section 3 presented the mean sound levels of 45 truck-
mounted solifl waste compactors. The noise generated by a power 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 6-1 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
power take-off noise level of 74 dBA at 7 m to give the overall ricise
level of the truck while cycling. A&n engine speed of 1200 rpm has been
assumed for most krucks. However, on some of the larger diesel powered
trucks, it has been supposed that the engine can be slowed down to 1,000
rpm.  With no chassis noise requlated, no truck can be guieter than 78

dBA at 7 m. However, with an 80 dBA chassis regulation, all trucks can
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TARLE 6-1
QVERALL NOISE LEVELS UNDFR STAGE 1 of NOISE
CONTROL (TRANSMISSION PTO = 74 dBA at 7m)

Qverall Noise levels atk 7 m
Chassis Requlation dBA

Truck Fuel REM Unreqg,  83* a0 78 75

1 Nlesel 1200 82 77 76 75 75

2 piesel 1000 82 77.5 76 75.5 74,5

3 piesel 1200 80 76.5 75 75 74.5
Diesel 1000 81 77.5 76 75.5 74,5
.plesel 1000  79.5 7.5 76 75.5  74.5

5
6 Diesel 1200 80 77 75.5 15 74.5
7 Gasoline 1200 78 78 74.5 74.5 74

#This assumes actual truck-noise level 2.5 dB below regulatory level

Source: Reference 6-1,
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meet a 76 dBA noise level at 7 m. Figure 6-1 illustrates further these
quieted noise levels based on different chassis requlations. tHore recent
informaklon submitted 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 trucks were
gasoline powered and operated with engine specds of 1200 rpm or less. These
three were all rear loaders. One diesel-powered side loader also met this
noise level, but it employed a front power take-off instead of the noisier
transmission power take-off, 1In addition, this engine was only operated at

900 rpm during its compaction cycle,

Fuel savings

One rconsequence 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 TO REDUCED ENMGIME rpm

Rated Utilized Standard Reduced Fuel Savings
Engine hp hp rpm rpm gal/hr
Gasoline 200 20 1800 1200 0.33
Diesel 200 20 1500 1000 0.55

Source: Reference 6-1.
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The fuel savings are larger on diesel engines than on gasoline
engines because the former have more internal friction. If we suppose
that the trucks are cycling 25 percent of the time for an 8-hour day,
then the fuel savings are 2/3 gallon/day on a gasoline powered tiuck and

1 gallon/day on a diesel powered truck.

Conclusions

A noise level of 76 dBA at 7 m can be achiaved for a refuse collection
vehicle grimacily by slowing the engine down to 1200 rpm or less.
This requires an automatic engine throttle control which exlsts on most
cémpactor trucks at present, except for front loadasrs. In these cases,
an automatic throttle limit will be required. 1In crder to retain the
ptoductivity of the truck, a larget hydraulic pump is needed for these
lower englne speeds. An overall noise level of 76 dBA at 7 m can be
achieved during the compaction cycle only when this noise reduction
meagure 13 usad on a chassis which has been quieted to some extent,
STAGE, 2 - ENGINE SPEED REDUCTION AND RENESIGN OR ELIMINATION OF

THE TRANSMISSION PTO

in order to reduce the noise of compacting garbage trucks below
that of Stage 1, the power take-off noise must be reduced in addition to
reducing the speed of the engine. 0nder Stage 1, the overall noise was
dominated by the transmission power take-off gear at 74 dBA. There does
not appear to be any simple way to reduce this noise, which is the source
of the whine heard from compacting garbage trucks. Previously, it was
found that vibrations from the gears were transmitted quite extensively

throughout the truck chassis, Thus, large areas of the chasais and trans-
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mission as well as the PTO would have Lo be wrapped with sound deadening
material if this were to be selected as a means of reducing the noise.
Therefore, enclosing it in a sound absorbing enclosure is not considered
to be o practical means of reducing PIO noise.

One manufacturer of automatic transmissions Cor trucks is curerently
researching the source and means of reducing the nolse from transmission
PTOs, Since the tooth design of the PTO goes back over 40 years and is
very stubby by modern standards, they are considering a finer tooth
design or helical gear teeth with the prospect of generating less noise.
However, at this time it is not known whabt the outcome of this study will
be, nor how much noise reduction is possible by redesign of the PTO gears.
Other types of PTO which do not make as much noise as the conventional

transmission PTO are discussed below and are illustrated in Figure 6-2.

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, but

onh gasoline engines, which can rotate at up to 4,000 rpm, a clutch must
be installed betwsen the engine and pump in order to prevent the pump

from overspeeding, Most hydraulic pumps cannct ke driven above approxi-

mately 2,800 rpm.

N e T U e o - Attt
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{b) Flywheel PTO

{c) Front PTO

FIGURE 6-2

- ARRANGEMENTS FOR POWER TAKE—OFF

Source: Reference 6-1.
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Company & reported that they had reliability problems with an elec-
tric clutch on a front power take-off when installed on trucks, This was
also confirmed by Company F. However, Company G claims very good relia-
bility for their pnemmatic-hydraulic clutch (Figure 6-3). This clutch
comes in several qear ratios: 0.5, 0.75, 1.0 and 1,25, One conpactor
truck manufacturer says thak he prefers the 0.75:1 ratio with the pump
running at only 75 percent of engine speed. This would still prevent the
pump from overspeeding should the clutch he engaged with the engine at
all hat the highest rpn, FElectric interlocks can be installed to prevent
pump overspeeding and are supplied by Company H. This will disconnect
thé pump should the engine exceed a certain preset rpm.

Front power take-offs have beon used on fronk, rear, and side loaders,
There do not appear to he any inherent problems in the use of front PIOs.
Rven the clearance pr:obléms on front loaders due to the mounting of the
ump on Ehe front bumper can he overcome vy lengthening the lnading arms.
One major manufacturer, Company I, offered front power taka—-offs on
their "quisted" trucks. |

A mroblem with a front power take~off 15 that Ehe drive shaft has
to pass through the radiator. This genarally recuires rither the rals-
ing of the radiator for clearance, or cutting a hole in the radiator for
the drive shaft, Some truck mannfacturers do offer front-mounted PO I
options on thelr medium trucks, Company J offers a front P optinn on
two of its lines of trucks, However, it is called a "Limikted Produc—
tion Option" which requires a long lead time and special tooling charges.
Company B and Company R {private communication) are also planning to

offer a front PTO option on some of their medium brucks.
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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 PN
inserted between the engine crankcase and transmission. It is about
B8~1/2 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 PIQ gears as with transmission PTOs. This is pre-
sumably because the gears are all mounted in one integral housing and
are oorrectly aligned, Thus, a compactor truck manufacturer who employs
a Company L chassis need not employ any special hardware to achleve Stage
2 quieting other than to employ a gquieted version of the chaszsis and
regulate the engine speed, during compacticn, by the engine's own govermor.

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 scme neoise; but since the gears
are a modern design and are incorporated in an integral housing, they

are not expected to make any significant noise. The main source of
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naise comes from the chassis, with some from the hydraulic pump. In
the diagnostic study, the noise level of a Company O pump at 1,000 rpm
was 64 dBA at 7 m.

Table 6~3 shows the predicted overall noise levels of veh.i.cleé with
unregulated and regulated chassis., The unregulated vehicles are all well

over 75 dBA at 7 m, hut under an 80 dBA chassis noise requlation, all

vehicles generate less than 72 dBA at 7 m, with the gasoline-powered vehicles

generating 67.5 d4BA. The largest diesel engines have sufficient power that

they can be slowed down to 1,000 rpm, as was done on a Company D side loader

with a Company N diesel engine. The levels are also illustrated in Figure
6=5.,

The fuel savings with a front PTO and reduced engine speed are
expected to be the same as Ffor reduced engine speed (Stage 1) alone.

Mne truck has already been measured with this Stage 2 noise control
treatment. This was a Company I truck with the quieted option and a

Company J gasoline engine. The noise level measured was 69 dBA at 7 m.

Conclusicons
By combining a reduction of engine speed to 1200 rpm or below, and
elimination or redesign 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 ate the
hydraulic pump, which generates 64 4BA of noise at 7 m, and the chassis,
When regulated for 80 dBA under the SAE 366k test, the chassis gives

a noise level of less than 70 dBA at 7 m during the compaction cycla,

6-15
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TARLE 6-3

: OVERALL NOISE LEVELS UNDER STAGE 2 OF NOISE
i CONTROL (HYDRAUTIC PUMP = 64 dBA at 7 m)

Overall Neoise levels at 7 m
R ’ ’ Chassis Regulation (dBA)
o Truck Fuel RPM Unreg. 83 80 78 75
nET 1 Plesel 1200 #1 4.5 71 0 68
Con 2 Diesel 1000 81 75.5 72 7 68
SR 3 piesel 1200 80 73 10 69 67
';‘??-:  _ 4 Dissel 1000 80 75.5 T2 70,5 68
G 5 Diesel 1000 78 755 12 7N 69
AT 6 Diesel 1200 78 4.5 7 70 67.5
o % . 7 Gasoline 1200 76 70 67.5 6.5 66
B .. . k Source: Reference 6-1.
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Source: Reference 6-1
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If the truck chassis were regulated for 75 ABA under the SAE J366b

test, then the noise level would he 65 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 dADA 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. mne

very successful design is a German patent being macketed 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 quist. Noise level_s of less than 55 dBA at 1,000 rom and 7 m can
be obtained. Company 0 has also developed quiet versions of their vane
pumps.

An alternative means of quisting the pump is to enclose it. This
would require building a sheet .steel box around the pump with seals
arourd 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 technique should give at least

a 10 dBA reduction in noise from a standard pump.

Noise ILevels
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

6-18




T

FIGHRE € -0

A QUIET HYDRAULIC PUMP DESIGN

Source: Reference 6-1,

6-19




Sources

OVERALL NOISE LEVELS UNDER STAGE 3 OF NOISE
CONTROIL, (HYDRAULIC PUMP = 55 ABA at 7 m)

Fuel
Diesel
Diesel
Diesel
Dirsel
Diescl
Niesel

Basoline

Reference 6-1,

RPM

1200
1000
1200
1000
1000

1200

1200

TABLE 6-4

Unreq.
81
81
80
80
78
78
76

6-20

Overall Noise Levels at 7m

Chassis Regulation (dBA)

83
74
75
72.5
75
75
74
aY

80
70
71
69
n
T
70

78
69
71
68
69.5
70
69.5
65.5

75
66.5
67
64.5
65
66.5
65.5
62
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_ dBA at 7 m) have been guoted verbally by the manufacturer. This is a

- combined with a 75 dBA chassis regulation. Then all trucks are guieter

than 67 dBA at 7 m and the gasoline powered truck is 62 dBA at 7 m. These

data are illustrated in Fiqure 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 emgine.
They usually displace between 100 and 172 cubic inches and are con-
siderably undervated for this application. Air-cooled diesel engines
have also been used as auxiliary engines on garbage trucks.

Only one truck with an auxiliacy engine was measured. It had a
Company R gasoline engine and generated 81 dBA at 7 m. These engines
are also used to drive the larger engine genetator sets used in recrea-
tional vehicles and boats. Some manufacturers produce specially enclosed,
low noise engines. This is a very important selling point in the recrea-

tion industry. Noise levels as low as 66 dBA at 1 m (equivalent to 50

very low level, and well below any noise level to which chassis powered

equipment can be guieted, Thus, it appears to be well within the state-
of-the~art ko build an acoustic enclosure around a water cooled auxiliary
engine which will make it at least as quiet as any chassis powered equip-

ment, Alr-cooled engines may be more difficult to quiet, however.
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Quieting of Impact Noise

There are a number of sources of impact noises which oceur during

the loading and compacting cyeles, Garbage cans hit against the loading

hopper; hydraulic cylinders bottom while pérforminq the compaction; the

cantainer and forks of a front loader bang; and container covers bang.

Although the quieting of the containers is not strictly within the scope

of a compactor noise regulation, it is pertinenk here to comment briefly

on techniques that are expected to provide some reductlon in impack

noise.

0

Garbage can impacts on rear and side loaders can be minimized by
covering the edge of the loading hopper with a 1/2 inch thick
rubber strip, or hy use of plastic garbage cans,

On rear loading compactor btrucks, nne significant source of noise
is the impact of the hydraulic cylinders as thay "boktom" at the
end of their stroke. 'Typically, the piston is driven to the end
of the cylinder which it strikes and a peak noise level of
aporoximately 90-100 dBA may be observed, A commonly used technique
to lessen the impact is to install "cushions" inside the cylinders
at the end of the stroke. Tnexpensive cushions are made of
rubber, but are not very durahle. A more durable mechanism is a
pin on each side of the plston, which engages the hydraulic oil
exit port as the piston nears the end of its stroke. This
gradually shuts off the Flow of oil and slows down the pisten.
Figure 6-8 shows a cutaway view of a hydraulic eylinder with

these cushions installed. The cushions are standard items and
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are recommended by the manufacturer for all applications with
pigton speeds in exXcess of 2W-25 ft/min (manufacturer's
literabture). Company © rear loaders do not require cushions since
their cylinders do not hotton; rather, the stroke is reversed
eleckrically before it has bottomed, Thexe is no evidence that
cylinder bottoming is a significant source of noise in side and
front loadars and therefore, these do not requice cashions,
Hydraulic cughions may be raguiced on rear loading onpactor
trucks, There are two mounpacting cylinders on each truck, requip-
ing a cughion at each end, Thus four cushions would be cequired on
each truck, The hydraulic cvlinders are hetween 3 inches and 5-1/2
inches bore, depending on the truck model.

Banging of a container takes place while it is heing lifted and
Aumped on the arms of the Front loader. Mne of the best ways of
reducing this neise is to cvat the container with a danping
material in order to damp its noise. Tn addition, some nolse
reduction might he obtained by coating the front loader acms with
an epoxy damping material, Although this does not produce much
damping, it may lessen the impacts themselves. It is not clear,
however:, how durable such an epoxy compound would be under such
gevere service,

At the end of a front loader cycla, the lid oovering the hopper

is allowed to drop fairly vapidly 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 cushion the impact, Damping

of the container 1id also would help to reduce impact nolss.
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In summary, there is a great deal which can be applied to lessen

impact ncise on garbage trucks: hydraulic cnshions, vubber adgings ox

stops, and epoxy or other damping commounds,

CONCLIISIONS

There are three stages, or levels, of noise control which can he
applied to compacting garbage truck bodies. The €irst stage is to
restrict the engine speed during cyecling to 1200 rpn or less. This
reduces Inth engine and power take—off noise. Many vear and side loading
tencks alveady have automatic enaine speed controls, hut front loaders do
not. These will require the installation of an engine speed control.

The second stage of noise control is the quieting of the power take—
off. Fither 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 power take-off" is connected to the front of the
erxjine crankshaft., This type is quiet but requires extending the front
humner and a seecial radiator with a hole for the drive shaft, This
radiator (with associated fan modiflications) is available from some truck
dhassis manufacturers with some engine combinations. A “flywheel power
take~of f" is available on all Conpany L diesel engines, and Company K has
engineered a design for Company M gasoline and Company N diesel engines
that can also be adapted to other engines. In addition, at least one
manufacturer of power take-offs is reported to be developing a new £lywheel
m (Ref. 6-2).

The final stage of noise control is to use a quiet hydraulic pump.

There are a number of proprietary designs availahle,
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The use of truck compactor noise control levels mist be coordinated
with truck chassis noise requlations, The nolse control measures will

not be very effective hy themselves unless the chassis are alsc quisted,

‘The resulting overall noise level will then be a function of the level of

noise control for both the compactor body and the chassig.

Impact sounds can be reduced by a variety of techniques which vary
with the source. The bottoming of the hydraulic cylinders can be guieted
by installing hydraulic cushions. 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
ECONCMIC ANALYSIS
The three different noise emission standards [or truck mounted
compactor bodies are analyzed in this section From two points of view:
first, the additional costs associated with achieving each specified stage
of quieting are examined, and second, the various economic impacts expected
to result from achieving each stage are pointed out. 'The various stages

of quieting relate to specific options which have been considered by EPA.

COST ANALYSIS*

Estimates of the costs incurred in achieving three different stages
of quiating For compactor bodies are presented in this section. The cate-
gories of costs considered include: direct material and labkor 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 revolutions 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 purposes. A raview of component systems (i.e.,

e e B4, T T+ ey P e e e

*  The methodology used in developing the costs in this section is
presented in Section 7 Exhibit.




hydraulics) and discussions with manufacturers of both types of vehicles
validated this assumption.

2, The existing governocrs on side and vear loading vehicles can
be adjusted to achieve the desired engine speed.

3. A speed control device will have to be installed on front
loading vehicles.

4, The size of the hydraulic pump or the gear vatio of the power
take-of £ unit on all three vehicle configurations will be increased to
preserve the existing flow rates and compaction cycle times.

H 5. Special treatment will not be required to prevent tampering
with speed control components.

The side and rear loading vehicle configurations will reguire
only minimal modifications to achieve Stage 1 treatment. Engine speed
controls are already standard equipment on these wvehicles since they
are necessary to operate the compaction cycle from the side or rear of
the vehicle. It is assumed that these governors can he 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

and thus slow the compaction cycle on these vehicles. To sustain pro—

ductivity, a larger hydraulic pump or a higher ratio PTO 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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The additional labor cost for Stage 1 treatment of side and rear
loaders is estimated to be approximately 570. This amount represents
roughly nine direct labor hours, which should be adequate allowance for the
minor madifications involved,

Stage 1 treabtment for front loading vehicles is more extensive than
that for the other two configurations. Existing models do not have engine
rgovernors since the speed of the engine is regulated by the driver. Thus,
it will be necessary to install a speed control device along with necessary
instrumentation and hardware components. The system must maintain an
engine speed of 1,200 Irpm and lock out the engine accelarator in the calbr.
The cost for the governor and associated hardwara will range between $300
and $500 depending upon the kype of chassis and engine,

As with the other two vehicle categoriles, the hydraulic pump capacity
or PIO gear ratio must b2 increased to presecve conpaction cycle times,
Again, deperding upon the size of the pump, the additional cost will range
between 5250 and $300 per unit,

The additional labor cost will vacy depending on whether the engine
governor is ordered with the chassis or must be installed by the compactor
manufacturi*er, but it is estimated to range between 5100 and $200.

Stage 2. Cost Estimates

The Stage 2 quisting technology consists of employing alternate
methods of power take-off (PIO) Erom the engine. An EPA sponsoved séudy
has indicated that the design of the transmission PIO is unsuitable for
effective nolse control. Two alternatives are: the Flywheel PTO and the

direct drive, crankshaft PTO,




The Elywheel PIO option is effective in noise reduction but, at
the present time, is limited in availability Erom chassis manufacturers.
Company L is the only manufacturer which affers the Elywheel PO as a
standard cption. Some other chassis manufacturers offer the flywheel PID
as a special option. An independent component manufacturer was also
identified which manufactures a Fflywheel PTO which can be applied to other

makes of medium and heavy duty kruck chassis.

The front munted, direct fdrive, crankshaft PTO is effective in nolse
reduction but is also limited in availability. Only a faw truck chassis
are on the market which are designed to accommodate a front mounted power
take-off unit and, because these have heen designed primarily for the
cement mixer market, they are wmuch bigger and heavier than the chassis
normally used for solid waste compactors. Chassis which are not designed
for the Front PTO must undergo extensive mxiification to extend the frame
in front and to provide clearance for the pump to crankshaft coupling.

This makes the front PTD an impractical alternative for front loading
trucks. Mot only is the required frame extension on the Eront of the
vehicle too long to allow safe clearance between the container forks
and the frame extension of the Ffront loading truck, but the cah, 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 control treatment has heen implemanted.

2. Side and rear loading vehicles are again assumed to be the

same For costing purposes.
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3. 'The most cost effective treatment for side and rear loading
vehicles is khe front mounted, crankshaft power take-off. (Some end users
may elect to purchase Company I 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 PTO option.

The cost associated with Stage 2 treatment for side and rear loading
vehicles consists of theee major elements: radiator modificakion, frame
extension, and hydraullic system conponents. EBEach of these cost elements is
described in the following paragrashs.

The radiator modification consists of cutting a hole in the radiator
to provide clearance for the driveshaft connecting the crankshaft to the
hyriraulic pump assembly. Most chassis manufacturers do not curcently make
modifications of this nature., Therefore, the compactor body manufacturers
must assume responsibility for this modification. Since radiator work is a
specialized process which most compactor manufacturers are not equipped to
handle, it is assumed that the radiator will be removed from the truck
chassis and sént to a subcontractor for modification. The additional cost
incureed in this operation will range between $150 and $250 per vehicle.

The frame extension onnsists of extending the basic frame of the
chassis by 18 inches to 24 inches to provide a front mount location for the
hydraulic puanp assembly., It is assumed that most compactor body manufac—
turers will Eabricate the necessary structural components in~house. The

basic materials requiced 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 unit.

The hydraulic system components consist of the hydraulic pump, clutch,
and additional hardware. A clutch is required with most direct drive
configurations to isclate the pump from the engine and prevent overspeed-
ing. A number of different clutches can ke 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 which would
eliminate the need for the clutch.

Additional hydraulic components such as tubing, check valves, fit-
tings, ete., will be required since the hydraulic pump will be located in
EFront of the cab and hence further away from the compactor body. These
components are expensive and the added cost may be as high as $75 to $125
per unit.

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-of £ unit is no longer required. The net incremental material cost is
therefore estimated to range from $625 to §1,025 per venicle.

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 5200 to $280 per unit.

* fThe 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 PIO.
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Front 1mading vehicles ara assumad to employ the flywheel PO alter-
native. The incremental cost of this option from Company T, is approximately

$915 per vehinle, This estimaked cost should be representative of the cost

of other altematives which are applicable to the front loading configuration,

The additional labor cost associaked with the Flywheel PIO optien
should be minimal. An additional cost of $50 to $100 has been estimated to
account Eor possible increases in installation and checking time,

Stage 3, Cost Estimates

The Stage 3 technoloqy consists of quieting the hydraulic pump. ‘wo
alternative treatments are consldered: a pump sound enclosure and a
quiet hydraulic pump.

The cost of labor and material Eor a pump sound enclosure is estimated
to canqe between $30 and $50 per unit and has the disadvantage of heing
suhject to contaninatinon Erom leaking hydraulic f£luid and being casktly to
maintain. However, the quiet pump has the disadvantadge of costing between
$200 and $300 depending on the size and type of pung used.

Thé estimated cost for Stage 1 treatment for all three vehicle types,
therafore, ranq.es. between $30 and $300 assuming no additional labor for
installation of the quiet pump.

Impact Nolse Cost Estimates

7 The technology to reduce impacl:‘ noise consists primarily of lining the
rim of the loading hopper of each vehicle type with an impact absorbing
rubber strip, An additional treatment is needed for rear loaders to

reduce the impact noise associated with the hottoming and reversal of the

compackion ram cylinders.




The application of a two-inch rubber strip to the loading hopper does .

not present any significant manufacturing problems. It is assumed that

manufacturers will glue or rivet the rubber to the hopper rim at a final

. assembly station without any major impact on present operations.

The cost of this treatment will vary with each type of vehicle as a
function of the hopper size. Assuming an average vehicle size, it is
estimated that labor and material cost for front loaders will range between
$35 and §50 p'er unit. The estimated cost Eor side and rear loaders ranges
between $10 and $20.

The reduction of impact noise associated with the hydraulic cylindecs
of rear loaders poses a more Significant problem to manufacturers. Sipce
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 eylinders from other inanufac-
turers, use rubber cushionz, or seek out other means of eliminating the
impact (i.e., using electrical limit switches).

Assuming that manufacturers elect to radesign 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 costs are amortized,
it is estimated that t.:he additional labor and material cost for the

modified cylinders should not excecd $150 to 5200 per compactor unit.

3




Auxiliary Bngine Cost Estimates

The technology proposed for quieting auxiliary engines on all types of
vehicles is to install an engine enclosure to muffle noise emissions. Two
types of auxiliary engines are used on vonpactors: air cooled and water

cooled.
Arplication of the technology to the water cooled engine presents no

major problems, assuming that the enclosure is properly designed and
provides adecquate venting Ffor dissipation of engine heat. However, the
proposed technology is not applicable to air cooled engines since the
enclosure would intepferm with oooling of the engine. As a gesult, the
application of the proposed quieting technology will probably preclude the
use of air cooled engines on Future compactors,

The labor and material cost of enclosing the water cooled auxiliary
enqine is estimated to be $165 to $260 per unit. The_ oé:st should be
approximately the same for all three wvehicle types since all generally use
the same type and size of engine.

Overhead Cost Bstimates

Manufacturing overhead costs are expected to increase in some cost
categories such as alditional indirect makarials {adhesives, assenbly
hardwara, etc.‘), suparvision, inspection, and manufacturing technical
support {methods, standards, nroduction scheduling and control, ete.) as a
result of cuieting,

These additional overhead oosts should not exceed 100 to 125 percent
of the incremental direct lahor associated with quieting. (The existing

manufacturing overhead rate is estimated to be 200 percent of direct lahor

cost. )




General, Sales, and Administrative (GS&A) costs will also increase
slightly as a result of noise emission standards. These costs will arise
from two scurces: the cost of planning and implementing the noise control
technology, and the cost of ongoing compliance with the noise standard. -

The necessary planning arﬁ 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 assumd that two types of product testing will be
required. The first type would be product verification (PV) testing by the
manufacturer to insure that initial producticn runs of each type of vehicle
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 (SER) which would be conducted by
Epa officials. It is expected that 50 such requests will be made within
the industry each year and that this will average out in a way that requires
each company to test an additional two percent of the units produced annually.

The cost per vehicle tested is estimated to range ketween $350 and $600
and the annual testing costs are assuned to be allocated over the total
number of units produced each year.

Manufacturers will also be required to maintain complete récords 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

ketween 35 and 180 percent of incremental direct labor cost depending upon
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the erquipment cakeqgory and level of quieting treakment. Thls vaciability is
reflectad in the estimates of incremental GS&A overhead cost for each
treatment level and yehicle confiqueation,

Maintenance and Operating Cost Estimates

Maintenance Costs

* Stage 1

‘The Stage 1 tachnology for side, rear, and front loaders cequires the
adjustment or aldition of a speed control ;ievice and installation of a larger
hydraulic pump. Both of these components arve relatively low malntenance
items, For axamnple, a fleet of 60 trucks, representing a mix of Eront,
side, and rear loaders, showed no malntenance charges over a ten-month
period associated with the engine governor and only minimal axpenses for
the hydraulic pump, Based on this higtorical data and an evaluation of the
quieting technology, it is estimated that no increases will occur in mainten—
ance costs for Stage 1 treatment of side, rear, and front loading vehicles.

* Stage 2

The inskallation of a Eront mounted, direct drive hydraulic pump on
side and rear loaders will result in additional maintenance cogks. It is
estimated that the clukeh, which is required on the hydraulie pump to
pravent overspeeding, will require replacement every four vears. 'The annual-
ized labor and material cost for this maintenance is estimated to be 5100 to
$150 per vehicle. Some additional maintenance will also be required on the
hydraulic system (typically a high maintenance area) due to the increased
number of companents, This added cost Is estimated toc be 530 to $40 per

year per vehicle. )
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OfEsetting these costs will be savings in power take-off (PTO) mainten=-
ance. The standard PIO unit presently used on compactors 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 560 per year per vehicle.

Front loaders are assumed to employ the flywheel 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 ko perform as well as standard, conventional
units. - It may, however, be more susceptible to damage from dirt within the
hydraulic gystem. Thus, it is conceivable that maintenance costs could
fise, but it is not possible at this time te quantify the potential increase.

The sound enclosure altemnative will increase maintenance costs
slightly since the life expectancy of the sound absorlying material 1is
limited. The film cmated fiberglass, used to line the pump enclosure, is
sugceptible to accumulations of dirt and grease as well as damage from
routine maintenance. It is, therefore, assumed that this lining will be
replaced every other year akt a cost of $10 to $15 per year.

*Impact

The rubber material used to line the loading hopper will be subject to
a high: level of wear and damage and will probably require replacement each
year. -The annual cost of this operatinn is estimated to be $40 to $50 for

front loaders and 515 to $20 For side and rear loaders.

7-12




The use of cushioned cylinders on the rear loar]iné vehicles is expacted
to have offsetting impacts on maintenance costs., The effect of the cushion-
ing action should reduce the amount of wear on the cylinder and thus, to
song axtent, prolong the life of the component. However, the added complex-
ity of the cylinder desingn will lead to increased costs when the cylinders
are rebuilt., Tt is difficult Lo assess the net tradeoffs hotween these two
Eackors since there iz little experience in the campactor industry with
cushinned cylinders, but 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 quisting, but some additional maintenance oisks are antici-
pated for replacament of the sound enclosure lining which has a limited
life expectancy. The resulting annual increase in maintenance cost for
replacing this lining is estimated to be $15 to $20 per vehicle.

Operating Costs

The nnly operating ocost significantly iinpacted by the quieting techno-

logy is fuel cost. Fuel savings are projected for all vehicles due to

the Stage 1 reduction in ewjine speed. Assuming that trucks ace cycling

25 percent of the time, the fuel savings will amount to 0,08 gallons per
hour for yasoline engines and 0.13 gallons per hour For diesel engines,
The estimates reflected in Table 7~1 assume that:
1. The averaye conpactor is operaked 2,200 hours per yeac.
2. Fuel prices are 5,90 for gasoline and $.40 for dissel.
3, All front lnaders are dissel engiae powersd.

4. Sixty mercent of all slde and rear loaders are yasoline-powered

engines and 40 percent are diesel-poverad,
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TABLE 7-1

ESTIMATED ANNUAL UNIT QOPERATING
QOST REDUCTION DUE TO FUEL ECONOMIES

BODY TYPE AMNUAL SAVINGS

FPront Loader 5114

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 vsed in the analysié 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 stream 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 coslt estimated for that cption given the original assumed
fuel prices of §.50 for gasoline and $.40 for diesel. Similar decreases in
énnualized 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.

Suimary of Cost Estimates

The range of estimated costs for direct lakbor and material is summar-—
ized in Tahle 7-2 and the estimated increases in overhead expenses are
summarized in Table 7-3.

The overhead increases shown for Stage ! treatment include the esti-~
mated costs of compliance (i.e., testing and recordkeeping). 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

e e b e e 1 o R ot s



TABLE 7~2

SUMMARY OF ESTIMATED
INCREMENTAL DIRECT LABOR AND MATERIAL QOST
FOR NOISE ABATLHENT*
(COST PER UNIT)

Front Loader Side Loader Rear Ioader

- Treatment High Low  Expected High Low Expected High Low Expected
Stage 1 $1,000 $650 5825 $ 370 §270 5 320 $ 370 3270 § 320
Stage 2 1,015 965 950 1,305 825 1,005 1,308 825 1,065
Stage 3 300 30 165 300 30 165 300 30 165
Impact 50 35 45 20 10 15 220 1560 190
Auxiliary 260 165 215 260 165 215 260 165 215
Engine
TABLE 7~3
SUMMARY OF ESTTMATED
q INCREMENTAL OVERHIEAD COSTS FOR
L NOISE ABATEMENT*
wn {COST PER UNIT)
Front Loader Side loader Rear Loader
Treatment High Low  Expected Iligh Low  Expected High Low  Expected
Stage 1 $ 690 $285 $390 5 335 §1é0 5§ 215 $ 320 $175 3 200
Stage 2 230 70 105 740 275 330 740 75 330
Stage 3 G0 20 25 60 20 25 60 20 25
.. ITmpact 70 25 30 20 5 10 330 75 150
Auxiliary 150 50 G5 150 50 G5 150 50 65

Engine

*the total cost for Stages 2 and 3 are the sum of the preceding Stages and the
Impact Nolse costs.

Source: Reference 7-1.




number of vehicles to be tested and the necessary documentation and procedures
will remain the same as the stage of quieting increases.

The total estimated cost ilncreases asscciated 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 each level is cumulative
over the preceding levels with the exception of impact and auxiliary engine

treatments, which have not been associated with a particular treatment level.

TABLE 7-4

SUMMARY QF TOTAL ESTIMATED
QOST FOR NOISE ABATEMENT*

Front Loader Side Loader Rear Loader

Treakment  High Low Expected High Low Expected High Low  [apected

Stage 1 $1,690 § 935 $1,215 § 705 § 460 $ 535 §$ 690 § 445 § 520

Stage 2 2,935 1,970 2,310 2,750 1,560 1,930 2,735 1,545 1,915

Stage 3 3,295 2,020 2,500 3,110 1,610 2,120 3,095 1,595 2,105

Impact 120 60 75 40 15 25 550 235 340

Auxiliary 410 215 280 410 215 280 410 215 280
Engine

*These estimates do not reflect estimated maintenance and operating cost changes.
The total cost for each Treatment Stage is the sum of the dollar value shown

for that Stage and the cost of Impact Noise Abatement.
Source: Reference 7-1.
TABLE 7-5

SUMMARY OF TOTAL CSTIMATED
QOST INCREASES FOR
OISE ABATEMENT

Treatment Front Loader 8Side Loader Rear Loader
Stage 1 51,215 5 535 $ 520
Stage 2 2,310 1,930 1,915
Stage 3 2,500 2,120 2,105
Impact 75 25 340
Auxiliary Engine 280 280 280

Source: Table 7-4.
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The EPA cost estimates shown in Table 7-5 are compared with estimates

supplied by specific compactor body manufacturers in Table 7-6.

TABLE 7-6

MANUFACTUORERS INPUT AND EPA ESTIMATES

Front Loaders Stage 1 Stage 2% Stage 3
Manufacturer #l Estimate 51,085 §2,600 52,870
Manufacturer #2 Estimate 840 1,100 3,520

CPA Estimates:

~ Expected 1,215 2,310 2,500

~ High 1,690 2,935 3,295

= Low 935 1,970 2,020
Roar Loaders Stage 1** Stage 2 Stage 3

Hanufacturer #1 Estimates:

-~ RL (A) § 775 51,765 $1,935
- RL (B) 780 1,785 1,965
- AL (C) B35 1,925 2,110
Hanufacturer #2 Estimate 840 1,100 3,520

EPA Dstimates:

-~ Expected 520 1,915 2,105
- Hiqgh 690 2,735 3,095
- Low : 445 1,545 1,595

Manufacturars not identified due to the confidential

nature of the information,
Mo response received from aside loader manufacturers.,

NOTE:

Sourca: Table 7-4 and Reference 7-1.

*Manufacturer #1 estimalke is based on a front mounkt, direct drive
pump. The EPA estimate assumes the £lywheecl PTO option on a
Company L chassis,

**Stage 1: Manufacturer #1 estimates include the cost of an improved
specd control deyice. The EPA estimales assume that the existing
engine governor is adequate.
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The impact of noise contiol treatments on maintenance and opemtbing

costs are summarized in the Eollowing tables
TABLE 7-7

SUMMARY OF INCREMENTAL MALNITENANCE
AND OPERATING COSES DUE 1O QUIBTING
(DOLLARS PER VEHICLE PER YEAR)

Maintenance Qperating
Front Side Rear Froat S1de Reat
Treatment Loader Loader [oader Loader Iloader [eader

Stage 1 $ 6 s o 3 0 $-114 § -%9 § -09

Stage 2 0 GO 6o ~-114 =09 =49
Stage 3 10-15 10-15 10-15 ~114 -99 =99
Impact 40-50 15-20 15-20

Auxiliary 15-20 15-20 15-20
Source: Reference 7-1.

Lead Time for Inplementation

The lead time associated with implamentation of quieting technology
‘for compactor bodies is conservatively estimated at 12 to 18 months. With
a few minor exceptions, the compactor technology affects only the munking
operation of the compactor assembly on the chassis., The impact on the
production and assembly operations is negligible. In addition, the

conponents affected by the technology are primrily putchased items which

are readily available from suppliers., Therefore, 12 to 18 months should be

sufficient for the required enginecring and marketing efforts and for
depleting present inventories and building new ovnes.

ECONOMIC IMPACT

-Introduction

This section describes the estimated economnic impacts of the
adoption of three different noise treatment stages.

Market and total industry impacts are considered first, then the
implications of these impacts are correlated with other factors and analyzed
to identify specific impacts regarding individual £imms or yroups of fimis.
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Analysis of informakbion chbained from manufactus2es, v makerial and
coaamoent supptises, Adisteibubors, and end asers has established a probable
ovorall Franawosrt for s0lid waske comactor indushry/market reastion to
adopkion of the aolan omission standacds swprested for stirdy,  The elements
nf this firamawock are:

1. The tokal ~osts o manufackiee the equicnank will inerease.

2. The manufacturers, wikthin their competibive Framewory, will
pass this ot on ia the fom of an ineecase ia Ehe distcibutor price
{1ist price).

3. The distributor will pass it cost incraase on i1 the fora oFf an
iacrease in the negotiated price ko the and usaor.

4.  The trugk-inounted solid waste oconpactor end user will pass
the increase in his equipnent purchase costs on o his cuskomrs as an
increase in the price of collection services provided.  Bnd usars will also
pAass on incrsased costs in omerations and maintenance, if any. In Ehe
.case of municipalities, incveased onsts will be reflacted in increased
maéts for the taspayer, |

5. PFinal chonges in industey prices and volumes will reflect the
changes in solid waste conpactor purchase prices amd operating cosks,

6. Oltimakely, the consmer will pay a hinher wrice for collection
sorvices Jdue to the increased oosk resulbing from reduced noise.  This '
will he reflected in higher prices paid for the secvices whioh ukilize
s0lid waste compactors, IF thece are over-all cost reductions as oppoged
to oost inereases from the adoption of noise control technoloqy, conpeti-

tive pressures will cause cost slecreases ko be passed on down the econonic

chain to the consumzar in the foem of lower prices,
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7. It is assumed that the technology and resulting oosts used in the
study would be the actual future technoliogy adopted and costs incurved.
This approach is conservative because, with the passage of time, new
technology at lower costs is likely to be develooed. Thus, the current
costs used in this study (which are based on an assessment of on-the-shelf

technology) are essentially an upper bound estimate.

There are several special charvacteristics of the campactor body

industry which should he noted in conjunction with the above overall impact

Eramework. First, most of the larger solid waste compactor manufacturers

have a noise engineering staff and are currently manufacturing quieted
products (on a special order basis ak a higher price) while other manu~

facturers have no quieting experience., The Eormer conpaning should be

better prepared to meet the noise emission standavds when they are set.
Their initial costs under the standards will probably be lower than for

those firms which have little or no experienca in quieting kheir products,

if they maintain their current advantage. And, in that the compactor body

market is extrensly vrice-conpetitive, the prices of these larger Eirms
with quieting ekperience will tend to becore industry prices. Pirms
without ruieting experience will have to meet the esktablished market price
level and can be nxpected to absorb costs in the Eorm of lower profit
margins until their costs are in line.

Second, a truck-mounted solid waste conpactor is a capital good
which provides a flow of produckive secvice over a period of years.

Thus, first year cost/orice increases are reflectei only in khe portion
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of canpactor bodies mamifacktuesd and nubt in secvice thab year. Fnd user
casts will conkinue ko rise until all the equipment in service is gquisted.

Anothar factor to note iz that, given the competition in the industry,
neice increases for services in the end user markeks depend on the lavel
of cost increases, These costs include the increased price of squipment,
axpendicnres for maintenance and operations, and mosks associated wikh
decreases, if any, in produckiviey Eronm changed performance charactavisties.

Fourth, anothee impoctant consideration is that the purchaser views
the orice of a solid waste conpackor Ixxdy as only a portion of the total
—rice of an opegational unik. The cosk of the truck chassis and addiclonal
accessories necessarv Lo make a conplete unikt can amount ko 60 percent of
the tokal wrige. Thus, orice increases rdeveloped fior the compactor body
alone, when viawed From the huyer's perspective, epresent an overestimate
of the percent peice increase.

Firnally, coupliance enforcement will focus on the final assembler oc
mounter oF the eompackar body onko the trock chassis. This is a Eunchion
nov pecforme] by distributors for appeoximately 30 percent nf the comoactor
odies sold, Many of these Adistrihutors may not be capable of adesjuate
installation testing and conpliance verification when new noise standards
ara proauliaked,  This may place smaller Adistributors akb a competitive
disadvantage with lavger and more capable distribubtors in the same market
area and/or shift the installation function umward to the boly manufacturer.
n ovder to avoid nlacing an excessive keskting bhuelen on disteibutiors who
assemhle conpactor vehicles, the disteibutors will be permithed to relv on
the nroduction verification bests of the compactor bodv manufackurer iF the

Aisteimbtoe faithfolly follows the assombly iastruactions peovidaed hy the

momnackor hody manufactiucer.,
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Dynamics
*Adjusting to a Known Future

The dynanics associated with khe adoption of noise emission standards

reflect econonic conditions which are somawhat unique. 1In effect, the truck-

mounted solid waskte compactor end uger 1s not wesponding to short—term or
unaxpected phenomena, but rather to changes mandated for som: point in the
future—--two or three or possibly even eight or ten yeurs away. Thus, the
raquirements for adjustwent age neither unexpected nor the result of a
gradual long-term trend. 'They are definite and scheduled, and the adjust-
ment cesponse Wwill reflect this.

The economic lnpact 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 state of axpectations today, it is estimated-
that the major adjustments required will be made in the first year of
enforcement. The adjustment period is expected to extend beyond the first
yaar, but to be of second order siqgnificance.

*Extending the Life of Unguizted Equigent

Muring the first year of enforcemant, it is, anticipated that old solid
waste compactors not subject ko regulation may very well be 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
cut 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 ovdinances will narrvaow the range of applications for
the unquieted units. Furkher adjustments 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 Unquieted Equipment

There is also a dynamic problem in reflecting the adjustiments which
may occur because of rearranging the timing of purchases to avoid buying
more expensive solid waste conpactors as long as possible. The strength of
economic incentives for rearranging the timing of purchases will depend con
a number of factors. It will be a function of the size of the cost penalty,
constraints on sales set by manufacturing capacity, the availahility of
capital funds and negative incentives caused by the possible 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 veplace equipment ahead of the normal cycle in
order to purchase at lower prices before the regulation takes effect. In
this case, the stock of solid waste compactors will be higher befora the
regulation becones 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 falrly constant growth in unit volume over the next several ysars.
Consequently, existing plant capacity should be adequate to absorb a
substantial surge of prebuying.

Extension of the life of current compactor bodies and prebuying hoth
imdicate the period of adjustment is likely to last longer than one year,

The amount of activity in each case is directly related to the size of the

cost penalty incurred,

7-23

e N D




Pegulatory Sequence

The magnitude of changes caused by the enforcement of the regulation
in any one given year will tend to directly affect the impact occurring in
that year. For esample, EPA's model 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 sharper sconomic impact and create
more incentives for prebuying and other rearrvangements to avoid the
consequences of the regulation, rather than a stair-step type of sequence
in which Stage 2 is reached after a number of years at Stage 1.

a chronological sequence of three stages was used in this section
for initial assessment of economic impacts: Stage 1 was assumed to
be efEective on July 1, 1980; Stage 2 on July 1, 1982; and Stage 3 on
July 1, 1985. 4As the effective dates have shifted, the whola chronology
of cumulative effects has also shifted.

INPACT ASSESSHENT
Volume Impact
l. 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 occurrence since it is
reflected in other changes such as production employment, activity in
downstregm channels of distribution anq effects transmitted to upskream

component suppliers.

2. Baseline Forecast

The baseline forecast provides a preo~regulation base of estimated future
industey activity levels, which 1s then related to estimated post-regulation

activity lavels to determine the economnic impacts of the regulations.
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The baseline forecast through 1993 and 1995 is presented in Tables
7-8 and 7~9. The forecast is a composite projection of unit shipments
that is based on manufacturers' Eorecasts.

-It can be seen that side loader and front loader shipments are
expected to grow fastest between 1975 and 1985. Rear loader shipments
are expected to decline by one percent per year over the period 1375-1985,
The growth of all three body types is expected to be 2 percent over
the period 1985-1995,

The projections are in marked contrast to the actual shipment growth
of ten bercent per year between 1964 and 1974, This rapid growth rate
resulted, first from increasing market penetration by compactor hodies
during‘ this period (open body collection trucks were being phased out) and
second, from the substantial increase in total solid wastes being collected
between 1964-1974., The latter resulted Erom 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 guantity 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 &nd multi-unit dwelling market. Side
loaders are projected to increase significantly to about a Y~percent annual
growth rate during the first decade and stabilize during the second pericd.
There will probably be an increased replacement of rear loaders by side
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TARLE 7-8

DBASALINE FORICAST #Y YEAR AND COMPACTOR RODY TYPR
1980~1993

—— —_—

BASFELINE FORRCAST( 1}

Total ~ Front  Side . Reat imader ___ "

Year Units _ Toader ILoader | Total OQuieted(2) Standard

1980 13,700 1,600 4,100 8,000 800 7,200

1981 13,985 1,680 4,305 3,000 800 7,200

1982 14,204 1,764 4,520 8,000 BOO 7,200

1983 14,598 1,852 4,744 8,000 800 7,200

1984 14,928 1,945 . 4,983 8,000 800 7,200

1985 15,275 2,042 45,233 8,000 800 7,200

1986 15,581 2,083 5,338 8,160 816 7.344

1987 15,893 2,125 5,445 8,323 432 7,491

1988 16,211 2,167 5,554 8,490 849 7,641

1989 16,535 2,210 5,665 f,A60 866 7,794

1990 16,866 2,255 5,778 8,833 883 7,950

1991 17,204 2,300 5,894 2,010 901 8,109

1992 17,5947  2,34p 6,01 9,190 419 8,27

1993 17,399 2,393 5,132 9,374 937 8,437

Source: Bxhihit V=2 (Reference 7-1).

Notés: (1) Thizs table iz the detailed breakdown of BExhibit
V-2 of Ref. 7-1 showing the projected estimates
of units for each compactor hody type,

{2} ouizted (nits are produced for rear loaders only, and
are estinated at 10% of total rear loader units.
TABFJE 7"9
COMPOSITE MANUFACTURERS' PROTECTION
0F LNIP SHISMENTS, 1975-1985
Average Aannual Growth Rates
Body Typ2 1975-1980 1980~1985  1985-1995
Front Uoader 5% 5% 2%
Side Loader 12 5 2
Rear Loader =2 0 2
Total 2% 2% 2%
Source: Reference 7-1.
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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 pericd,

These factors include the fact that the packer body market has been
fully penetrated so that future new unit sales will result from growth
in s0lid waste generation and replacement of units being rel:ired.‘

Also, as indicated in Section 2 of Reference 7-1, the arowth of total
s0lid wastes reqguiring collection is expected to be at a lower rate. This
will be coupled with some technological changes in packer bodies that will
result in shipments growing even slower than increases in solid wastes
generated, These changes include larger packer body capacity and, compac-
tion density, particularly for municipal E£leets, and the use of transfer
stations, combined with satellite units, to make waste transport cellection
and disposal more efficient. Highway load restrictions place an upper
limit on packer hody capacity and compacting density. Also, the mix oF
packer bodies by type will shift toward more productive equipment. Front
loaders may be substituted for rear loaders Ffor non-residential applica-
tions and side loaders may be substituted for rear lnaders Ffor residential
applications.

The latter is supported by data presented in a recent study which are

summarized in Tahle 7-10.
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TARLE 7-10
ON~ROUTE PRODUCTCIVITY AND COLLECTION COSTS

Vehicle ___ Productivity/Collection Hours Costs
System loader Crew lHomes/ Tons/ Homes/ Tons/  Homes
Number fType_ _  Size Crewnan Crewman Crew Cretw  Year Ton
1 Side 1 107 2.5 107 2.5 59.88 $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 58 1.5 123 A 11,44 8.72
5 Rear 3 35 1.1 104 3.3 an.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 Dztachable
Contnr. 2 67 .8 138 1.7 28,52 21,15
b Rear - 3 66 1.1 200 3.3 20,96  14.67
10 Rear 2 35 .6 72 1.2 16,64 19.26
11 Rear 2 22 N 44 1.1 24.44 18.41

Source: "Eleven Residential Pickup Systems Comparad for Cost and
Productivity," Kenneth A. Shuster, Solid Waste Management,
May 1975. (Reference 7-2).

Even though the above systems varied considerably, (i.e., point of
collection, Erequency of collection, incentive system, loading methed, and
vehicle size and type, eto.), it appears that generally, one-man crews
with side loaders are more cefficient than other collection systems. This
ia further demonstrated in Table 7-11. The importance of these effi-
clengy factors for side loaders is further enhanced when it is recognized
that side leaders are mst effectively applied to curbside collection
systemz, which presently account for 60 percent of the collection systems
in the 1.8, and which are expected to further increass in importance in
future years.

It is believed that the value of shipments will increase somewhat
faster than unit shiprents dua ko increased body size, product improvenents

to achieve gr2ater conpaction density, and other product madifications.
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TABLE 7-11

PERCENYT OF 'TOTAL TIME UTILIZATION

Crew Crew Mon-
System Crew Teader Produc— Produc—
Number Size Type tive Time tive Time Total
1 1 Side 98,.5% 1.5% 100%
2 1 Side 97.2 2.8 100
3 1 Sida 97.6 2.4 100
4 2 Rear 63.0 37.0 100
5 2 Tear 58,3 41,7 100
6 2 Detach.
Contnr. 69.5 30.5 100
7 3 Rear 61.3 38.7 100
8 3 Rear 58.7 41.3 100
9 3 Rear 61.0 39.0 100

Source: Residential Collection Systems,
U.5. Enviponmental Protection Agency,
{530/8W~97c. 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 thase growth rates, are
gshown in Table 7-12, In 1983, unit shipments are expected to he 15,000,
and the value of shipments is expected to be 5173 million.

Projected unit shipments for the time Frame up to 1995 are needed to
evaluate the economic impact of a tokally quisted population of solid waste

compactor hodies.

7-29




TABLE 7-12

ESTIMATED AND PROJECTED UNILT AND DOLLAR
VDLUMES OF 'TRUCK~MOUNTED SOLID WASTE
COMPACDIR BIDIES, 1974-85%
S(MILLIONS) - WNITS (000s)

Avecage Annual

Estimated Projected Grrwth Rate
Unit Shipments _ 1974 980 1985 _.1974-1985
Front Toader 1.2 1.6 2.0 5%
Side loader 2.1 4.1 5.2 9
Rear Loader 9.0 8.0 8.0 -1
‘[OTAL 12.3 13.7 15.2 2%
Value of
shirments $125 149 §173 3%

e

Source: Manufactursrs® interviews and projections,
* pollar forecasts are in 1974 constant dollars.

It is shown in Sectiocn 2 of Reference 7-1 that total gross discacds
nf solid wastes are expected to increass 2.5 percent annually between
1980-1990. WMo forecast is curcently available beyond that time Erame,
Conaequently, the 2.5 percent has been utilized as the best measure avail-

able. Tt is reasonable to assume, however, that technology advances will

increase the capacity per unit and offset the 2.5 percent average annual

growth éstimate. 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.

7-30




TABLE 7-13

PROJECTED UNI'M S{IIPMENTS OF
SOLID WASTE COMPACTOR BODIES,

1985-1995
{thousands)
_ . Average Annual
_ Growth Rate

Body Type 1985 1990 1995 __1985-1995
Front Loader 2.0 2.2 2.4 2% !
Side Loader 5.2 5.7 6.3 2%
Rear Loader 8.0 8.8 9,7 2%
Total 15.2 6.7 18.4 2%

Source: Table 7-12 and Manufacturers' interviews and projections.

3a. Pricing and Price Elasticity

Assuming a full incremental cost pass-aleng, purchasers of quieted
solid waste compactors will be presented with price increases attribut-
able to the costs of sound attenuation, compliance, and enforcement.
Estimates of the price increases that would result £rom 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 control has been ingluded wj.th each of the lavels,

Quieted units produced on a special order basis are alsoc 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 from the qui.etihg treatment was approximataly ten percent. In

that it was not possible to relate the quisted units to a specific noise
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standard, the incremental ;:;rice of these units is treated as a reduction
in the cost to attain the EPA specified technolegy levels, Quisted side
or front loaders are not produced.
TABLE 7-14
ESTIMATED AVERAGE LIST PRICE

PERCENTAGE [NCREASE BY
NOISE LEVEL AND CATEGORY

__._Stagel = _Stage2 = ___Stage 3 _
Compactor Stan- Stan- Stan-
Body Type dard  Quieted dard Quieted dard Quieted
Front Toaders 6.9% -— 12.7% - 13.7% -
Side Loaders 7.3 - 25,6 - 28.0 —_—
Rear Londers 7.4 — 19,5 9.5% 21.1 11.1%

Source: Reference 7-1.

Considerakon was also given to the costs of quieting auxiliary engine
usage on side and rear loaders, but analysis indicated that there was no
significant differance between the costs of quieting auxiliary engines and
the costs of quizting standacd units.

The expected price increases between noise control stages for each
type of compactor hody are presented in detail in Table 7-15 and sum—
marized in Table 7-16,

The dynanics of demand volume reaction to increasad solid waste
compactor prices can he 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 cogts, and crew productivity,

C. The ease of substitution of one packer body type for another
{l.e., side loaders For vear loaders).

D, The option of renting or leasing truck-mounted solid waste

compackors as an alternative to purchasing the equipment,
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‘PABLE 7-15

ESTIMATED INCREMENTAL PRICE BETWEEN NOISG COWNTROL STAGES BY COMPACTOR BODY TYPE

Notes:

—

7-33

1) Quieted units are produced for rear loaders only.
2) No calculation made for Stage 1 rear loaders since price of
quieted units exceeded estimated onst for Stage 1 technology.

BEstimated fTotal Total Total Percent
Inerease Stage 1 Stage 2 Stage 3 Change
Average nNatween fverage Average Average  Between
Standard Unite Level Price Stages Price = Price Price Stages .
Front loader o 1 518,780 $1,290 $20,070 — -— 6.9%
1-2 1,095 $21,165 5.5
2=3 190 $21,355 0.9
Side Loader ™ 1 7,650 560 8,210 —_— - 7.3
12 ‘ 1,395 9,605 17.0
2-3 190 9,795 2.0
Rear lLoader To 1 11,580 860 12,440 7.4
: 1-2 1,395 : 13,835 1.2
2-3 180 14,025 1.4
Quieted Units(1)
(2)
Rear Loader To 1 - {2}
‘ 1-2 12,740 1,095 13,835 8.6
2~3 190 14,025 1.4
Source: Exhibits v=1, V-2 and V-3 (Reference 7-1).




TABLE 7-16

PERCENT INCREMENTAL PRICE
BETWEEN NOISE CCNTROL STAGES

Stage 1 Stage 2

Compactor Body Type To Stage 1 to 2 to 3
Standard Unit
Front Loader 6.9% 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

* Quieted front and side loaders are not manufactured.
** Quieted rear loaders are estimated to cost 10 percent more
than standard units. This amount exceeds the Stage 1 expected

increase.

Source; Table 7-15.

E. The trade-off of new equipment purchases to extending the life
of used equipment.

F. The ease of substitution of competitive solid waste collecticn
systems.

G. The potential for achieving greater efficiency of operation.

H. The level of imports and exports.

3b. Cost Estimates of Regulatory Options

EPA considered various 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 allewable, and 3) quieting technelogy.
Because the costs of quieting are dependent upon theae factors, the costs
associated with these options also vary. Estimates for these options have

been developed and are summarized in Table 7-17 for the major cost elements;
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. , régulatory levels,

. eemme——

operating {or fuel)} costs, maintenance costs, and equipment coskts (direct
labor and materials). Table 7-18 shows the percentage cost increase needed
to achieve the required noise levells of the regulatory options, as well as
the equivalent annual cost for implementing and maintaining the noise level
of selected options,

An illustrative example of the interrelaticnships between the various
cost elements and possible regulatory levels is presented in terms of one of
the requlatory options considered. This option reguires the noise level of
truck-mounted solid waste compactor bodies to reach a maximum of 79 4BA in
1980 and 76 <BA in 1982, To achieve the 79 dBA level, Stage 2 technology is
asshmed for all compactor body types. To reach the overall 76 dBA level,
there will be a 3 dBA noise reduction in the truck itself, due to the noise
regulation which EPA has promulgated for medinm and heavy duty trucks (41 FR

15538}, It should be noted that the first regulatory year is 1980 and that

khe revised measurement methodology has resulted in a 1 dB change in both

In terms of "end-year" results, the option provides the

. éarne benefits previously calculated and the economic analysis yilelds the same

- results.

The costs for this regulatory option are exactly equal to those
costs needed to achieve Stage 2 technology. Using the average price
of the compactor body, the estimated increase in price from the
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 rvear
loadérs. On quieted rear loaders the estimated percentage price in-

crease is 9.5 percent., Estimated maintenance cost increases are small

mfor all compactor body types. They averaged $45.00 for front
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TABLE 7-17

SUMMARY OF FUEL, MAINTENANCE AND BQUIPMENT COST
ESTIMATES ASSOCIATED WITH PROPOSED REGULATORY CPTIONS

Opticn Year NTE* Treatment  Body Type Fuel Cost Maintenance BEquipment

Level Stage Increment Cost Increment Cost Incrament
§ ] 3

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

Rear Loader - 99.00 17.50 860.00

5 l9@ 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

7 1980 79 Stage 2 Front Loader -114,00 45,00 2,385.,00

Side lLoader - 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

Rear Loader = 99,00 77.50 2,255.00

a 1980 81 Stage 1  Front Loader -114,00 45,00 1,290.00

Side oader =~ 99.00 17.50 560.00

Rear Loader - 99.00 17.50 860,00

a 9@ 80 Stage 1 Front Loader ~114,00 45.00 1,250.00

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 - 959.00 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

5ide Loader - 99.00 90.00 2,145,00

Rear [oader - 09.00 30.00 2,445.00

*Not to Exceed

Source: Tables 5-1, 7-5, 7-7.
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TABLE 7-18

REGULATORY OPTICNS AND CGST IMPACTS

1980 1982 Equivalent
Annual Costs
Cption No. Regulatory %Cost Incwease Regulatory 3Cost Increase S(Millions)
Llevel Level
Baseline New truck Q New truck 0 ]
83 dBA @ 80 dBA @
50 feet 50 feet
1 81 3.7 76 G.2* 18.9
3 (not 0 80 347 2.7
regulated)
5 (not 0 76 9.9 17.5
. regulated)
7 79 9.9 76 0 21.5

Souroe: Table 7-15, Table 7-17, and EPA analysis.
*Incremental percentage cost increase due to moving from Stage 1 technology
to Stage 2 technoleagy.
loaders and $77.50 for both side and rear loaders. Fuel (operating) costs will
decrease due to the reduced engine speeds entailed in the quieted compactors.
Front loader fuel reductions are cxpected to be $114.00 while slde and rear
loader trash compactors will have reduced fuel expenses of about $99.00 per year.
It should be noted, however, that the percentage price increases are based
on the cost of the compactor body alone, not the prices of the complete opem~
tional unit which also includes the truck chassis and cab. The effective per-
centage price increase computed using the total price of the cperational 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.
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Based on price increames for the complete operational unit, the eguiva-
lent annual cost for adoption of the Option 7 regulatory scenario is §$21,5
million when the regulatory scenario begins in 1980. Pquivalent annual costs
for the other options range from $2,7 million te $18.9 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

of the market to a price increase. It relates the change in quantity

- demanded to the change in price. The estimate of elasticity reflects

the total net interaction of the preceding factors affecting the guantity
demanded as prices change from present levels.
Background & Assumptions:
A model of the "typlcal® solid waste compactor body end user was
constructed to evaluate the effects of price on volume and to analyze
several other econcmic Factors. The model represents a composite of all

end user types: large and small private contractors and mnunicipalities.

It is sumarized in Table 7-19.

The analysis which follows assumes that the "full Elow-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:

e = Percentage Change in Quantity Demanded {(q)
Percentage Change in Price (p)

e=dy/g=d9.p
dp/p dp ¢
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The analysis alsno assumes that demand for solid waste compackor
bodizs, as an intermediate product, is less sensitive to changes in its
own price when that product represents a small proportion of the ¢ost

for the final product or service demanded (i.e., solild waste collection).

TABLE 7-19

REPRESENTATIVE SOLID WASTE COMPACTOR
F4D USER COST STRUCTURE MODEL

Percent of Oper-

Expenge Cateqgory ating Revenues

Buipment maintenance 1.8
Collection labor 47.5
Pguioment operation 3.7
Other expenses 32.6
Depreciation (collectinn eguipment) 4.4

100.0%

Tokal expense
Source: Reference 7-1.

The rationale iz that for a given lesvel of demand For oollection secvices,
the impact of a change in compactor 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 small effect on the quantity dewmanded of hoth .
collectinn services offered and compactor baxdies.,

Table 7-19 shows that collection equipment (the major component of
the depreciation account) represents a small fraction of total operating

expenses, less than five percent. This includes kruck chassis, hodies

and containers. Considering that khe purchaser views the price of the
compactor body as onlv a portion of the total price of an operational

unit (i.e., truck chassis and cab) the price increases developed for
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the compactor body alone represent an overestimate of the percentage price
increase. Thus the depreclation expense for compactor bodiszs alone is in
effect an even smaller portion {of total operating expenses) than the

amount noted here. Therefore, a change in the price of new compactor

bodies resulting from noise abatement regulations has a small effect on the .

"derived” demand for new compactor equipment. This enhances the ability
of the compactor body manufacturer to pass through additional costs
without reducing production voluma significantly.

It is believed that there is a relatively low demand elasticity.
The reasons for this are:

A, FEquipment cost as reflecked in depreciation charges is a small
factor in the end user's total cost structure, Our medel indicates that
these costs represent 4.4 percent aof operating revenues.

B, Truck-mounted solid waste compactors presently have a high degree
of acceptance in the industry. There are no viable competitive systems.
C. Pifferential price increases hetween 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 atteibutable to this factor would
be expected.

- Do The level of imported and exported compactor bodies will not
be affected by a price increase at Stage 1, since all imported units will
be subjeet to the same noise abatement standard and exports will not be

subjected to the noise attenuation standards.

B, Leasing of compactor bodiss will not materially change due to 5Stage

1 price increases.
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F. The increased price for new equipment will not materially change
the trgde-offs associated with buying new equipment versus extending the
life of units currently in cpemtion.

"G, Some prebuying will occur in response to higher prices.

It is estimated that the elasticity of demand for truck-mounted
compactors 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 eguivalent annual costs relative
to changes in the demand elasticity for compactor bodies under noise
regulation, scenarics 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 & given percentage change (increase) in price; the second
case é;ssmnes no change in quantity demanded for a change in price (of
the magnitude discussed here.)

The equivalent annual costs of regulation assuming an elasticity of =1.0
are $19.8 million; assuming an elasticity. of 0, the equivalent annual costs
are $21.9 million. 1In 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 s 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. |

Estihates 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 gquieting for each category considered. A
separate calculation is made for each compactor bady type and for standard
and.quieted units. The volume inpact 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 ] reduction in unit

volume in 1980;
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TABLE 7-20

DEVELOPMENT OF ESTIMATED PRICE ADJUSTMENTS
ASSCCIATED WITH STAGE 1
NOISE EMISSION REQUIREMENTS

STANDARD UNITS ouIerep uNrTs(!)

: Average Expected Adjusted Percent Average Adjusted
Equipment List Price Average Price Price Average
Classification Price Increase List Price Increase Increase List Price
Front Loaders 518,780 $1,290 $20,070 6.9% —-(2) -
Side roaders(3) 7,650 560 8,210 7.3 —(2) -

Rear Loaders 11,580 860 12,440 7.4 - -

Source: Exhibits ITII-20 and II-6 (Reference 7-1).

Notes: - (1) Cost of Stage 1 quieted units estimated at 10% over standard price which is
greater than Stage 1 price increase. WNo computation of percent made.

(2) Quieted front or side loaders are not manufactured.
(3) Does not include prices for products built and sold as an integral body and

chassis unit.

7-43

R B S S e e ke e b et A1 1 s 1 e b e b




TARLE 7-21

PERCENT VOLUME DECLINE - STAGE 1(1}

STANDARD UNITS QUIETED unrrs(2)
Percent Percent: Percent Percent
Canpactor Price Decrease Price Decrease
Body Type BElasticity Increase in Demand Elasticity Increaze in Demand
Front Loader 220 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
ag developed in Sectlon II (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 equipnent, special
order bhasis only at an approximate price of 10% greater than standard
units. No incremental costs are expected due to applying the specified
noise 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)

TOTAL PROJECTED

UNITS SH1ppED1) FRONT LOADER SIDE LOADER REAR LOADER(Z)

Unit Decrease Adjusted Unit Adjusted Unit Adjusted Unit Adjusted

© Year from Baseline Baseline Decrease Baseline Decrease Baseline Decrease Baseline
1980 192 - 13,508 22 1,578 62 4,038 108 7,892
1981 197 13,788 24 1,656 65 4,240 108 7,892
1982 201 14,083 25 1,739 68 4,452 108 7,892
1983 205 14,393 26 1,826 N 4,675 108 7,892
1984 210 14,718 27 1,918 15 4,908 108 7,892
1985 216 15,059 29 2,013 79 - 5,154 108 7,892
1586 219 15,362 29 2,054 80 5,258 110 8,050
1987 224 15,669 30 2,095 g2 5,363 112 8,211

Source: Exhibits IV-2, V-6, and V-7 (Reference 7-1).

Notes: (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 iz 10% and this 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

Compactor Body Type Units Percent
Front loader 22 1,4%
Side loader 62 1.5 -
Rear loader 108 1.4

Total 192 1.4

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 increaées associated with
thé modifications necessary to achieve Stage 2 are presented in Table 7-24.
'I‘hé 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 volume in 1982 relative to the

- bageline volume,
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TABLE 7-24

DEVELOPMENT OF ESTIMATED PRICE ADJUSIMENTS
ASSOCIATED WITH STAGE 2
NOISE EMISSION RECUIRFMENTS

STANDARD UNITS QUIETED UNITS(!)
Average Expected adjusted Percent Expected Adjusted Percent
Equipment List Price List Price Price List Price
Clasgification Price Increase Price Increase Increase Price Increase
Front Loaders $18,780 2,385 521,165 12.7% —(2) — —
side lLoaders(3}) 7,650 1,955 - 9,605 25,6 --(2) —_ -
Rear Loaders 11,580 2,255 13,835 19.5 $1,095 812,675 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 huilt and sold as an inteqral 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
Frmt IDadEl’-' .20 12-7% 2.5% — - -
Sidje Loader «20 25.6 5.1 - - -
Rear Loader .20 19,5 3.9 .20 9.5% - 1.9%

Source: Exhibit V-2 (Reference 7-1)}.

Notes: (1) Volume impact is based on the cost of quieting each compactor body type as
. developed in Section II (Reference 7-1).
{2) Quieted units are assumed to require the same technology package as
unquieted units for this level. Quieted units are priced ten percent
higher than the equivalent unguieted units,
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TABLE 7-26

ADJUSTED BASELINE FORECAST - STAGE 2 (1980 - 1990)

TOTAL, PROJECTED - STANDARD QUIETED

UNITS SHIPPED(1) FRONT LOADER SIDE LOADER REAR LOADER REAR LOADER{2)

Unit Decrease Adjusted Unit Adjusted  Unit Adjusted Unit Adjusted Unit Adjusted

Year from Baseline Baseline Decrease Baseline Decrease Baseline Decrease Baseline Decrease Baseline
1980 545 13,155 40 1,560 209 3,891 281 6,919 15 801
1981 558 13,427 42 1,638 220 4,085 281 6,91% 15 801
1982 871 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 595 14,329 49 1,896 254 4,729 281 6,919 15 801
-1 1985 614 14,661 51 1,991 267 4,966 281 6,919 15 801
A 2986 626 14,955 52 2,031 272 5,066 2B6 7,088 16 800
~ 1987 639 15,254 53 2,072 278 5,167 292 7,199 16 8l6
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
19390 - 672 16,194 56 2,189 255 5,483 310 7,640 17 866

Source: Exhibits IV-2, V-6, and V-9 (Reference 7-1).

Notes: (1)

{(2)

L LD g i 30 1 58 b 4o e ANV St it et e b 0 1t 218 e et 1 2o 08

Unit decrease equals the difference between the baseline forecast and the baseline
as adjusted for the incremental price increase from baseline to Stage 2.

Quieted units are applicable to rear loaders only and estimated at 10% of total
units,



TARLE 7-27

STAGE 2 —~ ESTIMATED FIRST YEAR UNIT
REDUCTTON FROM BASELINE FORECAST, 1982+

Reduction in

Anhnual 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 compactor body. The largest unit reduction occurs in the rear loader
category. The largest percentage reduction occurs in the category of side loaders,
reflecting the higher cost of meeting a noise standard. The smallest unit and
percentage reduction occurs with front loaders., The introduction of a Stage 2
standard reduces industry volume approximately two percent below the 1981 baseline
shipment level. The adjusted baseline forecast represents a reduction of about
four percent from the average annual volume during the period 1982 to 1990.

‘Table 7-27 shows the volume impacts {annual volume reduction) for 1982 which
would follow from adeption of a regulatory option reguiring applicaton at Stage 2
technology starting in 1980, The unit reduction in annual volume for the complete

operational unit is one-half of the figures shown in Table 7-27, e.g., total

* The units of volume reduction for Stage 2 assume implementation of
that level exclusive of the impact of previous levels.
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"TABLE 7-28

DEVELOPHENT OF ESTIMATED PRICE ALTUSTMEINTS
ASSOCIATED WITH STAGE 3
WOISE EMISSICH REJUIREMENTS

STANDARD UNITS (IETED UNI'IS(”

Mverage Bxpected Adjusted Percent Uxpected cljusted  Percent
Equipment List Price List Price Brice List Price
Classification Price Increase Price Increase Increase  Price Increase
Front Loaders  $18,780 $2,575  $21,355  13.7% --(2) - -
Side Loaders(3} 7,650 2,145 9,975  28.0 —(2) —_— -
Kear Loaders 11,580 2,445 14,025  21.1 $1,285  S12,H65 11,1%
Scurce: Exnibits ITI-20 and II-6 (Reference 7-1).

MNotess (1)
{2)

Cost of yuieted units estimated at 10% over standard unit price.
Quieted front or side loaders are not manufactured,

(3) Dboes not include prices for products built and sold as an
integral body and chassis unit.
TABLE 7-29
PLRCENT VOLUME DECLINE - STAGE 3(1)
STANDARD UHITS WIETED Unrrsie)
Percent Percent Percuent Percent

Canpactor . Price Decrease Price Decrease

Dody Type Blasticity Increase  in Demand Blasticity Increase in Demand

Front Loader +20 13,7% 2,7% — —_ -

Side Leader 20 28,0 5.6 - - —

Rear Loader 20 21.1 4.2 <20 11.1% 2,2%

Source: Exhibit V-1 (Reference 7-1) and EPA Contractor estimates.

Notes: (1) Volume impact is based on the cost of guieting for each compactor body type
as developed in Section II (Reference 7-1)., This includes a separate
caleulation for 