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FOREWORD

The Draft Envircrmental Impact Statement, Economic
Impact Statement, and Dackground Document were
prepared in support of the Envirommental Protection
Agency's proposed regulation which sets noise
emisaion utandards for newly manufactured truck-
munted s0lld waate campactors. The proposed
regulation has been published pursuant to the
mandate of Congress as expressed in the Noise

Act of 1972 (86 Stat, 1234),
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SUMMARY SUEETS
FOR
DRAFT ENVIRRBENTAL IMPACT STATTMENT
PREPARED BY

QFFICE OF NOISE ABATIMENT AND COIROL

U. 5. ENVIRCRMENIAL PROTECTION AGENCY
1, Title of Action: Regulation of Noise Emissiona for Truck Mounted
folid Waste Compactors, This is an Adminiatrative Action.
2, Depeription of Action: The Enviromental Protection Agency's proposed
requlation is intended to reduce the level of noise emitted from truck mounted
polid waste compactoxs used in collecting solid wastes, The requlation is
alpo intended to establish a uniform national standard for thies equipment
distributed in commerce, thereby eliminating inconslistent State and local
nolse source emission regulations that may Impose an updue burden on the truck
mounted polid waste ocompactor imdustry. The recommended action proposes to
establish nolse emisaion standards for newly manufactured compactors and to
eotablish enforcement proocedures to ensure that this equipment complies with
the standard.

The proposed regulation ia based on enticipated health and welfare
benefita to the public by reducing noise emission from truck mounted solid
waste oompactors. In arxiving at the proposed regulation, the Envircormen-
tal Frotection Agency inventigated in detail the truck nounted solid waste
campector  industry, nolse control technology, poise measurement methodolo~
glea, and conts of campliance. “Three major issuen were identified requiring
resolution: (1) ldentification of machines to be requlated, (2) measurement
methodology to ba employed, and {3} noise levels and effective datea.
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Three typen of compactors are included as subject to the proposed
regulation: front losders, rear loaders, and gide loaders.
The propesed noise emisolon standards for truck mounted solld waste
campactors and effective dates are:
Maximum Steady h-Welghted

Sound Level
(dBpa) @ 7 Metero

Effective Dates Not~to-Exceed Sound Level
Januacy 1, 1979 78 decibels
January 1, 1982 75 decibels

Machinery-related impulse sounds shall not exceed the manimun steady
sound level limits by mora than 5 decibela,

A two-step reduction in equipment poise levels waa concluded to be
preferable to a one-step requirement that all equipment meet the most strip-
gent levels achlevable and desirable, To minimize market impacta from
aubstitution of unreguiated machines identical effective dates were set for
all equipment subject to the standards, The second step of the regulation s
scheduled to coincide with the second step of the poise requlation for medium
and beavy trucks on Januacy 1, 1982, The reduced (80 dBA)} sound level limit
{at full throttle, maximum engine speed) for pew trucks in 1982 should permit
attaimment of the reduced (75 dBA) limit (during the compaction cycle) for
compactors with no additional application of nolse control technology.

Ocher provisiona of the regulation relate to pound level degradation of
&npactm:a and the proposed LNEP level,

Pollowing the effective date of the requlation, newly manufactured
truck-mounted eolid weste compactors must be designed and manufactured to
meet the appropriate standard for a period (Acoustical Assurance Period)

vi
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of 3 years of 7500 operating hours, whichever cccurs flrst, after sale to the
ultimate purchaser, provided that the proeduct s properly used and maintained.
Iow Moise Bmisalon Product sound level for truck-mounted colld waste
canpactors 1s 70 dpa, effective January 1, 1978. The reason for selecting a
INFP level B8 dbA rather than the more usual 5 dBA below the initlal otandaxd
ia that certain currently available models come close to mecting a 73 dBA
level, and therefore asuch a INEP level would provide no incent:ive for further
development. of technology.
3. Envirommental Impact: Compliance with the proposed atandard for truck
mounted solid waste compactors, when considered in combination with existing
Federal standards for medium and heavy trucks, should result in a reduction
of agproximately 71 percent in the severity and erxtensiveness of trash collec-
tion nolse impact by the year 1991, aseuming 100 peccent turnover of requlated
equipment to quieted unita in that period. 7This represents an improvement of
approximately 88 percent over the bepefits that are anticipated from current

Federal noisa regulation of medium and heavy trucks.
List price increases to quiet pew truck mounted solid waate carmpactors

are estimated to range from 6.4 to 12.8 percent (based on the campleta wehicle),
depending on machine type and aize, The average llat price increase for all
machines is estimated to be 10,3 percent. 7This percentage increase is based

on the price of the complete compactor vehicle,
An econamic analysis of the truck mounited polid waste compactor manufac-

tucing industry indicates a significant price elasticlty of demand. Demand
could decreasa by as much as 4 percent as a result of the proposed regulation,

but total revenuea should remain constant as a result of associated price

increases,
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In temns of societal resources, capital costs for the Eirst year of
compliance are estimated at above $27 million, with annual oosts {including
emortized capital cost, operation and maintenance) at §6.5 million, compared
to 1974 net sales eatimated at 5125 million; and costs are expected to pooa
throwgh to the end uoer, and ultimately the conauner of waste collectlon
servicea, The equivalent annual costs of implementing the requlationa arve
estimated to be $18.7 million for the period of the complete regulatory
scenario.  Becnuse equipment coets represent a gmall portion of the total
ooat of solid waste collection, the copsequent cost increase for service ls
expected to be small, an estimated 0.5 percent.

Mr quality, water quality, land use, solid waste disposal requirements,
employment:, regional economics, foreign trade, national GNP, and energy
conaunption are not expected to be significantly fmpacted by the noise levels
proposed, The proposed requlation will support the efforts of the Federal
Trade Commission and other organizations to inform and protect consumers.

viid
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TRUCK-MOUNTED SOLID WASTE OCMPACTOR

DRART ENVIRONMENTAL IMPACT STATEMENT

AND
EQONOMIC IMPACT STATEMENT

ABSTRACT

This Draft Environmental Impact Statement sl the Economic Iirpact State-
ment. address a proposed polse emisslon regulation for truck mounted solld
waate compactors. In arriving at the proposed regulation, the Mgency carried
out detailed inveatigations of compactor deaign; manufacturing and assembly

processes; noise measurement methodologies; available noise control technology)

costa attendant to poiss control methoda; costs to test machines for compliance;

coats of record keeping; possible economic impactsp and the potential environ—
mental and health and welfare henefits associated with the application of
various noisa control measures. Data and information generated as a result of
these investigations are the basla for the statements made in Part I of this
document.,, Part I has been designed to present, in the simplest form, all
relevant information regarding the envirormental and economic impacts expected
to result from the proposed action. Where greater detall is desired, the
Agency encoucages perusal of Part XI, the "Background Document”.

- ey
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DRAFLT ENVIRONMENTAL IMBACT STATEMENT

INTRODUCTION

Qongreaa passed the Noise Control Act (NCA) of 1972, in part, as a result
of their findings that inadequately controlled nolse presents a growing danger
to the health and welfere of the nation's powulation, particulacly in ucban
areas. For this and other reasons, the Conjress established a national policy
to "promote an environment for all Americans free from nolse that jeopardizes
their hzalth or welfara"., T further this policy, the NCA provides for the
eateblishment of Federal noise emission standards for preducta disteibuted in

ocmmerce and specifiea four categories of important nolse sources for regulation,

of which transportation equipment is one.

It has been estimated that over 17 million pevple located in uchan,
suburban, and yural areas in the United States axe exposed to npolee levela
form trash collection equipment that jeopardize their health or welfare.

Inammuch as a number of different types of transportation equipment:
operates at the same time, the quieting of only one product type is often not
in itaelf sufficient to adequately reduce transportation nofse to a level
requisite to protect health or welfare, Accordingly, the EFA'S noise regula-
tory program has effected a coordinated approach to control overall trano-
portation noise in which varlous types of transportation equipment, alone or
in combination, are evaluated to assesa thelr contribution to transportation

noise and attendant impact on the nation's popalation.

- I
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Murpuant to the mandate of the Neise Control Act and EPA's approach to
the control of transportation noise, noise anisolon regulations wece promul-
gated on April 13, 1976, for medium and heavy trucks (41 FR 15538).

Tb further control trangportation noise, noise emission atandards for
truck mounted solid waste campactora are belng proposed at this time.

Truck Mounted Solid Wagte Compactorn

A truck-mounted solid waste compactor (TMAWC, or compactor) is defined,
for purposes of this regulation, as a vehicle that la comprised of a mechani-
cally powered truck cab and chassia or trailer, and equipped with a body and
machinery for recelving compacting, transporting, and unloading solid waste,
The body, which includes a waste-receiving hopper, houses machinery which
typically conusists of hydraulle actuators (rams) with requisite hydraulic
punp, valves, piping, and coatrels. The hydraulle actuators operate various
componients that sweep the waste matter into the container portion of the body
and compact it. Power generally la drawn from the truck emgine by meana of a
power take-off (PTO) unit, coupled by gears or other mechanical connection to
the tranemission, engine drive shaft, or fly wheel, Truck-mcunted solid waste
conpactors are used for the collection of solid wastes in residential and
cammercial areas.

The Agency determined that regulation of truck-maunted solld waste com-
pactora la required to protect the public health and welfare. The following
are the major types of compactors:

1. Front Loader. Compector boly that utilizes front mounted hydraulic
1ift arma to lift and dump waste containera Into an access door in the top
of the body., Wastes are typically ejected thraugh a tailgate.
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2. 5ide Loader. Compactor bodien vary: however, wasted are generally
depoaited manually into a hopper through an access door in the side wall,
Packer plates wtweep the wastes from the hopper into the body and compresn the
materiale agailnat an interior wall, in the same manner ag front loaders,

Some are also equipped to hydraulically lift and dump wacte contalners.
Ejection of wastes is usually through a tallgate. Some aide loader models
are pot equipped for packer plate ejection, but typleally, hydraulically lift
the front end of the body and dump the waste through a tailgate,

3. Rear Loader. CQompactor body on which the hopper in located on the
rear pection. Wastes are generally loaded manually into the hopper but some
models have the capability to hydraulically 1ift and dump containers. The
packer plate sweeps the wastes fram the hopper Into the body and compresses
the waste agalnst an interior wall surface, In most models, a hydraulically-
driven plate ias used for tailgate waste ejection.

Figure ) shows line drawings of a front loader, a side loader and a rear
loader, Detalls regarding identification of these machinea as candidates
for requlation, their design features and functional characteristica arce
contained in Part 2, the "Background Document®,
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Rear Loader

Figure 1. Line Drawings of Types of Compactors
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PROPOSED NOISE REGULATION
‘his proposed requlation is intended to reduce the level of noise emitted

from truck mounted polid waste conpactors. It also establishes a uniform
national standard for these machinen when they are distributed in commerce,

thereby elininating differing State and local noisce control gsource emission

requlations which may impose a burden on the truck mounted colid waste oompactor

industry.

Statutory Basias

The proposed action establishes noloe cmiosion standards for newly manu-
factured truck mounted polid waste compactors and enforcement proceduren
to enoure that this equipnent complies with the standard. fThis proposed
rulemaking is being lesved upder the authority of the Noine Control Act of
1972 (P,L,92-574, 86 Stat, 1236).
Alternatives Considered

Two alternatives to nolse emlsaion requlation avallable to EPA are: mo
actlon and labeling. These actions may be teaken only if {a) the product does
not contribute to the detriment of the public health and welface, or (b) in
the Mminiatrator's judgment poise emlsalon requlation ls pot feasible.

Specialty auxiliary equipment on trucka (of which truck-mounted solid
waste compactors are one category) was dentified, pursuant to section
5(b)(1) of the Molse Control Act of 1972, as a major noise source on May 28,
1975 (40 FR 23069). Subsequent to this identification comprehensive studiea
ware performed to evaluate truck-mounted solid waste compactor noise emlasion
levels requisite to protect the public health and welfare, taking into account
the magnitude and condition of use, the degree of noise reduction achievable
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through application of the best available technology and the cost of compliance.
The results of these atudies show that the regulation of truck-mounted polid
waGte compactor noioe is feasible through available technology taking cost of
compliance into account. Accordingly, the Act permits no alternative action

to be taken.

Proposed Regulation

Regulatory Schedule. The proposed nolse emission standarda and effective

dates are shown .in Table 1.
Table 1
PROPCGED NOISE EMISSION STANDARDS
Maximum Steady A-Welighted

Sound Level
(dBA) 8 7 Maters

Effective Dates Not-to~Exceed Sound Level
January 1, 1979 78 decibels
January 1, 1982 75 decibels

Machinery-related Impulse* sounda shall pot exceed the maximun steady
aourd level limits by more than 6 decibela,

The estimated health and welfare bhenefits from thia proposed regulation
can be attained only if the campactora conform to the regulated sound levels
for a reaesonable period of time., Therefore, the Adency proposes to adopt an
Aooustical Assurance Period (BAP) of three yeara of 7500 operating hours,

whichever occurs first.

fsoe discussion of Impulse sounds in Part 2, the Background Document.
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In conjunction with the proposed requlation, the Low Noise Emission
Product (LNEP) program provides incentives for achie.ment of lower moloe
emisaiono from regulated products than those required. The LNEP cound level
for compactors is 70 dDA, effective Jonuary 1, 1973,

Enforcement. The EPA will use the following two methods to detennine
whether truck mounted so0lid waste compactors comply with the acceptable nofise

emisaion standard:

Production verification - Prior to distribution into commerce of any

truck mounted nolid waste compuctor, as defiped in this regulation,
a manufacturer must submit information to EPA which demonstrates
that his product conforms to the standards.

Selective enforcement auditing - Pursuant to an administrative

request, a statistical sample of truck mounted solid waste compactor
may be tested to determine If the units, as they are produced, meet
the standard.

Relationship with Other Federal, State, and Local Government Agencies,

The proposed regulation will preempt any non-identical State and local regquia-
tions. It will Interact with several other government requlatory efforts, and
it will xequire aupplementary actiona by State and local governments in order
to achieve maximum benefit,

Federal Government Agenclen. Current Federal regulations applicable to

specialty truck noise are the EPA nolse emission standards for motor carrlers
ergaged 1n interatate commerce (39 FR 38208) and the EPA nolpe emisalon stan—
dards for medium and heavy trucks (41 FR 15538). The U.8. Dureau of Motor
Carrier Safety of the U.S5, Department of Transportaticn has also issved regula-

tiona for the purpose of establishing measurement procedures and methodologiea

~9 -
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for determining whether commercial motor vehicles conform to the Interstate
Motor Carcier Nolse Pmiscion Standards of EPA.  EPA in relying on this regula-
tion to quiet the trucks upon which the compactoro are mounted.

State and [ocal Government. Although the Noice Control Act prohibits any

Gtate or political subdivision thereof from adopting or cnforcing any law or

regulation which sets a 1imit on nolse emissions from such new products, or

canponents of such new products, which are not idential to the standard pre-

scribed by the Federal requlation, primacy responsibility for control of noige

rests with State and local governmentd,
tothing in the Act precludes or denies the right of any State or political

subdivision thereof from establishing and enforcing controls on environmental

nolse through the licenalng, regulation or restrictlon of the use, operation

or movement of any product or combination of products,
The noise controla which are reserved to State and local authority include,

but are pot limited to, the following:
1. Controls on the manner of operation of products W
2. Oontrels on the time in which products may be operated :
3, Controls on the placea in which products may be operated '
4, Controls on the number of products which may be operated together !
5. COontrola on polse emfssiona from the property on which products ace |

used

6. Controls on the licensing of products

7. Controls on environmental mojse levels,

-~ 10 -
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By use of the noise controls rescrved to them, State and local govermments
are able to supplement Federal noise emission standards and to effect near-term
relief from IMSWC noise, The EPA has developed a model ordinance to indicate
the form and content of an instcument whereby State and local governments may
control T™MSWC naioe in the absence of Federal regulaticn or in the time frame
before Federal requiations become effective. The model ordinance ia contained
in section 9 of Part 2 of this decument, the "Background Document”,

ENVIRONMENTAL IMPACT

The enviromental impacts of the proposed regulation include the primary
beneficlal impact, which is reduced annoyance from trash-collectlon noise
resulting from lower truck mounted solid waste compaetor nolse and the secondary
impacta on other environmental factors.

Impact on the Population of the United States

Compliance with the most stringent proposed standards will, on the averege,
reduce noise emlosions from truck-mounted s0lid waste compactors by 6 dBA;
canpared to the noisieat types of unita measured, reductlons may average as
high as 8.9 dBA. In terms of reduced impact on the nation'a population, the
reduction in sound laevel, when considered in combination with existing Federal
standards for medium and heavy trucks, should result in a reductlon of approxi-
mately 71 percent {n the severity and extensiveness of MTSWC nolse impact by
the yaar 1991, Thie represents an increase of approximately B8 percent in
additional benefits over those anticipated to accrue from current Federal
nolse regulationa of meduim and heavy trucks,

Impact on Other Environmental Considerations

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

use,

=11~
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Water Quality. The proposed requlation will have no adverse impact on
water quality or supply.

Adr Quality., The proposed regulation will have no odverge impact on
alr cquality,

Solid Vaate Diopesal Requirements. The proposed regulation will have no

adverse effects on 20lid waste disposal requirements.

vWildlife., The proposed reguluation will have no adverse effects on
wildlife.

~ 12 -
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ECONOMIC IMPACT STATTMEND

SUNMARY

The establishment of noise standards for newly manufactured truck-mounted
solld waste compactors gives rise to expenditures which would otherwise oot be
directly incurred by the private and public sectora. However, it should be
understood that the option of not paying for molse polluticn costn 1s unavail-
abla, fThe only question ir, in what form do we pay; for example, loaot worker
productivity due to noise induced task Interruption, lost sleep due to intrusive
noise, or succesnful litlgation for hearing loas.

Fecognizing that certain expenditures are necessary to protect the pubiic
health &nd welfare from inadequately controlled noise, the Agency performed
analysea to estimate the magnitude and potential impact of these expendlitures,
Examined in the analyses were the structure of the industry, the estimated
cost of abatement by compactor type, the price elasticity of demand, the
capital and annuzl costs of enforcement, the impact of enforcement on annual
operating apd maintenance coats and the indirect impacts of the proposed
regulations,

The followlng conclusions were reached in these atudies;

1. The aggregate list price of truck mounted solid waste oompactors

may increase by 10.3 percent, based on the cost of the complete
vehicle,

Z., It la eatimated that demand for truck mounted solid waste compactors

could decrease by aa much aa 4 percent, but total manufacturer

revenus in puch a case should remain unchanged due to increased

-~ 13 -
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due to increased prices. Some pre-buying s expected to occur prior
to the effective date of the regulation., However, this will be
limited Ly the available excess production capacity of about 4,000
wmita, almost entirely rear loaders.

The estimated increase in annuwal cocate to users (including increased
cepital coet, operation and maintenance) through the year 2000 is
eatimated to be about 56.5 million or an increase of approximately

0.5 percent.

—14-|
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ECNCMIC IMPACT ESTIMATES
Cost of Compliance.

Total capital and annual costa accruing from the propoaed regulatory
pchedule are displayed in Table 2,

Table 2
ESTIMATES OF TOTAL ANNUAL COSTS OF ABATEMENT
($ 0008)
Year
Coats 1982 1983 1964 1968 1990

Incremental Capital 27,431 2,802 2,864 3,110 3,233
Total Annual 6,520 6,659 6,007 7,391 7,686

Effects on Manufacturera

Demand Decline., Theoretically, based on economic theory and statistical
estimates of demand elasticity, unit demand ocould be expected to decline in
direct dollar-to dollar proportion to price increases resulting from noise
control. Further dampening of demand could also ensue from the imposikion of
higher ownership expensen resulting from the increased costa for operation and
maintenance (O&M). Because the OsM cost elastlcity is small, dollar sales
should remaln approximately the same, with price increases offsetting unit
Bales declina,

Profita. No significant change in profits is expected to occur over a
22 year period.
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Competitive Effects.

There are indications that a few small firma in

the industry, by virtue of their mmall market share and related financial

and operation factors, would incur higher menufactuting costs renulting in

slightly higher liot price Increases.

It is possible that one to three

manufactucers may ceane production of truck mounted solid waste compactorn

due to industry presgures

Direct Effect on Prices

Effect on Liot Priceg.

and canpetition.

cach type of loader is displayed in Table 3.
a per nodel basis may vary from the average since abatement costs are somewhat

senaitive to variations between machinea.

Table 3

ESTIMATED AVERAGE QOST INCBEASE AS A PERCENTAGE
OF LIST PRICE FOR THE OOMPLETE VEHICLE FOR

Compoc tor
Pody Type

Front loaders
Side lLoaders
Rear loaders

Effect on End User.

of Increased coats,

operates on the "full ocost pasa through” principles.
manufacturer are passed down to the end user through the distributor in the

THREE TYPES OF CCMPACTORS

Percentage Increase

6.4%

12.0%
9.8%

The end user will feel more of the direct impact

The truck mounted solid waste canpactor body industry

Cost increages to the

form of increased list price.

~i6 -

The avernge estimated increase in list price for

The potential cost increases on
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The conoumer of oolid waste collection pervices will ultimately absorb
the ooat incrcases through Increased collection rates. fThe rate increascn
are not expected to be olgnificant due to amortization of the incrcased costo
by the large number of consumers.

(a) The anticlpated percent increases for service will be jnsignificant;
approximately 0.51 percent.,

(b) ‘The increased service rates to the consumer will be paid indirectly
with taxes {1f municipal fleetn provide the service) or directly to private
haulers.

Effect on Operating & Maintenance Coats. The estimated average OsM cost

increanes to be faced by users in the collection industry ace displayed in
Table 4 for each type of compactor, based on a 100 percent population of units
conforming to the polse standard.

ESTIMATED OsM COST INCREASES (DECRFASES)
IN $'a PER VEDICLE PER YEAR

Dollacs
Front Ieader (50)
Side Loader (55)
Pear Joader (55)

tual OjM costa are expected to decrease due to reduced fuel requixements
resulting from the progressive noise control technology discussed in Part 2 of
this document,

Productivity Effects

Production of goods 48 estimated to decline in unit volume by no more
than 4 percent, FAmployment is not expected to change significantly due to
the noise regulationa.

- 17 -~
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Perconc who might be affected by the production reduction amount to less
than two percent of the employed population of about 2900 persons within the
industry and produce lesu than three percent of the total units estimated,

An offpetting increane in employment in expected to occur due to testing
and compliance rcoulting from the nolse treatment regulation.

Industry growth is not cxpected to be significantly impacted due to the
nolee abatement regulotion. Adequate lead time is provided to allow for
proper planning arxd avoid adverse conditions in the industry.

Bquipnent productivity will not be impacted by the noise standards.

Indirect Effecta

Impact on Suppllera. Some component ouppliers may increase thelr sales

deperding on their sbility to reduce the noise emlssions of their product and
thereby contribute to the reduction in overall machine nolse. Fuxthermore,
those suppliers speclalizing in the manufacture of sound damping and sound
shesorptive materials and other products required for abatement would be
expected to experience increased sales,

Impact on Exports and Importa. As the noise control treatments generally

represent add-on materials or substitute components, or hoth, machines for
export generally can be produced without noise control treatment, if desired,
Consequently, since units produced solely for export need pot comply with U.S,
noipe standards, the impact on exports should be minimal., With respect to
imports, the regulation will apply to imported compactors, Therefore, no
adverse campetitive impact la expected and, in view of the mmall percentage
of machinen Jmported, the proposed regulation should have no applicable

Impact on the U.S5. balance of paymenta,

- 18 -
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Impact on Energy Use. Technological changes due to nodse treatment
requlations are expected to result in lower fuel consumption. Annual fuel

savings of approximately 595 per unit are expected,

Macreeconomic Asasessment. Mo macroeconomic impact in expected as a

result of nolse abatement regulations on the truck mounted solid waste com-
pactor body Industry due to:

(a) The mipor aize of the Industry.

{b) The emall size of the changes expected to occur.

Inpact on Taxea, There will be an indirect increase in local taxes
where collection services are movided by municipal fleets but the amount of

the increase to the individual consumer snd taxpayer will be insignificant,

w19 -
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SECIION 1

INTRODUCTION

STATUIORY BASIS FOR ACIION

Through the Noise Control Act of 1972 (86 Stat. 1234), Congress cstabr
lished a national policy "to promote an environment for all Americans free
From noiae that jeopardizes their health and welfare.” In pursult of that
policy, Congresa atated in section 2 of the Act "while primary responsibility
for control of noise rests with State and local goveroments, Federal actlon
ia essentlal to deal with major nolse sources In commerce, control of which
requires National uniformity of treatment." As pact of this cogential Federal
action, Subsection 5(b){1) requires that the Adminiotrator of the U. S.
Environmental Protection Agency, after consultation with the appropriate
Federal agencies, publish a report or scries of reports "identifying products
{or classea of products) which In his judgment are major sources of noise,”
section 6 of the Aot requires the Adminlstrator to publish proposed regulations
for each product identified as a major source of poise amd for which, in hin
judgment, noise standards are feasible, Such products fall inte varlous
categories, of which surface transportation 1s one. Pursuant to subsection
5(b) (1), the Administrator haa published a report identifying truck-mounted

s80lld waste compacters as a major source of noise.
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PREEMPTION

Section 6{e){l) of the Noise Control Act states that after the effective
date of a Federal regulation "no State or political sulxdivision thercof may
adopt or cnforce,..any law or regulation which gets a limit on noine cmigslons
from such new product and which io not identical te such regulation of the
Administrator."” Secction 6(c) (2), however, states that "nothing in this
gsection precludes or denies the right of any State or political subdivision
thereof to cstablish and enforce controls on environmental nolse (on 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 ia the distinction between nolse cmisslon
standards on products, which may be precmpted by Fedecal regulations, and
atandards on the use, operation, or movement of products, which are reserved
to the states and localities by Section 6(e) (2).

Section 6{e) (1) forbida State and local municipalities from controlling
noise from producta through lawa or requlationa that prohibit the sale
{or offering for pale) of new products for which different Federal nolse
emisaion atandards alceady have been promulgated, States and localities
may augment the cnforcement duties of the EPA by enacting a regulation
identical to the Federal requlation, since such action on the State or local
level would assist in accomplishing the purpese of the Act, Further, State
and local municipalitien may regulate noisc emissions for all new products

that were manufactured before the effective date of the Federal requlation(s).
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Section G(e) (2) explicitly reserves to the atates and thelr political
sutxdiviniona a much broader authority: the right to "establich and enforce
controls on environmental nelae (or one or more aources thercof) through
the licensing, regulation or restriction of the uge, operation, or movement
of any product or combination of product.” Environmental noise 18 defined
ag the "Intenalty, duration, and character of sounds from all sourcen"
{scction 2 [11]). Limits may be proposed on the total character and
intenaity of sourds that may be emitted from all noise sources, "products
and combinations of products.”

State and local governments may regulate community noise levels more
effectively ad equitably than the Federal government due to thelr per-
spective on and knowledge of state and local situations. The Federal
Goverment may assume the duties involved in regulating products distributed
nationwide hecause It is required and equipped to do so. Congress divided
the nolse emission regulation power in this manner to allow cach level
of government to fulfill that function for which it ls beat suited. Through
the coordination of these dlvided powers, a comprehensive regulatory program
can be effectively designed and enforced,

One example of the type of regulation left open to the localities la
the propecty line requlation, 7This type of regulation would limit the

level of environmental nolse reaching the boundary of a particular plece
of property. WNoise emitters would be free, insofar as State regulations

are concerned, to use any producta whatsoever, as long as they are used or

1-3
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operated in such a fashion go as not to cmit nolse in exceos of the state-
ppecified limits. This type of requlaticn may be applied to many different
typeo of propecties, ranging from regidential lots to conatruction aitea.
In ouch a cage, state and local requlation of trash compactor trucka may
take the form of, but would not be limited to, the following examplen:
o Quantitative limits on environmental noise received in opecific
land use zones, ag in a quantitative noise ordinance.
o Nulsance lawsn amounting to operation or uge restrictions {including,
for example, curfews).
o Other similar requlations within the powers reserved to the states
and localities by Section G6(e) (2).
In this manner, local areas may balance the {ssues lnvolved to arrive at
a psatiafactory enviropmental nolse regulation(s) that protect the public
health and welfare as much as decemed possible,

LABELING
The enforcement strategies outlined in Section 8 of this document

will be accompenied by the requirement for labeling products distributed
in commerce. The label will provide notice to a buyer that a product is
gold in conformity with applicable requlationa. A label will also make
the buyer and user aware that the trash compactor truck possessed noise
attenuation devicea apd that such ftems should not be removed or renlered

inoperative. The label may alno Indicate the associated llability for

such removal or tampering.
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IMPORTS

The determination of whether individual new products comply with the
Federal regulation will be made by the U.S. Treasury Department (Customs),
based on ground rules established through consultation with the Secretary of
the Treasury,

It is anticipated that enforcement of the actual noise otendard by the
use of a standard test procedure would be too cumbersome for Customs to
handle, especlally in view of the tremendoun bulk of merchandise they muat
pass on each day. A cage In polnt ocowrs with imported automcbiles, in which
Customs inspectors presently naoess complisnce with requirements of the Clean
Alr Act solely on the basla of the presence of a label in the engine compart-
ment. A similar mechanism (labeling) appears viable for use to assens
compliance of imported trash compactor trucks with the proposed regulations,
RATIONALE FOR REGULATION OF THE TRASH COMPACTOR TRUCK

To develop an EPA criterlon for identifying products as major sources of
nolse, first priority was given to those products that contribute most to
overall community nolse exposure. Community nolee exposure la defiped as
that exposure experilenced by the commnity as a whole as the result of the
operation of a product or group of products, as opposed to that exposure
experienced by the user({s) of the product(m).

« In terms of agpessment, community nolse cxposure was evaluated in terms

of the day/night average sound level (Ldn) {Ref., 1-1) that was developed

especially aa a measure of commnity nolse exposure. Since I‘dn in

1-5
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an cquivalent cnergy meagure, it can be used to describe the nolce in areas
in which noice sources operate continuously or intermittently but are pre-
sent enough of the time to emit a great deal of sound encrgy in a 24 hour
period,

Studies have been made of the number of people exposcd to various
levels of comnunity neidoe (Ref. 1=1). Table 1-1 summarizen the cotimated
number of people in residential areas gubjected to urban traffic noise,
aiccraft noioe, conatruction gite noise, and freeway traffic nolse at or

above an outdeor Lin of 60, 65, ard 70 dB, respectively.

EPA has identified an outdoor L of 55 db (fief. 1-1} ag the day/night

dn
average nound level requisiter to protect the public from leng~term adverse
health and welfare effects in reasidential areas, Table 1-1 shows that it
will be necessacy to quiet the major sources contributing to urban traffic
neise, conatruction site nolse, freeway trafflc nolse, aml aircraft neise if
this level is to be achieved.
Table 1-1
ESTIMATED NUMBER (In Millions) OF PEOPLE IN RESIDENTIAL

AREAS SUBJECTED [0 DIFFERENT KINDS AND LEVELS OFf OQUTDOOR NOISE (Ref. 1-1)

Outdoor Uchan Traffic Alrcratt Construction frecway
Idn Level Noise Hoise Site Nolse Noise
70 dBt A-12 -7 1-3 1-4
6% b+ 15-33 B=15 3-6 2-5
60 dp+ 40-70 16-32 7-15 3-6

*With an adequate margin of safety and without conalderation of the coat amd

tecbnology involved to achieve an [‘cln of 55 dB.
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NEED FOR ONTINUED OOMPLIANCE WITH THE NOISE STANDARD

It is Important to the purchaser that the product has been designed md
built so that it wlll continue to meet its noise emisoion standard for a
ntipulated period of time or use when it is properly used and maintained.

The attalnment of the estimated health and welfare benefits, requisite
to a regulated product or class of products, 18 dependent upon its continuing
to camply with the Federal not-to-exceed noise emission standard for a pre-
scribed period of time or use.

The question of "Useful Life" with respect to product noise regulationa
wan firast smddressed in the proposed rule making for medium and heavy trucka
and for new portable air compressors. The initially proposed useful life
provinions required the manufacturer to assune that his product would continue
to meet the EPA noise emisaion standard throughout the product's useful or
operational 1ife. This requirement was intended to ensure that the public
health and welfare henefits derived from the product standarda would not
degrade during the product's life as a result of the product's sound level
increasing over time, The Agency deferred action on satting a useful life
standard in the fipal regulations for new medium and heavy trucka and portable
air compressors based on a need on the part of EFA to further assesa to what
degrea the noise from a properly used and majntained product would increase
with time. Howeverx, the Agency resarved a section in the regulations for the
proposal of wseful life standard at a later time,

1~7
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The Agency has glven conalderable attention to this question of product
noloe degradation (increcase in neise level with time) and firmly belicveo
that if a product is not built such that it im cven minimally capable of
meeting the standard while in use over a gpecified Initial pericd, when
properly used and malntained, the standard itself would become a nullity and
the anticipated health and welfare benefits will be lllusory.

Consequently, the Agency has developed the concept of an "Acoustical
Asourance Period” (AAP). ‘The AAP s defined as that specified initlal period
of time or use durlng which a product must continue in compliance with the
Federal standacd provided it ls properly used and maintained according to the
manufacturer's recommendations.

In contraat to the previcualy proposed "Useful Life" requirements, the
Acoustical Assurance Perlod is Independent of the product's operatlonal
{uzeful) 1life which is the perlod of time between sale of the product to the
first purchaser and last owner's disposal of the product, The Acoustical
Assurance Period 1e product-speclfic and thus may be different for different
products or classes of products. The AAP is predicated, in part, wvpon (1)
the Agency's antlctpated health and welfare benefita over time resulting from
noise control of the specific product, {2) the product's known or estimated
perioda of use prior to ita first major overhaul, (3) the average ficst owner
tucnover (resale) period (where appropriate), and (4) known or best englneecing

estimates of product-specific poise level degcadation (increase in nolse

level) aver time,
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The AMP will require the product manufacturer to assure that the product
ia designed and bullt In a manner that will enable it to comply with the nolse
emission regulation which exista at the time the product io introduced into
conmerce and that it will continue to conform with the applicable requlation
for a perlod of time or use not less than that specified by the AAD,

While the Agency beliceves that products, which are properly denlgned and
durably tuilt to meet a product npeclfic nolse emigajon standard, ghould
continue to mect the atandardn for an extended period of timd, it recognizes
that some manufacturcers may wish to stipulate, baced on test resulto or bosot
ergineering judgment, the degree of anticipated nolse emission degradation
their product(s) may expercience ducing a specified Acoustical Assurance Peried,
A procedure has been developed by the Agency that permits manufacturers to
account for sound level degradation in his compliance teating and verifica-
tion pregram. This procedure, if used, would requice a manufacturer to apply
a "Sound level Degradation Factor® (SL0T) to the Agency's not-to-exceed
noise emissfon standard and thus would result in a manufacturer specillic
production test level that ia lower than that specified try the EPA atandacd,
For exanple,a mapufacturer who estimates that the nolse level of a glven
product model may increase by 3 dBA during the prescribed AMP would speclfy
an SLOF of 3 dBA, For production verification the manufacturer would then
tent to ensure that hia product's sound level ia 3 dBA below that specified in
tﬁe applicable Federal standard, For those products not expected to degrade
during the AAP the manufacturer would specify an SLOF of zero.
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IDENTIFICATION OF MAJOR SOURCES OF NOISE

Section 6(A)(1)(C) of the Nolee Control Act specifien four possible
categorles of producte that may be regulated by the Administrator:

1. Construction equipment.

2. ‘“ransportation equipment (including recreational vehiclea and

related ecquipment).

3. Aay motor engine (including any cquipment of which an engine is an

integral part}.

4. Electrical or electronic equipment,

Pursuant to Section 3(3)(A) aircraft ave excluded as products under
fection 6 of the Act, Alrcraft nolse regulations have been proposed to the
FRA as delineated in Section 7 of the Act, Medium and beavy-duty trucks
contribute the most sound energy to the environment of any highwey vehicle
and, aa such, have been identified for requlation as major nolse sources. a
number of trucks operate with special equipment mounted, some of which may
contribute significant nolee to the environment aside fram that due to the
normal operation of the truck in lte transportation mode. One such product
is the truck-mounted eolid waste compactor, which is kpown to be a pource of
annoyancae and sleep disturbance, In order to preclude a leseening of the

beneficial effect of truck podse regulation in reducing nolse impact, the EPA

has identified the truck-mounted solid waste compactor for noise requlation,
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OUILINE AND SUMMARY OF BACKGROUND DOCUMENT

Background informaticn used by EPA in developing requlations limiting
the neoise emigsions from new truck-mounted colid waste compactors is pre-
pented in the following Sections of this document:

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

Section 3 - Bascline Noine Levels for New Truck-Mounted Solid Waste
Compactors: presents current noise levels relatlve to degredatieon noise
levels for exlating new solld waste compactors and a discuaslon of the data
used in the development of an Acoustical Assurance Perlod.

Section 4 - Measurement Methodology: presents the measucement meth-
odology selected by EPA to measuce the nolse emdtted by this product and to
determine compliance with the proposed requlation,

Section 5 ~ Health and Welfare: discusses the benefits to be derived
from regulating nolse emisslons of s0lld waste compactors.

Section 6 ~ Noise Control Technology: provides Infocmatlon on avatlable
noise control technology and the criteria for determining the levels to which
polid waate compactors ¢an be quleted.

Section 7 ~ Economle Analysis: examines the economic lmpact of nolae
emlsaion standards on the solld waste compactor Industry and gociety.

Section 8 ~ Enforcement: discusses the varloua epforcement actions open
ta EFA to ensure compliance.

Section 9 ~ Exlsting local, State and Forelgn Requlations: sumagizes

cucrent noise emlasion regulations on truck-mounted solid waate compactors.

1-11
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Mpendix A - The Docket Analyolis (Reserved).

Referencen - Section 1

1-1. FEnviromental Protection Agency, Information on Ievels of Environmental

Noige Rtoguinite to Protect Public Health and Welfare with an Adequate

Margin of Safety, EPA 550/9-74-004, Macch 1974,
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SECTION 4

TE  INDUSTRY AND THE PRODICT

INTRODUCTION

‘ihis section provides a descriptien of truck mounted polid waste oom-
pactor bodiea and an overview of the compactor body industry. The gsection s
omanized as follows:

The Product

Product Applications and Competitive Syotems

The Industry

(haracteriatics of Induntry Seqmenta
THE PRODUCT

A truck mounted solid waste compactor consista of a truck chassis and a
compactor body. The body 18 equipped to receive, compact, transport and
unioad s0lid wastes.

The major compactor body types can be operationally classifled by the
body loading configuration as seen in Table 2-1,

1. Front Ioadera. These bodies utilize front mowunted hydraulie lift
arms to lift and dump waste containers into an access door in the top of the
body. Packer plates compact the wastes inalde the body. wWaates are typically
ejected threwgh a tallgate, A typlcal front loader is illuatrated fn Flgure
2~1, and the six gtep operatlopal sequence for Front loading la shown
in Flgure 2-2, The compaction cycle for a front looder is 1llustrated in
Filgure 2-3,

2-1
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Fiqure 2-1, A Front Ioader
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Flgure 2-2,

Risennage

Six Step Operational Scequence for Front Loading
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TABLE 2-1

CLASSIFICATION Of TRUCK MOUNTED SOLID WASTE CQMPACTOR BOADIES

Range of Body Eatimated Compaction Pensity Estimated Compactor Dody Power Scurce

Cublc Yard {Pounds/Cubic Yard) Truck Engine Gasoline
Clossification Capacity hange Averuge Gagoline Diencl huxiliacy
Front Loader 20 - 52 400-750 500 - 100% -
Side Loader 10 - 38 A50-750 500 60% 40 15%
Rear Iosder 10 - 31 500-1,000 750 6o 40 2-3

SOURCE:  Fleld interviews with product manufacturers, distributors and product literature. fThe
Virginia Town & City "Fuel Conservation In Golid Waste Management”, Kenneth A, Shuster,
Pecember, 1974, and associated working papera.
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Figure 2-3,

Opecation of a Front Loader (Compaction Cycle)
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2. Side loaders. Considerable variation exists in these bodies, but a
typical model is illustrated in Pigure 2-4. Gencrally, wastes are monually
deposited into a hopper through an access door in the slde wall of the body.
Packer plates oweep the wastes from the hopper into the body and conpres.
the materials against an interior wall, in the same manner ag front loadera
(Pigure 2-3), Some oide loaders are also cquipped to hydraulically 1ift and
dutp waste containers. Ejection of wastes is usually through o tailgate,
Many side loader models are not equipped for packer plate ejection, but
typically, would hydraulically 1ift the fromt end of the body and dump the
wastes through a tailgate.

3. Rear lLoadera, The hopper on these bodles 1s located on the rear
section of the body (Figure 2~5). Wastes are gencrally loaded manually into
the hopper, but some modela have the capability to hydraulically 1ift and
dump containers. 'The packer plate sweeps the wastea from the hopper into
the body and compresaes the wastes against an interlor wall surface, In most
models, the packer plate ia also used for tallgate waste ejection.

Two additional categoriem of solid waste compactors ace produced:

1. Satellite Vehiclea, These bodies function much like cther packecs,

but are relatively small. They are used In deor-to-deor waste collection and
in conjunction with a larger packer truck, The satellite vehicle body ejects
wastes intn the hopper of a larger packer truck or setves as a detachable
contalner which 4a lifted and dumped by a larger truck, These hodlies were
excluded from conaideration because avallable test informatlon indicated they

were not & significant source of noise,

26

. TR




+ A Slde

REST AVULH ADM £ TV - -




Flgure

2=5, A Rear Loader
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2. Route Trailers. ‘Iheoe solid waste compactors are pulled by a truck
rather than being mounted on the truck chasois. Operation of the unit is
gimilar to a nlde loader, except that trailers are powered by a stand-alone
auxiliary englne mounted on the trailer. ‘This type of compactor has been
excluded from consideration because the potential cconomic Impact assocliated
with these units io Insignificant. Fewer than 50 units were schipped in 1974
and the eatimated number of units in operation is less than 100,

A Indicated in Table 2-1, packer bodies can algso ke clasgificd by body
able year cepacity and the compaction density rating of the baly.

Front leaders are essentially all mounted on a heavy duty truck chansis
powered by a dicsel engine. Side looders can be mounted on a light, mediun,
or heavy duty truck chassis. Rear loodern ace typic-lly mounted on & medium
or heavy duty truck chassis. Approximately 40 percent of the side and
rear loader truck chassis ave powered by diesel englnes, the remainder are
powered by gasoline engines, It 13 cotimated that 15 percent of the side
loaders and 2 to 3 percent of the rear loadera are powered by a atanl-alone
auxil lary engine rather than the truck emgine.

PRODUCT APPLICATIONS AND COUPETITIVE SYSTRIS

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

1. Front loaders are used predominantly in commerclal and industrial
applications, Commercial collection includes residential complexes with more

than two-family units,
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TARLE 2-2

TRUCK MOUNTED SOLID WASTE
COMPACTOR DODY APPLICATIONS
BY PRODUCT CLASSIFICATION

Percent of Totai Units Employed
by Major Application

Commercial
Fquipment Clasaification Ieaidential® ond Industrial
Front [oader 10-15 B85
Side Ioader a5 15
Rear Ioader 70 30

SOURCE: Field Interviews with product manufacturers, distributors
and fleet opurators.

*Residentinl includes mingle-family dwellings and duplewes,
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2. BAl) other chtegordes of bodies are used principally for resldential
waste collection. Commerclal and industrial application of this equipment is
typically limited to light commercial collection utilizing small containers
and compactor bodies equipped with holsts.

Subatantial potential exlsts for substitution of cquipment for residential
collectlon. Several studies have demenstrated that collection productivity
can be dramatically increased by utilizing one-man versus multi-man crews.
This provides a competitive advantage for side loaders as compared to the
more broadly used rear loader.

The available competitive waate collection syatems identifled vary by
nature of application., Resldential collection could be accomplished by three

meana;

1. Centrally ILocated Roll Off Packers. A truck would periodically

remove elther a detachable container or the entire unit and dispose of the
collected wostes,

The a«lvantagea of this pubgtitute syatem, depending on methods used to
transfer wastes from the household or commercial eatablishment to the packer,
population density and a number of other variables, could include higher
collection productivity, increased flexibility in usage of sound deadening
shielda and increased ability to monitor and control noise levels,

Potential disadvantages would include a negative public reaction to
having to transport wastea to the compacter location, increased exposure of
the general public to injury from operation of the compactor, and heavy

initial investment in packers and containecs.

2-11
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2, ‘Pruck Mountcd Shredder—Compoctor Bodies. This product concept

entalls a rear loader cylindrical body which rotates and tumbles wastes., The
tumbling action amd opiral ribs inoide the body shred wastes and drive them
toward the front gection of the body. In this manner, wastes are compacted
to a density similar to that achieved by ztandard rear loaders.

The only potential advantage identificd would be possible reductions in
body maintenance expenoe.

Disndvantages relating to models currently available, may include higher
levels of crew personal injury attributable to lifting wastes to & higher
level for deposit in the body. Crew productivity may also be reduced by the
higher 1lift height,

Ne. U. 6. manufacturer cucrently produces this type of body. They are
tmported from Europe and currently have insignificant penctcation in the
.5, market,

No nolse meagsurementa were made of thls type collection vehlele, However,
domestic conventional packer body manufactucers report that nolse levels
parallel those of rear loadern.

3. Truck Mounted Non-Caompacting Bodies., Easentially, this represents

a return to prepackec body collection practices. Nolee levela would probably
be reduced but crew productivity would be substantlally lower,

THE INDUSTRY

Solid Waste Generation

‘The demand for the product of the compactor body induatry 18 derjved
from the gensration of solid wastes, particularly by residences and com-

merclal establishmente, that are sublect to collectlon and disposal,

2-12




e availability of solld waste generation data is relatively limited
ond of recent origin. while estimates are universally accepted ao accurate,
the most brosdly sccepted estimates are reflected in Table 2-3. It can be
seen that total residential and commercial solid waste generation in 1973 in
eotimated at 144 million tons. Desource reclamation provided for the disposal
of 9 million tons, resulting in a net solid waste disposed quantity of 135
million vons,

Irojections of total residential and commerclal solid wastes are aluo
shown in Table 2-3. The tonnage of total gross discarda is expected to
increase to 175 million tons in 1980, an average annual growth of four
percent between 1973 and 1960. New wastes disposed are expected to increase
to 156 million tons during the same period, an average annual growth rate of
two percent. The growth rates are expected to decline between 1980 and
1990,

The composition of reaidential and commercial solid waates is chown in
Table 2-4. Nearly 70 percent of total wastes are paper, food and yard

wastes,
: 50lid Waste Collection=-The Packer Body
1‘ The first packer hodies were broadly introduced for solid waste collec-

tion in the early 1950a. Market penetration of thig equiment was relatively
rapld alnce it provided a means for dramatic productivity increases in solid
waste collection, The major henefit, relative to the traditlopal open body

collection truck, is that campaction allows larger quantities of wastes ho be

2-13
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TALE 2-3

BASELINE ESTIMATES MND IPOJECTIONS
OF POST-CONSUMER SOLID WASTE GENERATION,
HESQURCES RICOVERED AND DISPOSED, 1971-196%

Eatimated Projected Total
1971 973 1960 1985 quantity,
Dally Per Dally Per Bally Per Dally Per Avernge Annual
Capita Capita Caplta Capita  Growth Rate,
Total Pouxs Total Pounda Total Pounds Total Pounda 1973 -~ 1965
Total Gross
Discacda 133 3.52 144 3.75 175 4.28 201 4.67 k1
B Resources
|~ Recavered a .21 9 23 19 .46 35 81 12
Net Waste
Dlsposed 125 3.31 135 3.52 156 3.81 166 3.86 2

SOURCE: Office of Solld Waste Management Programs, U.S, Environmental Protection Agency,
"Third Report to Congress, Resource Recovery and Waste Reduction®, (5W-161), 1975,
Foage 10.
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TABLE 2-4

POST-CONSUMER RESIDENITAL AND COMMERCIAL

SOLID WASTE GENERATED AND AMOUNTS RECYCLED,
BY TYPE OF MATERIAL, 1973

{AS-GENERATED WET WEIGHT IN MILLIONS TOMS)

Quantity Net Waste Disposed
of

Material Groag Materials Percent
Category Discardn Recycled Quantity of Total
Paper 53.0 8.7 44.3% 32.9%0
Glasa 13.5 3 13.2 9.6*
Matals 12.7 .2 12.5 9.3
Plasticas 5.0 - 5.0 3.7
Rubber 2.0 2 2.0 1.9
Leathf.'l.‘ 100 - 1.0 .8"
Textiles 1.9 - 1.9 1.4
Hood 4.9 - 4.9 3.6

Total Non-Food 94.8* 9.4 05.4 63.4

Product Waste
Food Waate 22,4 - 22.4 16.6
Yard Haste 25,0 - 25.0 18,6
Misc. Inerganic 1.9 - 1.9 1.4
Wastes

Total 144.1* 9.4 134,7* 100.0%

SOURCE: Offlce of Solid Waste Management Progeama, U, 5, Environmental
Protection Agency, "Third Report to Congrena, Resource Recovery
and Waste Reductlon," (SW-161), 1975 Page 10.

Arithmetlc sumatlions and dlfferences modified to reflect correct total,
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collected between trips to the disposal site. Consequently, more waste
collection points can be served between trips and a substantially higher
proportion of total collection crew time is productive.

Even with the advent of thin equipment, waste collection remains an
extremely labor intensive operation. Recent product enhancements and new
product introductions have focused on further increasing collecticn crew
productivity, ‘The major equipment lnnovations have been higher denaity
compaction, larger volume bodies and different loading configurations
Intended to reduce total crew olze.

S1%E AND GROWTH OF THE PACKER DODY INDUSTRY

Units In Operation

The estimated number of packer body trucks in opecation is shown in
Table 2-5. It can be seen that approximately 76,000 units are In operatlon.
RFear loaders account for 73 percent of the total. The estimated functional
life of front loaders is eight yeara and rear and aide loadera is seven
yeara,

Unit and Dollar Manufacturer Shipmenta

The unite and value of manufacturer shipmenta in 1964, 1967, and 1972
and estimatea for 1974 by loader type are shown in Table 2-6. An estimated
12,300 unite with a value of 5125 million were shipped in 1974. This repre-
sentd en average annual growth rate between 1964 and 1974 of 10 percent
on a unit basia and 19 percent on a dollar basis, The vnit growth rate
remained the pame and dollar growth increased to 22 percent between 1967 and
1974,

2=16
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TABLE 2-5

ESTIMATED TRUCK MOUNTED
SOLID WASTE COMPACTOR BORY UNITS
IN OPERATION, 1974

Averagao Percent Estinated
Truck- Annual of Average
Equipment lea Miles/Truck Total  Functional

classification (Millions) {Thousands) Units Unita Life Cvele

11,200 l4.6%

11,600 15.1

53,700 69,7
500 .6

Pront Loaderx
Sida Loader
Rear Loader

Satellitae Vehicleas
Total 84

1) ~N-ow

1
1]

»
i
A
.

»n

77,000 100.01%

l

SQURCE: U.S5. Department of Commerce, Bureau of tha Census, "Census
of Transportation, 1272, Truck Inventory and Use Suzvay,
1972", Page 2.
Truck Bedy and Equipment Assoclation, Uational Solicd vaste
MManagenent Aasociation and field intexviews with equipment
manufactureza,
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TARBLE 2-0

TRUCK MOUNTED SOLID WASTE COMPACTOR BODY
MANUFACTURER SHIPMENTS, 1964 - 1974

Equipzont 1944 1967 1972 Fatimoted 19744 1964 ~ 1974 Avaraga Annual GrowghfA
Clasoifi= TLiUaT RillLona WUGW) ALITIows (UOUs)ILTiLana TUOUG) Z UL~ NCLIfuns {UDUs) NLOLKLond Rate, 1467 « 1974
cation Untita Dollara  Unita Dsllaes tinitn  Dnllarn Eni=n  Total Dollara_ Unita Dollars “UaTre —UATIATdT
Frone
Loader - - - - - - 1.2 10X 24 - - - -
Shde
Lasdar - - - - - - 2.1 17 14 - - - -
foar
koader - - - - - - 2.0 13 a7

Tocal A9% §12.1 6.5% 131.0  12.5% 466.0 12.2 100X $123.0 10% 19% 10% 222

—— ———y ey S ——— v ey - P — oy p— =y ~
SOURCE: U.S. Department of Commerce, Bureau of the Census, "Census of Manufacturers,

1967 & 1972", Motor Vehicles and Equipment, MC72(2)37A, Page 17; interviews
with product manufacturecrs.

* 1974 shipments and mix by loadex type cstimated from field interviews with product
manufacturers. .
*% Rounded to nearest percentage point,
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It lo estimated that 73 percent of 1974 shipments were rear loaders.
Export Sales
The enstimated value of manufacturers' exports in 1974 are ohown in Table
2~7. hApproximately 20 percent of manufacturers' shipments, or 525 million,
are estimated to be exportns. More than 90 percent of the value of erports
are completed bodies.
CHARMCTERISTICS OF INDUSTRY SEGMENIS
The general structure of the compactor body industry ia deplcted in the
schematic shown in Fiqure 2-6. Generally, the packer body nanufacturer pur-
chages raw materials and components from supplicrs and builds the body. Bodies
are then sold to either truck chassis dealers or truck body distcibutora,
dominantly to the latter. The body is then mounted on a truck chasais amd
80ld to the ultimate end user. The primacy end uscera are municipal govern-
menta and private contractors.
A profile for each of the following Industry segments is deacribed in
this section:
Packer Body Manufacturers
Truck Body Distributors
End Use Macket — Fleet Operators
Truck Chassis Manufacturers and Dealeca
Raw Material and Component Suppllers

Packer Body Manufacturers

1. Currently, 25 companies have been jdentified as manufacturers of
packer bodies in the United Statea (Table 2-8).

2-19
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TABLE 2-7

ESTIMATED VALUE OF TRUCK MOUNTED
SOLTID WASTE COMPACTOR DODY
MAMUFACTURER'S EXPORTS, 1974

(HILLION)
Total Shipment Export Shapmenta Export Percent
Equipment Tyne Value Value of Total Shipments
Complete Bodies 29 20 20%
Conrponents LAl —l 20
Total L1100 22 20%

SOURCE:  Iun & Bradstreet, Inc., "Analytical Financial Reports®.
Fleld interviews with equipment manufacturer.
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Component
Ra'f’ Hﬂtﬂriﬂl r{nn.n‘-ﬂ_-scl-u«f_\v-s
Supspliacs X0
Pumnss
Tnlvas
(>
Fruch Compactor Body
Chessls Manufacturers
Manufactuross
A
Vi l! i3
Truck Chessis ToUCK Bodwy
Dealers Discribusers/
Assemblarg
]- sy l
. e s J[ Ji
gunicipal Private Fadzral Corpozeticns

Flgure 2-6.

Truck Mounted Solid Waata Conpactor Body

Industry Structure
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2. ‘hese companics, including total corporate revenues, range in aize
from $100,000 to S1.4 billion. Nearly 50 percent of the monufacturers are
divioions or operating companics held by corporationg which are substantially
larger. Nearly all of the specialized independent companies for which data
are available have revenues leoo than $10 million (see Table 2-0).

3. Mnufacturer praduction facilities and products manufactured at each
plant are indicated in Table 2-9.

Planto arc concentrated in California, Texas, Michigon, Chio and the
Southeantern statea, Nearly one=half of the companica have two or more
plants. Proximity to marketa io an fmportant factor due to the costo for
sransporting bodica, but favorable investment incentives and labor climates
have attracted many planta In the Southeastern atates.

In addition to packer bodles, the more common products manufactured are
contalnern, portable and stationary compactors, trensfer trailers, transfer
station equipment, hydraulic lift gates and holsts,

4. The type ond cubic yard capacity of packer hodies produced by each
manufacturer 18 summacized below:

a. FEleven campanies currently produce front loadera, body cubic
capacity of front loadera ranges from 20 to 52 yarda. Most
models are in the 25 to 35 yard range. tost producera have a
broad product range.

b, Ten companies produce side loaders, Body cubic capacity ranges
from 10 to 38 yards. The most common size range la from 16
to 24 cuble yarda.

¢, Ten conpanies produce rear loaders. Pody capacity ranges from

10 to 31 cubie yarda. The dominant sizes are 16, 20, and 25
cuble yaxds,

2~22
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TAIE 2-8

PINANCIAL PROFPILE OF TRUCK MOUNTED

S0LID WASIE COMPACTOR BODY MANUFACTURERS ~ 194

5 (MITLIONS)

HET
FROPIT
{Lons) HET PETVRR
DATR . MUNBER OF HET ATTER TUTAl TAHGIDLE WORKING piviaim/ CONPACTON
COMPANY HAMR POUMIL  EHMLOTERS RIVEMIR TAXRA AMOETD WET HORTH  CAPRLITAL BURATOIARY Prr
Cumpany & 1540 0 1.y § ’ I I | n/a ]
Company T (s n/n 1,0y Y40 a.6 794.2 3.1 3)0.0 n/a
Company U (b} i 0,783 1,470.0 11,3 1.0 .o 170.8 n/a
Corpany ¥ n/n n/a 3.9 n/n n/n n/a n/a n/a
Corpany W (b} 19in 24,400 1,113.0 1.1 1,0d0.0 bLT T 1349 hia
Company K o) 19 ar 1.4 .4 ) w1 . W7
Cosgrany ¥ 1934 n/a Ju.Q n/a n/a n/a 5.0 3,0
Company R insy 14,900 .l 3.4 18,6 i0.0 10108 n/a 4.0
Cemprany © (A 1701 1,01) T0.} i.8 41.7 i 1.8 nfa
Company M {4} 1713 140 Tl W 3.4 4 B 1
Company U (o} 1937 ples] 114 A -] i 1.0 1.8
Crompany PN 1143 173 1.4 t.3 n/a n/a n/a 1.9
Corpany € 1980 14 »d n/a .1 n/a n/a 6.8
Cosyany B (£) 1732 40 .4 nin 4.0 1.9 1.3 .
Company PO {9 n/n n/8 319 (] 03,4 10,0 .4 n/a
Company K (b) 1104 ian 1011 3.1 21,0 314 al.e 3.3
Company IP (A iree pli] IR | .7 n.3 1.9 3 n?
Company 1 i) n/a 1,612 (19 ] 1.7 Jo.a 16,1 1.1 n/a
Company Gd s 130 n/a nin ) n/a n/a H]]
Company M (fg} LIl n/a 11,0 an "o 1.4 .8 1.2
Company I (M) nia L] 24 ol 1.4 ] h nea .
Company JI e ? n/a n/a n/a n/n n/a n/a
Zompany KK n/a L} 1.3 n/a n/a n/a n/a na
Company & b b 3 Y n/a n/a n/n LY. n/a
Cowpany M n/n » 4.0 nin n/n 74 ) na n/a

Mourcar  Pun & Bradetrest; Ing,, Analytical Tinanolal Pepots unlesn

mbarving badloated,

is)
o)
(L}

14)

)
(5}
[L]]
(83

Fiwgsl yeax anding October 31, 1974,

poody e Inventorn BeEvicd, Jng., Industiial manual, 1373,
Pavanue and sarnimge snirapoiated from & month data endling
mareh 23, 1973,

Fiscal ysag ending pay 31, 1973,

Tisual your anding May 31, 1974,

Fisonl year anding Juma 10, 1974,

Annual Pepott, 1974,

Fiscal yeur snding Auguit 3, 1M,

Fincal year ending march H, 1973,
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TABLE 2-9

FACILITY PROFILE OF TRUCK MOUNTED SOLID WASTE
COMPACTOR DODY MANUIACTURERS, 1974

Troductleny Facfifeina

Facillcey
Slre
{Mouranle Owvned
of 3quure or Rurbar of

Ca=oany n=a Foeg) Lezaed Fopinveen Producta Finufagburad

Cowpany 8 " =Murp teuch bods, hulats, cozpactor
Lodlan.

Corpany T () nin nfa 430 =Cantatnets, transfer sinclons, raluse
corpactar Bodien, rall=aff holate, e~
poctor trallees,

nla nfa n/a =3talfonaty pachota,
101 afa 330 =Teansputt trailers and concabnecn,

Codpany U nla nia nfa

Towpany ¥ afa nfa nia nia

Cospany n“’ wfa n/a ola aTranspact ¢rallora, ceepacker Erallers,
cerpaetor badhea, tranniar sfalinrd,

Cowspany X " Lk a7 «Truch dealer and aute repatr.

Conpany 1 n/a nia nfa «Truth tenka and celveq crepactors,

nfa nin nfa =Trajiers, anlew, braha shoos & drvan,

Compeny 12 01 nia aContalnura, refura coopactor Yodlas,

staglouary ge=packeca, tolleafl hulngs,
nfa nfa k100 teaneret Cealbatn,
nla nia =laluve Cospactorn,
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TABLE 2-% (continucd)

froductinn Facliiting

Taciiley
LT
{Itouannds Owned
ef Aquara aF Dusber of
E.:rm:' are L1113 Leaand Fealnyean Produrts Manulacturay
Corpany C e [ n/a =Truch tudica ard hoists, tanks, tarks
for trallaca, cofure collectlun and pto~
cesping anquipannt, dehydrdting rachinen,
materiat hendilng coutpicat, and puivers
Laing and ceclamasicn equipmant,
nia 0 nia afa
00 L nia nia
Corpany AA ADg 0 ofa =Prent loadara, side loadars,
Atatioaary cerpectarm.
Coepany b L nla =hlure conpretor bodign, sgatlenary
conpnetors & hydraulfc 1L pates,
apule) L nia adechanirod ALTLs, luading duvices &
SO0ACLOrA.
A9 L nia eifydraulle MEIU & retuas dndy mig,
Cospeny BN N 1] LY] «Aofusn conpactor bodiaw, ceatafnira,
rell=efl helata, portadic & acarienary
corpncters, tranafee trailure,
wla nia 130 «Rufuse compacior badian & containers,
Ceupany €€ i4.? L] 14 cRufuse pasher kedlan,
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TABLE 2-9 (continuecd)

Pradyctiog Factlttian

Packlizy
Sixn
(Thoujands  Owncd
of Snuars ar Hu=ber of
Cn-z.qv__[f_-_-;q Fert) Leaked Foplnyres Froduttn Hynufartuted
CeMpany b na nia 133 =3tatfonary refuse cospacturs, ganjag=
ting & zranafec teallevs, contalneco,
& Frong loedar conpaceers. ;
|11} nfa 93 «Refuse ccrpactera, Fefute trallera,
contuinurs h frone loadet gorpasters. ’
I
CoPpany DD nin nfa nfa =fafure corpactor bodfled, containern &
cransfur atatieoss,
Corpany Wk 11% ni nin =Rail car auto shipping Fache, cafume
topactor budlen,
Crepany P -1 ] b¥1{'] =Joltd wastle cuspactor bodlaa, gongaln= .
ore A toll-ofl cuntalners & hotats, ‘
Company 1“) i1 b nin =Purj boslew, cuntalheca and refuse
packer Sodlos, :
Cowpany 04 nia nls nia =Rhelunw covpactor hodies, contatnsse b !
roil=ufl holsts, :
Company PALH nia nla nin =Kafuss curpactor budlas,
Company 1 " [} L1} =Refung corjactar hodlas, trweh hafets |
A mbacullancaun truch sedilicatione.

BOURCEL  Pwn & Aradetrens, Ine., Anslycksnl Repocks, wunleon atharwine Andlcated.

TnY Aanual dipart, L9f4 and intervhevs wlth cospany managresnat,

() favdy's Invesiors Jwpvice, Tno. "Industrial foseal, 1973%,

£¢) Anmuml Peport. 1978 and Fora 10-K (fled withfie 2ecurities and Zachange Conaisclon, M974, Pagan 2, 3 #nd 9,
(4) Annual Repurs, 1978,

(4) Terab panulacturing fachlitfen &n Mincingson Fack & kew Angeles, Catiferniat 195,000 pquare fecs,
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5. The estimated manufacturcer phare of shipments by body type in 1974
are shown in Tablen 2-10 through 2-12 and sumarized belows:
a, Two f£irms dominate the moacket with approximately 60 percent of
all front loaders shipped. The remainder of shipments in
rather evenly distributed zmong the other nine producers.

b, Three firma shipped about 20 percent of total side loaders
each.

¢, Two firms chipped sbout 55 percent of all rear loaderz. These
two flrms in combination with two others chipped about 00
percent of rear looders.

The geographic mackets perved by a plant are limited, typically to &
reglonal area, by the cost to transport a body and the bedy type usage
pattexns within a region. This is particularly true for front and side
loders. To a greater extent than other manufacturers, two of the largest
shippera of rear loaders serve a national market.

7. Packer body manufacturers mount about 70 percent of the hodles they
sell, oan truck chasaia, for the ultimate purchaser (Figure 2-7),  About 90
pexcent of all front loaders are mounted by the manufacturer, ‘this proportion
for all body types will probably increase in the future aa larger packer body
size increases the need for more specialized and heavy-duty mounting equipment,
Increased manufacturer concern regarding product liability will aleo encourage
thia practice.

8. The puggested end user list price of packer budies variea by loader
type, nature of body construction and body capacity. The price'range of
pelected manufacturers and packer bodies by asizen is shown in Table 2-13,

Note the following ranges;
Front loaders $16,000 - 424,000

S5ide loaderas 6,000 -~ 11,000
Rear Joaders 2,000 ~ 15,000
2-27
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TABLE 2-10

ESTIMATED MANUFACTURER SHARE OF
TRUCK MOUNTED FRONT LOADER SOLID WASTE
COMPACTOR_DBODY SHIPMENTS, 1974

Porcent of Total

Shipments
Ho. of Firma
Three Flrms 76%
Four Flrma 20%
Four Flrms 5%
Total 100%

SQURCE: Pield interviewa with equipment manufacturers,
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TABLE 2-11

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

Percoent of
Total Shipments

No, of Firms

Three Flrms 60%
Three firms 304
Three Firma 104
Total 100%

SOURCE: Field intexrviews with equipment manufacturers,
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TABLE 2-12

ESTIMATED MANUFACTURER SHARE QF
TRUCK MOUNTED REAR LOADER SOLID WASTE
COMPACTOR_BODY SHIPMENTS, 1974

Paxcent of

No. of Firms Total Shipments
Twa Flrma 559
Two Ficms 251
Three Firms 158
Three Firma 54
Total :;;:

I

SOURCE: Fleld interviews with equipment manufacturera.
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Compactor
Body
Manufacturer
’ W
N . Truck DBody
Yruck Chassig Distributor
RDealors
(Negligible) 30%
» e

FPlect Operators
(Negligible}

Figure 2-7. Estimated Body Mounting Practlces for Truck
Mounted Solid Waste Compactor Bodles

{Farcent of Total New Bodies Mounted)

SOURCE: Truck Body and Equipment Aasociaklion, and fleld
interviews with equlipment manufacturers,
distcibutors and end users,
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TABLE 2-13

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

Fquipment Classification Overall
and Body Cubic Yard Capacity Price Range Averape Price
Front Leoaders £18,780
2425 516,000 -~ $21,000
a0-31 17,000 - 23,000
40-42 20,000 ~ 24,000
Side Loaderah#® 7,650
12-14 6,000 -~ 7,000
16~18 9,000 ~ 11,000
Reaxr Loaders 11,580
16-17 9,000 ~ 12,000
20 10,000 ~ 14,000
25 13,0600 ~ 15,000

SOURCE: Manufncturer price lists and dnterviews with
manufacturers,

AComplete factory mounted units with standard equipment,
exclusive of freight anpd Federal Fxcise Taxes.

#*Doos not fnclude prices for products built and sold as
an integral body and chassls unit,
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9. The estimated pricing structure for packer bodies io shown in Table

2-14, 'These estimates rcpresent an overall average for all manufacturern,

distributors, end ucers and products. Some variation wag noted in pricing
practicea, Note that average distributors and end user prices are 20 percent
and )12 percent off list, rcupectively.

10. Manufacturer warranty provisions vary considerably. ‘ypically, only
parts are coverced, but ocervice adjustment policies may cover labor in bome
instancea. Warranty periods ronge from 90 daya for selected components or
the complete body to 12 months or the complete unit excluding selected

oxmponents.
Truck Body Distributors

The estimated flow of new and used packer bodies is depicted in Figure
4-8. About ten percent of the packer bodies sold annually are rchullt/
reconditioned unita, sold by truck body distributors. The dominant pattern
Is for manufacturers to utilize distributors to sell and deliver bodies to
packex truck fleet operators. Ieasing companies finznce the purchase
of about ten percent of all units sold, dominantly, new bodies, Rental of
packer body truck 18 negliqible,

A profile of all truck and tractor parts and supplies wholesalers ia
shown in Table 2-15, "his grouping of wholesaler distributors includes a
broad spectrun of product areas hut does provide permpective, Note that
the total number of firms in 2,420 and that the aversge sales revenue per

fim ig $1.8 million.

233
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TABLE 2-14

ESTIMATED PRICING STRUCTURE FOR TRUCK
MOUNTED SOLID VWASTE COMPACTOR DODIES

Purchaser

End User

Distributox

EOQURCE!1

Average Percent Discount
Off Suggested Liat Price

12
20

Field interviews with equipment
manufacturers, distributors

and end uwsers,
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Compactor
Body
Manufacturer
90%
801
58 Truck Body
Truck Chassis 5%s 5%  pistributor
Doaler
S N -1
; | Rebuile/ |
! | Reconditioncd |
‘ t Bodies |
: e e J0R
[
[ Leasing
F ETY Companics 59 K
103
b . y 2
5% 58 10% 708 20%

Flecet Operators

SOURCE:
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Figure 2~8,

Truck Mounted Solild Waste Compactor Body
Channela of Distribution, Based on Total
New and Used Units Sold Annually

Truck Body and Equipment Distributors Assoclation,
and field Interviews with product manufacturers,
diatributors and fleet operatorsa.
2-35
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TADLE 2-15

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

Characteristic Value/Quantity
Number of Firmp 2,420
Sales Revernue $(Milliona) $ 4,430
Sales Revenue/Firm S(Milliono) $ 1.0
Number of Pald Employcco*® 41,481
Number of Employes/Flirmn 17
Payroll, Entire Year §(Milliong) $ 187.5
Payroll/Flicm 5160,000

SOURCE: U.S. Department of Commorce, Bureau of the Census,
"1972 Cenous of Wholesalce Trade", 1972, Page 8.

———

‘Includes distributors of solid waste compactor bodies and
Insulated~refrigerated truck bodies and trailerxa.

“"For weeck including March 12.
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A profile of packer body distributors conatructed from data provided by
the Truck Equipment and Dody Distributors Assoclation (Table 2-16) indicuten
that:

1. ‘here are approximately 500 fimms, with average annual revenue of
$2.5 million,

2, 'The distributors' sources of revenue are approkimately two-thlrdas
new equipment and one-third parts, used equipment and service labor,

3. The overall gross profit on net sales is 23 percent, operating and
non-operating expenses are 16 percent and net profit after taxes is 3 percent.

4. These firms bave average total assets of $700,00,

find Use Market Fleet Operatoca

As shown in Table 2-17, the two major exd use markets for packer trucks
are private contractora and municipalities are:

1. Private Contractors. These canpanles are heavily engsged in reaiden-

tinl, commercial and industrial raefuse collection. Services are contracted
on the basia of a direct contract or a municipal contract, franchise or award
of a competitive bid.

Even though the gperationa of a private contractor are local in pature, '
several agglomerated campanies with iG0 or more operating locaticna acrosa .
the country have evolved in the induatry.

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

a, The number of private contractors in 1970 was greatec then 10,000.
These companiea employ more than 102,000 people.

2-37
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TABLE 2-16

PROFILE OF TRUCK MOUNTED SOLID WASTE
COMPACTOR BODY DISTRIBUTORS, 1972

Median Value/Quantity

characteristic

Number of firms 500

Hevenue Mix (Percent of Total)

New Equipment 60~70%
Parts, Used Equipment & Labox 30-40%
financinl

Parcent of Median
Nat Revenue

Average Net Revenue $2.5 Milldon 100
foat of Coods Sold 1.9 _n
{roas Profit $ .6 23
Operating Expenses A 16
fon~Operating Expenses . s
vet Profit Befora Taxeas §_.2 -5
et Profic After Taxes $ .1 3
Total Assets £700,000
Cucxene Assets 580,000
Ner Worth 233,000
Yon-Current Assets 120,000

*URCES; Truck Equipment and Body DPliatributors Asaoclation,
field intexrviews with product manufacturers and
diatributora,
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FABLE 2-17

i PRIMARY END USE MARKETS FOR TRUCK MOUNTED
I SOLID WASTE COMPACTOR BODIES

Porcont of Total

End Usc Market Units in Operation
Private Contractorsa 60
Municipalitics a5

Federal Government 2
Induatrial Corporations 2
Other 1

Tatal 100

SO0URCES:; Office of Solid Waste Management Proprams, U.S, Environ-
menfal Protection Agencey, Natienal Soldid Wasre Manapement
Association, "The Private Scctor in Solid Waste Managenment-
A Profile of Ita Reaourcea and Contribut{iona to Collection
and Disposal”, Volume 2 -~ "Analysis of Data", 1972; U.85.
Peparcment of Commerce, Bureau of the Censua, "Censua of
Transporcation, 1972, Truck Iaventory and Use Survey, 1972
fleld interviewa with product manufacturers, -

U 2-a9
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Fooulation

rore Than 1 Million
300,000 -~ 1 Hillion
230,000 ~ 429,939
100,000 ~ 243,933
50,000 ~ 99,959
Zess ‘Than 49,993

Total
Foxr Contractox

SOURCE)

TABLE 2-18

PRIVATE CONTRACTORS, EQUIPMENT, EMPLOYEES,
CUSTOMERS AND COLLECTICN TONNAGE
BY METROPOQLITAN AREA POPULATION SIZE, 1970

Total Trucka”®

Totnl Cuatomara

Tatal Dally Tonnag

T Humher

Mumb e
{Milliona) PMarccnt

Rumbiog

{Thounanda) Porce

Privata mofal Faplovacs
ssontrastorn, Humbhox
Humhar Parcont  (Thouwsonda) Porcont
4,436 A4.5 60.5 59.1
A,311 12.1 15.1 14.8
1,490 14.9 11.1 10.9
1,017 0. 7.0 6.9
143 1.5 1.1 1.
1,896 13.9 1.5 7.3
32£°27 100.0 ég%&%ann 100,0

10.2

{Thounanda) Percont
5.9 30.4
8.2 12.]
6.1 2.9
5.0 u'l
.8 2.3
5.5 9.0

Cffica of 5clid Wamta Managemant Programs, U.5. Envizenmental Protection Agen

37.9
13.9

QAW
[ DY I B ]
i

et
[~}
(=]
.

D

, National So0lid Wasta

Mansgenant Association, "The Private Sector An 501id Waata Management - A Profile of Its Rescurces and
Contributions to Collactien and Disponal, Voluma 2 ~ Analyais of Data®, 1972,

*Includon 41,602 copvantional solid wasta compactor bodies,

saIncludes roealdentlal, commorcial and induatcial waata.

serpdjusted to xoflect xounding,

64.0
16.3
7..
AR
1.0
5.7
100.0
S
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b, These firma serve 27.3 million customers, operate 61,500 total
trucka (41,602 of which are packer trucks) and ocollect 685,000 tons
of waote daily.

¢, Operations of private contractors temnd to be concentrated In large
metropolitan acean.

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

More than 90 percent of private contractor customers are residential,
but the total quantity of wastes collected is fairly equally distributed
among reaidential, commercial and industrial cuatomers. Over 40 percent of
the coentractors collect only conmercial and industrial woates, but, all
together, private contractors collect more than 90 percent of commerclal and
induatrial solid waste. Private haulers sgerve 50 percent of all residential
cuatamers and collect the same proportion of total reaidential soljd wante.

The level of concentration within the Industry is relatlvely low, as
measured in terms of pumber of employees and packer trucka employed.

2, Municipal Fleets., The scope and nature of municipalities which

provide public refuse collection services are Aifficult to ascertain. There
are more than 78,000 local governments of which 35,500 are municipalities and
townshipas of 2,500 or greater population. Packer body manufacturers report
that the latter are the major purchasers of equipment, especially munici-
palities and townships with populations of 25,000 pecple or more, This
includes hetween 800 and 900 governmental unita which account for approxi-
mately two—-thirds of the population within municipalities apd townships,
about 85 percent of governmental general expenditures, and alightly more than
80 percent of the expenditures for sanitation other than sewage.

2-41
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TABLE =-.9

PRIVATE COWTRACTOR TRUCK EQUIPMENT

COMPGSITION, 1970

Thousands Unita

jquipment Type tunber  Porcent
front Loaderg 7.7 12.5
side Loaders 1.7 12.5
denr Loaders 26,2 12.6
¢pen Non-Packer 7.2 11.7

¢ide Loader, Non-~Packer

#011~0Lf Chasaisn 6.5 10.6
tolnt Type Vehiclas 2.2 3.6
ther Collection Vehicles 1.0 6.5

Total Gl.5* 100.0

fOURCEt Office of Solld Waste Management Programs, U.S.
Environmental Protection Agency, National Solid
Wasto Nanagement Associatlon, "The Private Sector
in Solid Vaste Management - A Profile of Its Re-~
pources and Contributions to Collection and Dis-

pesal, Volume 2 -~ Analysis of lata",

* Adjustedto reflect rounding,
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Mpproximately 35 percent of the packer trucks in operation are owned and
operated by municipalities and used to oollect approximately 50 percent of all
residential polid wastes. This understates the direct and indirect influence
of municipalitiea with regard to total residential collection activity. A
large groportion of private hauler renidential collection is controlled by
municipalities by meana of contracts, frenchlsen or competitive bid awards,

It 1@ shown in Table 2-20 that nearly 50 percent of private hauler
residential customers ore served on the basis of a government franchise:

TAGLE 2-20
PERCENT OF RESIDENTIAL CUSTOMERS

SERVED) BY PRIVATE HAULERS UNDER
DIRFCT CONTRACT AND GOVERMMENT FRANCHISE

Percent of Customera

. Dixect Qontract 50.3%
] Government Franchise 49.7 °
: Total 100,08

Source; "The Private Sector in Bolld Waste Management," U.S. Environ—
mental Protection Agency, 1973, page 6.3
Truck Chassis Manufacturers and Dealers

Truck chassia manufacturers, through their franchised truck dealer
organizationa, generally eell txuck chasaia to the fleet operator to be
used in conjunction with a packer body. In a small proportion of total unit
Bales, the truck dealer will sell an equipped packer body truck to the fleet

operator.
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The four largest firma accounted for more thon 80 percent of total sales

of medium amd heavy duty trucks in 1975,
The National Automobile Dealers Assoclation, in Franchised New Car and

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

in 1972,
Raw laterial and Component Suppllern

Products purchased from suppllers congist of roll and bar metals apd
general camponents such as PTOs, pumpa, cylinders, and valves., All poucces
of supplica are major manufacturers, amd requirements of the packer body

industry are considered insignificent when related to their total shipmenta.

2-44




4000 IAVIVAY 1838

SECTICN 3
TRUCK-MOUNTED SOLID WASTE COMPACIOR SOUND LEVELS

SOUND LEVEL MEASUREMENTS

A total of 32 noise measurcment tests were run on 20 different trucks (4
trucks were meanured in two modes), For most of the tests, a picrophone was
placedl at 7 meters (approximately 23 ft,) from each of the four sides of the
truck and both the maximum steady "A" -welghted level and maximum impulae
"A*—weighted level were recorded. In addition, the cycle time of the truck
was meacured. All the data which bave been cbtained is recorded In Table 3-1.
In this table, the energy average of the individual microphone measurements
around the truck and the Sound Exposure Level (SEL) bave been recorded for
each teat. The number of measurement tests made for each category of truck
were:

Rear Ioaders - 23

Front Losders - 6
Side Loadera - 3
TOTAL - 2

A number of these trucks already had pome degree of nolse ocontrol incoc-
porated (7 rear loaders, 1 front loader, and 1 side loader) and thelr noise
levelpn are accordingly lower thaen the other trucks, The pample taken is pot
intended to be representative of the solid waste compactor truck population in
general, but rather what was avallable for measurement. Farticular interest
was shown in the quieted trucks which are in service and the measured nample
therefore incorporated a disproportionately lame pumber of these quieted

vehicles,
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Tuble 3-1. MEASURED SOUND LEVELS: SOLID WASTE COMPACTORS
AR IPULAL
LLYLLY AT
hAL STIABY LEVILY AT }m Im
Budy Cycle
Hespuremant |Mapulacturer | Loader Enyrgy  Tiaa tnargy
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| A Rear - ulbne Th jo 0.8 10 1% |Qulaied truck
H A Rear GapalEne 87 12 9k, % 03.% 95 | 2000 epm
b ] 1] $lda Cleael b1 1] th <nG IMPACYS- {[I00 epo FFTID
3 reasurement polnts
LY t Fronl | Diesel n I} ne "% 05 fuiteing
5 0 fAaar Ganoling ™ 10 or )] 18
[T% 1 $ide Lasuling mn.s [} 1Y 84,5 10 | Seenp Uses auniilary engine
(1% 1 $ive Sasoling " 15 1 1} 1 | Pak |
H [ 4 Aaar Gasoline 7 17 1] 9 13 11 sepperemnt palnt [alda)
b r front  [Dlass) 3] Ao L1 1] %o IUD ft o+ & 40) Pump
| eansurament point (1 )de)
[ 1} r Frent | Dlesel [} LT I 98 38 | {50 FL+ G dB) Compact
] 1 hear Sasnling 73 s 1] [ 1] 87 |50t e &
10 . Mewr Praval fo 13 N B}, 06 |50 fc e B dB
1] [ front Ulersl 11} —_— - =MQ [NPACTS- |30 FL + & &R
i1 L] Rear Diaral [} —_ -~ 3.6 — L0 fu e b dN
[} ] H front [Olerel [} FL ] . 97 |s0 e+ 6 4B
L} | LI blasal n ho L1 -1 -
[H | Akr Dlassl [-H - - .1 = 1) tuasurement point (side)
1} r Front | Dlewal o 10 - L1} — |} resturemant point [nlide}
17 i Rear Dle1al '] L1] — B3 - | muesuramant point {ulde)
16 4 Raar 4nroiing [FL - - - ~ | "Conrrnilonal" & (ses matel
100 ) Poar  JGatolina| 474 - - 704 = | "3 hangar' * {ive nota)
1] Fl LITH] Geanline H ] [} 1) I tipereet PTO
Includm | Avattesd meapuremnl
{4 puints Lotal)
] 4 frent fRateling to i n L1 1] Trantminalon F18
Ing vt {includey uvartued scarurement
+5 palngy total)
HI i LI Goreline n 1 [ -1} bi | fiptal P10
insliten { (Inuluts everbiag respuresent
. 5 palnta tacal)
n F freng  [@eralinae 7% Hd [ 1] 1 ¥ | Figabeal PTO {cusblens)
n 4 Rear  [hatuline] 7H 1 n n 1) | Frene P18 {inthudes
overhaad PRssui Ny
5 pelnte tutel)
H 1 Asar Levoline ] 1 " by ] 7 | rroo PO (incluter
Aaverteed ‘At apuitmeny
3 pninty dedal)
] [ Mear  fGarelim | 78 Cont, ~— ~M0 |APACTI-] 1D 0 ) @0}
s N LIT Platel 1 - - —~ = | rachimg
HL L] Rear  |B1easnl 18 - - - — {jacting
it | Faar  [Earsline » - - - = |} ransurencnn palnee
H [ haar [favallna n - - - =~ | 3 marurement pulnis

PHOTLI  Thesam messrferenin rure mede 84 a sinalq mastwrsment polat with a4 Typa 2 Auinr wdar Jnatequataly enntrelled
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Figures 3«1 through 3-4 show histograms of the measured nolse levels
in each category. Both the maximum steady level and the maximum impulse
levels oare shown., The cnergy average aroundd the truck 1s anployed whencver
it ig avallable. #flgure 3-1 is a histogram for all of the trucks measured
and Figures 3-2 and 3-3 are histograms for the rear and front looders,
respectively.

Table 3-2 summarizes these varlous noise measurcments in terms of the
mean level and its standard deviation for each type of truck. Front loaders
appear to be nolsier than rear loaders on both steady levels and impacts.
Thie is probably due to the lack of opeed control of the engine and the
banging of the container on the arms of the loader., Side londers appear to be
quieter than rear looders, but the sample of alde loaders measured is too
emall to make this conclusien £iom.

Since certaln of the compactor trucks measured bad some degree of nolse
control treatment, it is informative to separate the sound level data out in
terms of "conventional® and "quieted” units. As there appears to be a dif-
ference in the sound emissiona between gasol ine-powered and diesel~powered
vehicles, it also is instructive to categorize the sound level data to show
thia difference., This is dope in Table 13-3, which lists the mean values of
the compactor truck sound levels of the vavious types of compactor, sub—
categorized into "conventional® and "quieted™ unita, and also -clogsed in terms
of diesel or gasoline-powered unjits,

TIME HISTORIES
Typical time histories of the three types of compactora are shown in

Flgures 34 throwgh 3-6.
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Table 3-2. SUMMARY CF SOUND LEVEL DATA

Standard Number of
Cainpactor Type Mean Deviation Vehiclen
Maximun Steady Level {(dDA at 7 m)
All Vehicles 79.0 1.56 29
Roar Loadurs 78,3 4.30 14
Front Loadors 81.9 4.49 7
5ide Loadorn 15.0 - 2

Maximum Impulue Level (diA at 7 m)

All vehicles 805.9 %.06 21

Rear Loaders B85.4 5.1 14

Front loaders az7.2 8.1 G

Gida loadern 84 - 1
3-8
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Table 3-3.

SUMMARY OF SOUND LEVEL DATA BY VEUICLE CATEICORY

Mecan Standard

Conventional  Sound Levol Deviation  Number of

Catagory or Quioted dlih don Samples
NIear Loader Conventional G6o.o 4.0 13
Rear Loador uicted 74.0 0.7 5
Front Loader Conventional 83,2 1.1 G
Front Loadur Quieted 74.0 - 1
Side lLoader Canvuntional 77.5 “ 1
Side lLoader Quicted 74.0 - 1
Gavolline-Fowered  Unquicted 78,5 9
Gasoline~Pawared Quiated 74.0 0. 6
Diuvsal~Powerad Unquieted 82,7 3.1 11
Dingul-Powered Quiated 74.0 - 1
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Figure 3-4 shows the time history of a rear-loader, The time hintory
of a rear loader has typically three phases corresponding to different func-
tions during the cycle. ‘There s typically an impact at the end of cach phane
due to the bottoming of the hydraulic cylinders.

The time history of a Eront loader in loading and compaction ia displayed
in Flgure 3-5. The noioe level of a front loader in quite erratic durkng ite
leading cycle, due to the variations in emgine speed. There are numerous
fmpulses due to the bangling of the container and closing of the cover durlng
the dump portion of the cycle. Fewer peaks occur during the compactlon
phase.

In Figure 3-6, which depicts an operational passby of a slde loader,
various nolse cvents can be distinquished. There ia the nolse of the truck as
it accives, the oqueal of lts brakes as they are applied, the shouts of the
crew between cach other, the banging of the garbage cana or containers, the
actual compaction of the garbage by the trucks, the bursting of bottles or the
breaking of items as they are compacted, release of the alr pressure of the
truck's brake air resecrvolr and, ngain nolse from the truck as it moves off.
All these many different nolses are part of the refuse collection process.,
The nokse of major concern in this study Is that due to the compaction by the
garbage truck itself. This nolse is belleved to be controllable by Federal
regulationa of the source, whereas the other sources are not susceptible to
Federal requlatory control,

The truck whose time history is shown in Fig. 3-6 was a quieted one with
the englne governed at 900 rpn, The truck was also equipped with a front
power takeoff and was powered by a G-cylinder dicsel engine,

3-10
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Flgure 3-8, Time lilatory of tha A-Weighted Noilse Level Genexated by a Front Loader
During a Dump and a Partial Campaction Cycle, Noise Levels were
Measured 50 £t to the left of the Vehicle Center.

XY AT




£T-t

A-WEIGHTED SPL AT 7m {dBA)

90

a0

-~
(=]

60

80

(=}
o

70

URAKES

EMPTYING METAL

APPLIED — CAMS
TRUCK (“"UEI\L} !\ !
100" AVAY ! MOVES OFF |
ELPTYING K J F l A, _—
LCANS Jlj)/, I—':.‘,’r“w 'LW\ — A v LA r _P:IW_
\ ORAKES
, RELEASED
;f‘lﬂlaﬁ L« \—,; ) 10 §EC5 -+
] '”"h“ - URAKES RELEASE e ' \
EMPTYING PLASTIC
CANJ
BIAKES B:MKES
TRUCK — "({“E%L"'EE} LEAS ] A
TRUCK IM L seue TRUCE
DI TANCE APPROACHES ||y o " \ {r.zowrs OFF ‘i
)
:.N — 1'-’\-"‘!.-:.21-'-‘-\;&’1\, Wﬁvll;-rl"‘“‘ "—1,.- lﬁm,-—%—&ﬂm\
.‘!ll f \h‘
e S T =y

BAAKES RELEASED l+=10 SECS~r1

Figure 3-6, Operational Passty of a Sideloader

AS00 TTBYTINAY 1538




AdOD TV IVAY 1857

The scenario consists of the truck driving up (80 dBA) and applying lts

brakes, producing a squeal (82-05 dBA). ‘The truck is left idling (75 dDA})

while it in being loaded. ‘'there are dmpacts fram the loading of the gorbage
cans (00 dBA metal and 77 dBa plastic). The aide loading compactor is cycled

(75 dBA) and the air brakes ace relcased (87-90 dbh). Fipally, the truck
moves off (B0 dDA peak).

NOISE SQURCES

Component Sound Levels
EPA conaidered in great detall the diognoais of noise sources of a rear-

loading Bolid waste compactor truck. The polsce sources conmidered were:
(1) Truck Chaasis,
(2) Transmission power take-off,
(1) Hydraulic pump, amd
(4) Compactor body when isolated from the chussis,

Table 3-4 details the measured nolse levels of each of these components.
Thie pacticular truck was not a standacd ope but had had some noise control
treatment incorporated. The chassis had a better then stardard muffler
inatalled, the truck cycled at an engine speed of 1050 rpm and electrle
switches were used to reverne the hydraulle cylindeca, rather than allowing
them to bottom. The interesting point was that very little nolse came from
the compactor hody itself. No slgnificant nolse ceme from the hydraulic lines,
valven, or mwving pacta on the hody. Most of the nolse came from the chasals
power takeoff and some from the hydraulic pump.

The chasais and power tekeoff nolse were found to be very much speed
dependent, Figure 3-7 showa the vaciation of polee with gpeed of the chasals

314
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Table 3-4,

NOISE CONTRIDUTIONS

SPL (dDA at 7m)

Chansls
«TQ
Pump
Body®
Total

Righ: Left Front Rear E?gigﬁe

64 6.5 63 63 64 ’
73.5 12.5 12 6o T2

64 62 58 61 62
<65 <60 <65 <05 - ;
76 15 12.5 70 Th

fNoise levels dominated by PTO over 100 ft away.
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and power tekeoff individually. Many trucks cycle at engine speeds up to 1000
rpm and it con be scen from thio figure that a substantial noise reduction can
be achieved by reducing the truck engine speed while it is cyeling.

Flgure 3-8 shows the varicun gpectral contributions from these nolue
gources, The low frequency noise comes from the engipe. The hydraulic pump
generates two pure tones at 125 and 250 Hz. The high frequency noise io due.
entirely to the transmission power teakeoff which both radiates sound directly
and through vibraticna in the chasals frame.

Truck Chasals Noise

It in cleor from the previous sectien that the overall poise from a solid
wagte compector truck 18 very much a functlon of the npolse from the chassis
lteelf. 'The noise level generated by the chasala is a function of both the
engine rpm and the degree of quieting of the chassis. EPA haa issued a regule-
tion setting a not-to-exceed noise level of chasaln; clearly the overall nolse
level of the polid waste compactor truck will be a functlon of this regulation
nolee level, The EPA truck noise requlation provides a measurement procedure
in vhich the chassis nolse is measured ab a distance of 50 feet, at full power
ond maximum rpm in accordance with the SAE test J 366b. Clearly, under these
conditions the chasals will generate much more nolse than when it i8 cycling
and genexating only a mnall fraction of its cated hormepower. FPA apalysts
have reviewed thia difference in nolse level and predicted the chassis moise
ag a function of both engine rpm and the EPA regulation, Flgure 3-9 predicta
the nolee levela of seven chasais an a function of englne rpm based on a
requlation level of B0 dBA as  measured by SAE test J 366b, Similar plots
can be made for other levela of regulation, Clearly, substantial reductions

in poise can be achieved by lowering the engine rpm during cycling.

-17
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SAN FRANCISCO NOISE DATA

Moise measurements have been reported on solid waste compactor trucks
operating in the city of San Francisco (Ref 3~1), One hupdred ond £ifty-two
noige measuranento, listed in Exhibit 3-1, were mede on compaction vehicles
operating in the otreets of the city rather than under the controlled con-
ditiona of the methodology used in the EPA measurarents, Table 3-5 suumarizes
the statistical data for two seavenger fleets,

Since San Francisco containg a considerable amount of row housing, a
reverberant build-up of noise can take place on the parrow strectd. ‘The nolse
measurements were made at a distance of 50 £t from the rear of the truck,
Elsewhere in thin report, the nolse data presented are based on measurements
made at 7 meters (about 23 ft.). Flnpally, the truckse measured by the city of
San PFranciaco were measured while compacting garbage and this may contribute
some noise to the measurements. For the foregolng reasona, the San Francisco
measurements show significantly higher sound levels {(when corrected by &dB to
account for the greater distance of the measurement point from the vehlicle)
than those tested and reported in Table 3-1.

Table 3-6 compares the noise levels of gix trucks measured both by FPA

investigators and by San Francisco, Main, it 1s seen that the noise levels

measured by the clty of San Francieco for the maximum steady level are generally

aa high as or higher than the FPA levels, even though the San Francisco levels
were measured twlce ag far from the truck., The agreement is much better for
the pmaximum fmpulse levels which, becouse of thelr shoct duration, would not

experience slgnlficant reverberant build-up.

o 3-20



Table 3-5. SUMMARY OF SAN FRANCISCO NOISE MEASUREMENTS
(Measured 50 ft. to Rear of Compactor Vehicle)

"Crushing Splkes"

Fleet Max Steady Compactin fverage of 3 highest peaks No.
Sound [cvei t Sound Level Std of
dBA Deviation dDA Deviation Vehicles
A 75.35 0.51 78.32 0.32 57
f 78.57 0.36 81.08 0.32 95
i
i
| |
I i
f
|
t
i
i
1
i
|
i
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Table 3-G.
Operator Truck
No.
Sunset XN 3A
Sunset 297
Sunset R1A
Sunset 51A
Golden Gate 29
Golden Qate 1

NOISE LEVELS OF SAN FRANCISOO OOMPACTOR TRUCKS

EpA 23 ft to rear

Max
Steady
T3

76.5

74
75.5
76
T2

Max
Impulse

ba
85
86
78.5
82
80

22

City of San Francisco
In Street 50 ft

(

Max
Steady

T1
78

T

80
B2

73

-y

Max
Impulse

81

82

79

22)

78
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SQUND LEVEL DEIGRADATION

There are two general couses of degradation: (1) changes In the noise
emitted by individual compenents; and (2) changes in noise abatement perfor-
mance of noloe treatments.

The mources of moise from waghe conpactors are listed in Table 3~7. They
canprise the truck chassis (engine casing, exu ..ot and fan), power takeoff
(#T0) and hydraulic pump, all of which moay be subject to degradation, In
discuselng waste canpactor nolse degradation, we include the nolse treatments
applied to the truck chaasis in order to comply with the EPA noloc emipaion
requlations on pew mediun and heavy trucks as noise cources rather than ag
noise treatments,

The nolse emisslons from the two Intermational Barvester DOT Quiet Trucks
that had initial noise levels of spproximately 80 dBA {low enough to comply
with the 83-dBA requlatory level) increased by about 1 dBA from the initial
levela during the approximately 150,000 miles of use (Ref, 3-2). Truck diesel
engipea are warranteed for 50,000 miles or 24 months on parts and labor, and
for 10,000 miles or 24 months on pacta {Ref., 1-3). Truck gasoline emine
warrantee periods are half of the periods for diesel epgipea (Ref. 3-3). Waste
oompactor truck diesel engines are overhauled approximately every 150,000
miles (Ref, 3-4). Gasoline engines probably bave a shorter average period
batween overhaula of between 80,000 and 100,000 miles. fowever, because the
noise level from chassla equipped with gasoline engines is lower, the shorter
life and thus greater degradatlon of gasoline engines is probably less of a
factor than chassis with diepel engines. Department of Commerce data Indlicate

an averall average annual mileage of 12,200 miles for all Compactor Vehicles,

3-23
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Table

3-7.

hvailable Data On miﬂe_lne?rudntion For Waste Compuctors
m

equlated at 76 dba at n 1979,

\ —

Typical Hrise

kalse Holse foyrces of Treatment

Levely Levels . liolse Sourges Type of Data Avalable Data Treatment to|  Eapecked | Type of Data Available | Scurces of Availal

Witkout Hith Holse Expected to Availablg on an folse Comply Hith 0] vn Nalae Treatment Data on Holse
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Discuasions with trash collection pervice operators Indicate that vehicles
used in residential operations {rear loaders and side loxders) may be driven
leasn than 10,000 miles per year. Front looders wied in camnercial trash
plckup service, are driven greater distances, perhaps 15,000-25,000 miles
per year. ‘These vehicles therefore may be driven 5 to 6 yearo or more before
first overhaul,

Phaust mufflers are another source of chasais noise degradation. In
general, exhaust mufflera on trucka have an averade life langer than engines,
many leating longer than five years (Ref.3-5). Therefore, it oppeara that
aver the first 50,000 to 75,000 miles of use, the chasain nolse from waste
carpactora equipped with qasoline or diesel engines will not degrade aignifi-
cantly. Replacing the transmission PTO with a flywheel or front PTO reducea
the noise fram the PTO to inaignificant levels, &o that the degradation of the
PIO can be Ignored. when the engine speed s reduced to comply with the
prorosed regulations on waste compactors, the polse from the pump is also
reduced to an insignificant level; more than 10 dBA below the chassis nolse
level (Bee Table 3-7). fThua, the punp degradation cen also be ignored,

e nolse treatments of reducing the engine speed and replacing the
tranamission PTO with a front or flywheel PIO are not erpected to slgnificantly
alter degradation of compactor poise. In fact, the reduction in englne speed
will probably reduce engine wear and, therefore, decrense engine noise degra-
dation. Also, since aligmment of gears will probably be better for front or
flywheel PTOa than for transmisaion PIO8s, gear wear should be lesa and, there-
fore, P1C noloe degradation lesa, Therefore, the chassia nolse degradation

will probably dominate waste compactor nolse degradation,
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Waste Compactors on 80 dDA~Regulated Chaosio

During normal use, the two Internaticnal tlarvester DOT Quict Trucks that
had nofae levels of approximately 78 dBA (low cnough to comply with the 80-UBA
regulatory level) demonstrated reductions in their inltial nolse levels over
an average mileage of 90,000 miles,

vith on 80~dBA chaasin, the chassis noise ia reduced to a level where the
noise from the hydcaulic puwrp will be a factor in the overall computer nolse
degradatlon, Otherwise, an discunsed for compactoras mounted on 830-dBA chassis,
the PO noise degradation and the degradation of nolge treatments can be
ignored, Pumps are wacrranteed for six montha by the Hell Company, and, In

general, last from one to two years durlng normal use (Ref, 3-6),
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NOISE EMISSION TESTS MADE ON SAN FRANCISOO CITY TRASH TRUCKS
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698
70A
72A
T4M
740
75A
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76A
A9A
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79A
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71A
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F4
63A
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G6BA
68A
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68A
30A
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A1A
42A
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44A
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A8A
ASA
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52A
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56A
53A

EXHIDIT 3-1 {Cont.)
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SECTION 4

MEASUREMENT METHIODOLOGY

CENERAL IEXQUIREMENTS

A noipe measursment methodology io eopentially an easily=-conducted,

repeatable procedure for acquiring data that correlate well with noise
generated under service conditions. In this gection, we discuss cach of
these factora as a banif for developing a measurcement methodology.

Perhaps the most important feature of a measurcment methodology is ito
correlation with envirommental impact. It is pot neceapary that levels
acquired in a standardized way are identical to those obacrved under oxdinacy
operating conditionas., what is lmportant in that standardized data ensble ope
to predict envirommental levela. 'he consequences of lnadequate correlation
are lens than expected cnvirormental protection in certain cases and inefficient
allocation of noize-abatement resources in others. As illustrated in Flgure
4-1, the lines correspording to the desired level of environmental control
an] the not~-to-exceed regulated level divide the sources into four categories,
In Cateqory I the pources have passed the standard tent and therefore would
not be controlled further, hut are still envirommentally cbjectiongble,

Thosa in Category II fail the teat and ave envirommentally objectionable.
However, one may presume that some of these will be quleted to the point
where they pans the test but are still environmentally objectionable; others
will be quieted at some_peedless expense beyond the point where they are

of coeern. Similacly, all sources in Category III will be quieted need-
lessly. Category IV sources will appropriately not be cquieted,

4-1
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In proctice, the ohortcomings of atandard test procedures are inevi-
table, but may be minimized. Figures 4-1a and 4-1b contrast test procedures
that correlate poorly and well with environmental levels. The problems
associated with procedures that correlate poorly are inevitably worse that
those that correlate well. Qur cbjective will be to develop a otandard
measurement procedure that correlates well with environmental levels, con-

sistent with other teat requirements.

ENVIRONMENTAL ENVIRONMENTAL
LEVEL LEVEL
A A
1 o -* I I e
[ ] »
IESIRED /
LEVEL OF *. ,
ENVIRON, - ’
CONTROL
(]
1L I
S -
REG. TEST REG.  TEST
‘ LEVEL. STD (b) L.LEVEL. STD
al ILEVEL LEVEL

Figure 4=1. 1Illustration of Teat Standarda That Correlate (a) Poorly
and (b) well With Environmental Levels.

Ease of performance la a second factor that must be carefully evalu-
ated in developing & measurement methodology., The methodology should be
readily pecformed by manufacturers to facilitate the many tests required
duting wsual developmental phases, Undoubtedly, manufacturers will wish
to tast at lepat a sanmple of products prior to Introducing them into com-
merce, Also, the methodology should be easily pecfoummed by enforcement

4-2
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pecoonnel who may teot at o manufacturer's facllity and/or at 4 special teat
slte.

Finally, repeatobility io of obwvioun desirability. A teot which iso
nonrepeatable ig invarilably corrupted by random, or at least unknown, factors.
To be meaningful, such teoto must be conducted many times in order to obtain
a statistical characterization. Such a procedure can Increase the coot and
effort of testing by an order of magnitude and must thercfore be avoided.
NOISE CHARACTERISTICS

bPefore proceeding to specific requirements, it is useful to consider the
nolse profile of a polid waste compacgtor, Figure 4-2 shaws a time history of
the A-wrighted level measured 50 £t, to the left side of a front loader. The
first part of the trace 1o measured during the dump cycle, the second during
a sweep cycle, There are two moteworthy featurea of the data in Figure 4-1.
Firat, there are a number of very noticeable impacts, which for this unit
correspond primarily to container impactas. For other units, cspeclally rear
loadera, hydraulic actuatora gensrate aimilar lmpacta, Secondly, the quasi~
ateady level between impacta varies with time. Thia level is daminated by
engine noire, which depends on the speed that ia controlled by the driver.
Thus, we pee that a reasonable method for characterizing impacta must be
established as well as a technique for specifying engine operating copditions
or cycle time,

4~3
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the Left Oide of a FPronc Loader
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Alternative Measurement Methodologiceo

teasurement methodelogies camprise three parts: (1) specification of
operating conditions, (2) eotablishment of measurement criteria (e.g.,
whether to we A-welghting, B-welghting, cte.,) and (3) test site and lnotru-
mentation speecification.
Operating Conditions

Two mrimary factors of concern are the specification of compactor load
and of engine speed for engines which are not equipped with mechanical speed
control devices.
Campactor Load

A declalon muat be made as to what load will be placed in the hopper of
the compactor truck when its noise is belpg measured. Huggestions have been
made that a atandard load should be wied, This load could consist of paper,
garbage or hottles. Dowever, any such load will inevitably vary from one
sample to another and not be reproducible, The pample could pot even he used
twice in the pame truck aince it would change on belng compacted the first
time. Accordingly, the only reproducible load that could be devised would be
no load, Althouwgh em empty hopper doea pot precisely simulate actual loada,
it does provide a constant haseline agalpat which all trucks can be compaced.
Engine Speed Control

It is desirable to make aome pravision for specification of engine ppeed
for trucks, such aa front loaders, which are not normally equipped with
engine speed control devices. At least three possible approaches for dolng

this are:

specifying an engine rgm in the regulatiom
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requiring that the dump or compaction cycle be performed within
the time published in manufacturer's advertisementso

specifying the operation of the ermgine at maximum allewable cngine
or dump rpm, whichever io lower

It dous not seem appropriate to specify a £fixed englne rpm. Such a
apecification would be a counter-productive constraint on menufacturers who
wish to achleve nolse control without compromining performance by minimizing
erggine speeds and uning high capecity pumps.

The second approach, requiring that operational cycle times conform to
advertised valucs, has some merit. flowever, the obvious problems ace that, on
one hand, cycle times are not advertised for all vehlcleas and therefore would
not be requlated; on the other hend, manufacturers might cease such advertise-
ment i€ it led to excesaive noise control problems.

The third technique, specifying operation at the maximum speed allowed by
the manufacturer, alpo has poaitive and negative attributes. It could be
arqued that engines or pumps are ravely operated at maximum allowed speeda,
However, campactor operators are motivated to cperate dump and compaction
cycles as quickly as possible to minimize the route-collection time. In fact,
thece have been cosen of operators changing engine spred control settinga for
this purpose, Furthermore, teating at maximum allowzble speed is consistent
with many induatry practices., SAE teat procedures typically specify maximum
acceleration/maximm speed conditions. Therefore, we conclude that compactors
without mechanical speed controls should be tested at the maximum emaine or
purp rpm allowed by the manufacturer.

A~6
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Heaourement Criteria

Ao indicated under Noise Characteristics, the key measucement problans

relate to characterization of oteady and impuleive poise levels, the number of
microphone locations required, and means to combine levels acquired at varioun
locations,
Steady Ievels

The major question concerning steady levels is which scale should be used,
Althouwgh many scales (A,B,C, etc.) have been proposed and are often avajlable
on sourd level meters, the A-welghting scale hag achieved overwhelming accep-
tance, The A~gcale haa been used exclusively by FPA for cvaluation of impact
and for requlation of all ron-alrcraft sources of noise, Consequently the use
of A-welghting for compactor meaaurements appears most guitable.
Meanurement of Impulse Noise

aAn lmpulse nolse s ope which lasta for a very chort time and is generally
assoclated with the impact of two components, The measuremz2nt of impulse
noipe can present a pevere problem since, if the response of the Inattument
being used to measure the impulse is not fast enough, the true peak reading
will not be cbtained, ANSI, in the standard, ANS1,4-197), Specification for
Sound Level Meters, describes two speeda of response for sound level
metera: on the "fast" response the meter must read 0-2 JB below the steady
reading when a pulse of 0.2 pecorda is applied; on the "slow™ response the
meter must read 3-5 dB below the steady reading when a pulse of 0.5 meconds is
applied, These speeda correspond to averaging times of 0.125 seconda and 1.0
seconda, respectively, The tueman heacing mechaniem itself also has a Einite
response time to an impulsive sound,

4-7
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Muthors differ a5 to the duration of this responoe time, and many authors
argue that it io the energy in the impulse which determines the human response.
Meter responoe of 0.125 gecond yields impulse results that correspond well to
the "true” impuloe of compaction sounds {Ref. 4-1). when the sound is tape
recorded, however, and played back into a graphic level recorder (GLR), the
reaponse of the recorder is specified in texrmo of the maximum writing speed of
the pen. The responge time of the pen then depends on the magnitude of the
impulae, being slower for larger impulsea. Bruel and Kjaer (Technical Review
No, 1, 1974) do suggest a correlation between averaging time and writing
speed, providing the impulsea ace not too large {(6-8 dB)., A 0.125 sec (SIM
fast) averaging time correaponds to a writing speed of 8 mm/sec (3.15 ine/seq)
on paper 50 pm (2 ins) wide, Similarly, an averaging time of 1.0 sec corres-
ponds to a writing speed of 10 mn/sec (0.4 ins/sec) on paper 50 mm (2 ins)
wide and 20 mm/sec (0.8 ins/scc) on paper 100 mm (4 ilns) wide.

If one is interested in measuring the levels of impulse noise, then the
fant meter response or writing speeds of 80 or 160 my/sec (3.15 or 6.3 ins/sec)
should be used, If a slow meter response I8 used, the true peak level of the
impuloe will not be observed. However, the meter response will be related to
the energy in the impulse, averaged over the 1.0 sec time constant of the
meter,

Microphone Locations

Gompact {ing-vehicle machincry is often distributed around the vehicle
requicing noise measurements at varlous locatons. Drive train equipment
such as the engline and fan ace located at the front. FIO's and puarps are on
the side, as are auxillacy power planta. Nolse-producing hydraulic rama
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ace at the rear of rear loaders. T account adequately for these dintributed
sourcen, wo have selected measurement at four locations at 90 degree intervals
arcund the vehicle.
Combining Noloe Levels

The truck noise levels are measured on four Sideg; one then nceds a single
number to describe the poise level of the truck. ‘The quantity of concern 1o
the total Impact of the noise on the community. 'This is best evaluated by
taking an eneryy average around all sides of the vehicle. The energy average
is chtained by averaging the antllegacithma of the levels on the four sides of
the truck and then taking the legarithm of the result.
EPA MEASURIMENT METIIOD

Based on the foregoing conaiderations, the following measurement meth—
odology has been adopted,

Instrumentation

The following instrumentation shall be used, where applicable, for the
meapucement required,
A precision sound level meter which meets the Type 1 requirement of
Amecican Bational Standavds Specification for found Lavel Metera, S51.4-1971.
As on alternative to making direct measurements using a sound level
metar, o microphone or sound level mater may be used with a magnetic tape
recorder and/or a graphic level recorder or indicating meterx, providing the
pyntem meeta the requirements of SAR Recommended Practice J184, Qualifying
a Sound Data Aoquisltion Syatem.

A pound level calibrator with an accuracy of +0.5 dB,
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A microphone winddcreen may be uoed provided that its effect on "A"
weighted sound level io negligible under zero wind veloclty comditiono for the
type of noise pource being measured.

A gtopwatch having an accuracy of better than one percent.

Test Site
The following test site regquirements shall be considered the  minimum

necespary to conduct effective measurements.

M spproved test aite shall oonsiot of a level open tcpace free of large
reflecting ourfaces, ouch as parked vchicles, signboarda, buildings, or
hillsjden, located within 50 £t (15 meters) of elther the vehicle or the
microphone,

The microphone shall be located 4 £t +1/2 £t (1.2 meters) above the
ground plane and 23 £t +1 £t (7 meters) from the mid-polint of the sucface of
the truck on the side on which the measurements are being made, Measurements
will be made at four microphone positiona to the front, rear and each aide of
the yehicle.

The measurement area shall, a8 a minimm, extend fram the microphone to
tha farthesat extremity of the truck or traller and be surfaced with concrete,
asphalt, or similar hard material, and shall be free of powlery snow, gress,
logsa s0il or sshea, or other sound-absorbing materials,

Test Proceduxe

The waste compactlon equipment shall be operated with the vehicle
stationary.

‘The vehicle engine will be started and allowed to reach lts recommended
operating temperature. In additicn, if the amblent temperatuce s below

4-10
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60°F, the compaction equipment will be operated for enough cycles to allow
the hydraulic oil aﬁd canponentn to reach a stable operating tenperature.

The compaction equinment shall be operated empty., ‘Irucks which normally
load containers will be measured loading an cmpty container.

The compaction equipment shall be operated in accordoance with ito normal
operating procedures, The truck engine will be cperated at ito scpeed which in
governed for the cycle or Af there is no such speed, the maximum allowable
enqgine or pump speed, whichever is lower.

The wante compaction equipment shall be run through two complete com-
pactlon cycles for each noise meacurcment taken. If the readings differ by
more than 2 dBA, further readings will be taken until two agree within 2 doA
and the aversge Laken.

Te meter shall be set for "fast" response and on the "A"-weighted
network.

Truck Chassis Noise

For waste compaction exulpment mounted on & chaesls, the truck engine
will be operated at "solenold speed" with the power takeoff not engaged. The
nolee level will ke recorded at this condition with the meter set for "fast”
response and "A"-welghting.

Waste Compaction Equipment Cycling Noise

The waste compaction equipnent will be operated through its pormal cycle.

The maximum noise level, ignoxing any peaka due to impacts, will be recorded

with the meter set for "fast" response and "A"~weighting,

4-11




Waste Compaction Equipment Impact Noise
The waste compaction equipment will be operated through its normal cycle.

The peak noise level due to impacts will be recorded with the meter set for
"fast" response and "A"-weighting,
Cyele Time of Waste Corpaction Equipment

The waste campaction equipment will be operated through its normal cycle.
The time from the beginning to the end of the cycle will be recorded.

Nojpe level measurements shall be taken at each of the four micruphona
positions arcund the vehicle and the following data will be reported.

1. Truck chassis noise,
2, maximum nolise level at each location, lgnoring impacta,

3. Maximum impact level,
4. The four-location energy average for each of the above three data
categoriea, computed according to the equation

A
T . p) r-/m) .
L~ 10 Leq( « 10 By 6 o8

where L, ia the A-weighted sound level corresponding to the ith
truck orlentation,

5. Cycle time,

General Commenta
It {8 strongly recommended that persons technically trained and experi-

enced in the current techniques of sound measurement select the equipment and

conduct. the tests,

A900 NEYIVAY 1539
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Proper use of all test Instrumentation is cosential to obtain valid
measurementa, Operating manvals or other literature furnished by the instru-
ment manufacturer should be referred to for both recommended opeoraton of the
Inatruments and precautions to be obgserved. Specific items to be conaldered
are:

The effectn of amblent weather conditions on the performance of all
instruments (for example, temperature, humidity, and barometrlc pressure).

Proper signal lcvels, terminating impedances, and cable lengtha on multi~-
Inatrument measurement syntems,

Proper acoustical calibration procedure, to include the influepce of
extenaion cables, etc. Fleld calibration shall be made immediately before and
after each test pequence. Internal calibration meana are acceptable for field
use, provided that external calibration is accomplished immedintely before or
after fleld use,

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

Measnurement shall be made only when wind speed 1s below 12 mph (19 Km/ho).

The ambient sound level (including wind effects) from sources other than
the vehicle being measured shall be at least 10 4BA lower than the level of
tha tested vehicle,

Pecause lwatanders have on appreciable influence on meter response when
they are in the vicinity of the vehicle or microphone, not more than one
pereon, other than the observer reading the meter, shall be within 50 ft

4-13
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(15 metersn) of the vchicle or instrument, and that pergon ghall be directly

behind the observer reading the meter, or on a line through the microphone and

the oboerver,
SUCGESTED REFERENCES
Suggested refercnce material 1o an follows:
ANS 51.1-1960 Acoustical Terminology.
MNS 51.2-1967 Physical Measurement of Sound.
ANS 51.2-1971 Specifications for Sound Level Meters,

SAE Recommended Practice J=-184 - Qualifying a Sound Data Acquisition

Syatem,

Mppllcations for copico of these documents should be addressed to the
Amer lcan National Standards Inatitute, Inc,, 1420 Brosdway, New York, New
York, 10018; or, The Society of Automotive Ingineers, Incorporated, Two
Pennsylvania Plaza, New York, New York, 10001,

DISCUSSION OF METHODOIOGY

There ace a number of pointa in the methodology presented above which
nedd further explanation. A number of decisions have been made concerning
certain patameters in the methodology, and the reasons for these declsions
need to be enumerated,

Measurement Distance

Twvo measurement diatances are commonly employed in the measurement of
noise from vehiclea: the SAE generally adopts a 50 ft distance and the

Eurcpean ISO adopts a 7 m (23 ft) distance. In thia methodology, we have

selected the latter distance {7 m) for two reasons, First, a smaller measure-

ment. site ia required for the closer distance., Buildings and reflecting

sutrfaces need only be 50 £t awvay from the truck and microphone, wherean they
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need to be 100 £t away if a 50 £t measurcment distance in employed. fnaller
sites are more readily available. Second, since the noloe levels we are
concerned with meapuring are pot very high, there will be less interference
from ambicnt noioe at a 7 m distance than at a 50 £t distance. Accordingly,
all noise measurements in thio study are quoted for a distance of 7 m (23 ft}.

Operaton of the Compactor Truck Empty

A deelsion had to be made ag to what lood will be placed in the hopper of
the compactor truck when its polse {8 being measured. Suggestions have been
made that a standarxd load should be used. dhis lood could consist of paper,
garbage or bottles. However, any cuch load will ipevitably vary from one
sample to another and pot be reproducible. The sanple could ot even be uaed
twice in the pame truck since it would change on being ocompacted the Eirat
time, BAccordingly, the only practical reproducible load that could be deviced,
wag no load., An empty hopper may not be a good simulation of actwal loads,
but it does pravide a conatant baseline against which all trucks can be
compared. Also, one peries of measurements made on compactors indicated an
average increase In noise of spproximately 0.5 di between empty and full load
oonditiona {Ref. 4-2}.

Enerqy Averaqe

The truck nolse levels are measured on four sides. The SAE generally
takes the highest of the four levels measured and quotes that level. This ia
appropriate if ope la concerned with determining Af there 18 an excesaive
noise level in any direction. However, In this study, EPA Is concerned with

the total impact of the noise on the comminity. This is beat evaluated by

4-15
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toaking an energy average around all nides of the vehicle. ‘The energy average

is obtained by averaging the antilogs of the levels on the four sides of the

truck and then toking the log of the result. That is, if the four measure-

menta are I‘l' Loy L3 and L4' the cnergy averaged level, L, io

Ly /10 L,/10 /10 L,/10
R P +10 3 )] ’

T = logy, [1/4 (10 1

a result that is influenced more strongly by the highest levels mensured at

individual microphone positions.

REFFRENCES
4-1. Blomquist, Donald S. (National Durcau of Standarda) letter to Fred
Mintz, EPA, dated March 23, 1977.

Mansbach, Peter A, (Natjopal Burean of Standarcds) letter to Fred Mintz,

4"2-
EPh, dated MAuwgust 31, 1976.
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Section §

EVALUATION OF EFPECTS Of TRUCK MOUNIED SOLID WASTE
COMPACTORS ON PUBLIC HEALTH AND WELFARE

INTRODUCTION

Purouant to the Moise Control Act of 1972, the Envirommental Protection
Meney (EPA) has proposced noise emiasoion regulations on newly manufactured
truck mounted trach compactor units. ‘The proposed regulations opecify levels
not to be excecded as measured according to a specificd test procedure, and
are intended to control compaction noise, including truck engine contributicons.

pPredictions of both costs and bepefita jnvolved are required as necensary
ipputs to define the trode-offs among the various option: for the regulatory
levels to bt included in the final requlations, Presented in thio analyais
are predictions of the potential health and welfare bepefits of selected
noise control options that cover a rage of possible regulatéry programs of
new truck mounted trash compiactors. Coatn of compliance and cconomic inpact
for different requlatory programs arce presented in Section 7 of this document.

Pecause of Ipherent differences in individual responses to noisa, the
wide range of aituationn and enviromments which relate to compactor nolse
generation, and the complexity of the associated noise fields, it 18 pot
posaible to examine all sitvatlons precisely. Mence, in this predictive
analysils, certain stated assumptions have been mxle to approximate typical,or
average, Gltuations. The approach taken to determine the benefits assoclated
with the noise regulation is therefore otatistical, in that an effort is made
to determine the order of magnitude of the population that may be affected
for each requlatory option. Some uncertainties with respect to individual

caseg or Aituations will remain.
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Measures of Dencfits to Public Health and Welfare

The phrage "public health and welfare,” as used here, includes personal

canfort amd well-beimg as well ag the absence of clinical ocymptoms such ag
hearing damoge. People are exposted to noice generated from trash compacting
operations most notably when inside their homes. Reducing moise related to
trash compaction activity may predduce the following benefito:

1. Meduction in average urban noise levelo and ossociated aumulative
lorg=-temm Jmpact vpon the expodcd population.
2.  Fewer activities, i.e., sleep and specch communication, disrupted
by individunl noloe events.
Predictions of noise levels under various regulatory schedules are
prosented in terms of the nolse levels ansociated with typlcnl trash collec-

The trash produced within a unit arca of land will be
The

tion operations.
generated at a rate dependent upon population density and land use,
collection and compaction of this trach io expressed on an smount-per-person—

per—day basis for the unit arca. fThe nunber of noise-producing compaction

cycles ia a functlon of thia daily collection. The basle unit of area used is

the hectare (ha). Thia unit is about the filze of a city block (175 x 600

feat for en oblong blodk or 330 x 330 Leet for a square block).
RFeductions in the average urban nofse leveln from current conditions
{l.e., with no compactor noloe emission regulations) ace presented for

comparisen with reductiona expected for the regulatory cptions on newly

manufactured truck mounted trash compactors. Projections of the population

impacted by campactor noise during the regulatory period are determined

from eatimating reductiona in the aversge nolse levels of vacious types of

residentiel land use areas,
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liowever, meaouring natlonwide impact in terms of average urban polse
levels doco not adequately account for extromely annoying situations arising
from a single trash compaction eporation, since annoyance [requently depends
on the activity and location of the individunl. In oddition, measures of
average urban nolgse level tend to cancel cut the dioruptive and annoying peak
noise levels produced by individual trash conpaction cycles. /Mditional
benefitn are obtuined by the reduction of current noise levels generated froo
a single compactlon activity. These benefits acve evaluated in terms of sleep
disturbance and speech interference at current noise cmisnlon levela and at
the reduced levels ascociated with the reduction of nolse attributable to an
individual trash compaction cycle.
Requlatory Schedules

Predictions of the population impacted by nofse ralated to trash collec-
tion activity are presented for the regulatory options shown in Table 5-1.
The base option asaumes no specific nolse regqulation for compactora, and
hence the total reduction in polse impact ia the result of the nolse regula~
tions on medium and heavy duty trucks. Opticns 1, 3, 5, and 7 were selected
from a large list of options which was reduced to these fipal four, for
further etudy, In all cases, each compactor type is belng regulated to the
pame level, The Silent option (a8 included for comparison purposes to
indicata the lower limit of noise reductions, and the impact of eliminating

canpactor noise.
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TADLE 5-1

REGULATORY OPTIONS: NI-TO-EXCEID
A-WEIGHTED SOUND LEVELS AT 7m

Compactor (all types)

AdCQ TIEVYAY 1538

Optiong* 1979 1942 1985
DBaoe U+ Uan Utn
Option 1 a9 5 75
Option 3 une 79 79
Option 5 Uns 75 75
Option 7 70 75 75
Silent 0 t 0

A In all cases, truck regulations ace 83 di(a) In 1978 and
a0 de(n) in 1902,

*r {1~ unrequlated,

i L——
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Gutline of the llealth and Welfare Seckion

A deseription of the exisoting trash compactor nolse enviromment lo
presented in the following section, The next section preoents the predicted
reduction of the population impacted within variocus land uges due to the
reduction of average community noioe leveln by requlating truck-mounted trash
compactors. Following that, predictions of changes in sleep disturbance and
speech interference due to a mingle trash collection cycle are estimated for
each land ude for the regulations under conaideration,

TRAGH COLLECTION NOISE ENVIRONMENT

A simgle collection cycle is defined as a collector truck arriving at a
locatjon, loading trash into the truck, compactipg the trash, and finally,
the truck pulling away. This collection event may be considered a stationary
nolse source which producea a noise field that attenuates in intensity with
distance.

four elementa must be evaluated to define the population exposure
produced by the nolee environment from a single collection cycle:

e The noise Jevel of the truck which carries the compactor

e The nolse produced by the compaction cycle of the campactor type
being evaluated
e  Propagation of the poise from the source to the recelver through
situations which range from parrow streets to open arcan
e  Attenuation of the sound by buildings or walla.
These elements may be combined and translated into average levels by
oconaidering the mumber of collections ocouring per it srea and the mix

of collection trucks.

5-4
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NDISE LEVEL, db{A)
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Truck Noisie Per Collection Cycle

Much of the total collection cycle noise i8 generated by the truck
which carriea the compactor, Time histories of the noise emitted during
typical reoidential trosh collection cyclea are gummarized in Figure 5-1.
Truck crgine noise occurg while the truck pulls up, vhile it io idling and
the truck 18 being looded, while the engine is accelerating during the
carpaction cycle, and while it is idling and then driven off.

TIHE, seconds

Figure 5-1. Typical collection cycle noise levels at 7 m.

Medium and heavy gasoline and diesel trucks, the type which carry
trash compactora; have been recognized as major contributora to environ-
mental noise. The nolse produced by these vehiclew will be regulated to a
not-to-exceed level of 63 dBA {based on the J336L test) in 1978 and to A
level of 80 dBA in 1960, A more strimgent regulation may be prarulgated
at a later time, As these quieted trucks are introduced into the compactor-~

truck fleet, the polse asscclated with the collection cycle will decrease,
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Table 5-2 presents an estimate, based on Refercnce 5-1, of the collection
cycle nolse leveln produced by these quicted trucks. Alco included in Table
£-2 are gatimatea for three possible levels of future truck noise reduction,
The average valuep of truck noice during pullup, idle and pull-away phases
{irdependent of the increased noise level during the compuction cycle), are
calculated by summing the equivalent energy of cach component in the cyele,
and usced for the analysis in this roport.

Compactor Nolse per Collection Cycle

A summary of measurements of the noisce emissions associated with the
campaction cycles on 20 different trucks* (Refecence 5~2) is presented in
Table 5-3. The measured sample was not intended to be representative of
refuse compactors in qeneral, but rather, measurements werce made on avail-
able trucks. A relatively large number of quieted compactors were in the
measured sample so that average sound levels may be much lower than those
vhich would be observéd in actual cperation. However, for purposea of this
analysia it ls assumed that the measurement results presented in Table 5-3
are representative of average national valuea, although a number of large
cities (e.g., New York and San Francisco) require the use of quisted trucks,
and thus some densely populated urban areas may be subjected to compactor
nolse levela Jower than those reported in Table 5-3. Independent measure-
menta mxle by the EPA (Reference 5-3) are in agreement with the average
yvalues listed In this report,

Table 5-3 includes measurement results obtalned at 7 meters of

the maximum pteady sound level (Imax), the maximum impulse level,

*Four trucka

were measured in two different modes a0 therefore the sample consisted
of 32 measurements

5-7
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TABLE 5-2

ESTIMATED A-WEIGHTED SOUND LEVELS
AT 7m OF TIE NON=COMPACTION
COMPONENTS OF THE COLLECTION CYCLD

Regulated Truck Noilsc
Lavel Q50 Ft.
Event Duration an{a)
{aec) | ya 83 a0
Pull-up 25 80 74 71
Brake Squeal <5 [ 90 90 20
Idle while Loading 10 67 66 65
Trash Loading Impacts (4} {eca)0.5 | 77 71 77
Corpaction Cycle
Idle 20 67 66 65
Brake Reloase 0.5 | 90 90 90
Full~away 15 86 B0 77
Average (not including
compaction cycle) 100 77.2 72.8 7.2

e kb e pan e =

Note:

U% = existing unquieted trucks




TABLE 5-3
AVERAGE A-WEIGHYED SOUND LEVELS AT 7m OF EXISTING REFUSE
COMPACTORS

{(from Table 3~1, Scction 3)

Maximum Steady Level at /m, Lpax (Maximum Impulse at 7m
Corpactor Typo
Sound Compaction Cycle|SELR Sound BEL
Level Time Level
dB({A) (scconds) dB(A)
Average | Range (Average | Range Range | Average Runge
Front-loader -ﬁﬁf% TA-47 Al sy [20~40  J87-100] 87.2 68-97
n Side-loader 75.8 72-80 Al = B~75 |64-95 | 084 79~-80
1
@ Rear-leoader 2??8‘ TA=T6- 24 2y g~40 02-56 85.4 73-87
L
NOTES: & Calculated from SEL = Lp + 10 log (duration)

where SEIL = Sound Ixponure Level

and LA is Sound Lovel

|
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and the time over which these levels were attained during a compaction
cycle, 'The total noice level of the conpaction cycle uoed in this analyaio
includes both the steady-state and the impulsive sounds. EPA data indicateo
that the npunber of impulses during a cycle varien with the type of compactor.
M average of 8 impnots wao noted for each front-loader compaction, 2 for
cach olde-losder and 5 for cach rear-loader. EBuach impact nolse is assumed

to have o duration of 0,5 gee. The average nolse level was calculated waing:

t L t L i
10 log ( 1- —I—t—)(m °/1°)+(—-5—t—) (10 1/10) apny B
C C

j
]

Lz
]

compaction time,in seconds, from Table 5-3

impulse time = number of impulges x 0.5 seconds

T
-
3

sound pressure level of steady-state compaction
fran Table 5-3, dB(A)

bl
1

[‘I = pound preasure level of impulse noise, from
Table 5-3, dB(A).
Table 5-4 presenta the results of these calculations for the three
canpactor types and defines the nolse levels of existing compaction cycles.
TABLE 54,

FSTIMATES OF THE AVERAGE A-WEIGITED SOUND
FEVEL AT Tm PRODUCED BY DIFFERENT COMPACTOR TYPES.

found Level
Compactor Typs _ dB{(A)
Front-loader g5.8 %~ 5
Slde~lcader 76.17 16
Rear-)onder 79.4 $6-2-
5-10
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e o = =

Sound Propaqation and Amplificaticn

A oound 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-ficld enviromment. ‘This phenonenon 1o referred
to as reverberation build-up which occura when the walls of the buildings on
each side of the strect cause peveral multiple-reflection sound propagation
paths botween source and receiver.

In urban arean whoere the height of a flanking focode 15 npearly con~
tinuous and is greater than or cowparable to the street width, there io a
reverberant build-up of psound. Rurthermore, there are shielding effects
fran different types of barriers or tumildings on spparent socurce intensity.
For a u-shaped space, which approximatea an urban street, omplification
factora may be estimated, ‘These factors are dependent on the width of the
space. lFor example, when building fronts are separated by 15 meters (49
feet), If the amplification factor ia estimated to be 2,2 dB, and if a 7.6
mater (25 feet) separation of ailding fronts amplifien nmound at the source
by 8 dB, a sound source of 80 dB, referenced at 7 m free field, would on
the 15 meter wide street be amplified to 02,2 dB and on a 7.6 meter wide
gtreet (alley) to 68 dB.

Since the apparent bulld-up in sound level is a function of the width
between facing buildings, the technique auggested in Reference 5-4 was used
to calculate the amplification and propagation factors for representative
street widths., It wns determined that adjustment factors of 11.6, B.O,

2,2, and ~1.6 dB added to the poise levels on etteeta 4.5 meters {15 feet),

7.6 metera (25 feet), 15 metera (49 feet) and 24 or more meters (»70 feat)

§-11
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wide regpectively best represented truck mounted solid waste trash compactort
activity in urban areas. Thesc reverberant buildup factors were added to the
percentage of collectionn occurring on various street widths in urban arecas
{oee Table 5-6).

Sound levels attenunte spherically from the source in o free-ficld
enviromment. ‘he pound-pressure level loss due to propagation vories
inversely with the square of the distance between the noise source and a
recelver,  In the free-ficld environment the propagation logs is cquivalent
to 6 db for cach doubling of distance between the source and the recelver,
i.e., a -6 dB/dd attenuation rate.

Trash compactor noise, however, does not occur in a free-field environ-
rent. MNon-uniform attenuation rates have been developed to estimate the
mound level attenuation in varying enviromnments {(Reference 5-4). For thia
analysis, unifc;rm attenuation rates providing an approximation to the non-
wniform attenuation rates are used for each land use category. The uniform
attenuation rates selected are ~6dB/dd for the subuxban single-family
detached and suburban duplex dwelling categories, -6,5 dB/34 for wban row
apartments, -B dR/dA for dense urban spartments, and ~8.5 dd/dd for verxy
dense urban apactments. ‘These attenuation ratea apply to distances heyond 50
feet from the source,

Mo reduction in nolse level dua to the shielding of a row of tmildings
between the source and the oheerver was considered for the suburban single-
family detached and suburban duplex land-use categories. The typical

collection noiee levela in these arens are low encugh that they will be

512
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ingignificant on an adjoining street, [lor the denser dwelling areas, the
barricr effect of a row of bulldingo is taken into account. in the sound
propagation (attenuation) ratea,

Sound Attcnuation within Buildingo

To estimate indoor noloc levels from cutside nodoe sources, the attenu-
ation factor of bullding walls and windows must be calculated, Although
dwelling walls attenuate sound, windows generally provide poor insulation
from exterlor noise. wWhen windows are open the difference between indoor and
outdoor noise varies from 10 to 1B dB; this i3 represcntative of the typical
aummer situation. 1In winter, with windows cloned, the attenuation varies
from 15 to 27 db, and with double-glazed windows, noise may be reduced as
much as 45 db,

The maximm, closed value in winter is seldom achieved in older urban
areas, for in these areas the nolse reductlon is governed by the minute
cracks and spaces around the glasa panels and the window and door frames.

In this analysis an attenuation value of 15 dB will be used for the suburban
single~family detached and the suburban duplex areas, and a value of 20 dB
for the other dwelling areas to represent the actenuation of outdoor nolse
ty the exterjor shell of the house, These attepuatlon factors represent

an average between summer, winter, new construction, and old construction.

Average Noise Levels Per Unit Area

Ench gonpactor type generatea a different noise level, and the mix of
compactor types in each of the land-use categories vories as presented in

Table 5~5.

513
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To simplify the health and welfare calculations, an average noise level

per collection for cach land-use type was calculated oo follown:

(1) The truck noise level (Table 5-2) was energy-averaded with the compac-

tion noise (Table 5-4) ag:

1 L,
10 103 - (tT)(IOLT/m )+(tc) (10 °/1°) anA)  (5-2)

the nolsa level for each truck-compactor combination, dB{A)

foad
}

truck noise level, from Table 5-2, dB{A)

=3

time truck noice in the collection cycle {(omitting compaction

(24
i

tima) = 100 sec
average nolse level for each compactor type, from Table 5-4,

-

an{h)
t, = canpaction time from Table 5-3, sec,
{2) The nolse level for each carpactor type was multiplied by the use

factor from Table 5-5, for a mlx of truck types in a given orea.

mmn -(fﬂ.) (”m) +(ESL)(LSL) +(fm)(“m.). 3,

fE‘L m fraction of front-loaders in a glven land-use arvea,
from Table 5-5
I‘E‘L ~ poise level of front-loadexa from FBuation 5-2;

and the subscripta 5L and RL refer to side-londers and rear-loaders,

respectively.

‘ 5-14
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TABLEL 5-5

AVERAGE PERCENT OF DIFFERENT TYPE COLLOCIOR VELHICLES
COPERATING PER DAY IN CACH LAND-USE CATEGORY.

Collector Type
Front-londer Side-loader Reac-loader
Land Use Percent Percent Percent
Surburban Simgle~ 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
Danse Urban 19.4 17.5 63.1
Pparctmenta
Very Dense 3.8 13.5 54.8
Urhan
Apartments
515
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(3) 0.5 dB wan added to the result to account for trash in the compactor.*

Ihe result i the average sound-preosure level produced by a oingle

oollection unaftected by reverberant build-up.

No data were found for the frequency of alley plckup versus street
canpactions, or on the relative distribution of alley and street widths
between buildings in urban arecas. A sample gurvey therefore wao concducted
in four metropolitan accao®* to relate dictance between building fronts to
collection location for various population density categories, On the
banis of this sucvey it is agsgumed that onc-half of the compackiona eccur
on streets wider than 24 metern and one-half on atrecto where amplification
may be a problem. In urban row apartment arcaa, 25 percent of the Impact
sltuationa will be on streets 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 arcan compactlions are assumed to occur 10 percent of
the time in 4.5 meter (15 foot} wide alleys, 20 percent on 7.6 meter (25
foot) atreeta, and 20 percent of the time on 15.2 meter (50 foot) streeta.
Table 5-6 glves the percentage of collections estimated by the survey for
different street widtha and the amplification factor associated with that

width,

* The measurements all relate to empty ocompactors. A recent atuxly {Reforenoe
5-14) Indicates that, on the average, there ia zbout a 0.5 dB(A) difference
between the load and no-load conditions.

*8 [on Angeles, DNerkeley, Atlanta, Washington, D.C. Distances between
bullding fronta were paced or estimated.
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TABLE 5-6.
MPLIFICATION FACTORS DUE 70 REVERBERANT BUILDUD IN
NARROW STREETS (GROUND REFLECTION IGNORED).

Width between  Percent of Amplification

land Use puildingo® Total Factor

Collectiong dB(A)
meters feot

7.6 25 25 8.0
Uchan low 15,2 50 25 2,2
Aparctmento >4 »78 50 -1.0
Dense Urban 4.5 15 10 11.6
Apartments 1.6 25 20 8.0
15.2 50 20 2.2
>4 >70 50 -1.6
wery Denso 4.5 15 10 11.6
Urban 7.6 25 20 8.0
Apartments 15.2 50 20 2.2
>24 >70 50 ~1.6

AOU 3 THY UWAY 1osd

8 pssumes continuous huilding fronts
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Noigo Metrien

As dincussed in the introduction of this cection, two methods are used

to evaluate the health and welfare benefits of reduced trash compactor nolse

emioofions on the human population. The firot method relates to general
aversiveness due to trash ocollection cycle nolse ags a component of the
overall noise levels of urban arean. ‘Ihe second method relates to pleep
disturbances and speech interference attributable to individual trach
collection ¢yelea.

Three primary noise metrics are used in the two methods. 'The primary
measures of molse exposure for general annoyance are the equivalent A~
welghted sound level (ch) orxd the day-night average sound level Ly )e
Sleep disturbances are calculated uning the Sound Fxposure Level (SEL) of
the individual event as the primary measurc of nolse impact. Speech
Interference ia calculated usipg the L of the individual event as the

53]
primary measuce of nolse impact. A brief description of these three noise

metrics followat
BEquivalent Sound Ievel(l.eq)

Tha Nolse Control Act of 1972 required EPA to present information on
noine levela that are "requisite to protect the public health and welfare
with an adequate margin of safety.” The equivalent A-welighted sound level

in decibels, L__, waa pelected as the primary measure of moise levels

eq
alnce it is the descriptor which correlates hest with the overall long-

term effecta of pervaslve enviromental nolse on the public health and

welfare (Reference 5-5),
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The basic definition of I‘eq io:

t 2.,

PR L a) (5-4)
8, Py

where t:2 - t1 is the interval of time over which the levels are evaluated,

1
1, w 10} lw (._.:__:.._.._..
oq 10 -ty

plt)} i8 the time-varying magnitude of the courkd pressure, and Py io a
reference preaoure gtandoardized at 20 micropancals. When espressed in terms

of A-welghted mound level, Ly the equivalent A-weighted pound level, ch,

in defined as:

i

N t AR
Ty = 10 10910(527-51— .ftl [ 10 } dt ) (5~5)
The Leq 18 associated with a specific tlme perled to-ty s OF T. bhen
associaved with a speclfic short time interval, T, the Lm1 (1) represents
the energy-averaged nound level, over that intecval of time. Commenly uscd
time intervals are 24-hour, 8-hour, l-bour, day and nifjht, symbolized as

I‘eq (24}, Leq (8}, I‘eq (1), Ld and ['n’ respectively,

Day-Night Average Sound level (L dn)
In describing the impact of nolise on people, the measure called the

day~night average sound level (I.dn} is used, This is a 24~hour measure
with a weighting applled to nighttime nolse levels to account for the
increaned mensitivity of prople to intruding moise associated with the
decreape in background noise levels at night. 7The Vian is defined as
the equivalent poise level during a 24-hovr perxiod, with a 10-dn
welghting applied to the equivalent noime level during the nighttime
bours of 10 p.m. to 7 a.m. Thia js expressed by the following equation:

519
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Ld/l() (Ln-f-ll))/lo:] } (5-6)

M

where Ly o the "daytime" cquivalent level obtained between 7 a.m. and

1
Lon = 10 10!]10 24 { 15 ( 10

10 p.m., ond Ln ia the "nighttime™ cquivalent level obtained between
10 p.m. and 7 a.m.
Sound Exposure [cvel (S5CL)

Moot of the eriteria which relate noise expovure bto human impact
denl with pervanive environmental noise rather than discrete poise cvents.
Specification of the noise enviromment in terms of equivalent A-weighted
pound level is adequate for pervasive nolses. Single events, like a
trash collection cycle, mny contribute an insignificant amount to the
total enviroomental noise, yet be of severe impact, Fortunately, some
effects of naise on people have been quantified in terms of sound level
over a particular duration. A aimple metric which measuces sound level
teking into acoount the duration of the event 1s the Sound Fxposure
Ievel (SEL), The SEL is the integral of the sound power per unlt area
recelved at a specifled distance during a single occurrence of a nolse~
producing event. The SEL is deflined an:

SEI, » 10 1og (%;—(E)- ) at  dB(A) (5-7)
0o VP
where p(t) is the A-welghted sound pressure at time t, Py 1a the refexence
pressure (20 micropascals}, and T is the duration of the poise event, For
a rectangulsr pulse time hiatory of approximately constant average sound

level, LA' such a8 a trash collection cycle, an approximation is:
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SEL = Lyow 10 log (1) (5~8)

where T is the tlme in seconds over which the sound is present, in thio
cage the time of the compaction cycle, or the truck collection cycle, amd

Ly 18 the maximun A-weighted scound level.

Valucs of SEL were calculated for cach conponent of truck collection
noise ohown in Table 5-2 amxl for compaction and impulse nolse shown in
Table 5-3. For steady-atate nolpe pulses, [uation 5-0 wan uged. For
triangular pulses, SEL wan approximated by:

SEL = Lya, + 10 log(t/2) {5~9)
where Iy, ia the maximum sound level.

The calculated SELo were combined in the same manner as the sound
levels. Table 5-7 presents the results of these calculationg and defipes
the existing nolse environment for a aingle compaction.

TABLE 5-7.
EXISTING AVERAGE HAXIMUM STEADY SOINO [EVELS AT 7

METERS FOR VARIQUS [AND-USE CATEGORIES (ADJUSTED FOR
TRUCK MIX, TOASH NOISE AND REVERDERANT AMPLIFICATION} .

Land Use Type I (dB{A)) SEL fropagation

Suburban Single- .

Family Detached 70.0 94.9 =6 dp/dd

Suburban

puplexes 76,0 90.9 ~6 db/dd

Ucban Row

Apartments 81.9 102.8 ~6,5 di/dd

Pense Urban

Ppaxtmenta 03.6 104.6 -8 dB/dd

Very Dense Uchan

Apartments 83,9 105.6 ~8,5 dB/dd
521
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Compactor Noise Levelu Under Requlatory Options

The average life of a compactor is about 7 yecars (Reference 5-06).
Therefore, 1/7 of the conpactor fleet io replaced each year.* Two aoscump-
tlons were made of the compactor polse levels under the regulation optiens.
Firat, that manufacturers would design to a level 2 dB below the not-to-
exceed level, and secondly, the moaximum impulse levels would be regulated to
a maxkimum of 5 A3 over the ateady-state levels, Uoing these assumptions,
the regulatory schemes presented In Table 51, the requlated truck nolse
levela of Table 5-2,and the method outlined in the preceding section,the
tables in Exhibit 5-A at the end of this section were calculated, presenting
the average sound level Lnfor cach land usc area to the year 2000,

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

1. An average time of collection (tm{g) for each land-use class was

calculated, This averaqe time changed as the mix of collector
vehicles, each with different compaction times, changed. The
average time of compaction for each collector type ie listed in
Table 5~3, the average time of nom-compacting truck noise is given
in Table 5-2, the frection of collection in each land-use class
in Table 5-5. The average timae in each dwelling cagetory was

calculated aa:

*Raference 5-6 reporta that often a compactor body 18 remanufactured and
placed on a new truck, Thia apalysis assumes the remapufactured units
meet the npolse standacds of new units,

5-22
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tavg {:Etc x ) + I:T]
where
t, = compaction time, Table 5~3
£, = fraction of compaction in land-use claes,
Table 5-5
t‘l‘ = truck noise time, Table 5~2
Averege times for the complete collection cycle and
carponents of tha gollection cycle are ﬁm;-m in Table 5-8.
TABLE 5-8,

I AVERAGE COLLECTION CYCELE
! TIMES FOR VARIOUS IAND-USE AREAS.

‘ Average hverage Mversge
! Compaction Truck Sound Collection
lanl Use Thme Time Cycle Time
{seconda) {seconda) {seconda}
Suburben Sinmgle-
Family Detached 20,8 100 120.8
Suburban
Duplexen 211 100 121,1
Ucban Row
Apartmenta 21.5 100 21,5
Censa Urban
Apartments 21.5 100 123,5
Very Dense Urban
Apartments 24.7 100 124.7
3
3
4
4 5-23
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2,

The number of secondn per doy the noise cource operated in each

ha of lamd-use class for cach year up to year 2000 was calculated.

The average collection time was multiplied by the number of
compactionn per ha per day {Table 5-9) for cach lan-use class
for each year. ‘The pumber of total daily compactions for cach
yoar was taken from Table 5-10 which incorporates the yearly
grovwth factor into daily compactions.

ch for cach year and dwelling category was calculated as:

o]

where

dn{n) (5-10})

ty = time of source, from Step 2 above

tr =~ reference time, 06,400 nec/dny

L, = A-weighted sound-pressurce level from Table 5-7,

The resulting 24-hour L(__q for each year of each option ia given in Exhibit

5-B at the end of this section.
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TADLE 5"9-

Land Usg

Suburban
Simgle-
Family
petached

Subuchan
Duplexes

52-5

Ucban Row
Apartments

Denae Ucban
Apartments

Very Dense
Uzrban
Apartmenta

Front-Londer

Day

0.0219

G.0541

0.2733

0.6455

2.60084

Night

0.0003

0.0035

0.0849

0,5617

2.3505

Side-Loader
Day Night
0.6338 0.0009
0.1734  0.0111
0.323%  0.1005
0.5822  0,5247
1.1046  0,9954

Rear-Looader

Day Night
0,2115 0.0029
0.5725 0.0365
1,1332  0.3520
2.0994  1.8919
4.4990 4.0549

Doy

0.2972

0.8000

1.7301

3.327

8.2120

DAY-NIGHT DISTRIBUIION OF AVERAGE CMPACTIONS PER HECTARE FOR 1976

Total

Night

0.0041

0.0511

0.5374

2.9982

7.4009

Total

0.3011

0.8510

2.2674

6.3253

15,6136
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TADLE 5-10

PROJECTIONS OF AVERAGE SOLID WASIT TTUCK CCMDNTTIONS
FER IIDCTART 10 TIE YEAR 2000

Suburban Single. Subuiban
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1907 Gaddbe Or2u4
18420 WV, 42493 Q.b7hl
198IN Q.004% (VP
1982T G329l 0.9317
10830 U.4203 0. htinY
1983N UGy U.0Losd
10937 )y, 2404 u,vda32
10040 1, 3334 U /e
1984N s AN U Uuhid
19847 U A0 (LR N
10050 D.38T TR
1RBSN N ILTT U0
10857 Uadlf U,%051
19860 U.diuo G.Ui169
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J. b U
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YEAR

10890
1960N
10887
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1990N
19907
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10000
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20000
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Similarly, Exhibit 5-C gives the values of Ly, for the five dwelling
categories to the year 2000. The values for Ly and L were calculated using
Equation 5-10 except that the gource time, t,, was calculated using the
Table 5-9 values for day and night, respectively, and the reference time
t.r wWaB 54,000 sec for day and 32,400 cec for night,

The minimum value of Lan io attained at the time that the entire fleet
io componed of trucko quicted by the requlation. After this date, the values
of Ldn rise, reflecting the growth rate of the refuse oollection activity.

Consideration of Ambient Noise Levels

The previoua analysis of compactor noise and calculation of Ly, osoumes
no background ambient noise levela, i.e,, levels of molse due to all other
conditions. These amblent levels must be conaidered since it ia total noise
exposure upon vhich the EPA's assessment of health and 'w.lfare impacts rests.

It hna been previounly determined that day and night ambient levels can
be represented aa a function of population density (Reference 5-~7) as followa:

ANL » 9.73 x log FD + 17.4 {5~12)

where

ADL = ambient daytime equivalent sound level

ANL = ambient nighttime equivalent sound level

M = population density (people per squace mile)

Fopulation densitien used In the compactor study ace in units of people
per hectare and can be converted to people per square mile by dividing by

3.861 x 10"3. The total amblent day-night equivalent sound level, Lin in
computed as follows:

5-28

R i R LR e e I BN T g



AdC) ITEYINAV 1S36

Suburben 3ingle Family Detached

Suburban Duplexes
Ucban Row Apartments
Dense Urban Apartments

very Dense Urban Apartments

56.10
~ 59,74
.- 62167
~ £65.94
- 6?.8“

)

However, for purposen of this analyois, where amblient levels eoxceed

minimum impact criteria levels (Lj, = 55 dB}, the awbient levels were

arbitrarily set instead to a level of 1 dB under the criteria level under

the assumption that ambient levels will be lowered by coordinated Fedepal,

State and lecal efforts to reduce noice.

Tha total day-night average sound level [‘dn including amblent levels

and conpactor sound levels 1s calculated pa follows:

1€ 00 1R Ao
[10 o/ + 10 o/ ]

I‘dn n 10 1og
vhere

ol

L

A
I‘dn

» ambient poise levels as dlecugsed above,

{5-13)

n " the compactor scund levels calculated by Bjuation 5-6 and
applied to the options in the previous section

The results of these calculations for each year, area, and option are

presented in Exhibit 5-D at the end of this section.
NOISE IMPACT FROM TRASH COMEACTORS

“

To assesn the impact of compactor noise, a relationship between the

nolse leveln in terms of Leq and Lin (Exhibits 5-B and 5-C) and the

responses of the people exposed to the neise 18 needed. Human responses

may vary depending upon previous exposure, age, soecioeconomle status,

political ochesivenemn, and other social variables.

5-29
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however, for reoidential locations, the average renponse of groups of people

is related to cumulative noise exposure ao expressed in a meacure ouch as Leq
or Ly,. The different formg of tesponse to nolse, auch aa hearing domage,
gpeech or other activity interference, and annoyance, and theic relatlonship
to Leq or I‘dn ave dioscuosed in the EPA Ievels Document (Reference 5-5). For
the purposcn of this study, criteria based on Ly presented in the EPA Ievels
Document are used, It e assumed that if the outdoor level of Lin ias less than
or equal to 55 di, (which 1p identificd in the EPA Levels Document as requisite
to protect the public health and welface) no adverse impact in terma of gencral
annoyance and community response exintas,

The community reaction and annoyance data contalped in Appendix D of the
[evels Document {Reference 5-5) show that the expected reaction to an identifi-
able source of intruling noilse changes from "npome® when the day-night average
aound level of the intruding noise i 5 D below the level existing without
the presence of the Intruding nolse to "vigorous™ vhen the intxuding noise ia
19.5 dA sbove the level before intrusion. For this reagon, a level which is
20 dB abave Ldn-BS db ia coneldered to result In a maximum impact on the
pec:,ele expoased. Such a change in level would increase the percentage of the
population that is highly annoyed by 40 percent of the total exposed population,
Further, the data in the levels Document suggent that for environmental nolse
levels which are intermediate between 0 and 20 dB sbove Lgn™3% dB, the impact
varies linearly; that is, a 5 JdB exouas (Ld n=60) conatitutes a 25 percent

impact and a 10 dA excesa (Lyp=65) constitutes a 50 percent impact.,
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for convenlence of calculation, percentages of impact may be expresecd
ag Fractional Impact (FI}). A FI of 1.0 reprecento an inpact of 100 percent,
in accordance with the following formula:

o o[ 8 0o) fer b
where L is the cbacrved or measured Ly, for the envirommentsl nolse. lote
that FI can exceed unity for espooures greater than I‘dn « 75 dB,

The impact of noioe may be described in torms of both extenalvencss
(1.e., the number of people impacted) and intensiveness (the peverity of
impact). The fractiopal impact method expliclitly accounts for both the extent
anl severity of impact.

The Equivalent Noise Impact (ENI) associated with a glven level of nolae

“‘cl]n) may be assessed by multiplying the number of people exposed to that
level of nolse by the fractional Impact associated with the level as followa:

ENIi " (FIi,pi (5-15)
vhere ENL, . in the magnltude of the impact on the population exposed to noise

(Lé n) and is pumerically equal to the nmber of people who would all have a
fractional lmpact equal to unity (100 percent impacted), FIy ia the fractional

impact assoclated with a day-night average sound level of (Lén); over 55 dB,
and Pi ia the population exposed to this level of nolse. Tb illustrate this
concept, 1f there are 1000 people living in an arca where the nolse level
exceeda the critecion level by 5 dBf (amd are thus conaldered to be 25 percent
impacted, FI = 0,25), the environmental noise impact for thla group is the
pame as for 250 people who are 100 percent impacted, (1000 x 258 = 250 x 100%).

5~31
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vhen aasepeing the total impact aspociated with trash compactor noise,
the cbserved levela of noige decrease as the distance between the source and
the receiver increase. The magnitude of the total impact may be computed
by determining the partial impact at cach level and ourming cach of the levels.
The total impact ia given in terms of the equivalent number of people impacted
by the tollowing formula:

NI HZPL . FIi, (5-16)
vhere FIi ié the fractional inpact assoclated with (Lén) and P i is the popula-
tion exposed to this level of nolse. In this analysis, the mid~level of each
1 dn sector of levels above Ldn-SS db wae used in computing ENI.

Without ambient levels included, the distance assoclated with each 1 dp
decrease in Iy, from the source until it reaches the threshold of 55 dB s
determined from the attenuation rates for the various laml use types. bHowever,
with ambient leveln inclikied, the determination of distance aspociated with
each 1 dB decrease in Lan is ag followa:
0Lo/ltl

0l:.R/LlO - mmdn/m {log 2)/d {5-17)

Rnm RO N 1
1
whers

= distance from source

= reference polse source distance (7Tm)
" Ldn at sonrce

I‘dn at dlatance R from source

= ambient noise level

e B =
gzro"’o”

4

attenuatlon rate (-6, ~6.5, -8 or 8.5 depending on lanl use
category)
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The change in impact agsociated with regulations on the polse emissions
from trash compactor vehicles may be asseased by corpuring the mognitude
of the impacts, both with and without regulations, in terma of the relative
change in impoact (RCI}, which iz calculated from the following expresslon:

RCI = 100 I (before) - ENI {after)]
ENT (beforc) (5-18)

While the exact value of present or future [NI'o may not be known
precisely, the relative reductlono of the ENI due to noise regulations - of
primary interest here--are known with much greater accuracy than the absolute
value of the ENI since the chonges in the theoretical conponents of NI can be
vell defined. Ffor inntance, it may not be posaible to determine whether the
present eotimated ENI due to urban street traffic noise, an absolute value, is
actually 0.1 million too high. However, it is possible to determine, for
exanple, that the reqgulation of rear leading truck mounted trash compactors
will not reduce the ENI by more than 0.1 million, Fxtensive inveatigation of
such amall changes may scem innocuous if it is not kept in mind that although
truck mounted solid waste compactors represent only a small part of urban
activity 1ln the United States, thelr impacta may be conaslderable when measured
by metrica other than ENI. Thus, the changes found to occux In ENI may help
indicate what equivalent changes would occur in impact measures which are not
used in this analysis but whose abmolute values may reflect more accurately
the effects of compactor noise on people.

Aa discussed above, the concept of froctional impact, expressed in unita
of ENI, ias most usaful for describing relative changes in impact from a

specified baseline for the purpose of comparing benefita of alternative
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rogulatory schedules, In order to assess the absolute impact or beneflts
corresponding to any regulatory schedule, information on the distribution of
population as a function of nolse envirerment i6 required. This information
in included in this cection in the form of tables showing the number of people
cxponed to different levels of conpactor nodoe. The anticipated absolute
impact of nolse upon those individuals exposed to any given noise level may be
traced by referring to the varioun noise effectn criteria presented in the
Levels Docunent as well as In this analysio.

The resulting noise impact, in teono of ENI, for cach land uge area is
calculated for cach requlation achedule and ntudy year by applying the nolse
teduction of new trucks in combination with lesscned emissions from the
compactor unit, A summary of the reaults of this analysis {s displayed
in Table 5-11. Also included in Table 5-11 ia the year by ;em: percentage
benefit in extenaiveneas and severity of impact relative to the Impact in
1976, Tabulated complete results of ENI and RCI are presented in Exhibit
5-E at the end of this section.

To further illustrate the signiflicant benefits and relief atforded
the population by reducing new trash compactor nolse levela, Tables 5-12 anpd
5-13 are presented. In Table 5-12, the number of people expoped to Lan above
55 d8, in 5-dd increments, for the existing nolee level and the 1991 maximum
quisted level for each option is shown. Table §-13 ls presented as an

example to show that the fmpact is not uniform over the entire population.
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TABLE 5~11

(RCI)

EQUIVALEND NUMDER OF PEOPLE IMPACIED (ENI) (in millions)
PERCENTAGE BENEFIT

Options

Seven Silent

Five

One Three

Base

Year

oy

* & =
L = =]

oo
« o =
—o

O oo
a s e
- o

Loo

. *
—_o o

L
~ oo

Bape 1976 Total
RCI
RCI#

1991 Total
RCI
RCIN

1.03

36.4
G.00

2000 Total
RCI
RCI#

= percentage benefit fram base year (1976)

RCI

Bage option includes

equlations,

RCI* ~ percentage benefit from base option,
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TABLE 5-12

PEOPLE EXPOSED TO L n VER 55

d

(in milliono)

Baseline Optiong (1991)

Ldn 1976 Base e Three  Flve Seven  Silent
65-55 T4.5 0.4 54 T2 54 5.4 4.1
60-64 1.7 0.7 0.42 0.49 0.42 0.42 0.30
69-69 o4 0.2 0.03 0.00 0.03 .03 0.01

>70 .l 0.01 0.0 0.0 0.0 0,0 0.0
Total 16.7 10.31 5.9 7.8 5.9 5.9 4.4
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TABLE 5-13

PECPLE EXPOSED 110 Ldn 755 O EACH LAND USE TYPE
{in millicna)
Bace Optien (I976)

[‘dn 55F & UR [u ] VDU TOTAL
55=59 0.0 0.0 5.6 7.0 1.9 14.5
60-64 0.0 0.0 .A3 1.0 .3 1.7
65-69 0.0 0.0 0.0 a3 1 A

>10 0.0 0.0 0.0 .04 .04 1
Total 0.0 0.0 6.0 8.4 2.3 16.7
ENI 0.0 0.0 06 1,49 A5 2.8

SSF - Suburban Single Family Detached

50 ~ Suburban Duplexea

UR ~ Urban Row RApartments

DU~ Dense Urban Apartments

VIX) - Very Dense Urban Bpartmenta
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REDUCTION OF INDIVIDUAL TRASH COLLECTION NOISE IMPACT

til now, the analysis of truck mounted trash compactor noise impact
hay been concerned with the contribution that compactors make to average
day=-night urban nolce (Idn). The impact contributiona which are calculated
in thic way are canewhat gencraiized and do mot neceosarily reprenent specific
impact situations. Ior example, they do not reflect the fact that almost the
entire amount of daily accusticul cnerqy contributed by trash compactors in an
arca may be generated in only a few minutes of nolse during trash collection
activity. Yet thic intrusive, short, Intenge cvent may be ope of the most
annoylng noise-related oituations faced aver the entire day by a large mmber
of reaidents.

Romayance is difficult to describe. It may pass rapldly and the cause
remaln unnoticed., Or it may add to other mgenta causing stress and lead to
mysiological problems (Reference 5-15).

A lowd, short-duration nolse event may algo interrupt people's activie
ties, auch an conversation or slecping. The interruptions may again lead to
amoyance, but in themselves they may represent a degradation of health and
welfare. For instance, in a recent study of the annoyance caused by different
levela of simulated aircraft polse for people peated indoors watching televi-~ i
slon, anpoyance was seen to be mediated at least in part by speech Intexference.
Not only ia the TV progrsm or other person ppeaking, more dAifficult to hear
during the time in which there I3 a nolsy event, lut it has been obaerved that
the distraction which may cccur (rom the conversation in which the person is
engaged may contribute in ltself to annoyance (Reference 5-9). ‘The speaker
may behaviorally attempt to ccpe with the nofse Intrusion either by increesing
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his or her vocal effort, or in more severe cases, by discontinuing conversation
altogether. Such behavioral reactionn may be quite Indicative of general annoy-~
ance and disturbance with the Intrusive nolge cvent. Similarly, the reaction to
a noise intruolon during sleep may be in many cases a change ln sleep stage (from
"deeper” to "lighter® stoage) or, if the intruoive nolse is intence or long enough,
an actual awokening may result. In either case, repeated digturbance of people's
activities may be expected to adversely affect their well-being, Covariance of
verballzed annoyance with the interference of activities bas been amply demonstrated
in many soctal surveys (Reference 5-5, 5-16, 5-17, 5-10).

For these reasons it secemd appropriate for the analysio of the noloe
Impact associated with trash collection to examine the activities of speech
communication and sleep in gome detail, both in order to determine the direct
effect trash compactor noise may have on them, as well as to aid in an estima-
tion of the total annoyance attributable to the nolse. These aingle event
noise intruslons become pacticularly important in light of other regulations
and efforta to reduce the noise from other ucban noise sources, l.e., without
a reduction in emisslons from trash compactors, these units may very well
stand out as one of the most, if not the most, intrusive nolae source,
Sleep Dlasturbance

The sleep perlods of humens are typlcally classified Into five atages.
In Stagea I and IT1 sleep 1s llght and the slecper s casily awakened. Stagea
III and IV are stated of Secep oleep where a person 1s not a3 easlly awakened
by a given nolse, but the slcep may shift to a lighter stage of sleep. An

additionnl stege 1a termed REM, rapid eye movement, and corresponds to the

5-3%
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dream state. When expoted to an intrusive poine, a sleeper may (1) show
responoe by a brief change in brainwave pattern, without shifting sleep
gtages; (2} shift to a lighter nlecp stogoy or (3) awaken. The greatest known
impact occurs due to awakening, but there are also indicationn that disxuption
of the sleep cycle caure impact (irritability, etc.) even though the sleeper
may not awaken (Refercnce 5-14).

Two recent studies (Reference 5-10, 5-11) have sumarized and analyzed
sleep disturbance data. ‘These studies show a relationship between frequency
of response {disturbance or awakening) and noise level, and furthermore
demonstrated that the duration of the noise stimulus is a critical parameter
in predicting response, The studies also showed that the fresuency of sleep
distuption 1s predicted by nolse exposure better than is arousal or behavioral
awakening. #n importent fact is that sleep disturbence is defined a3 any
physlological change which ocoura aa a result of a stimulua. The person
undergoing auch disturbatice may be completely wmawace of belng afflicted;
however, the disturbance may discupt the total sleep quality and thus lead to,
in certaln situationa, behavioral or phyalological consequences (Reference
5-14}. To determine the magnitude of naleep disturbance caused by trash cam-
pactors, some consideration must be made of the houra of trash collection
activity. Table 5-14 chows the percentage of day, evening and night time
collections occurcing in the trash collection model used for this analysisa,
Although some fraction of the population aleeps during the day, it ia assumed
for thie analysis that sleep cccura only during nighttime houra and only the
fraction of total refuse collection activity that occurs during nighttime

houzs is applicable,




s

TARLE 5-14
PENCENTAGES OF TUIAL REFUSE COLLECTIONS.

Daytime Collection Evening Collection tlghttime Oollection
6:00 sm - 6:00 pm 6:00 pn - 10:00 pm  10:00 pm ~ 6:00 am
population Population fopalation

1976

ropulation % of Involved % of Involved % of Involved

{millionsa) Collectlong(millions)Collectiona(millions)Collections(millions)
villderness .l NA NA NA HA NA NA
Rural 57.0 100 57.0 0 - - 0
Subuchan
g&'ﬁi? 106.1 a4 103.9 0.7 0,7 1.4 1.5
Petached
Suturban
miplexes 17.4 91 15.8 3.0 0.5 6.0 1.1
Ixban Row
Apactmenta 22,2 64.5 14.3 11.8 2.6 23.7 5.3
Dense Urban
ppactments 12,0 28.9 3.5 23.7 2.8 47.4 5.7
Very Dense
U'Cbﬂﬂ Apart- 2.0 25.9 0.6 23.7 0.5 47.4 0.9
menta I L o .
Total 216.9 89.9 195.1 3.3 T 6.7 4.5
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‘o determine impact on sleep and the reduction in nleep disturbance

achicvable with nolpe onission requlations for compactor trucks, the following

method wap utilized:

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

hveraqge SEL levels at 7-metero were computed for all ocollector
truck types {rear, front and side loaders). These data ave
prepented in Bxhibit 5-F at the end of this nection,

The distances from the conpactor operation at which these levels
are deercased in atepn of 1 d were calculated. Propagation lawn
employed for cach land use arca were discunned previously in
this Section.

The number of people living in each 1 di band from the 7-meter
level in calculated by multiplying the population denolty within
each land use area in which trash collection activity takes
place by the width of the 1 dB bands (calculated in Step 2) and
then by the number of trash compactions within the glven land
uses, The number of trash compactions by land use area ia
presented in Table 5-10.

The everage sleep impact im calculated for each of the 1 4B
bands,. 'The impact, enpressed as a fraction, is found from a
curve relating nleep impact to sound exposure level (Figure 5-2
for diaruption and Figure 5-3 for swakening). This procedure ia
analogous ta the fractional impact method used for calculating
NI for generalized impact.

The relative total impact is computed in each band by maltiply-
ing the number of people living in each band (Erom Step 3) by
the associated fractional impact (from Btep 4).
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To determine the resulting SEL level inoide the home, the following
transmission losses were applicd to the propugated noise levels, depending
on land use.

1. A noloe level reduction of 20 dB was used for Urbon fow, Denoe and
Very Denoe Urban areas to represent an average of the case in which
the windows of balf of the homes ave open and half are closed
because of the type of building construction (Ref. 5-19).

4. A noise level reduction of 15 db is wsed for suburban and rural
areas to reprenent an average of the case in which the windows of
all homes are open (Ref. 5-19).

The fractional impact of the discuption of sleep by noise in given

in Flgure 5-2 vhere the frequency of no sleep diaturbance (an meanured

by changes in sleep state, including behavioral awskening) ia plotted as a
function of the SEL of the intruding noise. Note In Figure 5-3 that levels
exceeding SEL = 95dB are an extrapolation of the data. It also should be
noted that, in the calculationa of the impact of trash collection noise, the
analysie ignored impact contrilbution helow SEL =~ 50 dB. This cut~off was
selected to account for the continuoua presence of ambient noise. However
indoor pound exposure levela from trash collection activity rarely exceed
SEL = 82 ¢B. Likewlse, frequency of behavioral awakening as a function

of SEL ia shown In Figuce 5-3. Theee relationships, adapted from Figures
1 and 2 of Peference 5-10, conaist of data derived from a review of most
of the recent experimental sleep data and noise relationshipa., The cucves
of Figurea 5-2 and 5-3 have been modified mlightly from those contained in
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Sleep Disruption
FI = 0.0135 (SEN. ~ 37) -
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Sound Exporure Lavel (SEL), dB

Flgure 5-2. Frectional Impact of Sleep Dis jon

as a Function of Sound Exposure Level
{Regreasion of Sleep Distuption on SEL)
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100 1
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Sleep Awakening
FI =.ciig (SEL - 50)

Frequency of Bebevioral Awckening (Percent)

50 70 90 110 130
Sound Exporvra Level (dB)

Figure 5-3. Frequency of Arousal or Awzkening from Sleep
in College and Middle Aged Men and Woman as
a Function of Sound Exposure Lavel (regreasion
of percent smakened on SEL)
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Refercnces 5-10 and 5-11%. The curves indicate the approximate degree of
impact {(percent disruption or awnkening} en a function of noise level. Rurther-
more, the nolse data contained within these references were measured in terms
of "effective percelved noloe level® with a reference duration of .5 seocond

(EPNL } wng converted to SEL by the following aprroximate relaticnship:

S5 sec.
GEL ™ EPNL.S ﬂec-lﬁ do {5-19)
The ENI for sleep disturbance and mwakening was derived for each of

the requlatory achedules and study years under investigation using the
formula, ENI -ZPi.Fi. The FI equations for sleep disturbance and sleep
awakening are based on Figures 5-2 and §-1. Table 5~15 shows the sleep
disturhances (ENI) for each opticn and the percent reduction in impact accom
plished by each regulation with reference to the no regulation case for
selected yeara. A complete listing of the resultn la provided in Exhibit 5-G
at the end of this section,

Table 5-16 showa the sleep awakening ENI and the percent reduction in
awakening-related impacts accomplished by each regqulation with reference to
the no requlation case for melected years., A complete listing is presented
in Exhibit 5-H at the end of thia section.

*Personal Communication, J. S. Lukas, July, 1976.
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The probebility of dinruption wan a compound probability which accounted
for the number of nightly compactions in ecach arca.* The compound probabilities

were calculated aao:
i - i,cC
Pa 1 [(Pnu) )
where
Pi # probabilty of sleep dioruption at L1

probobility of no discuption = 1 ~ [1} ~ 37) (,0135)]

»
-
X

C = compactiona per night per hour from Table 5-14

I..i = peise level in the 1th increment.,

The probabllity factor was multiplied by the population contained in the 1-db
annulug and the sum of the annuli resulted in the number of ecuivalent people
per night with a probability of 1.0 of having sleep physiologically disrupted.

The probabllity of an awakening was computed in the same panner oa the
probabllity of disruption except that the probability of no awakening used
the following basic equation:

'
R, = 1- it -50) (.0m9)).

It should be noted that the calculation of people-impacts is a measure of
people times eventa. One person inpacted (e.g. awakened) 10 times is assumed
to be equivalent to 10 people being impacted one time each.

*For example, if the probability of awakening fa 0.34 for a single event it
ig 0.56 for two eventa and 0,71 for threec.
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TADLE 5~15

SLEEP DISTURDANCES ENI
{ENI In millions; RCI percentage benefita)

Cotlons

Year Baoe e Three Five Seven Silent
Base 1976 Total .1 3.1 3.1 H.] 3.1 M.
RCI Q.0 0.0 0.0 0.0 0.0 0.0
RCI* 0.0 0.0 0.0 0.0 0.0 0.0
1982 Total 23.4 19.1 22,2 17.7 17.7 11.0
I 1.5 44.0 34.0 47.9 47.9 67.7
RCI* 0.0 16.4 5.1 24.4 24.4 53.0
1991 Total 18.0 7.6 7.6 7.6 7.6 4.4
RCI 47.2 77.6 77.6 77.6 77.6 87.1
RCIx 0.0 57.8 57.8 57.6 57.8 75.6
2000 Total 19.0 f.1 8.1 8.1 8.1 4.7
RCI 44.3 76.3 76.3 76.3 76.3 86.2
RCIW 0.0 57.4 57.4 57.4 57.4 75.3

RCI  ~ percentage benefit from base year {1976)

RCI* ~ percentage benefit from base coption in given
year. Base option includea benefits from
medium and heavy truck requlations.
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TADLE 5-16

SLEEP AWAKENINGS ENI

(ENI in millions; RCI percentage bencfits)

Options
One Three Five Seven Sllent

Dage

Year

Moo
[ ]
oo

neQ

Qoo
L2 ]

Moo
* o -
cao

Moo
.
(===

Moo
. e

Base 1976 Total
RCI
RCI*

1982 Total
RCI
RCI*

1991 Total
RCI
RCI*

o4
.- s

2000 Total
RCI
RCI*

Basa option inelules benafits from

medium and heavy truck requlations.

~ percentage benefit from base year {1976)
year,

RCI* ~ percentage benefit from base option in given

RCI

5-49

BECT AUATE ABM F AW

I
T ]

'-.-,.-..-.-.—-....-..—--fn1:’?!‘.“-‘1112?.15& -




AV JTBV TIVAY 1539

Speech Interference

Aa 1o the cace with sleep dicruption, speech interference ocourg ag a
reqult of individual noloe events. Interference of apeech (i.c., the intercup-
tion of conversation) duc to trash collection activity occura when externally-
propagating collection noloe exceeds certaln levels, However, unlike sleep
disruption, the impact of noise on speech intecfercence io not cumulative.
That 18, the duration of the polse event coauning speech interference does not
affect the kind of Interference, although it doca, of course, affect the
duration of the Interference, whereas in slecp disturbances the ‘cumulntive
effect of poise can change the impact from one of sleep disturbance to actual
sleep awakening. Therefore, the appropriate noise metric for measuring speech
interference is an Leq occurring for the duration of the event, rather then a
SEL which conalders the effecta of the duration of the event.

Alpo, unlike aleep disruption, interference of speech may occur both
indoors and outdoors, The deqree of speech interference from polse s
deperdlent on the particular clrcumstances involved. Nolse level and ducation,
separation distance of the conversers, and lowiness of voice are all factora.
The relationship of these factors 1s described in Reference $-5. Sentence
intelligibility of 95% with a normal voice is assumed as the minimum value for
satisfactory outdoor communication. However, 1008 speech intelligibility in a
narmal volce 1a considered neceseary for acceptable conversation In the indoor
enyivonment, The methodology for determining outdoor and indoor speech
interference will be discussed separately in the following sectiona,
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Outdoor Speech Interference

The population exposed to potential outdoor speech interference are thoge
people who ore outside of any bullding but not alomg a street. The population
exposed docy not include pedestrisnc or people engoged in other forms of tronc-
portation during the day. Rather, it io intended to include those time-pericds
in which people are relaxing outdoors - either outaide a home, busineos, or
cultural institution.

Qutdoor speech interfercence due to trach collection activity occurs
when the noise level of the sctivity exceeds a typlcal outdoor background
level of 55 dB. Although average outdoor urban ambient noise (Igg) tends
to be about 5 dB greater than the assumed ocutdoor background level, a concerted
effort to reduce urban poise in the future would make the 55 dB level a more
aptxopriate figure to use for this analysis,

Fropagation loss is computed for each lamnd use category in the same
manner bs discussed in the section, Sound Propagation and Amplification. The
distances at vhich the polse levels fall off in 5 dB stepn are camputed,
and the equlvalent number of "impacted people” living within each band is
derjved using the fractional impact relationship of the critecio shown in
Figure 54 (Reference 5-5). This number s multiplied by the number of
oampaction cycles occurring during the time in which people are estimated to
be ocutdoors each day (.4 houra, l.e,, 2.7 percent of the day) (Reference 5-13)
to give the total ENI dve to outdoor speech interference.

The potential ENI for outdoor speech communication for selected
years is given in Table: 5-17 for the study regulation echedules, The
relative change In impact obtained with rthese requlations also ia tabulated.
Complete resulta are prescnted In Exhibit 5-1 at the end of this section.
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TABLE 5-17

OUTDOCOR SPEECH INIERFERENCE
{(ENI in millions; RCI percentage benefits)

Options

Three Five Saven Silent

ne

Year

noo
a & &
ooQ

oo
L
[= R =R~}

7o o N —J
«- = =
o090

oo
a e e

noo
. w
Do o

noo
oo

3

RCI
RCI#

Base 1976 Total

1982 fotal
RCI
FCI*

=oOo
-« = a
w [=a)

("3}

o 7Y
" s .

2000 Total
RCI
RCI*

Base optlon inclwdes benefita from

medium and heavy truck regulations,

~ percentage benefit from base year (1976)
Fﬂrl

RCI* ~ percentage benefit from hase option in glven

RCI

x4
(38
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Flgure 5-4. Fractional Impact Criteria of Outdoor ch Intect
* (Normal Volce at 2 Meters) Speech Interference
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Indoor Speech Interference

Indoor speech interference 1o agsumed to occur when trash collection
activity noloe propagates through walls of residences or buildings and remaina
above a typical indcor background level of 45 dii, The criterion of impact for
indoor speech interference ia given in Flgure 5-% {Reference 5~5). 1The curve
is based on the reduction of pentence intelligibility relative to the intelli-
giblity which would ocour at 45 48, If people are conversing indoors during
the time a trash compacting operation ia occurrirsl, the probabllity of a
disruption in commnication {a given by Flgure 5~5, Before the fractional
impact 18 computed, the pame reductfona in levels due to transmiassion through
walla which were used previously must be taken into account. During times
when trash collection activity is pot occurring, no trash oollection speech
Interference occurs. It iz estimated that people spend an average of 13
daytime hours inside each day, i.e., they spend sbout 86.7 percent of the day
inside (Reference 5-13}. Taking the fraction of the daytime spent inside and
tha number of compaction cyclea occurring during these hours the indoor speech
impact can he computed in the same mapner aa the outdoor mpact. A summary of
the eatimated ENX for indoor speech interference and the percent reduction ace
given in Table 5-18 for each Of the requlatory optiona. A complete liating of
results is presented in Exhibt 5-7 at the end of thls sectlion.

Addlkng thesa impacts to the outdoor impact described sbove gives the
total estimated equivalent noilse [mpact due to the interference of speech by
trash coliection operationa, The result ls the equivalent number of people
wio are unable to conduct pormal conversation during each two minute collection
cycle as thown in Table 5-19. The assoclated percent reduction is also shown
in Table 5-19,
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Figqure 5-5, Fractional Impact of Indoor Speech Intexference
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Bane 1976 Total

RCI
RCI*

1962 Total
RCI
RCI®

1991 Total
RCT
RCIM

2600 Total

RCI
RCIA

year,

One
.92

0

0.0
0.0
0.52
37
1.9
0.2
3.3
6.8

It

«25

0.2
1.8 -
5.9

TBIE 5-18

Optiona
Three

0.92
0.0

~ percentage benefit from base year (1976)
RCIN ~ percentage hepefit from base option in glven
Base option Includes bepefita from

medium and heavy truck regulations,
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TABIE 5-19

TOTAL OUTROOR AND INDCOOR SPEECIH INTERFERENCE
{ENI in millions; RCI percentage benefit)

Optionn

Year Page one Three Five  Seven
Base 1976 Total 31.4 1.4 3.4 .4 .4
I Q0.0 0.0 0.0 0.0 0.0

RCI® 0.0 0.0 0.0 0.0 0.0

1962 Total 19.9 17.5 19.3 18.2 16.4

I 36.0 4.3 0.5 2.0 47.8

RCI* 0.0 12.1 3.0 8.5 17.6

1991 Total 15.5 0.4 11.5 8.4 8.4

I 50.6 73.2 62.4 713.2 73.2

RCI# 0.0 45.8 23.9 45.8 45.8

2000 Total 16.2 8.7 12.2 8.7 8.7

RCI 48 .4 72.3 60.8 72.3 72.3

RCI* 0.0 46.3 24.1 46.3 46.3

RCI - percentage bepefit fram base year (1976)

RCI* -~ percentage benefit from base option in glven
year, Base option inclules benefits from
medium and heavy truck requlations,
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SUMMARY AND OONCLUSIONS

The impacts from trash compactor nolse are based primarily on o single
equation:

ENI = FI x P

where

NI is the equivalent poise inpact

FI is the fractional impact produced by the noise
and P is the population impacted,
This basic equation finds many forms as the investigated area of impact changes
from urban npoise to individval collectlon events. Table 5-20 summacizes the
forms used In the preceding sectiona, Three areas of jmpact are distinguished:

a. Anpoyance from urban noise,

b, Sleep disturbance from indlvidual events,

¢, Speech interference from individual eventa,

The following concluaiona may be drawn from the data chown in Tables

5-11, 5-15, 5-16, ond 5-10:

(1} Substantial benofits in terms of reduction In extensiveness and
severity of impact are realized as a result of a compactor regula-
tion in oconcert with reduced new truck emisnionme as promulgated
{Raference 5-1}.

{2) PBellef offorded by limiting nolee emissiong from newly manufactured
truck-mounted tresh compactors addn slgnificantly to ths benefits
consequent to a new truck regulation, l.e., absence of & trash
oompactor regulation will pegate the full potential bepefita that
may be realizmed.

5-58
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TADBLE 5-20

SUMMARY EQUATION DESCRIBING CALCULATION OF
TRASII COMPACTOR NOISE IMPACTS

Basic Equatlon: Equivalent Noise Impact =

Fractional Impact % Population

a. Impact of total urban nolse.

Lo mas

EN atfic ™ 2 ( Flc_mnoyuncc
1= 55d8

% Pop; )

where Ly, * 55dA

0
Harmoycncn I’.OS(Ldn ~55) Ly, & 55 ds

b. Sleep disturbance and sleep awakening from individual

avents.
|
i
;
’ ENI"‘”P ~  SEL mox FI"'“P % Pop Dennity x Size of Aren
!I disturbance distvrbance
| =37 <B 4

! (qwokeﬂing) (50) (aquanlnn)
i
i whera s
] Flih@ep disturbanca 1.35 SEL ~30.0 x .01

Flllﬂep awakening 1,19 SEL =59.7 = .01

5~59
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TALDLE 5-20 (Continued)

Speech interference from individual events.

speach -

disturbanca 2 outdoors
outdoon [ 55db (indoers)
(fndoon) (43)

L5 . \
ENI (41 ( “;pcoch x Pop Density x S8ize of Area )

where  Leg *  ig defined over the duration of the event
Lmax 15 the maximum level of a triangular time history passby

Lb 1s the hackground level
Flgpeach 15 defined 1n reference 5-6.

5-60
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(3) BAs new truck regulationa become more stringent, greater relative
henefits are realized from noloe emlsolon restrictions on trash
compactors,

(4) Regulating a truck-mounted compactor more stringently than cngine-
related truck noise (as measured during the compaction mode) reswlts
in only minimal benefitn, as the enqgine poise is the pred-minant
source of noise.

{5) Deneflt is afforded malnly to those people in dense urban aveas.

The population living in subucban or low dennity urban arcas receive

lesser henefit.

5-61
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5-~2

5-3

5-8

59

5-10
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Section 5 Exhibits

The following Exhibits present tabulations of computations concern-
ing the health and welfare impacts for the various cases being ex-
amined for cach year and land use type, Results are presented for
each of four final requlatory cptions (1, 3, 5, and 7}, the Dase
Case (no regulatfon) and the $1lent Case {sece Table 5-1),

The Exhibits are presented as follows:

(&2
]

1
BELEEE S B =~ v T = - ]
an sn ae ke

Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit
Exhibit 5-H:
Exhibit 5-1:
Exhibit §-J:

oo ot oY
1

(52
3
=y}

ta {Average sound level in dB8{A))

Le {Equivalent sound level for a 24-hour period)
Lyn (Day-night equivalent sound level)

Lygn? (Day-night equivalent sound level with ambient)
ENI and RCI for General Annoyance

SEL (Sound Exposure Level)

ENI and RCI for Sleep Disturbance

ENI and RCI for Sleep Awakening

ENI and RCI for Qutdeor Speech Interference

ENI and RCI for Indoor Speech Interference

| Symbols defining columns are as follows:

& SSF - Suburban Single Fandly Detached
' S0 - Suburbap Duplexes

vbu

UR -~ Urban Low Apartments
DU - Dense Urhan Apartments
Very Dense Apartments

5-64
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Year

1976
rar7
1978
1979
1oa0
198l
1582
1983
1704
1985
1986
1987
1908
1989
1290
1991
1992
1993

1994
1995
1996
1997
1996
L1999
2200

551

784043
704043
1T« 570
17.115
THhatsT9
T0.263
154729
T5.235
T4 .TH4
ThabT0
T4.560
Thatb3
T4.349
Th . 348
T4.349
Tha 249
Th e 349
Thad49

Thad49
Thadk9
T4a349
T4e349
T4.2349
T4 249
Tha349

Dasc

5D

Td4236
Tha03ts
1T 964
77.110
T0.6T4
T6a25%
154126
T5.233
Taa782
Thar69
7"- 55‘,
Thatb2
Th<348
Tha34B
Thad4ab
Tha 3kt
Tha348
ThadhO

Tha348
Tha340
Tha340
Tha3 4l
T4.340
Tha348
T4.240

un

81.875
81.075
dl.%2l
00,286
800,572
0Q.17H
19,670
T9.21%
10,797
TH.092
T8.591
T8.492
18.397
78.397
T0.297
78.397
1€.397
78,397

T0.297
TR.397
70.397
78,397
78.297
T8.397
T8.397

Du

§3.591
013.591
B3.147
824743
B82.3%0
01.978
8l.508
Bl.079
806922
004590
60.503
Ada%l3
80.325
00.325
80.325
80a325
80.325
A0.225

00,325
680,325
09,325
B0.325%
80.325
80.325%
00,325

L, For Each Casc

vDU

83.G3%
03.935
83.540
43.166
02 -Bl"!
82.405
02.073
8l.7u2
61.373
81.292
Bl.214
B81.13¢0
8la065
81.06%5
81.0(‘5
B8l.065
8l.065

81.065
Bl.065
81.065
B1.065
Bl.065
H1.065
81.0065

Exhibit 5-A

151
19717
12179
1977
1900
t291
1982
124,
1914
1905
1986
1387
190y
13499
1990
1391
1992
19913

19494
L1995
15395
raar
1991
1939
2000

THaDa?
THadt ]l
11.57¢
Tr.008
Tha%lld
TEa15%
TH.31C
ThHhaant
13.€22
731095
T2a024
1?2.46(
12.1)%
TZ- th
7Za 10t
124104
712. 100
12.10¢

T2. 1086
72.10¢
72108
12100
T2. 10¢
12.140%
724100
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Option 1

230

(RPN
TH.04y
TT.hah
T1.0n2
Th,451/
16 2150
18,31
o412
LE T A1)
T4.204
12.192)
12,500
2.111
12a11s
12.111
172. 111
17.1LL
iz.111
12.111
17.111
124111
’?1111
12.111
12.111
f2a010

UR

Nlarln
L
Blaazt
NGl 26
"h)o‘"""
17,94
19.G99
thadL !
Lo P T
ThaN9
’()-'-ILL
Thaelah
15.7;i¢
LA TV
tha TG
19,7174
(AL I
15, 1146
TH. 710
9.0
15. 1312
THe 14
ThaTiu
15.7%3)
Fe.r13c

bu

d43.501
32591
13 .05
H-!-l (&
n2.1 77
Al.102
HU.F12
11,523
7.5
T)a®u%2
.66
11,751
12,421
17,427
77,424
1t.n29
?T.ﬁzﬂ

Tr.42%
Tlaa2y
F Y R
T1,42F
?F.l,Zl‘:
T1.42219
traq28

VDU

E3.5358
04.935
13.540
43,021
k2. 000
11,336
1. 040
10420z
19,161
16,2807
16.222
11.0A0
11,407
11,4065
11,4069
1455
'1.469%
[T R

71.465
Tta40%
1ia4n5%
’TI!H'J;
11,469
"?."‘b'—i
P1ahb9
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YEAR 88T

197¢
1277
13743
1279
1980
19481
19682
1983
1984
1685
1984
19ar
1984
1909
1990
1991
1992
19973
1374
1995
199¢.
1937
1921
1959
20Q0

70.C47
T08.043
71.510
71.11¢
1&.475
Thad2
15.¢722
15,021
7“-"3(:
T4had92
1558
73716
T3 4L2
TA.402
13,42
73402
TI.4H2
13,4082
73,402
T3.492
TI.4EE
73.402
13,402
13,402
Tiahb2

Option 3

5D

18 . GAL
.03
?T..ifl‘?
17.114
1C.47
1?24
PR 1)
15,023
thatia?
Thel?
14504
PAaTH%
1?.{!‘;5
1344533
73.45%3
1244585
[EFTLY
134465
13,4335
Th.99%
134455
[P EE
13,459
T3.4685
?25“;?

uRr

Ml.0r5
Hlalt?s
Uloﬁzl
ACaIdt
e S17
'ld-lf:l
Pa33
Thaads
1Ne240
paoil
Trel4
FPrtagad
1.1l
TTa1%1
,’.141
77141
.11l
Hialud
111l
rr.l14l
17.111
T?.‘L“l
17111
11.141
T7Tal4l

pu

41.%a1
HA,571
Yaalh7
R 142
N2. 350
Hl 570
"lnEEﬁ
M. TC?
By a052
15152
13.4%59
72,198
Ma9Ci
1M.3C00
ML.IC
M.500
[RIUEN
M,30C
MmLace
AP IS
Mm.9(C
M .50C
1M .9CC
T4.5C0C
13 .9C6C

Exhibit 5-A

Ly For Each Casc

VDU

23,635
£3,935
['3-5‘!(.:
2,16t
£2.014
!:Eo‘lnﬁ
El.ull
?le 144
RC, (34
0. 109
16,130
165,311
16.00%
15.C05
16.C0Y9
1G.C0%
15.0G%
71G.C0%
T3.C0%
15,007
19.C00
15.C09
15.C0%
15.C0%
15.¢05

YEAR

1978
9Tt
1979
1973
1960
19A1
1962
1963
19864
1385
198¢
19487
{3408
1909
1940
1991
129°2
1993
1994
1995
1994
1397
19918
L9929
000

S55F

764042
7“.0“:
11.51C
77.115
16014
Teactl
Tﬁaﬂ];
7&.5'(
134722
73-]00
12.80¢
T2.4N0E
121006
12.1CH
12.108
24106
72.4Ct
72100
12.1C¢
12.10¢
1216
2. 108
12.1C¢
12.10¢
T2.10¢

Option 5

5D

TH.0%n
M oazn
??-“t“
i, 110
Teab T
Ttalta
1"‘1.&]?
Tauhin
12,125
14.7C4
12.495¢C
10.452
t2alld
12.111
12.111
12410014
12.111
w2111
12.111
izalll
1laili
TPalll
1eatli
12.114
r2.1114
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URr

N1at!n
‘]L-‘J’ﬁ
Alaund
Nda39h
A0, G172
fc.l?0
134332

LTy R A

T1.562
tre3tt
TE. 628
Tea 19U
15.79C
te. 14C
15. 130
[EPREIN

LA Y I

15, 1990
LOTRAUY
15 770
15, 19¢C
1ha 190
154 130
154198
150790

1,429
77420
P, 4270
1T .42
17,428
Tr1.42F
1Tanlt

vhu

E1.535
E2a53E
224540
E?.- 145
?2-&1&
02.6ﬂ5
al.t2e
1045018
TGat13
15.021%
T8.461
77590
11-ﬁhq
F1ah69
11aﬂ5q
,1-"‘19
11448
11-“3;
114405
1Tehitsfy
]1-“'65
11.465
174446
11465
Ttanah
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Th.047?
h, 067
Tr.570
7,007
Thehn 2
15,09
TH.07%¢
Thal92
T3.324¢
T2a34F
T2 666
12.38"%
T2 10%
12.10¢
72-10(‘
12+ 10%
T2. 108
12.10¢
72,106
12,108
124 124
724106
72.10¢
12.10%
12.10¢

option 7

sD

10,026
PRV L)
7’.“6"’
ir.00l
1 ahty]
1F G
15070
T aiS0
171,352
17,954
Lebh?1
12.390
72,111
77.111
12.111
12.111
72.111
72.111
12.111
12.111
12.111
12.111
.11
7. L1k
72.111

UR

Plegr?c
Tlea 79
ql.'ﬁ’l
f‘-G. ‘]3(!
W, 2645
19,675
T, a3
11,932
r”-l”—lﬂ
Tﬁof’j‘!
7()13‘31
6070
75.790
Ph. 7T
TEa T
7he 790
5. 790
T5.720
T6, 790
Te. 730
754 733
PEL, 197
75, 143
te.19C
TELT98

pu

3,991
13,591
R1.157
B2 .07
.57
Al . 378
0. %0%
M.&17
TNa157
10,252
r1,9¢6%
Tt. 710
LY
1t 421
T1a 20
11,420
17428
Tlat
11,420
77,4248
11,420
Ft.h2n
Ttah20
T7.42F
Tr.421

Exhibit

Lp For Rach Case

vbu

n2,93¢%
£1.92%
F1,540C
N2«30%0
£2.21%
MTlebs?
HCa T0%
IETRES!
.39
M,Gc4?
rT, 158
17,440
11465
11.500%
11.46¢%
t1.h63
11.45%
17,469
11465
11.a447%
17,465
Prafrda
17.465
r’o’lbq

5-A

YEAR

1914
132717
1979
1079
190
19a1
1942
194821
19Aa4
1982
1986
[on?
1287
1989
1990
1991
1992
1993
1994
1995
193
1997
1993
1993
2000

SS5F

Te. 675
79,075
164251
15472
Thaiin
14.34F
TA.5CF
12.8%1
11.774
M a565
1,336
MalCF
W org
ML.B75
T0.07%
10.875
TN 876
10,875
M. F75
a8 15
10.075
10, B7¢
TH.A19
Ma. 815
T0.816

Silent

sDh

Teabtn
15,949
Tha ?"ln
1£,¢11
Tha302
thad%y
13,367
12at4hC
T1.7417
T1a3%4a
71.726
tlaC57
70.849
7C. 141
70.008
T0. 189
TCa0:Y
HMi.oed
T0.64
(AR
70,041
70,1749
1C. 0019
TU.H"R
Cantan

UR

aFr2
Tdath3
LE AP
AT
Thann?
71.029
Trat?r1
7!1.'_‘14
LT §
15.273
5.0cCC
ThatTl
Tha543
Thatin3
ThaB62
ThoSad
14,543
ThauFal
T4ubk2
?'?.5"3
IETR-L
Thahh2
That673
Th,%4u
14,4 T

bu

22,074
n2aC74
‘!l.-’15C
£C. 922
). 192
19,565
Ta,1QR
LT
4563
15,1745
TE.520
The 3CN
14.C15
THa 75
1Ha079
1494675
164075
16,079
’f]uc ?‘;
T6.019
11‘-(]75
T6.017%
1,079
T.074
.09

vbu

f2.0317
A2.047
fl1.409
U0. 7806
fgathl
19,822
TP Lbe
11.000
76,554
12,123
16,494
Tt.20¢
745,037
16.037
T¢.037
14,037
T6.C37
74,047
Te.C3T
74,037
75,027
Tea L7
16,027
THa037
Teala?
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Ycar

1976
1977
1978
1979
1980
1981
1982
1983
1984
1585
1986
1987
1988
1989
1990
1991
1992
1992
1994
1995
1996
1997
1998
1999
2000

1
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55p

h4a280
44420606
43572
A3, 095
43.212
42,840
42.368
A41.92T7
41,529
41-402
414398
4).3308
4l .280
Alal27
41l.362
41,397
41l.932
AlaA6T
Al.502
41.532
41.562
4#1.591
AlaB21
Al.b51]
4la681

Bagce

SD

0. 002
40089
4laA80
4f8al10
AT.T27
LAPELY
460885
404445
46. 078
45.981
®5.918
5. 857
45,600
45. 047
45.882
45.917
#5.952
45,987
46,022
40,052
46,081
4Haldll
A6 . 141
46.1T1
Aha 201

un

56.911
564969
56613
H6.250
55.0%
55.5%4
554105
54.697
543232
54.274
H4.219
54.167
54.118
5A.165
54.200
54,235
54.270
54.305
544340
54.370
54,400
54.430
54..460
54.490
54.519

Cu

63,159
63,232
G2.ETY
624539
624199
61.001
Hlahb3
61.087
60.7T5%
60.704
60,658
60.614
60,573
60.620
[T+ IN-3-3]
60,5690
50.725
60.760
60,795
60,025
60.0855
60.885
60.915
60,940
&0.974

ch

vou

6T 104
67502
6T 224
66.920
60.030
L0354
65.59%
65.670
65401
65367
65.33%
65.306
65.279
652324
654,261
65396
65.431
65 .400
65501
65531
65.561
65a.161
65621
65 .650
65600

Exhibit 5-B

For Each Casc

Ycar

197y
1317
12719
1379
1910
Lanl
1982
1911}
1984
124845
128n
ran?
19A4
1589
1290
1991
1992
1397
1994
19925
1996
1957
1998
1939
2000

ssr

iy, 2V E
4,020
£3.677
hA,a5%4
a1, 1aé
w700
Mla?h%
III.- ll-:ﬂ
Hdadnl
234971
Tratt?
3’}.:‘1"3
29.031
A9.06"
32.420
A3, %%
194190
12.22¢%
17.25C
19.274
39.220
I.35C
33,3173
392,409

245435

Option 1

5D

GH, 332
abLT )
R
ah.GL
L labn T
wl,20)
wbkafi 13
HZal Ny
‘l‘!.";'.l
GhaH20
haa l Gy
X PN
42,581
42,010
A3a 645
HALOH]
a3,
A43.7T50
w3, 145
43,815
hA,1004
“3.M 0
HA,.904
W20
D L

i2en )
S2a 140
ilad2 |
3l.0514

3le235

Bletita

Clen?3
Glatna
B latid9
Gleth
ilaltas
qln ,:)f!
']l.:l.'!-'r
31-“5"
ileidl )

bu

Glalkh
t4.232
52.015
[y 3
h2a07 12
Aletdn
m) TR
514522
57.035
£%.¢60
57.221
574577
5ratTa
Er.122
Blalh 7
Eral?
57.921
51,062
Bt.99¢
51.527
5r.0ut
Hr.587
B9.0107
5‘lnc‘:f’
5,077

vbu

& ’."lif’l
ntah42
1224
th. 703
Etra 321
thia Bl
th 565
chaCTD
L3.148
e8]
t2e343
L2a002
fll-b’i‘i
l'Jl.?';HJ
Ela?65
&La800
tla £33
¢€l1.4710
t1.908
41.93%
Ela565
tl.5%9%
£2.025
62.06%
t2.085




69-5

YEAR

157~
1977
1274
197%
1980
1981
1902
1983
1984
1285
1986
19ar
1990
1989
1990
L9991
1997
1993
1954
1965
1996
1297
1998
1999
2000

550

HHh28E
Ah 2006
42,572
43.59%
43,412
42.040
nea270
AballE
41175
40,605
40 T19%
4. E04
40.414
40461
40« AL
40,531
A0 5008
40a%01
4046306
AQuBbE
Dt 5L
40. 125
40a 755
404 74°¢
40a. 815

Option 3

5D

Al ho?
HE g ()
CLUL Y
aflalld
AT 12T
wla3t5
At 707
Ala245
A 102
45,914
At,221
A5, 179
Af ey 7h i
44,391
4540373
4fa064
4h.10%
45.138
Ah.1175
Ah.203
KE,233
454753
45 a.23%

-
45,352

UR

%911
RG.79%
SGtabGld
54.2%5%
9%.494
S55aitin
Chaldh2
Shaltih
13.925
$3.500
53,7363
33,133
S2.703
C2.90C
52.5144%
53.020
31.050
FEM R
A2.125G
33.1%5
£3.105%
53.215
52,204
924210
53a304

DU

L% P B
hr.222
L2 815
425735
4lalfh
olat'il
H1la 2491
(10- 115
1elta
97300
57t
H7.3GH
57- l‘la
4155
53230
S9.2¢5
57« 300
$1.225
72700
5%ahQ0
53a024
£1a457
59a4 05
5,515
59.545

Lg

Vbu

L. 4tk
f:?afi’!?
bF.224
Aha52F
kbt £30
Ct.35‘|
th. 132
eSell9
(LS B
Lhaelltlh
t3.95%
L3.039
tiadd:
¢2.21)
t3.3405
34340
3,275
t3.4l10
flahnt
t3.4T8
t3.504
t3.%34
£1.584
3. 504
Elat2h

q

Exhibit 5-D
For Each Casc

YEAMR

1876
19717
1278
1979
1960
1981
19872
19873
1284
1984
198¢
194871
1980
1982
1990
1991
1992
1993
1994
199%
1996
1997
199594
1999
2000

55F

Gh o 2HF
hhe AL E
43,372
Ad.59F
43,212
42,9400
42a05F0
Ala2E1
40u/1T7
40.002
A%a 12
29,212
A%.C7158
37.0108
A9.120
9. 15¢
3%.19G
ag.22¢
39 dil
219.290
39.22¢
29.250
20a415
A9, 40%
39,435

AS00 TTEINAY 1538

Cption 5

5D

H,102
b ERL
LY
a8, 11y
601,721
Al.3eH
At 516
nha. 16 E
4%,0CcC
hé 415
hho2h8
CET
“3a.0t3
AT.m10)
AR 845
L2060
43,115
PRI
w3, TRE
AZ a5
A43.°044
£3.00%
HAaT0n
(!3.‘)]4
L% - TN

UR

Ltea9HY
G413
GEaldbih
Fhail9sa
55.55 4
GheTl!
544309
93.087
EPati54
$2.723¢F
Hl.8T2
Slett2
91.9935
AlaH94
S1l.6273
Slatan
G1lat273
£1a?34
Glaltsh
S1a. 104
51024
ilathn
Gla.dn3
917213

bu

(:;‘1.15"?
t3.232
42.F15
62.03%9
[
Gia81
(:l.C"-l
4a202
7303
A9.902
L ETY
T.05%
Bl.cie
57,122
Sratst
T 7192
51,827
5'..‘”‘-’
1.1
hrag2t
57.551
97. 3817
a0l
59,0417
50.C717

VBU

6’.“&‘!
AT.Eh2
tT.224
0Ga%29
te.830
tta354
tha441T
tha5%43
2.4l
£3.09%
+2.59¢
Lcall®
Glatlla
Ala130
Elatth
tla800
t1.E35
£l.RTQ
t1.90¢%
é1a53%
tleGOK
€23.C25
t2.058
t2.CH0%



AS00 T1BVIIYAY 1538

0L~

YEAR

1976
la77?
1978
15979
1980
1901
1982
19483
1984
1584
1986
1287
1988
1989
1990
1291
1992
1993
L7294
1995
1296
1297
1998
1999
2000

SS5F

Hire 240
Ahg ALt
A3,.512
A ARE
42.6T¢L
WP a4 hE
Alatle
HaERL
LYt PRvDR |
2%, 740
Eq- 50"
192,270
NPT
A4 CFE
2. 120
30, 18R
A%. 190
LAz
39a.24C
219,290
23,2320
374350
19.275
9. 405
A5.6%6

Option 7

5D

PESCEY
40, 391
by hhe
l'n.oﬂl
I TS
LT T Rty
hHe 179
LR
hhaml?
hi B 260
a0
A2, T4
A1.5601
RN AT
A2,645
43.00)
434 715
434750
41,785
43.91%
ﬁ?-ﬁ*%
43.874
41,904
42,534
43,964

UR

54711
G a7
Iha%112
Ghe (O
RCaulh
Fed91
4.21?
CEY
?.‘3"5
Paltlh
Gled
5le T4H
d1a%17
Ela559
51a%74
l.A26
Flaton
51.693
1,734
51.?&4
1. 794
G1a824
51a.854%
J1.883
51l.213

Tl s

Ixhibit

5-8

ch For Bach Casc

DU vbu

1, LR E£1.0E4
£3.2237 (1,542
HP. 015 £1,724
L2438 LLl.67C
Sl.7¢ te.091
H4l.223 25,511
G HEN Eh &7F
31,826 2. 14¢E
S59e 794 42,844
SH. 390 £2.,401
FlelE0 t2altk
57,92 ¢1.532?
RILETE L1.L04
G7.7T22 *1.730
EP,157 £1.765
RraT492 &1l.80C
BTL.02T +1.035
5729462 €laE7C
7197 £1.,90%
51.521 6l.538
G757 £1.965
5743567 814975
5%.Ci1 ¢t2.02¢%
KH.08T 42,065
GN.017 ¢2.(0E

YEAR

IERL]
19ttt
1970
1577
1910
1961
19R2
1903
19084
19046
19484
1387
19AA
1709
1999
1991
1992
1993
1294
1955
1996
1797
1998
1999
2000

SSFP

P Fa
Hr. 203
(2, 88D
424107
qAlaB2f
H()e S5}
4. 107
37 %2
Iba 535
2H, 307
R 17%
37,591
1t.811
37,658
AT. 033
A17.528
37.542
27.9%F
2M.C32
20.0¢7
18,092
39,123
304152
28,187
23.212

Silent

SD

L e
At rip
L e
afiafill
AF L 00
At ang
fthat D6
GA.ELD
Hha 4P
A2 aRG0
L2 0P%
ada 502
4247200
“42a367
f7 a0 (2
4249117
‘.2-‘.1?
LY P
A2.F42
42512
A2.602
"2-{ ‘42
A2ahk?
42nh32
42,121

UR

3,405
C2.0400
fla M
204397
HC.040
Q.29
2040t
G763
L0.311
50.240

60.331°

RN
BNaA%R2
0.0 T
5G.%51%
0.540
ﬁﬂaﬁft
9dands
50.6306
5Q0at.toh

Y e i et s e —— e i g -

bu

a6latil
tnl.715
c1a16:8
Ao & LR
50,042
8,447
U663
LTa0059
57.0%3
Ghl.E13
CLattil
544305
Hta?20
S5bedth
56 HCYH
Gﬁ-ﬁﬁﬁ
Agak 70
LA
56549
55,516
Aha0CG
S6.¢30
Shabyh
Bha6358
f6.724

VDU

A PT Y
ER LA
t5. 0%
Eh,54;
£3.50"
£3.39]
t2.%9°
tle 7HZ
50a37C
éC. T
G0 615
£0ak373
60.251
604298
¢0.232
60,368
60402
cC.4210
HCa5073
0532
CO.EEA
£0.%723
0. 622
E0at52



IL-c

Yaar

1976
1917
1978
1979
19280
19481
1382
1983
1984
1945
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
19297
1798

1999
2000

SOF

h4. 120
G4 808
4ha4TH
WA, 097
43.T14
43,351
42.08T70
42.430
h2.031
414965
’lluqol
41840
41,783
4)l.829
&1- 56‘1
4] .899
41.924
Al 969
42,005
42.034
A2a 064
42,.0%

424124

h24 154
A2. 104

8D

50.679
50.757
50.362
A%, 906
A9 4604
49.241
H48.7T61
404322
A4T.92%
AT.058
AT T9%
ATaT34
AT 676
4T 123
s 7. 758
AT.T93
47,828
AT.H63
A4T.098
aT.921
A47.958
4#T.988
40.018
484047
40,077

Un

61.870
b l .9‘:0
61.572
6l.210
60.8%4
60,4513
60.06%
59.0657
5G.291
59.234
59.179
H9.127
5%.07T4
594125
59.160
59,195
59.230
59,265
59.200
59.330
59.360
59.389

594419
59.449
59.479

bu

T0.369
Tdat40
T0.090
69.7%4
69.414
62.095
6EOTO
60,302
679608
67.919
6T.072
67.029
67.7480
6T.083%5
6T870
67.905
67.940
67.974
60.010
6040
68.070
68.100

6t.129
6d.149
t0.108%9

Exhibit

5-C

Lap For Lach Casce

vbu

Tha6T79
Ta. 7157
Theh39
Thal143
73-”‘!5
T3.506%
73.209
T2.892
T2.010
T2.501
724550
T2.520
T2.494
T2a«541
T2.576
T2.611
72-0’:6
724681
T2.716
T2a.T4b
72.770
T2.80%

72.03%
T2a.005
T2.095

Year

157¢
197t
19rn
11719
L2
1991
1982
1713
L9244
1903
1980
19a¢
19488
1989
1990
139t
1997
1993
1994
196¢
199
L3917
19910
1997
2000

SGF

Ghe 130
iy A Y
Gh. 0 Th
"l"!o C")’
D TN
Hla 24l
42-"52
Alatnl
4C. B TC
-’.0."|fio‘
0. 10¢
19,940
374541
19,544
i9.c22
EFPEL
19.69%
A9, 12t
37,7183
A9.7933
A, E23
19.685%
ig.en2
A7.5113%
19, G42

ASCOD TTBYTIVAY 1538

Option 1
5D uR LU
EQ.E1T wla370 M0.3E9

3da 737
H50.202
124754
a4l
494117
“E.3%0
‘.T-S'Jl
LE LD
hteduz
Ol ailtn
G0 Y
wieh 3]
Alehlln
afac21
454573
45a5 31
hEatdn
“Scﬁhl
G540 9%
4k, 121
b 10}
“5. 781
1511
484

Glaats 1lef1ah
i B2 TOW0TY
alel33 tlei Ty
5Je 123 2242
H0e 400 0. 815
53%a0 1) G142
M85y 6lalhh
DTlaf 49 cta3lt
3Tan30 634675
37.009 £%.5%04
S T00 &5.207
I T2 4na P58
Ghe L EHaTT
JLetth Ehab1?
3%e 393 #5.087
Rlat 2?9 €Ha(02
Gter 37 L3aCTH
G064 Ghalal
57724 £hala2
fual i A5, 112
Sthatd) 654202
Jtallls 45,232
e 10 Lh.LE2
‘3’1-"’3 érla?‘;l

vDbu

“0.67:3
16.,1%7
14.436
13,598
19,00
13.C78
L
11.252
7T0.403
69,90
0%.558
63.222
28.538
CRL.G5HE
&8.9040
53.G1%
5%.C50
55,085
e%4 120
65.150
LRI K T
67,210

£5.240
654266
65.279



-5

YEAR

1974
1917
1971
19149
1980
19281
1902
1963
1904
1985
1986
1547
1989
1289
X990
1991
1992
1993
1994
1995
1996
A997T
1996
1999
2000

AJOD INBYTIVAY 1538

Aho 790
Aho BOHE
HhahT 4
hoa 0517
43,714
43,351
A2.773
h2.215
4l.678
4).409
H1la 261
41.101
40,617
40,6473
40.975%
41la024
4)l.0069
Ala 1A
41.139
sl el
41a198
41.22%
4la258
41248
41.31FE

option 3

5D

50.673
50.T161
£0.2¢72
47e 318
4580 Ch
hha. 241
HBa 60
404111
ATa5 70
41«39l
47.202
#Ta01%
At.021
48 B T4
44%a 310
AL a345
Aha U0
4T.015
AT.CHC
47,080
AT=109
47. 1739
47167
ATa136
ATL229

UR

51870
Glel2hd
tlab72
Hla2ht
h0a 954
60a5173
59922
57e 345
S5Ha 705
hR.EH3
R 222
90092
Glatitsd
5124073
57.;~ﬁ
HTa984)
LY
58050
5A.085
58a.1l4
H9. 140
582174
StaZi)h
GR,234%
50.2%%

DU

Tadss
1014
16.09Q
Hia 15k
Gl a4 lh
6. 055
58 5ChH
61.930
4T. 3450
H7.11%
EhLEE3
bhe il
tha303
YT Y
b9« friah
66aAT9
ﬁﬁ-flé
G6e 549
6haliflh
thatlb
Ghabhh
0he 6 74h
606 TG4
bha. 134
2ha 124

Exhibit

5-C

Lgn For Each Case

vbu

ThabT5
Ta.151
kY]
13, 84%
3. 509
12.541
12.333
Tla1217
T4a3580
71.074
10.75%
10,430
70.«“*
TCakL9
T0.%554
T0.%8%
T0at24
10,660
1Catl5
7C.719
TQa TG
IC. 779
10. 809
TC. 8335

YEAR

1976
1977
1278
1979
1980
1981
1902
1983
1984
196%
1986
1907
17288
1989
1990
1991
1992
1993
1994
1995
1994
1997
1998
1999
4000

S5F

hha 190
iy BHN0
ARl 14
Ara (51
#3.114
434351
LY 1-14
Ala?70
A4C. 500
40595
Ala 227
A9.ET¢
A13a 541
3. 54F
A%.623
3650
19.£693
319,128
23,7632
29,7193
39.623
19. 853
9. 8013
29,943
BQ-QﬁE

Opticn 5

SD

£0a.t79
50757
£0.782
4G a 506
4G . 60%
94241
HE L k5]
NTatilh
A aE 18
AhahGd
H€ oL ED
HE T4
L LYY
65.680
ABLN21
H5.550
454501
45a024
45 a060)
hEL L0
45,721
AL . 161
A5. T8
A L9110
AE . RAG

UR

6l.N70
Sle 748
€l.672
6ladle
60444
000513
53244571
9Ha 07
58,047
371415
Eta2lh
Stalls?d
Shahl2
fica513
FIALLE
e 507
Stab?24
Dha%5%
Htha 694
Moo 120
534733
5¢.787%
He.113
H5CaMn3
G513

pu

10,345
Fle 40
MMa.09C
&9 754
67.hlA
£9.09%
80a2 5%
6Ta4117
6E.3178
454417
¢5.682
th.214
&4 .990
("!--')3‘,
tha912
65.007
tHh.042
£5.077
&5.112
[P LY
£h. 412
65.202
252232
hb-Zhl
£5.291

vbu

ThatTh
1ha 157
M-"l'd")
Thadlnl
12.845
13569
12.544%2
11.258
70.850
T0-.31%0
6502
67233
£9 .94
GO.94F
“8-380
67018
6&7.050
47.C08%
£5.120
L%« 140
A%a190
69210
£5.240
I‘)G-Eb‘)
€5.299




t-s

YEAR

1974
1977
19719
1973
1980
1981
1342
1983
1984«
1908
1996
1297
1987
1989
1990
1991
1992
1993
1994
1995
1996
1997
1999
1999
2000

B6F

44, TG
444068
A g hTA
43,597
4./ TH
42.571
42,179
Ala2R¢
40.594
Al 26 2
qaf. 0ot
A9. 7174
39.54]
A9.50F
39823
A7.6K10
29.693
20,729
29,763
39,193
39,822
39.AKR3
33.8813
39.913
39.542

Option 7

5D

TNah T3
50.757
f0a3¢2
43,877
45.31)
KU A&
48,074
‘rf.?ﬂ"r
'iﬁn "9"
L/ X
452908
45.512
hE 43D
AE 40
4hha 521
ARL5FG
A5.561
4F. 0626
AF LG8
45.0791
h5. 721
hEa 181
e 101
AR, 111
A4Ea840

uR

51.072
Ole?48
El.572
1047
Hd.533
H0.011
59.192
%.372
57.5%%
RI.LTE
5f£a939
ha70%
Hhaft 72
S¢atl
56a5%94
5¢a5497
5(‘.&2"
H8a655
St 74
Sﬁn 174
56a 751
h6.7313
‘jf.lo ”l:
hatlh
564072

nu

10355
Tlabd4hb
T¢.030
L9578
£7.C41
6N.F05
HT.613
Lhaltht
55007
t5.H0H
[ Y 1
£9.127
traf9C
£ha927
5"'-;?2
ti.0CT
t3a042
.77
65,112
25442
6ha 172
t9.202
6h42322
Eha 262
th.2351

Exhibit 5-C

Ldn For Lach Case

vou

7‘!-:17‘;
tha?s?
Thehdq
73.9%3
T3,30%
12.12¢
11.842
'Ca76C
70.401
t5.377
L3.137
£%.0319
GN. 348
59.994
&9.01°%
t9.050
65.CHE
6%.12C
55 15%0
€54 18C
69.210
£5.2410
65.26%
65235

YEAR

1974
1977
1379
1279
1980
1991
1942
19583
1984
1920h
1986
1987
1984
1989
1990
1291
1992
1993
1994
1996
193¢
1997
1994
1997
2000

65F

h1.627
43, 70F
43,154
A2t A
424075
AlaA52
AQathD
3?GF"£
19.042
28,0675
28,497
IR 31°%
203627
AR.357
AN, 432
28,461
INLH02
31,5317
3N 587
38.6%¢4
18.¢824
ARLEhE
38.8%¢e
3. 71¢

|

AZ00 FTEVHVAY 1838

Sillent

5D

45,511
494507
AZ.0419
flﬂ.’»f"
Ala 717
atle211
468,913
W4 771
4h 4,926
‘1". 7"3
44,561
44,315
CL PN
Ahe 2 Ak
Wa?273
hhaldla
AhaV4 3
hAa, 30N
L
Lt a8 /4T
hhea 15
L4505
A6 .5 30
by IHh
hha G R

UR

F0.330
H0.410
IV HA)
f89.4915
59, 10}
G8al6h
G7efiaC
54754
TRL,I52
AL 770
G54 504
BR.406
5.4
A6, 211
55300
582 14]
CHELITH
FHatrll
55.‘!‘!{)
FE.hTH
Fh.500
H5.536
55- F“SD
35515
GEE25

nu

03456
504534
1. 293
07,1133
H1.257
GhHatH2
63374
25. 0074
6‘9-?&':’
o+4088
63,506
63.124
43,542
Ha.508
624624
43.55%
é'j.f.q."
A3.729
43,764
€3.754
63402
61.85]
63.1E3
93713
£3a%43

ViU

12.10C
12,854
12.3017
TL.75017
71.191
1.&0f
¢7.902
4R.73R
nB-l‘M
a8.012
61.E830
tT.t4a8
aT.hhn
aT. %13
aT.84p
41,%83
AT.E 1R
LT 853
6T-00¢8
6T-719
6TaThA
lal??
6T.807
A4T. €T
Gl.ELHT



-5

Year &8T

1976 54,492
1977 54.500
1978 54.459
1979 544423
1900 54,389
1981 54,359
1982 54.323
1903 54,292
1964 54,268
1905 54.264
1986 544260

- 1967 BA. 256

1988 54,253
1989 54,256
1990 54.258
1991 54,260
1992 54.262
1993 54. 264
1994 54.266
1995 54,268
1996 54,270
1997 54,271

1998 54.273
1999544275
2000 54.2T7

AdOQ TTEVINAY 1838

Dasc

8D

55.6060
55.605
55.502
55,451
55.346
55.252
55.137
55.040
54.5%0
54.945
544923
54.921
54.910
54,919
54,926
54.932
54.929
54,944
54,953
$4.959
54,965
54.971
54.9717
54.983
54,989

UR

62.527
62500
62.272
61.971
61.6069
61.308
40,701
60.416
604372
60.330
604,290
60.253
60.288
60.315
60.342
60,349
60396
50.423
60,4406
&0, 469
60.492
60,515
60.53°9
60.562

bu

70.468
TOebhh
T0.196
0%.868
69,537
69,228
604823
68.460
68.139
68.092
66.047
68.005
0T7.9b66
68,011
68.044
60.078
hBell2
60149
68.179
68.2080
6A.237
68.265
6B.2%
682323
6B.352

vbu

ThaTll
74,793
ThaATH
T4.18%
T3.809
T3.616
73.261
T2.948
T2.675
T2641
72610
72.581
T2.555
T2.601
724636
T2+46T0
T2.T05
T2.739
T2-TT4
T2.803
7208232
T2.862
T2.892

T2.921

T2«951

Exhibit 5=D

Lap® For bach Case

Year

1976
1971
1978
1979
1960
1961
1902
1083
1984
1985
1996
1967
19608
1969
1990
1991
1292
1993
1994
1995
1996
1997
1990
1999
2000

551

FL T PN
TheBdN
E4Q.0535
544420
4,303
£h,.,350
Gh 4 29%
fh.24C
£h.20¢
34a.1°0)
T
Bhaaluh
Sha,l33
54,154
L 1)
SHLDHT
£4,109
Yheli9
LY YA
Sﬂnlbz
Thalu3
fh,iLh0
5’1 ol{l:’
EaLlt b
Sh.let

Option 1

5D

Lot 0
304415
Hhauh?
Haaand
2%.330
55,2217
55040
G4, 045
544,153
FLTYE ¥
fj‘l.bftﬂ
3‘1‘&(205
3h4300
S4.012
5"?.5’{.
Shanfl]
54,508
£44290
L TPER]
544,599
IaHI2
Sha UL
uletly
Ghalil3
Ghatll

UR

G2en27
524374
L2212
She¥U
Bls252
tis2if

UU'E.‘.E

594520
74340
37.35%3
59.821
et L3
38420
594450
it 2
G1.4G5
$8.51¢1
SBu540
ifab6 3
9.082
594502
58.021
batal
GhHa 60
G9.690

nu

TU."!J(‘J
Tdadutn
1Cal3¢C
9799
Hhile sl
tde 557
tHL 132
tla 352
ctaf59
Y56 105
68,530
(.5-52'!‘
55ad34d
(8214
E5a 206
Ghad29
th. 371
S PENE
flbu‘!}b
Ghaon
L5471
6ha 9
LN
Gha51H
c5a£03

vy

T‘f. ?lc'
T, 1793
fr|--| ’lj
Trauat
PR L
73,131
1"’.-2"')
Treld®2
704501
Ta.dlb
G OTT
[ R
L3037
LT Y2
a%ah1c
09.15%0
0l 19%
578l 1%
h")..&fh?
ud.281
n7.310
674339
274359
67.597
[ P
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Fxhibit 5-D
Lanpf For Bach Casc

Option 3 Option 5
S8F H]Y un by Vo YiLAR 361 0] un nu vou
ChehP2 55,4450 824527 TUa4abY Th,lls 1976 54 402 55,860 22,527 10.453 Toallh
42500 55.685 ¢2.594 10504 74,193 1977 &4,50C 5%5.695 62.5%4 10.54% Thalis
54459 55,962 ¢2.272 T0al96 Ta4esN 1978 B4 ,4%9 55,562 624212 161506 Thaalh
54023 58,451 6laO7L 05,460 T4.l55 1979 56,423 554431 H1aG71 49,958 faald)
$4,3009 55,246 GlaC 6T £9.531 13,949 1900 £4,385 56,346 tleM6S 632537 13.4099
E4.350 5%9.252 %1a380 47,228 73,415 1901 54,353 554262 Ale30d 19.22d8 TZatlt
EALALL BR.LLS 600911 64,657 73,002 1902 S4.301 55,358 534720 40.4l5 12740
642219 59.99¢ 6HGaiat) 60,102 T2a 340 1903 4,252 54,200 60.094 £7.610 1.830
Bhe24T 544,092 50,031 57.35%4 T1.737 1984 Sa.201 53770 L9489 Lestdll TUatad
CAL23T HALA5E 49,808 67,322 Tl.all L9085 Sa.lFh S6.TL0 5345006 K6a27% 0440
5Aa22T 544825 59,400 €7.Q82 TlaluH 1966 54,174 54,656 594720 £5.540 L7. 915
Eﬁn?lﬂ 5‘!.?")3 59.52? bbn']"" Tl)oﬁ"’s 1087 G‘!.l‘lﬁ b't-éorl .Ldl‘.;" 55.5”') '):J-‘fj‘.‘
54,209 534762 39,3560 CC.£Q8 T0.535 1908 £4.1%3 344566 S3.%2C 65.2.0 69aul/
542211 54.7T09 594301 Ge.4632 T0.591 1909 B4 ,104 S4,.502 S9aafC 654218 2740472
Sha2l2 54775 59.4%06 GEL¢0% TOL6L5 1990 S4,.1%% 34.574 30.672 854335 u7alls
BAJ21l4 BA.TBL S9.441 ECa 710 TOLE4) 1994 B4,167 SA.591 bd4.435 65.239 49.150
50,204 55,707 S53.64% 54,751 TAWhd4 1992 4,158 54,505 90«37 eFa27) dTalds
G4.217 54,193 05,43 ) 66,104 T0. 7.0 1993 S4.457 34,570 530,540 S5.503 472210
44217 94728 UYable SGatld TULTH2 1994 G4,.1cl 544574 94767 5,430 67.252
G4.221 54803 5%.530 Suadby Tuafsl 1995 Sa 162 54.590 bdatd?2 €C4h64h 64281
Bhal2? 54.808 59.559 tt.074 fU.ML1 1996 §4,.155 54,0602 H8.¢C2 th% 421 67210
Haa224 S4a8Lla SH,t0L oLa%03 70.840 1997 sS4 164 SHL6QF6 THL.E2L EF.ELF 072377
5“.225 5"-0!1”.‘; 5'J.bC2 6[)-;}1 ?0.'.1(:'? 197 5&.1:)5 S‘!q'—llo Sﬂab‘il &5-5"7 '.)?-33“
40227 54,024 S.624 LLad57 TDLBOY 1999 £4 166 Gheald SH.600 6he 15 6Ta301
Shel228 G44H25 HF40%4 54N T3.7289 2000 5&.[&1 5‘[-‘;17 L.t B0 LELEQD U!)-ffzb

AdOD TTRYINAY 1538
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SL-5

YEAR

1973
1977
19740
1979
1900
1901
1962
1983
1984
19685
1966
1947
l96a
10409
1990
1991
1992
1993
1994
1995
1996
1997
1994
1999
2000

S6F

Dhain3?
E"l-EOO
Sh4hEG
Ghehll
£4.%0C
54.230
€h.2T]
Bha232
Shal3h
84,115
54,170
5"-!‘31
£44189
f4a.l34
€4.156
£h.LBT
546.15%8
£4.15%5
g4.161
Shaldti?
54-163
f‘!-lﬁ'l
t4.165
LT 1.1
G4elAT

Option 7

SD

—)5-53\’]
55aC9E
553.562
55,021
£5.20¢5
5% 151
Qe 504
4. 136
94,710
Ghe (50
34a33%
Gk b6L
AaeRT2
Sh.5TE
fh,5081
S54.58%
544520
54,574
54,524
5’?.‘!02
54.606
54.610
544617
S4.nl?

uR

‘.ll?- 521
-'le E;"I
€278
tlatia
ri.4C%
450,202
in-E‘IC
22,72
99102
L )
SHaT20
394570
4424
¥ P Gy
5.4 12
Sgnfqu
SHaB17
H9.540
SRa563
384592
e 602
Seu2l
Shat4l
58a806C
30.680

bu

TJagui
7Ca54%
T0al%u
6Ge 0
E5aitE
LU.H5T
cr.054%
"-‘700‘:[
flﬁn”"'
the 155
LEai¥l
4524073
&8,23C
CSal2Th
th5a 200
t5.234
h3a371
652403
S8, 430
50a 8%
chah%l
t£.3519
Gha 47
LE. 578
H3a3503

Exhibit

Lg

vbhu

TaaTin
h, 174
?5r-"t!q
Ta,929
73,355
T2.Tu0
Pia9ls
’lcd"‘r
TO.1d7
L9, 139
74203
HF.20%
n7.047
a‘)-O[:?.
67410
6%.:.650
hF.1114
674219
a7.24%2
574291
67.3L0
674329
07«361
59397
S ahdh

5-D

YEAR

1976
1977
1970
1979
1900
1901
1902
1943
1904
1935
1906
1907
1908
1909
1990
1991
1992
1993
1994
1995
19%6
1997
1998
1999
2000

nA For Each Caso

55F

GL,Anl
S44304
Ea, 242
54,3040
Za.2017
‘5"|.23‘.:
Sd.l9¢
Shallh
Shal3c
54,131
£4.12¢€
f4.101
ShallH
fARLLLT
Eq4.lln
3h.11%
£4.120
544121
fa.l22
Eh.123
344123
Shallh
H4.128
54.126
fa.127

Silent

SD

fhe 222
92,382
5h.207
BR.OTL
LUYEY)
5494048
Ga.TlE
54,604
GheF 01
S4.407
BhaAant
5“'."50
FETLEY
H54.437
LT
Shahad
S4.4%17
3’!."’50
Ehahbh
Sh,a57
94.450
544062
S&h.406
5440065
Bha.417

UR

&les 09
‘.Jl .‘l?3
fal CUP[I
bu,.5 50
Ll 47
F5.719
qul’lﬁ
5!‘.(‘03
BN .050
IR
Lt.817
57.770
FRALY]
§T.t92
ST.712
HT.122
H5T.753
HT.T73
57,133
57.0811
H7.028
5Ta046
STele?
HTabRl
ET.85%

bu

L0
49,371
HHa®39
0. 0u4
47,600
EEaGlU
tealbl
652100
thae ELD
L4404
n’:.BZ!J
Lhellsr
53,927
‘:‘la C’t].
LAa0T3
[T LUS
L4haldl
[ X9 V3]
b4, 260
6"!- 22 '
B4a234%
Ghe 2N
0443200
Hhal24
C‘Iu 30.‘.‘

vDu

T2.u37
12714
r2.311
rt.udn
Tl .24
f.700
baHlh
HFai33
tHa.350
504101
680Ut
oTat3l
3Tani?
cr 102
6T 135
HTa Nﬁ‘
67,4903
57835
f)T.‘]?O
67.999
572927
OTad90
GTaad
6012
60942
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Exhibit 5-D
ENI and RCI Results For Each Caboe

Bage

851 SD UR pu vDhuU TOTAL RCI
1976 0.0 0.0 A10350.8 901951.2 300586.0 1620888.0 0.0
1977 Nal) Qa0 429985.6 9TLO0T9.8 306536.6 1707601.0 ~5.3
1978 0.0 0.0 2B84519.T 9190915 271473.2 15758040 2e8)
1979 0.0 0.0 2378927.3 B6T6T3.T7 R214972.6 15195T73.0 6a3
L2860 0.0 0.0 32180680.1 76896014.0 262442,1 13T0736.0 L5.%
1981 Q.0 00 20374%.9 74806143 244605.6 12560491.0 R22.5
1982 0.0 Ve 2T72365.2 497%496.0 22901%.1 119588140 26.2
1263 0.0 0.0 22464%.06 572881.2 222077.2 1039601.9 235.9
L9864 0.0 0.0 176269.% 604281.1 2006230.1 266T8Yal 39.1
1285 Qa2 0.0 L79293.9 6025174 204530.4 206341.7 39.1
1986 a0 0.0 181733,2 69%829.6 20201%.1 F684582.0 29.3
1987 Q.0 0.0 1083633.8 596222.8 201664.4 9816411 Y%A
1988 0.0 0.0 105052.6 588590.4 200512.4 ITALGD. 4 39.9
1989 Ja0 0.0 183708.6 6596852.1 202604.4 983165.1 39.3
1990 0.0 0.0 1824TT.% 599647.7 204255.2 S586380.5 329.1
1991 0.0 Qa0 1B1065.1 &01B810.08 205974,.3 280850.2 39.0
1992 0.0 0.0 179478.2 6QZ295.2 207755.5 290620.9 38B.9
1993 0.0 Q.0 17771722 604434.5 20960544 99175T.6 30.8
19%% 0.0 Q. 17570%.80 0604966.9 211518.7 99227T5.4 308.8
1995 3.0 0.0 174014.1 605038.1 213199.3 9G2251.5 238.0
19946 0.0 00 172120.9 H04TTHHh 214921410 991820.4 38.0
1997 0.0 0.0 170113.8 604200.2 216690.9 991004.,9 38.9
1998 V.0 D0 23361644 6033109.2 218500.5 102543641 23647
199% 0.0 0.0 20%5903.6 602146.)1 220357.5 1020407.2 36.6
2000 0.0 0.0 2082%6.8 O60D69T.4 222257.2 1031251.5 36.4
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1976
1977
1974
19717

1980
1281
1262
1983
1744
1985
12806
inar
194
1983
L94

L9%1
1992
1393
19%4
1995
1996
1997
19948
1997
2000

58P

B & » 3B ¢ 3R & o
COoO0ODOoOO0D DLDOoOLORLTLOoDDn O

OLLO0OALODOD O0DDOOSDOO0O0D OO

0aid
lald
Jat)
0.0

0.0
[{/]
Oalt
Jatd
g.0
0.0
Qe
Q.0
a0

Uard

Exhibit 5-E
ENI and RCI Resultsa for Each Case

Option 1
UR by
418360, 90}1951.2
A29%E5.S 9T1075.4
1965157 91619144
I6HPTE. G ARENT4 LT
INL6N2.72 Talfindas
2PRLT¢2 T2LTSC. L
208292.3 604A50T.7
11451C.7 482115.3
14518%9.3 4l2946 .4
118375.2 3864ll.4
1004%4a.n  IA58A24. 1
Ane52.1 3122152.%
£32¢ 3. 30451541
&2008.1 2039€2.¢
6098144 30Q32209.7
50090 31240441
THEEGba? 320131Can
19042, 20QC:i%.2
nLts¢.2 29856249
A2A22.9 2971464
BA53Qah 295645
A4TH2.7 22269C.2
490723 32821h.7
AT413.0 32THEZ.¢
NET9244  3305G4.1

vpu

20058649
306530 .4
2T at3,2
21230347

2'.2897-'7
220406045
L30107 .8
15541748
L35220,2
127074 %
i85 .0
taseloa
1048847
105389. 4
LaEalt.9
105948L.7
luoLogea t
106057, 2
Ia6Qd3T.4
1053457.7
1Ubs952.0
105‘.‘191-0
1054 99.1
10524540
10"1"7‘-11.2

TOTAL

[e2aast. C
L707¢01a0
1575084a0
L485C0C.C

1257310.0
1829432 C
1002994, 8
H13445. 5
GtV A
t224t5.1
L132060. 1
Kl2415.2
wi2nhFa3
Arl361. 4
HeSY40,3
At8172.C
« 550749
4855245, 3
AHE TS T, 5
4RSAEG.2
Ha50R 9.2
2R3 eh.2
Siat82.2
520E10. 8
£2a340.8

ASUS TTIVEVAY 1538
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Exhibit 5-E
ENI and RCI Reaults For Bach Case

Option 3

S55F sD UR Du vbu TOTAL RCI
1976 a.C N.0 w10250.9 901951.2 1005ic.8 1e2038t.0 l)-EJ
1977 Qad Jedd #259%9.4 ;1107;.!1 AL LA4h ., 17074310 “had
1918 Q.0 D0 I4SLa.1 516051.5  271473.2 1E7158BA.C 2.?
1979 C.0 0.0 31092743 BOT612.T  214972.6 LT 1GSTALQ bl
1980 0.0 0.0 219CEQ.1 78%¢14.8 262442.1 1:1C120.C 15.4
1961 0.C 0af} 26314429 1AA06L.3  Z264cbBen  L22L491.0 22.5
1982 Qa2 Jad 25%50Ee4 55043040 22553797 1146l33B.d 29.9
1982 0.0 0.0 173040.0 ¢030l4s4 LOAAGT.T Geh922.2 10.5
1984 G.0 Ua  10481T7.4 E10112.8 176531.0 UT94pla2 <5.7
1968% Qad Jed  15822%5.2 4B338C.)1  154337.3 JI3babaz 5044
1986 Qau 0.0 1ab8T2.9 4B33%51.2 1571015.4 T01220at 5la#h
1947 Q.0 0.0 132%82.1 45187243  14764ba6 T32122.0 354.0
1986 Q.0 0.0 11442049 ALETAC.] 13623645 LE5406e)  5%a 7
1989 G0 0.0 112BL5.7 42429145 L376T77.2 6T4024haq Sl
1990 C.C 0.0 11155541 42Ethta3 13081543 572022.9 5941
1991 0.0 0.0 11014atal 433175.0 140005.7 $8330%.0 537.3
1792 Qa0 Jall 10862322 A4A3TEIS.E 144244 LATTA4.2 GT.6
1993 C.0 00 106995.7 44275047 1425211 (5226842 57,3
1994 Q.0 0} 1221714t 4AR1712.2 143847.9 T23793.7 5%.3
1995 Q.0 0.0  133779.7 A4521685.8 145014.8 1209844 5445
L1996 Q.0 0.0 12354%6.9 456725.7 146215.3 TIBATA0 5%.4
1337 Q.0 Guad 13720043 451385.5  19T447,7 Tatdlhes  %4.0
1990 Q.0 0.0 139015.0 466126.1 148707.2 TE3048.3 53.5
1999 Q.0 0.0 140094.7 471000.1 150001.9 Toll96.T 53.0
2000 Q.0 Jad 142084493 475317.5 151327.¢2 T1C)4%9.1 52.5

AdCD) ITBVIVAY 1535
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1976
1977
1978
1919

1200
1981
1982
1983
1984
1585
1985
1987
1968
1989
1990
1991
1992
1993
1994
199%
1996
1997
1990
1999
2000

OOLOODOSOoDDe OCLoO0ODLOOCLOLDD

HEDOoDODOCNDoOo "ODODooDDOoODOD HOOD

Exhibit 5-I

Option §
uR Du
ALa350.% 3ICL951.2
429908 . ¢ FT1lUT5 a0
396513, 51658515
3TEN2r.2 RGTeT3 L7
1ELE0.1 705514t
263144 .5 TAB0LL.2
2201%9.¢ 5%9L512a2
196572.5 %24135.17
LOTi27.T1 A469D264L2
LLOLE2.1 20252044
LOT6LT.d 2158507
H6932.1 3A2A732.4
237654k 304815.1
620C8.7 2059¢82.0
60591 .¢ 303297.9
59891.0 3024%4.1
156547 201314544
T5842.9  30C035.2
9115642 299502.9
42322.3 2971%8.n
1352044 26564845
#$6782.3 322090.2
180743 325214417
Hl14l3.0 327982.¢
I07192.4 33C59541

ENI and RCI Results for Each Casc

viu

00506.4
Jeiseal
étlalaad
214320
2h2hndal
244695 .4
208593 .1
114323.7
1521C2.4
12037444
i2aGllael
Lu4599.1
126084 ,7
10525940
lOSa?T.9

105901 .2
1Nedas. T
e U37.
1d595%7.7
L05452.0
I RPDTR S P
10548941
105245.0
10492¢1.2

TOTAL

Le2Chinn. C
1707c¢01.0
LL15e8q,C
1e15014,C
1373735.4
L725E451.8
103330544
AR532044
(3017741
6CT2.9,2
£20%530.1
1244943
Allichet
*-(.'J".l"v").3
HCAETT.C
Wh33d9.3
AED 25,2
4L575785
“U08579.2
4E8C0C25.3
S1A0L4.2
tileraz.z2
S20E1G. L
Y2a3nlias

RCI

~3a4
2.4

4.3
1ia%
22.5
Ju.l
45al
507
slal
')2-5
1 T.?
ra.y
Tou%
1.9

Fi.1l
T aid
fua.Q
Tu.9
T3.3
r')l l
vJdad
[TL S
61,7
ur.1




~
=

T

1918
1977
1979
1979
1980
1981
1902
1283
L9684
19A8%
1996
1987
192813
1989
1990
109
1992
1993
1994
1990
1996
1997
1994
1999
2000

ta
4]
=l

s RoNeNal~Nalal. T
2

R EEE R
TOOoOLOTDOLOOODOBODCO

DOoODDODYRDLDOONDODOOLO

DO OIDOOD

Exhibit 5~E

Ontion 7

UR

QUKL
425585944
3451942
350L96 .1
nivin,l
?h’EPQc !
1311044
190563,
1183n3.4
125182.1
7120CL. 0
!!l:i?".t'
h326544
a?20C€8,. 7
FIVELE PR
naaal,.n
InGne, ?
15042,.9
115642
N2z22.9
‘13‘330--’1
FRTE2.7
16Q 6.2
AT413a40
A0TG24 %

Du

901951 .2
ITLNT5.%
SLENVL.E
H23e97a1
THECTL LY
E502%¢ ot
552378 ,2
’o‘]ZEUl.C
MEg50.0
3454207
J3Irrh5 a4
26719049,.0
ACAS Lt al
1039¢3.¢
I0A74/5 .7
302604 .1
L2t A
igcels,?
70843 ,.3
29716944
29ELA5.9
32259042
A2E20¢a 1
A27RE2 ¢
33053%.1

ENI and RCI Results For Each Case

vDu

300580 44
394535 .5
271413, 2
20,53490.F
224223 .45
212008 .
142323 .4
LOHETT S0
L23ed3,.2
11774547
11094341
toeuul.d
iNaBLA "
1JSQQQat
105517.3
1058801 .2
105C3ha ?
wecEr, s
lnhn1r-3
108567 .7
178852 .0
1d5%47l o
106499 .1
105245 49
104951 .2

‘TOTAL

1203800
173745310
Li1ked4, C
1427¢h2.0Q
12:8i73.C
1140012.0
$2399%. 4
PQuErg. 2
(e T42, 2
Lidnzay. ]
EHCTCHLA
LA alihah
H126h5a2
11345149
A453349.3
HhEBLTTL Y
ARRICT. 5
48853507
LRI N
heh455,.2
AULO2G, 2
513146, 2
RLETR2,Z

ncx

0.0
"Job
2.1
Ll.2
F-ETY A
2.7

LT

Sl.3
L0400
b3l
Elef.
10.0
7d.0
7.9
Tl.9

T1l.1
?‘,ln
ra.C
73}.d
M. 0
T} 1
9.3
ISAHY
7.9
57,7

ASTR) ITEVTVAY 1538




137¢
19771
1979
1979
1984
1981
1902
1983
1984
1908
1984
1987
1oan
1940
1990
1391
1292
1993
1994
1995
1995
1997
1999
1999
2000

SO0 DOoOOROOCDDOO00D0Oo00O i
I I L I 9¢]
=

OO0 DODOO 00000 NSDDODDOD

s

AR 3 Y HTAV AbsH

Exhibit 5-E
ENI and RCI Results FPor Each Case

5D UR

C.) 201973,.C
0.7 255223.%
Dety 2724%1.5
CeN 21137445
J.  1083534,2
G0 145995.10
0.0 119206 .4
Jadd 134289.93
4784} LRI AN
Ual [N
Q.0 503301
o0 5183 .1
«d 45310l
o 4Tut 140
L0 200,
4379043
RQAGH . 6
04 a2
5327142
GRZ2EG 6
5840344
56422.9
67153747
5847349
553049.5

« 3 2 5 4 3 b
Lo oco T

Silent

pu

13E90F 1]
THIN] 2.0
C3SECR, T
39¢6479 .9
H15Tha .5
HEREER L)
J0¢4h1 .8
300l 14925
haretr.?
229112.2
2381024
22e13¢ a1
242544642
2242E€ a5
23263 .5
235935C a6
2360405 .4
235745) .0
23482544
23672) .6
2344351
23612547
23563¢€.5
235013.8
AIA28T .G

VDU

2lEin?.n
2l4517.7
iﬁ"l21‘|-.’)
1715%% .5
19717943
14142445
1239R5.7
103723a 5
NEGhhe i
05314941
B4992.2
B0326aT
TH2%5.7
T1231.8
TTO0L 2

9rnr.6
19604.4
Bo444.1
Alilaa.2
NOT2.7
0205047
BT
Bt b0a 1
BY%90%.3
NA427.1

TOTAL

1213C50.C
1219305744
11C14%51.0
9ah95G544
nlpEsl.?
154291a%
6298171
AHF000. 2
301385.4J
ares572.1
3.5!]0'1().6
395110.0
A651£543
2el9E9.5
26455045
AEETEEL T
3492%3.3
A3TL2T74a17
373072.8
3T4480.2
ATCL58.6
377¢3nat
A37TATHLAD
AT9ELALL

RCI

7.0
=Jed

D2
1(]-7
320‘!
it.e
Aial
5:).!,
5 4,5
H8ah
h'J-‘J
t.Va8
I3a?
TOu%
To.2

6749
&7
HhAdh
GYah
b7 2
57al
6724
8.9
(JBO‘J
60.7



A FTVIVAY 1543

Yuar

1976
1977
1978
1279
17680
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994%
1995
1996
1997
1998
‘1999
‘2000

338

98.68
98,08
98.33
97.082
2734
96.91
26431
95.00
95.306
9513
9% a92
24.73
24.55
F%.48
29,41
74,35
94235
94.35
V4. 325
P%.3%
T4 735
94.35
94.35
F4a35
74535

BASE
3D un
90,85 102.82
8. 85 192.03
96.30 102.32
9T.79 1G1.04%
9T.31 101.39
?6.8T7T 100.99
96.28 1Q00.%4
25. 76 99.96
95,32 97,506
95.0%9 9%.35
94.87 9915
94.68 98.98
924.50 90.82
EL LY 8.T5
94430 98.69
94430 20.63
Fh30 90.63
94.20 98.63
24230 Q8.63
94.30 90.63
94,30 98.63
94.30 98.63
94.30 920.63
744230 9B.62
94.230 26.63

bu

104.5%
104.5%
104.09
103463
103.240
102.80
102.27
101.81
L31a.43
10k.22
101.02
100.806
10071
100.65
L0 .55
100,53
100453
10052
100452
100.53
100.512
10052
L a53
100.53
100.532

Exhibit

SEL Tor Each Cuse

vDu

105.23
105,23
104.7T7
104435
103,97
103,62
IV ETY
102.74
10241
102.23
102.07
101.92
10179
101.74
101.66
10}1.63
101a.63
101.62
10).63
101.63
101403
101.63
191.63
101,63
101463

5~1

Yeur

1316
12717
191
1273
19849
1981
10462
19483
1984
1905
Lot
1ar
194n
1999
1990
1991
1992
1993
1994
1394
1994
1997
13490
1999
2000

33T

GE. 20
0,010
90,23
57414
.17
GCalh
DR A
Fh, 64
83,64
N2.617
24332
GlaTl
J1.03
‘;n-‘;5
GGafl
0.6
90,69
SC.th
.00
9Ce 68
GG.t8
CJ‘OA(I!‘
GC.0 8
Q04519
GCat "

OPTION 1
3D uRr
SHe b3 112,43
I T I T Y P K ]
e h) 10 2.32
Sl.1l 10l.e7
3715 adleild
het? 1324453
Sl EEPET)
That2 an, 42
Gaat9 PR
97.94 il
J2e2H TJhadd
Sla 1) Yaaht)
3[-0’] '}'I- ?']
S0.6n Yhoa by
GCa ti) Paa bl
0. uT Taa 9
GCals 0 THhady
QC-f:T ‘)"1. 3"‘
GQan7? 74ha 38
061 Th, A0
9CacT Do i
70.07 Thad9)
ICa 67 Tha A0
Hdan? Ina 3Y
"10.{-7 ’j‘t- j"

bu

LUA4.55
F34.55
1C4.G3
102446
132.84
tr2.2¢
lul.l8
1J3.12
715.11
:i‘:- 22
F1.68
37405
58a43
JE.27
Stall
G~.03
76403
fib.ﬂ"l
6403
34.C3
74.C3
Gl
V0«03
fi!nC]
9602

yhu

102.23
10%.2)
1044 11
104.C89
PR
wW2.rm
101,063
lOCa.t1
99,47
764184
91,32
91,08
Thath
F6a52
94440
Ghadl
2¢.219
‘Jf)uzﬂ
56.24
D629
55.24
Gt
6.2
9&-2”
56a2H8



Year S5F
197¢ S8.EC
1971 SE€EE
19748 50.22
1975 ST.E2
1980 5T7.34
1981 56.51
1942 BG.0¢
1903 95.4%
1584 Ch.EL
1985 G436
190¢ 53.5¢
I 1967 S3.5¢
P i988 93.11
1989 €3.(%
1990 93.CC
1991 §2a52
1992 D2.59%
19513 92.92
1594 92 5%
1995 92.52
L99¢ 92.5%
1991 92.5&
199¢ 92.52
1999 92.%52
2000 PR..52
R ST P e e = -

AdO0 JTIVIVAY 1533

Option 3
50 UR
SELEE 1C2.83
G649 lCR2,43
SE.2 152,22
97.19 lUl-Uﬁ
€9.21 1C1.39
S¢LET  ACCa%9
f¢.11 1cCc.2¢
Shah2 59:460
54,148 96470
C4.34 58.29
53.54 57.82
S3.55 7«36
%216 GEa52
QAa(E Go.83
52.55% 50.TH
G2.51 G6ah?
G2.51 Stat?
92.51 96617
GiaG1 GEa kT
92.5) G&.67
52451 56,07
G&eS1 S6a.81
92510 96.47
G2.51 96a01
52451 96,67

Dy

LCha.5%
104.59
1044406
103.463
163.20
lg2.80
102.Q0
101.24
1€0. 5%
100,03
9%.53
G9.C5
SH.58
54,50
SBe4l
90434
50.34
98424
Gl 34
90.34
98. 34
S8.34
Y. 34
50. 34
90.34

Exhibit 5-F

SEL far each case

VDU

105,23
105.43
10417
10(1. By
103.97
103.¢2
102,76
101.95
191.19
LGC,.k9
10GQ.G1
qg"'ltl
98.89
9.0l
98413
98.06
M8.66
98.c6
9 etsh
DLl
90.60
k.66
90 <020
8. 66
920.006

Year

1976
1977
1578
1979
1960
1981
1982
1903
19 84
1905
1986
1987
1968
1989
1992
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

SSF

90,08
Q.80
9. 32
97.02
Gle3n
9¢a9l
95,480
D4e 89
93,93
93,20
2. 48
92).7T7
91.09
304 95
90482
90 4B
90a 68
Q0. 08
9Qa 68
G008
90a. 0
90,4 68
30,60
90, 60
90. &8

Optlon 5
sD UR
98,085 102,87%
90405 132,03
98s30 102,32
97.79% 131-8&
97,31 101.3%
96487 100.99
95,.,0% 99921
946 Bb Ge A6
93,91 97.685
23.18 27605
Q2ehb 926 27
31.76 95451
91.00 9%4a T80
90e T4 D4 04
00.80 9&-51
96T 9438
90.67 94,30
G0a67 9428
Q.67 9438
0.67 94«38
20.67 9%a38
0. 67 T4. 38
90s67 94«34
90. 67 94038
90.067 94+ 38

bu

1044 59
104459
104409
102, &3
102,20
102, 80
191.79
100,63
94, 60
T8 17
97«97
97 18
6043
264 29
964 L6
96. 13
P6e 03
926,03
264 03
264 U3
V6403
96, 03
36,03
26403
26, 03

L

1054
105%..
104’
L04,
103,
103,
1024
10 14!
100,
99,
L P
DTui
9§41
Ghie!
Ohu
9.
e
Dbl
Qb
Q6.1
e
Vel
b,
L1 TY
Qb



585

Yueax

1974
1977
197R
1979
1900
1881
1962
1982
19684
1285
19A4
1987
1984
19AR9
1990
1991
1997
1393
1994
1995
1994
1997
1990
1997
2000

SBF

GB.BE

K0, 2¢
B2
Y104
N6, 5¢
Gta20
N5.28
54,79
63,32
F2.42
92.10
'] P
51.C5
7058
0. 81
0.8
SC.tA
50.4%18
Q.60
50.60
G0a%8
G0a.t8
0.4
5Q.4%8
5Ca69

option 7
SDh UR
.03 102.771
50.F% 102463
GN 30 172,32
Statl 11.5%
3054 1004806
Ctl.29 100,17
F%.2% 37+ 07
PEI 1805
43231 17,09
anl Gh. 30
27.09 35, 16
Ila64 95, 24l
ql.CH Q4. M0
7Ca54 Ta &t
50.00 Fhe 81
F0.67 Fhe 3
GC.67T G4ra 3N
d.467 EL PO L]
IO.6T Gha 34
90.67 T ra 38
90-?}7 n“n:‘u
an.e? M49. 39
9C.07 T4a20
IV P4 30
Q0.7 24,31

Dy

134497
104.5%
104 .05
190%,34
iCea €0
101449
10C. 70
95. 14
90a172
51.55
q"-‘ll
953
S¢€ah2
Gta2%
Ghalt
9¢.03
9¢.03
3454C3
76403
At.C32
75,03
At.C3
¢ .03
Gea02
Ge.C3

Exhibit 5-F

SEL Por BEach Case

vbu

19%.73
10%,. 22
10417
103.5%
10%. 14
102.34
101.22
10C. 10
19. €1
V1-M 1?
G1.08
9T 15
Geatb
e, F2
EETRLTY
Ghe2H
Dé.20
94429
&, 29
96.28
5429
9. 28
N6.28
F6ad%
Y3

1276
1217
13713
1975
1980
1981
1982
1943
1964
19A8
1904
1247
19AR
1969
1990
L9
1992
1993
1994
1995
1996
1997
1991
1999
2000

AIOO STEVIIFRY 1S38

Silent
8D UR
31.2% 100.06
£1.25 lu0. 84
9‘1.‘0') 100.05
Gh,t 1 59,29
L 21,51
q:,.17 L 17
HEF RLTR-N
22.01 7551
‘H.Cl Thabl
Q. h? 4. 02
R L] P
ng.2t 12.497
.72 92,32
A4 41 12. 08
AR, 25 EATRL]
RA, 01 161
19.01 (2 PY N
an,clL .81
8. C1 Fle61
nq‘ol jll()l
19.01 7l.61
An.01 a4l
an, 0l .61
Ana.Cl 91.61
19,01 Jletl

pU

107.45
102448
lﬂl.‘l‘.l
1cC.91
106,12
564317
;6.21
jt,22
Se.21
0h.62
§5.05
Ghan?
93.93
Glan%
93,45
92,22
G2.22
%23.22
73,72
52,22
531,22
53.22
523,22
92,22
52,22

102.°
1028
lol.1
10€.5
100,2
9%eA
902
37.3
GEa?
9547
7.1
9% ah
4.0
737
9%.t
9343
52.3
93.7
732
G2.3
22.2
33.3
3.2
%3.1
53.3



Exhibit 5-G
Sleepn Disruotion

Baseo

I8-5

SUBURBAN SINGLE~ SUNRPAN URBAN ROW OENSE UABAM VERY DENSE URDANM

YEAR FAMILY DETACHED DUPLEXES APARTMENTS APARTMENTS APARTMENTS TOTAL RCI

1976 1022262.006 207059700 12852092.0 14434003.0 3695528.00 340T446%.0 0.0

1977 1040750.37 2107953400 13075998.0 1464042540 3735261.00 3460036840 =154
1978 933799.12 1890094.00 11917510.0 1260755540 3504942, 00 31853872.0 Gab2
1979 844592, 50 1708606400 1094236440 12723070.0 3306041.00 2952545640 13.34
1980 T6595%6.27 154067000 100672140 119147460.0 31260662.00 2TAR232408.0 19.52
178} 700608425 1415171.00 9333212.00 11226018.0 2972396.00 25647904.0 24,72
1982 610181.25 1248350, 00Q 8391655.00 10325654.0 2771032.00 23354804.0 AlA
1283 555701.56 1121410.00 1669213.00 9621567.00 2612408.00 21580464.0 2661
1984 508311.75 1025202, 06 TL16566.00 9074562400 24008594, 00 20213232.0 40.68
198% 486810.37 981403.469 6866524400 B802534%.00 2431214.00 19551392.0 42.50
1986 A6B412.06 944022.87 66526T9.00 08610923.00 2381850.00 1905788840 44%.07
1987 452753.175 912188.81 6471231400 8427958400 2339409.00 18603536.0 45,40
19848 439483.00 8851A7.37 6317267.00 8272259500 2203169.00 18217488.0 hha54
1989 4260842.50 879764421 62926082.00 8248716400 2296519.00 10154512.0 h6.T2
1990 433377.9% a72673.75 6255%64.00 02121080.00 2287301.00 18061480.0 46499
1991 430248431 866259.87 6223161.00 8179705.00 22T9021. 00 AT970384.0 4T e2%
1992 423724.62 B8T3250. 4% 627T1394.00 82303T76.00 226928%9.00 18096032.0 A6.89
1993 43722744 880295.12 6319988.00 828126%3.00 2299560.00 182108220.0 46.53
1994 A4DTT0.87 88TA%24.9% 6266936.00 033236%.00 2309845.00 18339312. 0 46.18
19295 442819.69 893495. 81 6400942.00 8376098.00 23168617.00 18442960.0 45.87
1996 4406881.00 899631.12 6453213.00 0419980.00 2327398.00 18547104.0 45.57
1397 449958431 9050814.94 6495752.00 B4640380.00 2336186.00 18651T44.0 A5.26
1998 4%53060.19 91.2037.69 65320557.00 4508239.00 2344981.00 18756864.0 4%.95
1999 456167.87 918304.50 6581624,00 8552603.00 2353717.00 1086249640 LT
2000 £59334.31 924613.50 £624970.00 8597118.00 2362504.00 18960608,0 44.33

AdOD TTEVIVAY 15238




18-5

197¢
1377
1978
1979
1980
1961
1982
1983
1984
1385
1994
19487
1980
1989
1990
1991
1992
1993
1994
1995
1994
1997
1994
1993
2000

SUBURRAR STNGLE -
YEAF FAMTLY OFTACHED

105226206
1040754,37
GA3199,.12
028892.¢2
1242714, 13
659121.44
52TC1La12
A24252.12
AR42EE.0D
294851417
2H6610.00
22258 7.2
135604237
191567.19
187105401
192522.2%
lﬂﬁﬁCC.GO
1ESBRE5.19
1873586.06
17865154
168955%.12
19120200
162621.4¢
19395075
195209.62

CUivan A

NUPLEXES
20745497, 00
21019%3%,00
Ln3u0 % .C0O
LL 78000, CO
1n21932.00
1336206M.00
1Cu9295.00
Y 628,75
635557 &%
997040« 4%
521960419
@550 ThL G2
YIR2 14 .67
33959643 F
A80452.:2
3T1918.37
31472044
T 145417
B9 2]
3361%.25
ANEPHT AT
AHI02.90
24 L3Tha s
134249431
A9 6% T QL

Exhibit 5=G

Sleep Disruption

Opticn 1

URMAN SN

APARTIMEART S

12852092.0

13075258.0

1171 7510.C

10604747.0

2441220.6C
1458733.C0
4000023.00
56126817.00
4469¢213.00
3840425,00
336484 7.G0
258139¢.00
2430105.00
2519490.00
282€313.00
24T47C02.C0
2492921.00
23132491.00
2532174 ,.00
2515524 .00
259538764
258%319.00Q
260037 .00
24917541.C0
2534815400

UONST UTBAR
APARTMFRTS

1#434003.0
145900250
1360755 .0
12343025 .0
i1l7E4H3.0
19207571.0
31520505 400
1146240.0C
6020062 .00
5294009490
KGRzl 00
28770000
31A52337.40
An074LF1.0C
ITH 0L 00
369192 TeOC
1tuqn92 .00
312805039
315135000
T2 00
ER K VA LYRYN)
31811295.0C
20831429.00
INGLe: Ta 00
IRTL9L9.00

vefRY DENSE
APARTMIHTS

3675520400
213526100
365009462400
Jlaa90h 00
2059032 .00
2593312.00
2157457404
LH063TH .00
153171000
1324719413
1197908400
105422740
33203310
QA TL T, 400
93822437
Tarda TL ande
InaTylalh
T4 6%« HY
521304142
33537075
260070438
Ju3Thha 1
TH T2l
GriLol.sg

URHAY

TUTAL
340 1446440

34600369.0

3105309 72.0
FERREELETYY
25727200.0
23:57520.0
L3094320.4
1575228241}
i3uollf.d
1135299540
1‘011?15"!00
032481100
0 T6A39400
938 713.040
179574700
1,4754%0.00
1o 5050%.00
ITa363.04
fMolsut.00
194510000
THIV240=0
193449397200
1973974400
J02/315.00
EIVERF R D]

s Cl
0-0
'1-5“
6eh2
1540}
24 450
3la7H
53,927
53,17
ola60
bt ot}
70,30
T3.49
rfl .30
ToaTY
L ¥
IT 56
T?-’Tk
TTa2%9
F7.LO
Tha2T
7o .04
LE-TRAS
74451
/LY
Tiad2

AdOD FTBVTIVAY 1338
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B3

\9ThH
1917
IRTH
19279
1960
1981
19a2
19203
1984
1984
1986
1987
19868
1989
1990
1991
1992
1993
1994
1995
1996
199F
1998
1399
2000

SURURIPAR SINGLS =
YEAR FAMILY NETACHID

10222¢2.C¢
1040750,47
933 799,14
£AREG2.50
765354.37
TCOLCE.2H
LC Y LT N
512193.046
AHTCELLDL
A0 TBZ 9%
371504194
AAE2EL.01
114930.75
315A3%5.12
312219.12
3A089330.12
111425454
213941.1%
JitaE5.01
318¢T4.1L
320073.37
323002, 31
325210.06
32755507
229815419

CUBRiIYAN

JUYPLTXFS
201¢5G7..00
2107353400
1896094 «00
17006Cu 00
15uls 14400
Lalbr 7l .00
1202747200
104621027
AOELIbLTE
8262395431
T6062% .37
ragaelale
4408011 .01
A 1680.109
634327494
a219%2.00
032623.087
637726a. 087
642869.1%4
641291 .00
651 T136.29
656215.081
E6LT20 R4
26952434 54
665835.06

Exhibit 5-G
Slcep Disruption

13C715959.0
113175100
10942344 .0
1036721h.0
9333212.00
1566776 .00
afACalCa0U
6011642400
SaaaT3S.00
A50¢6142.C0
4562607200
A10618e.00
A4154269.00
4113410.00
Q78 L5104
A4101TE5.00
4139622.00
A1T1TCA.Q0
4199246.0Q0
A22409%55.00
4254041400
#202857 .00
4311130.00
4335553.0Q0

Ootion 3
URDBAN ROk FZNST U-DAM
APAGTMENT S ARARTHTHRTY
12052092 .0 Lah34003,0

1464042%a0)
13075550
13123070 .4
LLl9l4T48.0
LL22¢QLlYa0
L LER
57052490.0C
TITC=9+.0C
T1%9145.00
toi2i51.0C
612189 7.00
550290%.30
5¢45593,.00
560088300
556052000
5604545, 00
£¢29270.00
S46H199.00
5494007.00
5124047400
515413400
10423100
SHlAn3n.dd

5845050.00

yERY DEYUTE UTUAY
APARTHNTS

3635221300
3735254 ad)
350430 2.00
343006d41 .00
291239£.00
2500477200
229170%.00
2034611.00
1895295.39
L6752 14.04
1552973.00
14259704
14157137.0U
1404364 .00
13725474400
1400203.00
1425935400
L1AL28 73,04
1418241.00
14223%91.30
1429310.00
1434%29.00
1437954040
1445382.00

TITAL
37 4r04.0
RPN D RY R
3853312,0
295292544
21adi2a4.0
25Lh T 4.0
22205995.0
l44263i4.0
L7107 2rad
1571224440
Le430U53.0
1223359140
12263605.0
1217311 4.0
12065200640
113664420
12000552, 0
1212711540
12271359.0
1234 T3373.0
1241139 3.0
12487719240
123500270
12029535.0

Ual




SURAUR P AN
YEAY FANILY O TACHED
1976 1022287.¢4
1977 1040750.347
1979 923765,.12
1979 B44%97.50
1980 7e5556.27
1981 700eCE.75
v 1982 55953%.08
é 1983 440 FEL.H7T
1982 2¢4275.5¢
1985 31046851
1906 265368467
YIRT  227585,.0617
1980 155842437
1989  191587.1%
1990  1R7)0%.81
1991  182522.75
1992  16440Ca04
1993 LE50BA9.19
1994  L€T298.0¢
1995  LAAGl.G%4
1996 149994412
1997 1613{2.00
1998 192521.05
L99%  193550.75
2000 195288.¢2
[ ey

AV 3 Y VAR 1S2H

FINCLF =

SUREAAN
NUPL™X: S
20105657048
L107952,.Q0
LA9C0%4.00
170%484.00
LSa4f6Th.00
141577 <00
Li3itan.co
L0LHG N
TI01Z2Ua22
6265167
53I49Tu0.00
“nla?a2%
2992 1al.0t
30945506437
EUDES Y IR W
ATL91d. AT
37"020-*“
:'7-’)45.1:)
A8C293. 11
AN14 1325
AYH2AT AT
30905400
3715 1hans
37426%.31
A6 Tha B¢

Exhibit 5-G

Sleep Disruption

Option §

URRAM A0y

APARTIENTS

12052032.0
L3G15958.Q
1191 7510.¢
13542344,
1006121440
33322124400
149461 1.G0
6052144.C0
A3L5252.00
AlB23 1 .00
3560732.00
3057213400
263C19%.08
25794949 .00
282831600
2414103 ..64U
2497921 .C0
£5812241.00
2832104400
2545524400
256e3e .40
25602319.Q0
2500375.C0
2617541.G0
263481560

ARMSE
APARTHNTS

oAk

IELEL NN
14440425.C
13c07%35.0
12722079040
L1i9l4t48.0
1122640l 4.0
Wnhthng. 00
TEIN2u3.00
5571 +51.00
9121256400
S0UL 120400
h322%21.00
INEG0A39.0¢
26Q7T207.00
Ithctaba bl
L4210
3139 452.00
2T2h06UL00
31513:9.00
A3TT124T.40
219L234,00
ShL1295 40U
3531429.00
MWHLEL37.0C
JBTLe 13,00

VERY OS]
APAFTM TS

ES-FLEV-EINNNE
3IT35241.00
320494 2.0y
S2000% . UD
3lZLbL2.U!
297¢37% .00
246572 06a4
2053 1-CaC1
LT1Gn 73,00
Ladaaslavd
leafzubaUl
1i2iudia4d)
YEPEE Y PO
FGuit)l TL .00
3942000t
336033435
P9da Thada
fjf.!' ”J!l -0’..
9‘90&4.50
52739.4 2
306334, 18
LUy TU- 'Ql
?6:’%50’5
FINE Y T
ITlul 5y

J- AL

TIATAL
Badltni
LET ITEL T P
2lBu3nt2,.40
LUAo2hirub ol
3142324 0.0
29490 119940
L0925 L L0
L7ee3llan
13l2046,0
L23d 2600
loab 724440

FehHh il Ul
50T6493,00
1935171 3,040
Prugoa9 .00
ft‘? 7'35'3.00
14,3890 3 .d0
TT694% .00
tugliata G
TR 50)4%.00
t370292.00
93409%,.,00
1913144 4,00
Ju2Adi 2. 00
JUTII T .J0
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SUBUYBAN STNGLF =
YEAR FAMILY DNFTACETN

SURRBAN
nYPLFX: S
20705G1.00
210195%.00
1030054.00
1640199.00
1420907%.00
124as137,00
IREHD2.2F
1a2331.1%
INYURRN L
551052450
A48 904,04
44 2069.25
AIN2 thatt?
IN3HFH.3T
IR0452.62
3T191AL37
3402044
T I1945,.16
Ay 099231
A3361%. 25
AHNEZHT LT
11A701.00
3% 1970469
19426%.11
15853 Ta. 0

EBxhibit 5-G
Sleep Disruption

Option 7

URRBAN Tn

APAPTIEATS

12652052.C

13015952.C

11917510.C

10351160

0504050.00
1823345700
62497300
5082512.00
HlA0221.CO
1554040400
1210145%.00
25¢3258.Q0
26307065.C0
257T37499.00
2525315.C0
2474703.00
2493921.00
2EL32uL.GC
2832704 .00
2549524400
?o6L367.00
2583315.00
260C3 16a.CC
2e17E41.00
2434015.00

NTNSE ULDAR
APAITHMENTS

164434003,.0
146640475.0
1340 1527.0
120'—”]31"I-0
1073807240
1367119, 0C
GETLI35 400
K62 760,00
4350119.0C
4533510400
4124662.00
3869039.00
3R07937.00
ATHaNLh,. 00
1501027.00
34892400
271249060406
3751330.00
11124100
37131234 .00
Anl1275.040
3831427.0¢
AgUle3T.00
ART1II17.09

VoRY 3UISS
ARPARTACMIS

3675529 400
3T3n241.00
3334752 « 3
ICirIET.U1
2734208 .00
2h22577.00
2CLHa64. Q0
1¢372#Tod0
1417493400
1 3“\‘:307-00
1147529.00
10a110%.00
982033, 15
797173405
?5120!1.3 4
236189431
402 ThallB
Gah T69. 00
FEY N TR
I52720a02
253 GUL D
Iuaa T3]
JaAThs 10
Julell.01
arllal.nd

1976 10222¢2.006
1977 1040 T65R, 2T
1978 93315973.12
1979 AQg 115,01
Lean T0LCAS NG
1961 ARGaT5.01
1782 ARGSGT LT
1203 AENIGE 5D
1904 416105.47
1985 27L11% .00
1986 2A20)1I 04
1987 21TESGL25
{9Ad 195R43.%0
1987 15158719
La2q0 187308, P
1991 1872922.25
1792 1P2400.00
1993 19RAA% .19
1994 16726500
179% 1f8¢91a 74
17396 1A936G4 .12
{997 19120Q2.00
1998 192621060
1399 1931560. 75
2000 19528842
[

Ut AN

TITAL
THDThohe D
300036840
4105397240
230037040
2458106440
25053496.0
LI1423350.0
1453039140
12140925%.0
105701 4.0

547240, 00
¥i120035.00
YOT649%.00
FISETAT,00
7T54T73508.4Q
1653y4509.,40
r7a 343,00
130159 7.00
44 51306,00
16902+0400
7934099.008
1919 744,00
Jo2aili.e
w97 ))37,00

2T at

jflol

(P’ -J‘.i

9Tat

Cl"f ng

Lia1
Tien
Taal

Thed
Taaf
1.l
7?5
TTeh
rr.2
TT.}
?fl nq
TL o B
TaaT
LYY
Taedl
Toadi
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1976
197T
157TH
1579
1980
1981
1982
1962
1994
198%
1986
1987
1944
19249
1990
1991
1992
1993
1994
1995
1994
1997
1994
1999
2000

SURUPPAN CIACLE -
YFAR FAMILY DFTACHFN

701423,21
T14115,.54
6(‘51" EII.CE‘I
T14817.81
AIARA2.54
311349.37
291C25.%9
220241.50
184151471
1521C5. 75
LA2DS 7.62
L2¢ £75.94
112253.7%
1C7218.50
102211.27

G7437.8)
GAZ225.00
G001A.25

59820.67
1G0511.06
101204.27
1QL501.50
102¢ 04212
103312.44
104025.C¢

THRARRAN

AMWRLT Xt
1425320.00
1435139200
123391t .00
1043501°.C0
ANS364,00
156511.21
53291%.90
4h0 66,540
AT518%,94
23024231
27310723.81
2531160431
2208RBn,12]
210534,19
2008206.00
1904 1,91
2000081 . Fn
21155500
203222.617
204721.19
241727.17
20754k 82
2009270469
210604.94%
cL10E2.B7

Exhibit 5-G
5leep Disruption

URBPAN PTY

APARTHONTS

13845582.CC
3935733.C0
F331C¢73.0¢
h210042.00
fAalofla.CO
L3406 ,.00
1719431.02
2931 146.C0
24300£4,.C0
215442400
t21%894l.0¢C
17T128823.00
18210833.C0
la6 1 G600
1402%05.00
l341051.CC
1381408 .00
135195800
13125E8%.60
1381674.00
1350013400
1406024.00
140920% .00
14176CL .00
142799¢ .60

Silent

DTUSE UFBAN
APATTHE LTS

1917301.00
IG5 96048, 0

i05420,0C
s 1973.00
61372705,00
L135151.0n
513238%.00
h26ET05%.0C
39993404 4.00
3245590.04
236 7303.0C
2701795.040
dathh5h.0C
2310503.0¢
P2AL255T.00
22U% 141,010
a223til.ug
P23T185%.00
2251900400
22439682.00
2275110400
2201284 .0C
23005u3.00
2312 166.00
232501 t,0¢

VEPRY DEUSY J2nas
APARTH TS

2312200.00
21404572 ,00
21341 02.09
1073720309
164n175.00
14904 52.00
1237T3048.30
1061727.00
90336269
0231105450
ISL’M]I .Tﬁ
€Y7y 13437
E29T240,3)
L0M2I0. 15
AINLTLZ2.02
G601 hel5
503930450
Gllasdal4l
STailZ2.17
BT3¢ 6.
ST8622.0.
90401 . 06
ERilal .23
5”5‘703-3’
ERLGTL00

TIHTAL
2261¢592.0
ZJL(J Mlb.O
20190112.0
17543308.0
1556539040
12.20925.0
1324523350

M2AL546400
Te326L 6. 00
HIZM55I,00
s0T2132.00
3490529 0.00
4569256400
AT0Q626400
A9532201.00
49 2903.00
1442352.00
ahTLIShe00
AL 140L00
A52725h4.00
455249482 ,00
A5 13635.00
4534503400
4630494.00
405000 Ta 00



Exhibit 5=
Sleep Awakening

Bauc

T6-5

SUBURBAN SINGLE-~ SUBRBAN URBAN ROH DENSE URBANY VERY DENSE URBAN
YEAR FAMILY DETACHED DUPLEXES  APARTMENTS APARTMENTS APARTMENTS TOTAL RC
1276 093691.31 1810972400 11283769.0 12949207.0 3405434.00 30243056.0 Q.
1977 30990744 1043657.00 11481362.0 13139761.0 3444061.00 30810720.0 -1l
1978 81634112 1653171.00 1046517640 12217213.0 31233434.00 2038531240 Oa
1979 738406.19 1494461 .30 G60963%.00 11427367.0 2052333.00 26322304.0 13.
1980 669650. 82 1354609.00 8841891 .00 10703900.02 288T052.00 24457088.0 19.
19481 612532.94 12368389.00 8197004.00 1008760840 2T45595.00 220819040 24
1982 540502.31 1091972.00 T7371342.00 9280630.00 2560471.00 2004409640 M.
1983 A05900.37 980966425 6737313.00 8649833.,00 2414827.00 1922680160 36,
1984 444469.62 0896629.41 6252230.00 08160020.00 2301126400 16054672.0 A0.
1985 425044462 85052569 6032914.00 7937730400 2240906400 17503712.0 42
1906 409600.31 825838. 81 5845405.00 TT46672.00 2203885.00 17031392.0 43.
1987 395895.94 790000.31 5606309.00 7503873.00 2165346400 16629424.0 A5.
1988 384301.01 T74295.06 5551457.00 T445569. 00 2132519.00 L6280241.0 A0,
1989 381994431 T62655.37 55301 04.00 Th26216.00 2127T105.02 16235074.0 40,/
1990 378964.00 1624504 9% 549807T0.00 T394718.00 211921 24.00 16154324.0 484
1951 276220.12 7570855419 5469503.00 7366870.00 2112005.00 16002453,0 AT.C
1992 AT9253.19 76397162 5512141.00 T4122086,00 2122080.00 16121429.0 Ab L
1993 282351.27 T70138.75 5555093.00 T461319.00 2132186400 16301088, 0 A46.¢
1994 285434.31 TT6353.00 55908367T.00 750B8872.00 2142298.00 1641132440 4525
1995 ase082.12 781691456 56355)11.00 7549581.00 2150923.00 16505796.0 4546
1996 390785.25 T87067.94 5672904.00 7590450.00 2159572.00 16600TT9.0 45.2
1997 392452,87 T924T77.62 5710510.00 7631480.00 2168227T.00 16696147,0 4%.9
1998 396172.37 797925.046 5748374.00 1672670.00 21T60893.00 16T922032.0 LT
1999 356917T.00 A03411.06 5T8646%5.00 7714018.00 2185565.00 16088368.0 44 el
2000 401658.00 808936.00 5624805.00 7755528.00 2194245.00 16985168.0 4% 40
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£6-5

197
19377
1975
1979
1909
1981
1982
1983
1284
198%
1986
1987
1989
1969
1990
1991
1992
1993
1994
1995
1994
L997

- k994

1999
2000

SUBUABAN SINGLF -
YEAR FAMILY NETACHFD

b52¢61.71
50950744
Al6241.12
T244 20.42
643705, 44
516282.0c
4608CE,.31
ATN0T2. 37
WLCA5. 52
257554 .11
224423.21
155878.87
V71232437
1¢7£72.00
163¢£3.19
159932.50
141282419
A62 597 .07
163910454
1£5C3A6.01
1851682454
167320454
168427,37
Aa984a.02
1708k C. AL

SURRHAN
DUPFLFXTS
M10972.00
19435 57.00
16531 71.00
1467£.95,00
1304895.00
L1688, C0
3153 172,54
152T761.00
Gl2014ash4
526405011
4659062
334827, 41
4aE500.,31
140911 .87
33271004
325A53.04
1280%0.50
I1I725.5%
203259, 1%
339091447
33893304
34032%. 15
232063410
34501%.499
1:+1392.12

Exhibit 5-H
Sleep Awakening

Option 1

URAAK &Cn

AFARTNENTS

1128276940
114812420
104651 7¢.0
9312342,.00
B29214%.C0
q258Q3.CQ
535804 44,00
A543913,00
319504 3¢t .00
31391%953.C0
2FTA2 32 .00
26200083.00
2312079,.00
226 720%5.00
2219094400
217153C5.Cu
2192294.00
220940%.00
22207 1T1.CC
2241445 ,00
225:33R.80
23T1L326.G0
22864 049.00
RANLGEELUO
21LEeN¢5.C0

NENSE URDAM
APARTMELTS

12949201.0
13.36761.0
122i7213.0
11o05424,9
100nG0O12.0
9173650.00
Tbﬁ ?1 Uhadd
6H229C0.0C
34LT559.00
#a?52105.u0
A2 TBLYN.L0
JBELHZEL00
ATHHLT.LG
3n25255.0C
3357331.04
3x1&951.0C
333=35T,00
3355%094.949
3174 76,00
1395975400
341a553.00
343320%.0C
3ab1920.00
AqTUTAG.OC
3499603.0C

VoFRY

3405434 .00
2444061 .00
3233434.C0C
2221302.33
26hU00eH.0)
2399634900
19983306,
LEa3L0LL. 09
14039 T U0
122059231
11013934,00
1002854 ,L0
SOUTTL.OHU
BI4762 .00
49192 .54
8Lk 7,0 U]
BTulqal
LR WP
grIl3u.9%
842740, 94
90347487
B99269.3 7
B EFRETY L
89 1L94.07
5000L7.42

HTNSE ULKBAM
APARTMINTS

TITAL
3034305440
20014872040
2539531 2.0
2351257 5.4
22340030.0
207 a224a0
170218593940
L406yraT.0
L1635005.0
adlanua .0

450336400
s T2269.00
T1220Ll63.00
TS5 707400
92375404
Hha (203,00
(GuuTl .00
53332074040
503 7T0.00
02080300
D61a24.00
11G2134,00
T1430% ladu
1991 16,00
122540 9.00

KCI

0.0

“105“
Gaht
15«94
FL -
k) .
LE -1
53 J0é
Lokt
bhH bt
a2t
ETLIY
Tt .20
Ttamt
71T.013
Tl w20
T7.30
TTel5
16 2793
Toaflt
ThuT3
T w59
Thahth
Tha32
Thald



re-S

1576
1277
1978
979
1980
1981
1982
1903
1384
1985
19846
19a7
178h
1989
1990
1991
1992
1993
1994
1995
19946
1997
1994
1993
2000

SUBURRAN STHGL" -
YEAR FAMILY PFTACHFD

653¢651a31
30379074 4h
Bl6241.i2
1384C¢. 149
4594 %50.41
6l2532.94
EZ01Cca12
AATNS 4.5
390920.587
2E87433,%4
a2rseh.n7
3CL912,.¢62
278307.75
2T6202.37
A73029,54
2701580.192
27233¢.C0
2T14%5L0.%4
2101T4,69
2T8674.00
2080617419
2B2532.15
2944E5.56
2B5455.37
288424 .49

SLUNRIAN

NUPLIAY S
1291C9 12,00
1343657,.0¢
les2171.00
1a%ani]l 00
123544G%.00
123873453.C0
1052991 .00
"jllbr?f’lo 21
T3181.69
72a: 12412
665442817
Hl3l6é.Q0
554940454
G61412.19
EhRa9lbau0
S4304T,47
£53494, 94
557196019
5624T0.91
H6¢331.12
57T0233.2%
5141524517
578099412
5R20175. 15
8860177.87

Bxhibit 5-H
Sleop Awakening

Ontion 3

URUAN ACH

AFARTMENTS

l1202753.0

11491382,

1346050l 16.C

76058039.00
EE41851.00
31578C4.C0
0356l F2.G0
GCAALLG.LAO
£281619.00
4903211.00
A2017€5,C00
4C0Y%305.00
35004527.00
3165104C.00
Jo15301.00
3508274100
Jer1Cues5.00
dc3nalr.o0
3667184.00
36651532.00
3718030.00
214C692.00
3765505.00
3713C418.00
astsacS.00

AT TSV IVAY 1538

THINE™ L [EAN
AFARTNERTS

12929207 .0
131397410
12217213.0
Lis272c fou
373230040
1200 1EQYau
NEarq0lb.00
t42 i 4.0C
EOHenRLE L OC
443 7T945.049
G94T7L27.00
550T)123.00
5142859404
508C7T93.00
Sug 1902440
5005503400
5037050.00
50099700
5102412400
5130191.0¢C
515910722.00
51960G923.00
521421000
5242635.00
52T0T70.00

VIRY L7IST URpAy
APAYTMEMNTS

Jadiaaa .Yy
Ihnadsl 00
32334%4.00
3052335%.00
283705200
2145495, 00
2402 789.39
L1025 6.0
LE9¢283 .00
17155933,
156492 24,00
14367 TH,40
1313478409
12105649.00
1300370400
1270204404
1291200.0C
130341330
1309650400
L3143 7000
13202923400
1325626400
1330960a04
1335304 .00
L341654.00Q

TIT AL
3034305640
YILLHI2a0
25345412.0
2632234 ae0
24451008 .0
2209190420
1991 T T4 kel
Ltangt20ail
153313.3.0
L4v3949348.0
129705690
1i8068375.0
10758940.0
LU3800lLa0
10745159.0
1067443440
Lor7L367.0
1084 4T22.0
L0924 9491.0
1098171 3.0
1104525530
LLL092094.0Q
11173259, 0
1123774T7.Q
11322535.0

rCl

Oaf

~1 wt

b.q

13.2

1744

2445

3448

LFa

“'9-"

53a.7
5Ta%5

sla i
H3 et
ﬁ‘l-l‘
bha !
Lo 14
6’!-5[
Lhall
64 .02
63.8])
4300
63.39
63,18
62 .96
02.75



YEA!

1374
1rr
1974
1372
1980
1981
1962
1983
1984
1995
19686
1287
19284
1969
19949
1991
1992
19973
1994
1994
1994
1997
19949
1993
2000

565

SUBUREAN STHGLE -
FAMILY DCTACH™D

074551421
5099C7 .44
816741012
130404%.17
HEeEDLY
6125232, 5,
LR E e
AT32AT4, 44
ANNE50.0 17
211489, 0¢
232CH4.12
132024415
171232421
1675712.(C
153453413
LEOgOZ2 L RQ
161202419
1624655, 07
13910454
Le5Q26. 01
Le6194. 00
16722054
188471247
LaSeah .tz
F70810a21

SUBKDBAN

UL XS
191C3 72,30
LA 26% .00
e 331 71.00
1aduus] .00
1334409400
123F 306,00
3431 T3.n7
13066717
H4437140.07
5490307.12
Atlarr, 12
LNEET PR
148 530h.21
Je0all.0?
11871544
YACHE L2
323 00a18
IACT29.580
3393994145
139 la07
334000.06
34032075
3a245%%a17
3450194465
T41392.12

Exhibit 5-1
S5lecp Awakening

Option 5

LY RAN AW

APARTNEATS

11283755.0

tiaBl3a2.0

104651 76.0

5403935.C0
BEALAT] .CC
BlTHC+oCO
EEBLAEI L0
53171312.0C
4222010420
JGTabRg,.Cu
13vsi12.00
2&5&53‘.‘.00
2i1lz20Mm.CG
QLT209.09
22164 1h .09
ALTE3065.C0
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L B LY,
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23015978 .,00
22lehnes 00

NEhRT Ut HAL
ACARTYR TS

L2 36732310
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LLa2 11 7.0
1CTC430va0
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JA0LSL L e LD
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9iRS2TiaC
w2017 L0
LR T RN
Mraniraud
Le2LR05.00
T -3 R VI A
ERC I W47 W
333435700
FEF L TATENS
AT 7 TH o UUC
339551, 4340
24 0553.CC
2433205.00
3a51 32900
$4TGr30.6C
358%L)2.00

voby nonss
APARTM, NS

EENFLETINTR
ELETO IR WD)
A235 35 .00
1052502000
290052401
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FE E Y BT
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L23unl4 44d)
13712316 .40
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1J37Ta35.425%
AQul LSy
o4 T2 40g
HYQL DL Wb h
Ebb{iq r.BL
97\)?\]‘0 .‘]1
a4 L3404
i T:.fl 3“051
N2 T .
L t.yt
WY i a 3t
Y25 Th UG
G gL ot
Fug LUl

ARL) J15Y IWAY 1533

U= s Ak

THTAL

31334 205%0a44
EIVLLE RN S P |
?5305312.0
sl inald
2a451399,0
220312404
idfhLu99.0
154323070
1732713120
Liolynll, o
TLALIN1. 00
ST rT2 .00
T220.53.4
TUTLT07.30
G053 T90.00
C340273.00
Luds Tl taidd
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LT QY
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TLoZlisnaud
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T272%437.0
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"l Wi
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365

YEAR
1976
L9717
1974
1979
1924n
1781
1942
1983
1904
1915
190¢
198t
1989
19872
1290
1991
1792
1993
1994
1995
1996
1997
1795
1999
2000

SHRURF AM
FA¥ILY
89369141
GC?IC TahA
8143al.12
0167107
17291 0ann
5320 74,101
4240417 ,.00
A413E60R,12
274413.71L
237137.6N
21272€7.¢F1
L5058, 0F
ATL2724,.2T
14365219
159597450
ta1292.19
L4759 A7
163510, 04
LA5028.01
Lea Ak ES
16722054
1695 71.212
L&t AL 62
J13R13. 11

CINGL -
T TACHRD

SUBRBAM

AUPLEX=*
181C972.00
184 3£ 5T7.C0
19531 71.00
1934624400
124296R.00
1012449400
962954400
.73 TU.ES
ﬁhZLZﬁ-ﬁO
ANZHEGLL A0
232095450
2N THA L hb
HG“GC#-?I
gl ar?
A2Z9 1 bkahh
?-:5‘!5"‘.(‘,2
32009050
AN 1268
23239, 70
235090a 21
341000406
140321, 15
?ﬁ?bﬁ3.17
314501900
An1372417

Exhibit 5-1
Sleep Awakening

option 7

HARAN 3Cn

AFPAFTMERTS

1128276%.C

11481386240

1345517549

GL38252.00C
Tu912385.00
4071765.00
caglp2&.CC
W E120.00
2¢31e€ 1.C0
11236 10,00
2020930.439
2n53427,00
231207R7,40
224572C5.07
2215494.00
7175205400
2192294.040
720040¢.C0
222064 7.00
22H1445%,0U0
225¢3390.00
227132%.00
228¢4C5.C0
2991561, 00
2315845,00

AdOD ITRUVAY 1838

APA

LT E

7 EAL
ATMANTE
12949207.0
15139710
12217213.0
10%0%472.0
D4 TD9.00
457343400
16l024.00
tOAUREL 00
5051919} 400
HhHIR2,0C
4094033.0u
21TLEn2,00
Y7251 1. 00
42325030
195 1331.0C
3312251.04
JbBﬁEbT.OC
3315°496€6.0C
337767600
B395916.0C
34L6°%3.CC
3437320904
44%1929.00
1470730400
14853403400

VIFY TTHST
APAZ T ENTS

3405420 .00
Thuglol« 00
A123345%%.30
20594 39,00
282,202,040
225950200
1A63264,00
19390953.d4)
L30iT59.00
11462%3,00
1050921 .02
0L .42
a7 L, 40
190752433
2901 22.5%
Pa6a3T.56
AT STOA 0L
Ufﬂjlﬂ.ﬁﬁ
Gyl 39401
A2 40,94
Ya3=Tau?
153757.37
A5 TH P
0Tl 97
DIV DD B e

U=k

TATAL

2334 3054,0
SublsT2ual
23305331244
2475421240
21924090.0
192440000
195331059, 0
1305375040
13'3"1 l‘ll”)".‘mo
EEES T T ]
u20214.00
1 21093,00
122016300
10724510900
20631600
:ll“‘)QQZnOO
afinGILT.00
£33351 900
N7 00
2044 9.00
el s2%.00
1102130.00
1305100
’1‘]"’1?(,.00
1225989.00

1
Qa0
’1-57
|‘) ."‘)
1r.73
2TaTH
IbadY
41,00
LY L
Girad®
Lt a8t
T1a52
Than2
75420
Tu-b2
T1.05
TTabth
Tra20
Tla.1%
T9.%3
?h.ﬂh
ThaT3
Thad?
T utrts
Tua3l
Thal?




L5-5

YR AL
1974
19717
1979
1979
1984
1291
1982
1983
1904
1985
A986
1947
198n
197Aq
1990
1991
Le92
1993
1994
1995
199%
997
1994
1999
2000

SLHUR AR

£12227,7]
.'..‘2"35&.11
E2¥4Q2 .0
$801803,50
anpnfg, el
A2 101 .75
254601.42
20136112
I Y
14178881}
125141.21
110729.% 0
CAPCA. TS
CARARL 2R
89422400
E6247, %)
ERG A4t 7
A54358,75%
E123H, 4]
Frg35.,12
L L P
£9152.19
ET€Ren%
90330.37
210144

LU

FAMTIL Y DNTTACHED

SUNgAAT

r’U[\LrK.‘ [
175C1¢2.00
1272734 .00
1015210400
T 2616449
rr1aqa, 2
LALRLD.00
18720.02
Rl0n07. 54
WN292.¢9
2RAGAL.CY
259032.%7
25660, 1°
A30322.5%
191269.31
1832235.¢2
172727,71%
17C13n.12
174%544,3)
1711969421
179193.26
190425.15
1aleenait
La2915.19
18417325
115477.91

Exhibit S5-Il
Sleen Awakening

Silent

UREAN T4

APAPTHE AT

TantltLéaCO
145517C 409
£43R025.0L0
ER4A269T.CC
K151082,00
ACAESRTE,CC
1241747,.00
2E2E501.C0
21352492.C0
1R5S0 34,00
LENT42C.00
15054L89,.00
134¢A%%.Q0
128¢44%,00
12329221.C0
1170962 .C0
1198192.€C
11574 71.90
120¢84]1.CC
1214862 .C0
1222745.00
129100¢,6¢
12392100
12415)¢.CC
1255409.GC0

NS A
APDAL TR ]

495524 ,00
FOLELHZ . UC
1271545 1,0C
TO34927,040
6LIL3IA5,0C
FRLAIG56.GC
H502944.00
IN24675.0C
31340700
293001000
2E6E266.0C0
2H2 1020400
22L5154.0C
213a0271,0C
20%03255.00
1596109,00
Ly a6t 700
2012493.09
2025714.00
2036211,00
PAa 224,00
2050524,0¢0
20T 65.00
2082251.040
2093649.0¢

yoRY R4GL T
APARTHIOTS

“ lUl‘r'-r..' U4
22.0405 4404
L15341998,00
1759309.0)
15%4.02.00
13831 73.00
1150734%,90
J4u2alai?2
534120419
15322654400
67403745
634795175
31T, .2
52060467
LYY E T
52200 T4 90
EQ5090.2%
220577454
Salled.e?
£33380.62
539598 .62
53M13.44
40034 .12
BAH22IHT 50
£47403.951

A STV IVAY 1538

17 1A

TOTAL
203163340
20625232.0
LI920212.0
13713974 2,0
Laf05131.0
11980195.0

T3 4454 ,00
4N5553C.00
AN TN 00
GU21795.00
G427 16,00
w0537, 0J
Anh 2626400
H2T0 113,00
+]37A24,00
3949053.00
2N074733.00
HUI1717a090
4027201 7,00
WE2340.00
ﬁU'ST&}-UU
HOV240400
wl224954%.00
4346597.00
A17T0431.00

T5at
9.l
78 .9
3.1
BO L5
B0 a4
ﬁ0-3
30 .l
0.0
17 .9
192.8
T2.7
19 .5
79 .4




Fxhibit 5~I
Outdoor Sncech Interfercence

AdCD TTEVIVAY 1839

Nase
SUBURDBAN SINGLE- SUUBRBAM URBAN RCW  DENSE URDAN  VERY DENSE URDAM
YEAR FAMILY DETACHED DUPLEXES APARTHMENTS  APARTMENTS APARTHMENTS TOTAL HCI
1976 4801050400 30062542.00 11244940.0 H206902.00 1117825.00 30513248.0 0.0
1977 S9690892.00 3099036.00 113653%50.0 5253379.,00 1127166. 00 30834016.0 ~1a.0%
1976 08913123.00 27890712.00 1040414040 4905906 .00 106414500 2080T63068.0 Ta9%9
1979 T19T6451.00 2519163.00 9561809.00 4597 107.00 100814968.81) 2566270440 15.90
1980 713%493.04 2215426400 87194129.00 4311001.00 956111.00 23472120.0 23.08
1281 6405604.00 2063747,00 0123477.00 A05T879.,00 G10074.50 21560760490 29.34%
' 1982 5546880.00 1813856.00 1324697.00 A3T51446.00 854211.31 1929128040 36.78
@ 1983 4640601.00 L60H290.00 6663343.00 3493733.00 007340.01 17413376.0 42493
1984 A2600H20.00 1439414.00 6116371.00 3277976,.,00 768211.006 15862500.0 Al .01
19685 #A14T7137.09) 14072838.00 601470%.00 3238921.00 161%92.69 15569643.0 48.97
1986 4039750.00 1376863.00 5518497.00 3201999,09 765372.00 15292481.0 A9.88
1987 39328273.00 1346137.00 5027 7T04.00 A16T7206.00 149539 4% 15030859.0 50,74
1988 3842358.00 1320969.00 5741891.00 3134340.00 ThaGT2.09 1470835630.0 51.55
1989 30TI4699.00 1331307.00 217T9507.00 3151383.,00 TATTI95.37 1480369140 51.22
1990 38%7536.00 1339140.00 5007989.00 3164297400 750608406 14959570.0 50.97
1991 3921444.00 13406993.00 5036514.00 3117227.00 752421317 150355%99. 0 50.72
1992 3945502.00 13546808%.00 5865179.00 3190211.00 T56242.9% 15112019.0 50447
1993 2969708.00 1262019.00 58939 7T2.00 3203244,00 159072.56 15108815.0 50,22
1994 23994065.00 1370794,00 5922900400 3216329400 T6l910.25 15265998.0 49.927
1995 401494600 1377625.00 5947661.00 3221523400 T64335.56 1523209040 49.75
1996 4035938.00 1364485.00 5972519400 3238756400 Th6T60.50 15398464.0 4954
1997 4057038.00 1391376.00 59974 73.00 3250027.00 T69203.4% 15465117.0 4932
1998 A4078252.00 1298296.00 6022522.00 3261334.00 TT1645.94% 15532059.0 49410
1999 4099574.00 1405240.00 6047689.00 3272679.00 TT4094.31 15599204.0 48 .88
2000 4121007.00 1412230.00 6072937.30 3287064.00 T176548.69 15666TH6.0 A48.66
R I WA et = - T I




65-5

YEAR
i97h
1977
1978
1979
19480
198)
1982
19483
1994
19a%
1785
i9a7?
1988
1989
1990
1991
1292
1993
1994
L2595
1996
1997
1998
1997
2000

SUBURNAN LSINGLE ~
FANILY DETACHED

saaLC5C. N0
95F73082.00
A913123.00
1911¢24.C0
70064651 400
6213354400
4901232.00
1925139.0Q
2120230600
28481751.00
235""‘3?-00
201315° .60
18232(f. 00
LA406 79400
1854224 .01
LEeT211a30
l1a4Aa1047.CQ
1854¢52.C0C
13083435200
192002700
192166Ca 00
1743445.00
L5E6S65.00
196TE3E.CO
1579504, 00

SUBRB AL
DUPLEX-E
ICH2542.C0
ICT9030.00
218G07T2.440
268112%2.00
22394516, 040
2010354.00
16290245200
17129%3.00
1049355.00
GACN T B¢
BE22850, 75
ttlu4l.00
(AU 0 T
s, ?
1091 CR.t2
T13733.37
TiA3gu.2}
125077,
12104, 54
1310L7.50
1300690y
13333947
1402747
T+81 35450
h2262.42

Exhibit 5~T

Outdoor Snecech Interference

URBAR BT

APARTMENTC
112443945%.0
11365350.0
1040414040

243574%9,C0
5843435 ,00
11505353 .C0
6433746 .00
5332505.00
AA121AT7400
A005L1o.L0
A69E634.00
3422925 .00
31741CL 00
318724400
1212092.00
32284 %3.040
224491:1.00
J201512a00
3210)137.69
22923673 .C0
3306e 5L .00
232luCC.c0
3335401 .C0
A3HAGFETL 00
2264271400

Ontion 1

G HET YT AN
APt THTNTEG

H20e902,.0C
3253317.00
470%%9uh.0C
45321714 ,00
A0 35.30
Jelonz.c
231924400
2932192.00
24221¢5.00
2224111 00
208606400
1958 21° ,.0¢C
1337281.04
‘ﬂ[. 7’332.00
1R 89900
LUY53310.00
Iurlial.io
La730d% .00
188701 7ev0)
18934 053.00
L700¢] a0
130440 0C
192147302.0¢C
17221101409
L3200493.00

VERY JINSC e uAy
APARTHINT S

LLL7925.006
Li271 9% .49
L00LARLAS .U
335003412
JJTIT3.31
13320438
Tl.rWBE.-r-’v
51537J e
faannr 3t
AL3LTHL TS
LEL P -0
G21417.00
4dJ2917 481
4GH 71 .91
BTV Y9 B
429132400
G99 T0h .09
411261494
fudd62an )
Aindlba 3t
Al35Ta.59
NawIdSal?d
H18230.12
AlIDD%a%n
e adelatlld

AR 2 Y HIVAY LS 3H

“ITAL
10213240.0
10934414%.0
2 Tuasia0
253647040
P2uliNi52.0
20073200.0
1e99 115240
19137190
[1344560.0
1072043330.4

YRE5AGIT LU0
yuhit 32 a0
13309 3049.00
1933715400
J03T49245,00
Wal251.09
311253249.49
Y16 7600Le4UU
B2ihkl0a00
JAEZBZG. U\)
Y2 020700
J3429154.00
336T37TG.08
HdL35%.3)
Jan b 322,00

5 e
Je il
~lal)
12
loab
230
2.2
‘l‘?o?
54.3
b.?.!i'
%5
C):)o(.)l
Tlat:
T3.%°
Il
Tdat:
73 .0z
T3.214
13 .04
it
72.9%
t2.10
12.58
1244
724232



Lxhibit 5-IX
Outdoor Speech Interfercnce

:
3

Option 3
SUBURBAN STINGLF - SUBRBAN UREAN FCw  DoNSE UnBAR  VTRY Zous™ U-RAY
YEAR FAMILY DITACHED AUPLT X5 APAITVEATS APACTMERTES AFPART A-NTS THTAL ?Cl
1576 S98LC50.00 30462542 ..C0 11244%48,0 5206902.00 Lt ra2s,.00 351324840 el
L9TT A9098872.CQ 3099036400 11365350.0 £253179.00 1127169.00 IUu3a9]14,0 ~lau
1278 B913123.390 215071704 164041 4C.GC 49059uba 00 LCLALAH.00 28074,369,0 L
1973  197¢64%51.0C 2EL51623,00 25619¢9.C0 43 1107.00 LCQY9i9Y. il 2566210440 1549
1980 7125%453,00 2218426400 E79412%.00 4311301409 F3all1.d0 237212549 23,0
L2281  68405¢04.00 2003147.00 8l123al11.C0 4051479,0C Fl0u a5 21%600743,0 2743
T 1982 £362¢22.0C [729513.¢C0 1CI40P.00 3e3 202400 Al tendaat? 1ITL42» 0.0 MNat
5 1983 4538099.00 15213%1.040 4217702.C0 1255924 .00 134330423 1427327240 LW
S 1984 3817057.00 1311503.00 £46177%.C0 2935501.0C Ebi24babE L4121032.0 53 .4
1785  25£04C0.C0 1240139.00 516£176.00 219083172.00 w23700.0u 13293787.0 S0al
1988 3331t449.00 11721C3.00 WRAA505 .00 24954235.00 5948255 40< i2641157.0 H4 .5
1987  3106244.00 Llo1213.00 4619011.00 253¢ 1 0.00 SRS . 9h 11924934,0 605
1988 289]1f45.C0 104£301. 81 436T60c .00 2l batt2.00 E250064 .87 11243500344 n3al
1949 2917280.00 105380%.00 A376661.00 24204839, 00 52T129.7% Lisddaadls.d 02 o«
1990 29360623,.C0 10602492400 4418067.00 243090700 529ThS .12 11384391.0 0lat
1991 29%56408.C0 1C66706.00 4440T08.00 2aaadl T2 531753 .19 Lla9435370,u 52ah
1992 297611k 7.00 1073159.00 A4620410 .00 245%]168.00 53571T9.00 L1045 Ld6.0 Y4
1993  2965947.C0 10751725.00 44850946 .00 2469350 .00 535804 .67 135£5920.0 6240
1994 301%900.04Q lau*2B8%.00 4507432.00 2472508 ,00 337995.9% 11527337240 Bl a?H
A995 3C23005.00 1G21902.0Q0 AE26554 .00 2498339.00 £39572.00 11679313.0 61 .7:
1996 3050201.00 1091540400 45457455.00 2a97421 .00 54131240 1L 7313%35,.0 DlaEE
1997 2047487 .00 1133213%.00 4%65339.00 2303154400 EA3050.4. LLT4722.0 6l a3f
1998 3084E65.00 1101890%.00 4£84382.C0 25140112.00 54430521 1L837130.0 4L a20
1999 3l02222,00 1114623.00 A4603813.00 2523441400 545550419 L192934 .0 ukad?
2000 31178%1.00 11203 ¢6.00 4623319.00 2532540400 5485L%a9% 119%4450.0 G085




Exhibit 5-1I
outdoor Spcech Interference

Option 5

VLAY uTh5 7 1 LRAL
APARTHMAETS

NLNSE U VAR
APARTHENTS

URBAN FIlw
APARTMONTS

SUARAAY
NUPLZX= S

SUBURDAN STNGIF -
TITAL feC

T01-5

YEAR FANTLY OFTACHED

1376 SUELCEC.GC 1062%42.00 1124494840 L20LIU2.00 1117428 .09 EVES R Y V| Ja
1977  35F98352,00 307507500 11355353.C %252379.0C 127,690,430 042441 8.0 -l
19784 A513122,00 2I09071?7.00 104041 40.C 4305506.0C 1Caalab.00 2308 358,.0 .
LT 157¢4£]1.00 20141 é3.00 556100%.00 #592TuT.040 1aaui79.41 2run2iva | B
1980 T1Z%493.00 227136 26.C0 fR1%4L25.00 420 0i0705.0C 450ablavl 251212041 234
1981 ¢4Q0%ECA,.00 2001747,00 A1234 171.0C A0s TH19,0C FL00T raEY 2156073540 2
1982 50eTLT0.00 147115208, 00 5143780.C0 A4 Ty 19,00 TTLT 405 L 11ad912.41 4 o
1983 39591 11.¢0 134430850.00 G53C2595.C0 2aTEeS2,00 650554412 1454 LI1235.0 iDL
1984 3023¢1£2.00 1an11C1.C0 HE20LH.C0 JianlicaUV sTr20. 1 Lidul Zaida i) el
1385 24541%52.10 G84%1a29 a181342.04 232573T,01 Y BFY B R el 0 29 .
1986 2410243.C00 HAnuTa8 .00 3151047200 2L4%20040C ATA04GaG? 371950400 6.
1987  Z1QlA2E.00 1112457409 24440484 .00 193 0297,00 LR ATE 799,00 7la
1989 18233CE.00 510325 ALT410%400 183712%ia0C 4G211 7.9 1360046400 T3
198% 1B4C£75.0C Tah8eadl 1895724400 LG T2 .00 A047 3 e 90 1973115.00Q T3,
1990 18%4224.00 1091 0dacd 32120932 ..00 LD 50N 7400 LD S LS I R 333 Twis40d T3.
1391 184TALL.0Q TL2730.417 3220848500 19673104008 S09.30 40U A8 Lenllu0 Tla
1992 1PALOAT.CO FLo395.31 3244961 .00 1671191.00 GU 00 el Al2=329.040 T3a!
1993 1R%4¢52.00Q 7231154 3241512.00 1875004 .00 IS ELY I Al 7936 .00 13 ai
1994 1908209.00 127794.54 A21681271.L0 A8 761 T.0C 412063.¢% J2Latld.00 T3 i
1995 1920(22.0¢C T3AnL7.50 329236%.00 182340300 Alaltliaat U252220.00 Taa:
1994 1931A8C00.00 T38909a49 233245 549,00 1970041 49«00 4.09T0.50 H27Q5U 2,00 T2 a!
1997 1943¢45.00 TaynAn,. a7 2221040C.€0 120 1444 .0C Ale920.0 2329951, 00 12
1898 19%558£G6.C0 a0 27,37 233L4Q1] .00 1214302400 418270412 349 7577.00 T?a!
1999  1957539.4d0 Tanl39.50 2345R057.00 1324101 0C 9.705% , i4h 064464500 12 a4
2000 1579F84.CC 1652262.12 3364%71.GC0 1928003400 42102240 $4/5322.00 [




Cxhibit 5-I
cutdoor Swnecch Interferenca

option 7

VERY NANST UTRA

SUBUADAN CIAGLT = CUANAAY U AN =0 UELET JTHAN
YEAr FAMILY NUTACKID TIPLTXTS AFARTMONTS  APAATMTL TS APARTH Y TE TITAL 3C
1374 SAF1CS50.00 1I8254642.C0 1124467340,,) 52349737240 111752540 333132848,0 [V
1917 5587892,.C0 0990306 .C0 11265350.¢C £23373,0C 127108, 00 MRG0 =1 .t
L2Tn A%12122.00 2719072 ,00 1040414040 4905900400 1044145 .00 2407L380,.0 T .-
1979 1TAl44%.00 2651157.00 32956F) .00 445452 0.00 Jusblledo 24N6R65040 L9 .t
L9880 £68IL2H0..0N0 2las2h2.Cco 32042£85.C0 40323713,0C CT3631.00 219371124940 i I
1981 57151237.00 1072300 ,G0 72704555400 3543520%.,00 1231006 ,12 19245720420 LT
T 1982 A4522230.09 15149 14.C0 EQ3E43L .00 21284 75,.0¢ 0?5035 .74 15919394,0 g1
5 1907 3%040%€.0C L2l 7241 .C0 SC019%56.C0 2¢703:6.00 9253450 1299470440 S5 nt
M 1984 248042%.00 ITCA04 042 a137232.,00 2290942430 43305) otk 195474 uaid 55 4
19085 24F3212.00 PTSYeT. 62 RIS, 00 2119118 ,0¢C qaehab 258 Ah91576.00 LA N2
1986 2229140.00 HW12R80 .78 ABGKRA52,.00 AN203IvIaul A403 T2 . JE 9367153 7.00 TJa2
1987 2019%554.40 133111 .04 3353%525.00 1724440800 42i19Ja 17 WAnans r1.00 T2l
1981 18233(9.C0 163G ,6G4h 31741 0%.C0 t93?281l,.0¢ 40291731 193609¢.050 L
1989 1840079.C0 Taaa a7 3194724.00 13474L32.00 H09394 .41 323115.00 TA.H
1990 LA%4224.00 Maiga 2212092.C0 145%463.00 Adab Gl .4 103145%6,00 T3 a0
k991 1A&TALL.00 ANEEY MY 122615 ,00 19633L0.0¢C A01L32.00 H81291.00 T3.5
1992 1&81COT. 00 TL0365.71] 1244649451 .00 1971181.30Q LI N L Ny B12532 3,02 4.3
1993 1RS4&%2.00 23077, %0 3Z61612.00 1019004 .0C AL1200.9% 1LH9506.00 13,2
1994 19CH3C3.00 127184 .Gh 12181371.60 140731 7.,00 412363 .49 G2lallGau 73 .0
199% 1920022410 171817.%50 123234500 19339493.30 Wln2]15.37 Y232224.04 1249
1996 1931AC0. 00 T¥h967.69 130¢656aC0G 1360#14.00 15570457 3290509.00 2.8
1997 1943645200 739934.67 32210QC0.G0 19074416400 AL032 a7 £32315%.00 17a7
1999 1985359535, 00 T4a0027T.37 4335401 .00 1314302400 A1R290.02 Y2A1573.00 T2 ah
A997  19&153A,.00 THA134.80 1349RE7,C0 1721141.6G0 417650, T4 B4 365« 00 2ak
2000 19755B4.00 TL2282.12 1347271 .60 192908300 H21022a%7 Laadi22a00 2.3

AR S 1OV TIVAY 1538




Exhibit 5-I
outdoor Sprech Interference

Silent

£0T-5

SUBUNTAN STNGL™ - SUBPDAL UPDAN 57w DFHST USDAL VISY NERST UnDPAY
YEAR FAMILY NCTACHEN NUPLEXE S APARTMEATS  APASTMEATS APARTMINTS TATAL net
1976 122¢6741.00 2208719.C0 N40C062.00 39711296, 0C 313916.3¢ 2260717331240 Q.G
L9777 1306612400 23126 08.00 84907T0¢ .00 @J13079,.010 n2a7T?3.5% 2294304104 =lad
L9748 62CH7137.00 1924960,.C0 141214C.C0 3612623400 ThaaIt.d? 200301306a.0 117
1979 £244%P309.C0 111£236400 E5T1L30.00 2252901.00 ET5h .20 L74611U4.0 23 .4
1960  43841717.4u 1o 244,00 37559493.490 23204273400 L10Tal L) 131392 37.0 32.3
1981 262¢45R,00 12406497.00 £03¢h24.C0 262023 1.00 552034,.2°5 130934802.0 2.3
1982 2159254400 258719 4179404400 2251040400 473560403 10663211640 52.0
1983 2155171.00 el es.19 3450515.00 1932331.049 4.6137.81 3149766400 O6Llah
1984  17T22%41.40 61745544 2n571443.C0 1655060400 3606 1056 21621 7.00 6442
1965 15762713.400 THOA13.00 2726607400 1£93065.00 249351495 49251994040 5%ad
1984 14341 545.00 54 393321 2¢012C07.C0 1534722400 336422494 544254 0. 00 Fl.5
L9687 12072571.00 SNRTIR2 2481124400 16471G182.0C 2437124494 “J74082.00 3.1
i9a8  140221¢,C0 N 2a)2.087 2355%590.00 1422343200 330k 02 31349595%.00 3.5
1989 1412327.00 6612450 2382474400 1430545.00 Ti5340.09 2039246.00 T3a.4
1990 1421 732.C0 AM5700.17 2719502%.00 1436755400 316570.01 6069936400 T3a2
1991 1420725£.00 51293 T.0% 2407%00.09 1L4Adan7.,00 3L7813.0% 2l0154%3.30 Ti.k
1992  143875¢.40 062 k4.00 242024400 1449203.0C 319205%.12 5133516.00 T2.9
1993 L44739¢.C0 506450494 2432940.00 1455406200 3203uN.74 6165537.00 728
1994 14540%5.00 512709.42 2445493400 1451750400 321562.00 alITIT2.00 727
1995 1463462.00 S15501.44 2456611.00 LacT126.00 322632.41 L225362.0Q0 1245
1996 1470572.00 518309.44 2467571 .00 L4T2522 .00 323735455 5253390.Q0 T2ah
1997 14718457.00 521%31.47 2ATER 144,00 1L4t1936.00 1241062402 6280920.00 T2.2
19989 1486C70.00 £23969.01 2489621.00 1493360400 32546 1.25 £L3004808.00 T2.2
1999 1463¢8%.00 526821.75 2500711.00 14894917,00 A1259R2450 133539000 T2.0
2000 19013%4.4Q0 429600,07 A51h844.00 LAD42085.00 228026437 636%51971.00 11 .9

[
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Exhibit 5-J
Indoor Specech Interferchnec

Dage

SURURBAN SENGLE- SUBRBAN URDAN ROW DEMSE URBAN VERY DENSE URDBAN

YOI~5

YEAR FAMILY DETACHED DUPLEXES APARTMENTS APARTMENTS APARTMENTS TOTAL RC
1976 349396.,31 1L47772.81 221239.62 159781.69 42176496 92036737 Ol
1977 A55560.44 150272425 224704425 161890.62 42561407 9349906462 ~la!
1978 321004.19 135990.62 205029.69 150157.62 40020.18 853602425 Tai
\279 25212112 123450.81 187901.44 140893.19 3776185 762128437 L5 ai
1280 264956.94 111988.75 171680.25 131537.31 35659.060 71602007 224,
1981 241144.81 101954.00 157900. 50 123317.37 32798.72 650811537 20 a4
1982 212949.62 90072.31 141249.25 112198.44 21540.40 589010.00 3.l
1983 189575.50 80233.00 127349412 104698.87 29646402 531503431 4.
1984 1T0620.44 72240.31 116023.00 27651.25 2006276 40459775 Ala,
1085 La6T333.44 710037.12 114057461 F6492 .37 21790.45 AT6511a179 L1 P
19806 L64223.06 69509.00 112199.56 95399.00 275332.52 AGOBGA.LYD A%l
19a7? 161280.94 68256.62 110440.12 4372.00 27291065 461657431 A%l
1988 156520.,87 67073, 44 1087 94.69 93404.31 27064.02 45485T.31 504!
1989 160186,37 OTTA9. 44 10%6)1.00 AL36.62 2T206.17 459009.62 50.
1990 161452.87 6B8262.44 110581.19 4690.69 27313.19 462300237 A%a
1991 162726,50 68777.61 111354,12 95245.62 2T419.04 466523.87 9.
1992 164009.94 692506.87 112131.56 950802.5¢6 27526442 AGBTOT.3) LN
1993 165303.)2 690819.50 112913.56 96361.19 2763296 472020.3] L1
1994 166606,25 7034575 113700. 06 96921.87 2713941 475313431 Al
1995 L6T7T724.87 T0797.21 1142 T4, 06 9Th01.19 27830.10 ATBL27.50 48al
1996 168850.94 T1251.44 115051.21 97082.006 271920.73 480956444 4l
1997 169984.19 T1T08.25 115732.00 90364419 28011.30 48379%.87 4.
1998 171124.87 T2167.75 11642 6.00 9B8AT.G9 28101.62 486658.12 L1
1999 172273.00 T2630.00 1i7T103.31 99332.56 28192427 489531412 Ah
2000 1T73428.69 72095.00 117793. 94 99818.69 2B282.66 A9241049% 46,
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Exhibit 5-7J
Indoor Speech Interference

Option 1
SURLRAAN STANGLT=  SUDRBAM UREAN FZad  DFEptCe URRAN VIFY DINSE USDAN

YEAR FAMILY DFIACHKID MUBLERES  APARTMEATS  APARTHILTS APART MZNT S TAOTAL
1976 3In9296,21 LaTiT2.01 221229.¢2 15673, .09 ML Tha 0 Y2030 7.317
1977 5556 Cahh 15C212.25 224104425 161398 .62 L2531 a0T7 D349V tab 2
19278 121804.19 135390452 205027445 13075752 UVIVEI I 9535024425
L9t 209914,37 122576400 19%157.C0 134103.0¢ TR 32 T73175.3L
i9a0 RG0EE5.0Y 110230067 16512462 V27129 44% 23716429 LouLs2.07
1981 2374%852,17 29331231 150034454 Ll4h03acl 20932.174 631501425
o 1282 191031.41 $101L.3] 1221 39.44 9830r,.91 261844 147 G1ub5T5.25
5 1983 154G5¢,07 6502578 95020.u7 H2Z0%an4 d174Taad wZa29ua01
n 1904 125202.19 53260490 I5167.01 6lAh. 2T 14391.0)3 345406, TH
1985 11269400 AT960.54 TLhb2454 625t10.1% 10602425 311251499
198¢ 102643,49 43747.400 5505273 3T4dh a2 13wl b7 201 Jrhabhn
1987 3025408 359232421 H9316.11L G302k .20 L a4al.10 260107450
1984 E5743.37 dostadt 54390.73 ARTd aly 13352.21 229725415
1383 Au546.31 In958.01 54303.20 201h3.71 13429404 242304400
1990 E7335.50 3T1A%.40 58302439 50450404 Li+0ta 63 243713187
1991 £8LZ6.50 31432406 HEETE 0 S0Tet B2 l356hal5 243495450
1992 EF424.50 39003439 56492.33 S5L308.04 L3659.3G 240 JoYahth
1994 GOL3E.¢2 10292 0¢ 5e8554106 517900453 137 597 2507345.12
199% JOT3IR 50 SLLET YN H7237.61 31367.900 15705491 L%22%1.50
199¢ G1349,5¢8 IAT95.93 57595411 52736400 L321ha9t 2R2TT5.12
1997 G1964.45% 37939400 37923.85 3230 .94 11%94.00 255315411
1998 524903.62 39291 .40 50292.68 521,91 139213.02 25846494
1999 93206491 39545490 50:35.29 5304575 12962.03 251395.20
2000 53634.00 3290049 BU590.57 33317.33 Ladllad4b 2579 aats
IR AT T ™ . T T
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901-5

YEAR FAMILY LETACHED

1974
1977
1978
A9T9
1940
1981
1982
1983
1984
1385
1946
1967
1988
989
1990
1991
1992
1993
1594
1995
1996
1997
1998
1999
2000

SUBUR BAN

SINGLE -

3493%€.31
AEEELEC 44
321804419
292121 a1t2
26AT506 54
2h)l l44a8]
207E50.27
1792CE.00
155370.25%
147378.Q0C
1286715, 44
13266667
125664.37
12700837
12801419
129(25. Q0
130043475
131070.25
122104.56
132992. 50
133R8¢.31
12476554
135691, 44
136602481
137%20.12

SUBRIAN
NUPLFXFS
La7712,04
15C272.25
13569082
12345081
111908475
1219¢%.00
HIBF6 .06
15567 4 An
A5359,.,31
62615.10
5G505.57
DEARN LSS
53520434
54081421
5447102
54002 .99
3%5259.30
557LT.4l
56¢138.5H
56437204
568643.32
372204083
57566.59
51966451
58330a062

Exhibit 5-J

Indoor Spccch Interference

URBAN Fdn

APARTIMFANT S

idl2inai
£20TQH 2T
205023457
1979C0) 44
171080425
15750C.50
1363£2.25
1175938.0¢
104904215
9E823.75
9013657
PAGOLeER
719359.00
80101.37
A06 T4 .E7
8124412
O1815. 81
B82392.%4
62972.50
GELY S P Wy
83948431
B4 70,00
B4 74.25
L4 81.00
N5250.19

Option 3

TINSE UREBAM

VLFY JONSE

USLBAN

APAPTHMINTE

i55701.L6G
i614998,.02
15005 T.42
140993413
131537.31
123317,.37
10933&.0¢
F10T4.01
BoLl3%.id
41634.0¢
T1228.02
Tiulley7?
69108475
LR LT P
T1C0T9.0¢6
TOngT,u1
f0318.u0
11339,.47
71763419
Ta2leb.256
12408 .EC
12852.52
7132.0.00
T358B4.44
73952.00

APARTUCNT S

hei LA 1
42561.07
HJ02d.1%
JTiela b5
35065908
Azranare
30058499
26124 .00
237152,32
22234410
2061807
19490.55%
18240448
18348.82
1842454
1U9499.90
LB5T5.24
Lﬂb‘ju- 5"?
10725.63
18TH9.96
19954.049
168918417
i89a2.22
19040626
19110.24

AQOD TIEVIVAY 1538

TITAL
32030 .37
93497t 2
033402.25
TR2129.3¢1
TLe020a. 817
6ab8l15.27
5713079.62
495312437
433205.75
40705449
307T4452.37
366236437
3459220.417
3h3L8TL02
A61664.19
354150.81
250653.00
35017094
35170 4.52
2638764462
3466060450
350255.50
AT0462.44
AT2651.00
37471 4ael2

G
J.l
"1.!
Tai
LS l(

.
22-1

F4 P
AT .5
"5.(
2.5
5544
5T.0
60 a2
62a4%
582 .4
HlaT
al.b
6142
6509
4047
60 o f1
60.2;
57 9"
E9a.T!
59.5]
59 .2



Exhibit 5-7
Indoor Speech Interference

Option &

SUBURDAN STNGLE-  Supen AN URBAN filw  OENST UFDAL V7 FY SU98E LhbAd

YEAR FAMILY OFTACKEC  DUPLEXES  APARTMFNTS APARTTMENTY APARTM: TS TITAL rCl
1976 349256.791 Latrrz,.ey 221229 ,.62 1551ni.e5 521 T o 96 320557427 0.0
1977 355:5C.ah 150272.25 224704,25 [4hn3n.42 423401 .07 JARIIN.ud ~1l.3
1978 32,804.19 135990.82 ZURA25 .04 150757, 02 4002011 553002, 25 1.2
1379 25212t.12 123450.0] LATI0L . hn 1 0s13.1¢ LR 2 TP TH2120,.57 15,0
1980  2445%54.5G4 111368075 171008,25 131517.31 35559 o8y 7149030.47 2242
1981 241144.01 19)9%8.0D 1573¢CC.50 L244.7.37 FEY O 658115431 FLI
1982 156%19.19 B31%5,2] 126778 54 103737.62 Ju51L U LagylEaUb irla?
5 1983 159564,77 509,00 104511 .42 B7259.10 23793 .04 Y Y TH AR 51.0
~ 1984 129993.2% 54178, %1 84324 .19 r2939,¢5 2007715 391L48,12 6074
1985 115683, %4 P92 34ty 72020 .61 65900, 56 L7997 451 A20025.31 Haal:
lgﬂb lu"t?alb? fy‘v"yﬂﬂ.ﬂ? b?l?’.')l} 5?’5"!.&. ‘.(quq-‘:.d 2”22.‘;1!')‘0 01-2!
L9AT S3E72.69 40232.49 60250.C7 Rbhbin, 14 Lt 7075 2o4ldleve 7134
1948 £5743.37 I&AST . de 54370463 49142,09 13352421 239725.15 73.3
1989 E6640.3] 36069.01 547C5,24 0L4%.71 13424454 2020Un .06 3.7,
1990 €7335.60 31143240 5£302.39 SOl .04 1348% .02 2437931,07 T3.65;
1991 ERO28.5D 37432.0% 5E532.59 307en.n2 13544,17 249406450 73,2
1992 8A122.01 371046.71 5£353.51 5130c.52 LALULL T4 2HT201.0% 73,4
1993 £9424.50 3003, 30 £Ec493,13 E136d .04 12034430 24390 40 T2.3°
1994 90131202 30257 .04 55055, 04 5iT0G. ST salitaat EET RS AN T2.T¢
1995 9073R8.56 3E639,77 57237.41 5t3c2.80 Lares..9s 252251 .50 T2.5e
199¢ 51249, 64 20T80.63 5750%5.01 5223h,00 33sla.ay 253775,12 T2.4;
1997 5135450 39049.600 5752185 2444, 90 YT R LT RN T2 2t
1998 G2802.02 45251.90 5828340 G2ty Gt 1391302 SEuMaAn, 94 T2.0¢
1999 52206461 355465450 56835427 33dna. 75 13942 203 25%375.75 71.9;
2000 S3824.00 ANK00 .68 50500 ,47 53217.:5 Lol auh 25773062 Lt

[,
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E
:

BOI-5

1978
1977
1978
1979
1980
1581
1982
19892
1984
1985
1984
1987
1284
1987
1990
1991
1392
1993
1994
1995
1994
1997
1994
1999
2000

SURURBAN RINALF -
YFAR FAMILY CETACKFC

34935¢.31
355543 hh
32180419
20413C,00
2425)1.26
21195922.00
177A73.07
144045 .04
Li61CY .04
105%47.00
SAABA .21
Sl1882ac?2
£3743.7%7
C6L 49431
ETA3E.50
£AC24.00
BRT27.A1
EQa2ha %))
GOLALa b2
SN13A.%0
31347.55
1569060
§2%83.42
532044101
S3A34.00

SUBRBAN
RITEE S L
147772, 01
[9Q2®,25
1358990.¢2
129125,12
109511.0¢&
J213%,81
T5431,15
AL1LTAR, 20
+3306.90
nal2h, 83
KL, 14
19090 .30
AKA3T,306
3u'lh'|.01
AT14 a0}
A7422,04
IMTLA.TL
ARODIL A0
33292,06
3853377
ARFN, 53
19049.60
39291,480
3354%9.50
I9900.00

Exhibit 5-J
Indoor Spcech Interference

Option 7

URHAN RCw

ARARTHENTS

¢21237,62
224T 340,25
20502545
101335.94
155229 ,.44
136747, 1%
113775,12
Gi1le.te
73276,00
25099%.12
62271.59
5813l -"'f'
G5A2QC N2
54909,.29
553072447
556%9€ .50
5¢092.57
54433.33
5€0%%5.16
51230461
51595411
51923,.08
55283 .64
GE635.29
56340 ,¢417

nrNEE L RAL
APAR THENTC

15741 .09
1413708, 62
Lop7I5 1,62
1353491 ,04
122112 .40
106513,67
222025
T7427,2¢%
6ubl17.30
3H04].11
55714,%q
9205-1.50
A5Th2.00
SCLata )
a3 .04
S076.82
S1I0TL 2
513089,.04
GL710.%2
517¢7.00
52246400
N2504,91
53174.97
5304576
5331 71.36

Viey

SIENMCE . IAY

APARTM: TS

421 .90
42%01.07
40J020,14
FE B LT F)
324530,.i2
2”"’&2002
2a503,30
20570,.5¢
17253,12
Lo 'h.3f|
La%4al.27
1704la13
LAahn2,.21
13424480
13a95,57
12%44,17
13601,.7:
13459433
LAINLLUr
13755491
1531’7.70
13864.049
13713 .02
12962,03
1‘?011.0"?

TATAL
920347,.37
I36398.082
1338522425
15T721.50
669948031
5893151.00
413744400
1969316,12
321243412
290394,.31
2P3L51.06
255135, 94
2337245,7%
262904, 00
2473731,87
245064.%0
212104
FEL RL T
25Q97134,12
2F2251.450
A0ATTy L2
25530 .61
23599585,
LhA39%.29
230351002

2Cl
Je0
~1la59

7,25

17.497
27437
3ha.90
'1"0""
57.0%
L3ial
t:} - 3‘[
TEE]
T3.95
73- 11
Ma%2
73.33
T2.14
12.3%
T2.74
12.5%
12403
12.26
127
Tla92
L. 78

o T

LA



Exhibit 5~J
Indoor Specch Interfeorence

AdCD TIVUVAY 1S538

601~5

Silcnt
SUDURPAN STAGIF = SUHRD AN URBAN EQ0wh  {FMED UPRAM  VEPY NYNSE UNBAN
YEA? FAMILY ND{TACKHED IMIPLT XS APARTMENTS  APAWTHMEONTS APAR THZNTS TIHTAL L o
1976 261360.75 1106482,06 161175444 118694,74 2931 T.35 L91L705.31 a0
1977 2LHGTR.85¢ 112431.06 163T16.62 1202791.19 30197, 72 L2512,12 ~lati
1979 230454.06 31522.31 142042 o 52 107423,0) 27133.29 505520,006 llal
1979 159068.67 F4514.19 124211494 FEARL 2 24353431 5249174 ,62 22 2%
1980 171911.94 T272Q0.87 10732321 LET NS 2l 30a0y A58593.12 3.7
14981 LaT212 .44 52%56,.52 G2320,37 15013.00 19310.24 390440.04 4] .8
1982 L18453.00 502056.94 746N0.Ce £2397,10 16455249 322149,.56 52 ot
1983 S$4792.02 40206.748 59037 .49 52932 45% 1321089 241320.31 alah
1904 75334.06% 31990.79 4157¢ .20 43558.05 Li631.08 SL0151.19 67 ol
19A05 TL228.756 3I0250. 884 Hh49735.12 41594.0C 111922092 19219%2.25% 10.7
Lo 67297.01 2E507.67 H2a th a2l 39594.22 LdTluas5 19959607 T2 .2
1987 63543, 70 26350,51 40lh1a2¢ 37860.96 10243%. 177 L7A198.19 3.1
198A 60LT4,.95 25563.1n0 3780939 3e085,09 9T91 .50 169424494 751
1989 40811.04 25923.817 31 73.9% 145348473 7950 .54 1T1048.06 fhat
1990 61L294.10 28021 .76 30450.5%0 FJe61 0,00 9395 ..00 L722719,25 T4a1
1991 £1775.85 26220.60 36728.C7 36047 .54 993934 17381%.31 Thal
1992 87274%9.33 25420405 33007439 3MT9.08 3983.70 LTA¥R9,25 tha.3
1993 E2782461 PEE22.53 A929€.44 37307.81 100249.06 1760112 Taal
1994 €3259,13 26825.¢5 39571 .20 37542.10 10072 .43 1T7271.04 T4 .0
199% 434FMA3 269972.€% 36812.15 A31741.05 i0110.26 179251 .41 73 .9
1996 E4l14.C6 27L715.29 AC05T7 .51 31940.7C 10148a 11 L7943 Tab0 T3 .4
1997 LtA548,306 2735171 40302 .59 A8 AL.07 I018%.9% 190529.02 3.5
1993 64583,62 21529, 8 40548.57 3834214 Lu223.90 181627.56 73.3
1999 £5421.74 21707.73 4CT94 .62 3N543.92 10261445 182131.50 73.1
20700 L5042,.049 27887.37 4104551 A9744,.33 10297452 19314 1.50 13.0
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Section 6
NOISE CONTROL TECHNOLOGY

INIRODUCTICN

There are four main sources of noloe on a garbage compactor truck.
These are:

1. Truck chaasis,

2.  Power take-off,

3.  lydraulic pump,

4. Impact between corponento.

The control of truck chassls nolne in not addressed by this study,
but the garbage truck manufacturer has control over ita noise In the
oorpaction cycle by hin specification of the engine speed during compaction.
A significant reduction in nolse can be achieved by reatricting the
maxlmum englpe speed during the compaction cycle.

The transmisaion power teke-of £ currently used on most garbege
trucks producea an chtrualive vhine., Alternative dealgns and types of
P10 will be diascussed so that this wilke can ba goeatly reduced or elimi~
nated. The hydraulic pump can also meke a meacurable amount of noise
and on some trucka 4 poise reduction can be achieved by employing a
quiet pump. Methods for reducing the nolse from impacta between conponenta
by means of cushioning these impacts will be discussed.

It has been found that the hydraulic lines and valves on a garbage
truck generally makea very little polse. In a properly designed system,
there ls scme very slight £low poise from control valves and that ls
all. BSometimes a valve ox very sharp bend may produce flow cavitation
and hence nolse, However, thia ls easily cured with a large valye or

6-1
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berad radius. Measurements have been made of the hydraulic system noise of
a truck body on which no opecial precautions had been taken to reduce the
hydraulic oystem noise. The lines were hard bolted to the body and there
wag no hydraulic accumulator. 1In opite of this, the nolse wig very difficult
to meaoure and insignificant when compared with the nolse from the reat of
the truck {leso than 60 dbA at 7 mj. Thus, it oppears unnecessary to
address further the matter of quieting hydraulic lines and volves,

Three stages of nolse control treatment will be discusoed for the
asteady noloe levels. Theae are:

Stage 1 ~ Reduction of englne speed to 1200 rpm maximum,

Stage 2 - Elimination or redesign of transmibsion power take—off

in conjunction with reduced engine speed.

Stage 3 - Quieting the hydraulic pump in addition to the above,
These nolpe control treatments will be considered In conjunction with
a chassis nolse control program and the combined noise levels presented.
Reduction of impact nolse by hydraulic and cubber cushions will also
be discussed.
STAGE 1 ~ FNGINE SPEED REDUCTION TO 1200 RPM

The speed at which the engine la operated durlng the compaction
cycle Ag currently determined by the cycle time desired and the size
of the hydraulic pump fitted, Typlcally, truck erqines at present run
between 1200 and 1800 rpm and employ a pump of about 5 cuble lnches/revolu—
tion displacement (20 gpm at 1,000 rpm). The speed of the englne while
the truck ls compacting is set to a pominal value by the manufacturer,
but the operator can, and sometimes does, reset the cycle speed to any
value he deslres. Thus, the menufacturer's speed may not have any particular

meaning.
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Speed controla

There are a humber of different typea of engine speed control available.

The simplest is a solenoid or an electropneumatic cylinder which advances
the throttle linkage by a preoet amount when the "compactor cycle™ button
is presacd. Other speed controls are pneumatic governors and a eclectronic
governor. However, none of these governors are tamper-proof and all

can be reset by the operator. Further, most front loading garbage trucks
do not have any form of automatic ppeed control. 1The englne gpeed during
cycling is controlled only by the operator's foot. ‘1hercfore, the hard-
ware required for this level of noise reduction conoists of two items:

l.  An electro-pneumatic throttle control or some other form of
governor. This 13 already installed on moat compactor trucks,
except for the front loaders and thus, only these will require
them to be installed. They are not inatalled at present since
the cab operator is able to control both the loading cycle
and englne speed,

2. A larger hydraulic pump is nceded if the same cycle time is
ta be achieved with a lower engine speed. If a 20 gpm at
1,000 rpm pump i currently used at an engine speed of 1600
rpm, then a 30 gpm at 1,000 rpm paomp will be required for
an engipe speed of 1200 rpm to achieve the same volume £low
rate,

An engine speed of 1200 rpm has been chosen saince this is typlcally

the slowest Idle speed to which a gascline engine can be met and yet

not have the engine atall during the compaction cycle. An engine which

1s get up to a po-load speed of 1200 xpm will lose speed to about 1,000
6-3
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cpn when it comes under load. 'Typically, an cngipe is requiced to produce
20 hp. Most truck engines rated at 200 hp or more are capable to
delivering 40 hp at 1,000 cpm,

The simplest typen of governocs allow o aubstantial speed drop, ag men-
tioned above. More pcophisticated governors, such as some of the electronic
governors, pernit very much less opeed logs,  UHowever, the diagnoatic measure-
ments chowed that there wag ne nolse difference between the case when the
engine was closely regulated to 1050 cpm with or without load and the case
when the engine was set to 1200 cpm under no lead and 1t gpeed allowed to
drop under load., Accordingly, there ls little to be gained from a nelse point
of view by inatalling the better governor. However, it can help in preventing
the engine from stalling under load.

Noise levels

Table 3~2 in Section 3 presented the mean sound levels of 27 truck
mounted solid waste compactors. The molse generated by a power take-off
driven from an automatic transmisslon has been analyzed. The noise level at
1200 cpm was 74 dBA at 7 m (an compared to 79 dDA at an engine speed of 1800
rpm}. Table 6-1 predicta the overall levels to be expected for 7 trucks which
were considered. The chasals nolse level, as a function of any nolse regula-
tion, has been combined with an assumed transmission power take—0ff noise level
of 74 dBA at 7 m to give the overall nolse level of the truck while cycling. An
engine speed of 1200 rpm hea been assumed for most trucks. However, on some of
the larger diesel powered trucks, it hos been supposed that the engine can be
slowed down to 1,000 rpm. With po chassla polse cequlated, no teuck can be
quieter than 78 d8A at 7 m. However, wlth an 80 dBA regulation, all trucks ate

6-4
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Truck

OVERALI, NQISE LEVELS UNDER STAGE 1 OF NOISE

TRBLE 6-1

CONTROL (TRANSMISSION PTO = 74 dBA at 7m)

Fuel RPM

Diepel 1200
Blescl 1000
Diesnel 1200
Diencl 1000
Diepcl 1000
Diencl 1200
Jasoline 1200

Unreg.

82
82
80
81
79.5
80
78

Overall Hoise Levels at 7 m
Chass{s fequlation dBA

B3n 60
17 16
7.5 76
16.5 175
1.5 16
77.5 76
77 5.5
% .5

78 75
75 75
5.5 ™.5
75 7h.5
15.5 74.5
75.5 Th.5
75 .5
7h.5 74

*Th1s assumes actual truck-noise level 2.5 below req level
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quicter than 76 dih at 7 m. Flgure 6-1 illuntrates these quicted noine
levels further.

Four trucits have already been measured which incorporated this nolse
control method. They all meet a noise level of 76 dBd at 7 m.  Three of
the trucka were gasoline powered and operated with engine speeds of 1200
pm or lenss. These three were all rear loadera. One dicool-powerced
g8ide loader also met: this noise level, but it cmployed a front power
takeoff inutead of the nolsier transminsion power takeoff. In addition,
this engine was only coperated at 900 rpm durlng its compaction cycle.
Fuel savings

One oongsequence of the lower engine speed during cycling ia that
the truck engince will consume less fuel, These savings come about
because the engine has to do less work overcoming internal frictiom,
even though it developa the same power cxternally. Estimates bave
been macde by an EPA contractor for the fuel savings to be erpected for
both diesel and gasoline engines which are rated at 200 hp yet arve
only developing 20 to 40 bp during cycling.

Table 6-2
FUEL SAVINGS DUF TO REDUCED} FNGINE rpm
Engine Rated Developed ftandard Reduced Puel Savings

hp hp rpm rpm gal/hr
Gaeoline 200 20 1000 1200 0.3
Dlesel 200 20 1500 1000 0.55

Thae fuel savings are larger on dlesel enginea than on gasolin
engines becsuse the former have more intermal friction., Xf we suppone

that the trucka are cycliong 25 percent of the time for an B-hour

&7
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day, then the fuel savings are 2/3 gallon/day on a gasoline poweved

truck and 1 gallon/day on a diesel powered truck.

Conglunions

A nolae lovel of 76 dBA at 7 m can be achleved for a garbage corpactor
truck primarily by olowing the engine down to 1200 rpn or leso. ‘This
requiren an automatic engine throttle control which exists on most gurbage
trucks at present, exceplt: for front loaders. In these cascs, an automatic
throttle 1limit will be required. 1In order to retain the productivity
of the truck, a larger hydraulic pump 1o required for these lower engine
speeda. bn overall nolse level of 76 dBA at 7 m can be achleved during
the compaction cycle only when this nolse reduction measure s uaed
on a chasais which has been quicted to some extent.

STAGE 2 -~ ENGINE SPEED REDUCTION AND REDESIGN OR ELIMINATION OF
THE TRANSMIGSIN PIO

In order to reduce the nolse of compacting garbage truck below
that of Stage 1, in addition to reducing the speed of the engine, the
pawer take-off noise muat be reduced. Under Stage 1, the overall noise
was domipated by the transmission power take-off gear at 74 dBA, There
doea pot appear to be any asimple way to reduce thia nolise, which e
the source of the whine heard from compacting garbage trucks, Previously,
it was found that vibrations from the gears were transmitted quite exten-
sively throughout the truck chassis. Thus, large areas of the chasaia
and traznsmiseion aa well an the PIO would have to be wrapped with sound
deadening material if this were to be selected as means of reducing
the poise. It is therefore not considered to be a practical means of
reducing PIO nolse by enclesing it In a sound absorblng enclosure.

6-8
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One menufacturer of automatic trancmisaions for trucks, 1o curcently
undertaking a teat program into the gource and means of reducing the nolse
from transmicsion PIG'o, The tooth desilan of the PTO goes back over 40
years and {8 very otubby by modern gtandards. Accordingly, they are
considering a finer tooth design or helical gear tecth with the prospect of
generating lesa noise. lowever, at this time it 18 not known what the
outcome of this atudy la nor how much nolse reductlon 1s possible by
redesign of the PIO gears, Other types of PT0 which do not make as much

nelse as the conventional transmission PIO are discussed below:

front Power Takeoff

One such power takeoff which has been tried by b number of manufac-
tucers is the "Front Power Tokeoff.” This takes the power from the
front erd of the englne crankshaft. A double-jolnted shaft couples
the crankshaft with the hydraulic pump which ias installed on the front
bumper of the truck. Thia acrangement ia similar to that employed on
cement mixer trucks. On dlesel englnea, the driver can be direct, but
on gasoline englnens which can rotate at up to 4,000 rpm, a clutch must
be installed between the engine and pump in order to prevent the purp
from overspeeding. Most hydraulic pumps cannot be deiven above about
2,800 rpm.

Company E reported that they had reliability problems with an electric
clutch cn a front power takeoff when installed on trucks. This was also
confirmed by Co. F. However, Co, G claims very good rellabllity for their

preumatic-hydraulic clutch (Figure 6-2). This clutch comes in several geac

ratios;

e e b e e e i



ASTT T1BYINAY IS8

GEAR MOUNTED ON A TRUCK WITH A REFUSE PACKER

Flgure 6-2. Front Power Take-Off
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0.5, 0.75, 1.0 and 1.25. One conpactor truck manufacturer saya that
he prefers the 0.75:1 ratlo with the pump running at only 75 percent
of engine speed.  This would still prevent the purp from overspeeding
should the clutch be engaged with the engine at all but the highest
rpm. Electric interlocks can be ingtalled to prevent pump overspecd-
ing and are supplied by Co. H., 'This will dioconnect the pump should
the cngine exceed a certain presct rpm.

Front power takeoffs have been uaged on front, rear, and nide loaders.
There do not appear to be any inherent problems in the use of front
PIO'n, Even the clearance problems on front loaders due to the mounting
of the pump on the front bumper can be overcome by lengthening the locading
arms, One major manufacturer, Co. I, ia offering front power takeoffs on
thedir "quieted” trucks.

A problem with a front power tokcoff 1s that the drive shalt has
to pass through the radlator. This gencerally requires either the rais-
ing of the radiator for clearance, or cutting a hole in the radlater for
the drive shaft, Some truck ranufacturers do offer front-mounted PTO
options on thelr medium trucks. Co, J offers a front FIO option on two
of its lipes of trucks. However, it is what they call a "Limited Produc-
tion Option" which requires a long lead time and special tooling chargea,
Co. E and Co, K (private comunication) are also planning to offer a
front PTO option on some of thelr medium trucks later thic year,

Flywheel Power Takeoff
An alternative, and very successful, type of power tekeoff ls the

"Flywheel Power Takeoff" (Figure 6-3)., This is a P10 inserted between
the englne crankcase and transmisalon. It is about 8-1/2 inches long
6-11
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ard weighs 180 1lbs. It ia currently avallable only on Co. L engines.
Thig PIO did not make any noisc that could be discerned from the chassis
noise on the trucka that were measured. There waa no whine of the PO
gears as with transmission PIO's. This is presumably because the gears
are all mounted in one integral housing and are correctly aligned.  Thua,
a garbage truck manufacturer who cmploys a Co. L chassis need not cmploy
any special hardware to achleve a Stoge 2 truck other than to employ a
quieted verslon of the chassia and regulate the engine spred, duting
compaction, on the engine's own governor.

Co. K hau also supplied a flywhecl power takcoff on a number of
thelr chasalas. It is not currently available, but they have supplied
it on Co. M gasoline englnes and Co, N diesel engines. They have used a
toothed belt, driven off the engine Clywheel, to drive the hydraulic
pup,  This appears to be a very reliable system and has been in service
in San Franclsco for over eighteen months,

Noise lLevels

A dirgect drive PTO doey not, of itaelf, make any significant nolse,
If the PO 1s geared, then it may make some polse, but saince the gears
are a modern deafgn and are incorporated In an integral houning, they
are not expected to make any significant nolpe. The maln nource of
noise comes from the chasais, with some from the hydraulic pump. In
the diagnostic study, the noise level of a Co, O pump at 1,000 rpm was
64 dBA at 7 m,

Table 6+3 showa the chapais nolse levela of unregulated and requ-
lated chassis. The unrequlated trucks are all well over 75 dBA at 7 m,

but under an B0 dBA requlatlon, all trucks geperate lesa than 72 dBa

6-13

- 41k o e et T o s L e tr e hean | L asoipaey T NT N gy e Feph g e b, G4, ST

!
?

'



PR 3 1DY BETILY ADJD

Truck

Fuel

Dicoel
Dicuel
Dlcoel
Diasel
Diegel
Dicael

Ganoline

REN

1200
1000

TABLE 6~3.,
OVERALL NOISE LEVELS UNDER STAGE 2 OF NOISE
COMIROL (INDRAULIC PUMP = 64 dDA at 7 m)

Unregqg,

01
81
8o
jo
78
18

76

6-14

Overall Noise lLevels at 7 m

Chassis Requlation (dBA)

83

B0

71
12
70
72
12
71
6.5

10

70
71
63
70.5
71
70
67.5

75

68
68
67
68
69

67.

66
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at 7 m, with the gasoline trucks generating 67.5 dbBA. The largest diesel

engines have nufficient power that they can be slowed down to 1,000 rpm, as

wan done on a Co. D side loader with a Co. N diesel engine. The levels are

alpo illustrated in Figure 6-4,

The fuel asavings with a front PTO and reduced engine speed are
expeeted to be the same as for reduced engine speed (Stage 1) alone,

One truck has already been measured with this Level 2 of noise
contgl treatment. This was & Co. I truck with the quicted option and a
Co, J gagsoline engine. The noigse leyel measured wao 69 dbA at 7 m.
Concluaiong

By combining a reduction of cngine speed to 1200 rpm or below, and
elimipation or redesign of the transmission pover toake-off, the sound
level of garbage trucks can be reduced to 72 dba at 7 m.

STAGE 3 - STRGE 2 PLUS A QUIET PUMP AND 75 dpA CUASSIS

Under Stage 2 of nolee control, the main nolse gources are the
hydraulic pamp, which generates 64 dBA of noise at 7 m, and the chasais.
When regulated for 80 dBA under the SAE J366b test, the chasuais gives
a nolse level of less than 70 dBA at 7 m during the compaction cycle,

Now, if the truck chassin is requlnted for 75 dbA under the SAE
JIG6h test, then the nolse level would be 65 dBA or less during the com-~
paction cycle., At this level, the truck chassis and hydraullc pump
generate very simllar poise levels (65 and 64 dBh at 7 m, respectively).

Further nojse reductf{on can now be achieved by using a quiet pump,

6-15
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Quict Pumps

There are a number of proprietary pups on the market, One very
succgsful dealgn is a German patent being marketed by Co. P (Figure
6-5). This deoign uses a outer gear and a smaller cccentric gear inside,
The two are spaced by a cam.  'This type of gear punp is pacticularly
quict., Noiae levels of less than 55 dBA at 1,000 rpm and 7 m can be
obtalned, Co. @ has also developed quiet versiono of their vane
pumpRa.

An alterpative meana of quleting the pump io0 to enclose it. ‘hiso
would require building a sheet steel box around the punp with ocals
around the holes of the drive shaft and hydraulic linea. The box would
b2 lined on the inside with acoustic fomm and would be mounted on the
chansis frame and not the pump, The putp would be vibration isolated
from the chanals frame, This technique should give at least 10 dBa
reduction in noise from a atandard purp.

Noiee [evels

Table 6-4 predicts the expected overall nodse levels of the solid
waste compactor trucks with Stage 3 of noise control treatment. Slgnif-
icant differences with Stage 2 anly occur when the Stage 3 treatment is
combined with a 75 dbBA chagais regulation. Then all trucks are quieter
than 67 dBA at 7 m and the gasoline powered truck ia 62 dBA at 7 m. This
data ia illustrated in Figure 6-6.

Auxiliary Engines

A number of garbage trucks drive their hydraullc systems from aux-~

iliary gasoline engines mounted on the truck body, rather than using

6-17
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Flgue 6-5.

A uiet Hydeaulic Punp Design
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.
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Truck

Fuel

Diesel .
Dicoel
Niesel
Dicuel
Dleacel
Dicoel

GQnooline

'TABLE 6-4

OVERALL NOISE LEVELS UNDER STAGE 3 OF NQISE
CONITOL (IYDRAULIC PP = 55 dioh at 7 m)

REH

1200
1000

Overall Hoise lLevels at 7 m
Chassis Huise Regulation

Unreg. 83 8o 78
81 ™ 10 69
81 5 T1 0
8o 12,5 69 60
8o 5 (! 09.5
18 15 11 ‘70
(3 I 70 69.5
e 69 65.5 65.5
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the madn truck engine, These englnes are typically water cooled, four
cylinder erginen ond run on the pame fuel as the main truck engine,
They typically are between 100 and 172 cubic inches displacement and are
congiderably undervated for this application. Alr ceoled diescl englines
have also been uoed ap ouxiliary engines on gacbage trucks,

Only one truck with an puxiliary engine wags meacured. It had a
Company R gacoline engine and generated 81 dBA at 7 m.  These enginen
arc aloo uged to drive the lerger engine gencrator seto used in recrea-
tional vehiclen and boats. Some manufacturcers produce speclially cnclosed
low noise emglnes. This la a very important oelling peint in the Recrea-
tion Industry., Nolse levels as low as 66 dBA at 1 m (equivalent to 50
dbA at 7 m) have been quoted verbally by the manufactuter. This io a
very low level and well below any noise level to which chassis powercd
equipment can be quieted. Thua, it sppearo to be well within the gtate
of the att to build an acoustic enclosure arcurdd a water cooled auxiliary
enine which will make it at least as quict as any chassis powcred cquipmert,
Alr cooled enginea may be more difficult to qulet, however.

Quieting of Impact Noioe

There are a nunber of sources of impact noilses which eccur during
the loeding and compacting cycles. Garbage cans Impact on the loading
hopper; hydraulic cylinders bottom while performing the compaction; the
contalner and forka of a front loader bang; amd contalner covera bang,
Although the quieting of the containers is not strictly within the scope of
a compactor nuise regulation, it 1 pertipent here to comment briefly on

techniquesa that are expected to provide some improvement.

6-21
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Garbage can {mpacts - rear and side loaders

This noise can be minimized by covering the cdge of the loading
toppor with a 1/2 inch thick rubber strip.
fydraulic cylinder bottaning - rear loaders

On rear leading compactor trucks, one algnificant source of noise
ia the Inpact of the hydraulic cylinders as they "bottom” at the cnd
of their stroke. Typically, the piston is driven to the end of the
cylinder which it strikes and a peak noipe level of 90-100 dBA 1sa typl-
cally obscrved. A commonly used technique to lecaen the lmpact ig to
inatall "cushions® inaide the cylinders at the end of the stroke.
Inerpensive cushions ate made of rubber, but are not very durable. A
nore durable mechanism is n pin on each aide of the piston, which engages
the hydraulle oll exit port as the piaton nears the end of 1ts stroke.
This gradually shuts off the flow of cil and slows down the piaton.

Flgure 6-7 showa a cutaway view of a hydraulic cylinder with thege
cushiong installed. The cushiona are standard items and are recommended
by the manufacturer for all opplications with pilsteon apeeds in excesa
of 20-25 ft/min (manufacturer's literaturc}.

Co. C rear loaders do pot require cushiona since thelr cylinders
do not pottem; rather, the stroke i3 reversed electrically before it
has bottomed, There is no evidence that cylinder bottoming is a signif-
lcant source of poiee in side and front loaders and therefore, these do
not require cushionsa. llydraulic cushions are only required on rear

loading garbage trucka.
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Figure 6-7, Hydraulic Cylinder
with Cushions,

———— Upper Cushion Pin

—— lLower Cushion P1n
and Scat
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here are twe compacting cylinders on cach truck, requiring a cushien
at cach end., 'Thus four cushions are required oen each truck. The hydraulic
cylinders which require the cushions are botween 3 inches and 5-1/2
inches hore, depending on truck model.
Danging of containers - front loaders

Banging of a contalner takes place while it is belng 1ifted and dumped
on the arms of the front loader. One of the beot wayn of reducing this
nolse io to coat the contalner with a damping material in order to damp
its noise. In this rcopect, sone noise reduction might be obtained by
couting the front loader arms with an cpoxy damping matercial, which
although not preducing much damping, may lessen the impacts themaclves.

It is not clear, however, how durable such an epoxy compound would be

- under such pevere gervice.

Barjing of hopper lid - front loader

At the end of a front loader cycle, the lid covering the hoppex
ia allowed to drop falrly rapldly and createn & large impact, Thie
Impact can be minimlzed by riveting a 1/2 inch rubber seal around the
hopper mouth in order to cushion the impact,

There is a great deal which can be done to lessen impact hoise
on garbage trucks: Hydraulle cushiona, rubber edgings or stopa and
damping compound.

CONCIAISIONS

There arv three atages, or leveln, of polse control which can be
applied to compacting garbage truck bodies. 'The firat stage la to
restrict the engine speed durding cycling to 1200 rpn or less, 'This
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reduces both engine and power takeoff noise. Moot rear and side loading
trucks already have automatic cngine speed, but front loaders do not.
They will require the inctallation of an engine speed control.

The sccond otage of noise control is the quieting of the power
take off.  Either the transmission power take off can be redesigned
{although this io not currently available) or different types of power
take off can be used, A "front power take off"™ ip connected to the
front of the engine crankshaft., 'This type is quiet but requires extend-
ing the front bumper and a special rodiator with a hole for the drive
shaft. This radiator {snd associated fan modifications) io available
from some truck chasala manufacturers with some cngine combinationno. A
"flywheel power takeoff" 13 available on all Co. L diejel engines and
Co. K hag englneered a deslgn for Co. M gasoline and Co. N diesel engines.
This design can be adapted to other engines.

The final atage of noisc control in to use a quiet hydraulic pump.
There are a number of proprietary designs available.

The ude of truck noise control lovels must be coordinated with
truck chasais noise regulations, The nolse control meanures will not
be very affective Iy themselves unless the chasais are also quleted.

The resulting overall nolse level will then be a function of both the
level of nofse control for the compactor body and the chasais,

Impact sounds can he reduced by a variety of technicques which vary
with the source., The bottoming of the hydraulic cylinders can be quieted
by installing hydraulic cushions. Aceas where inpacts take place with
qarbage canas or contalnexr 1ids can be covered with rubber sheets and the
nolce appropriately reduced,
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Section 7
ECONCHMIC ANALYSIS

The three different nolse emiosion standarda for truck mounted
compactor bodien are analyzed in thic section from two pointa of vicw:
Firat, the additional coats asoociated with achieving cach speeified stage
of quicting are exomined and sccond, the various cconomic inpacts cxpected
to reault from achieving cach ntage are pointed cut. The various stages
of quleting relate to specific options which have been considered by EPA.
The proposed rule focuses on an option which requires Stage 2 quieting,
The coat and economic irmpacts resulting from the adoption of this proposed
regulatory option will be examined in a later part of scction 7.
COST ANALYSISH

Estimates of the costs incurred to achicve three different stages of
quieting for compactor bodies are presented in this scction, The cate~
goxies of consts considered include: direct material and labor oodtng
overhead coste; and, malntenance and operating costa,

Pirect Material and Labor Cost Estimaten

Stage 1. Cost Estimates

The Stage 1 quieting technology consiats of governing the engine speed
to a maximm 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 aside and rear loading
compactera ave similar and it is not necessary to distinguish between

the two for coating purposes. A review of component systems (l.e.,

* The methodology used in developing the costas in this secticn ia
presented in Section 7 Exhibit,
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hydraulics) and discussions with manufacturers of both types of vehicles
validated this assumption,

2. The existing governors on side and rear loading vehicles cun
be adjusted to achicve the desired engine speed.

3. A speed control device will be inatalled on front loading
vehiclen.

4, 'The size of the hydraulle pump or the gear ratic of the power
take-off unit on all three vehicle confiqgurations will be increased to
preserve the cxioting flow rates and compaction cycle times.

S. Special treatment will not be required to prevent tompering
with speed control corponento.

The front and rear loading vehicle configurations will require
only minimal modifications to achieve Stage 1 treatment. Engine speed
controls are alrcady standard cquipment on these wvehiclen since they
are necensacy to operate the compaction cycle from the side or rear of
the vehicle. It ia ansumed that these governors can be callbrated to
1,200 rpm and axe sufficiently sensitive to prevent engine stalllng.
Therefore, no appreciable material coat is estimated for the speed con-
trol aspects of Stage 1.

Slowing the engine speed will reduce the hydraulle flow rate
and thua alow the compaction cycle on these vehicles. To sustaln pro-
ductivity, a larger hydraulic pump or a higher ratio PTO will be required,
The additienal capacity needed will vary with the size of the compactor
unit, but the incremental material cost for the average vehicle ia

cstimated to range between $200 and $300.

1~2
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The additional labor cost for Stage 1 treatment of gide and rear
loaders 1o entimated to be approximately $70. This amount tepresents
roughly nine direct labor hours which ahould be adequate allowance for the
minor modificationa involved,

Stage 1 treatment for front loading vehiclen in more extensive than
that for the other two configurations. Existing models do not have engine
governiors aince the speed of the engine io regulated by the driver. 'Thug,
it will be necessary to install a speed control device along with neceasary
instrumentaticn and hardware components. The syotem must maintain an
engine speed of 1,200 rpn and lock out the cngine accelerator in the cob,
The cost for the governor and assoclated hardware will range between $300
and 5500 depending upon the type of chassis and cnaine.

A8 with the other two vehicle categorlesa, the hydraulie pump capacity
ot PIO gear ratlio must bhe increased to preserve compaction cycle times,
fqain, depending upon the slze of the pump, the additional cost will range
batween 5250 and $300 per unit,

The additional labor coat will vary depending on whether .the engine
governor is ordered with the chasala or quat be inatalled by the compactor
manufacturer, but It is eatimated to range batween 5100 and $200,

Stage 2. Cost Eatimates

The Stage 2 quieting technology conslata of employing alternate
methods of power take-off (PI0) from the englpe. An EPA sponsored atudy
har indicated that the deslgn of the transmission PIO is unsuitable for
effective nolse control. Two alternatives sre: the flywheel PTC and the

direct drive, crankshaft PO,

7-3
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The flywheel PIO option io cffective in noise reduction but, at the
preacnt time, is limited in availability from chassis manufacturers. Co. L
tg the only manufacturer which offera the flywheel PIO ao a standard
option, Some other chassis manufacturers offer the flywheel PIO ao a
special optien,  An ipdependent component manufacturer was also identi-
fied which manufactures a flywheel PIO which can be applicd to other
makes of mediun and heavy duty truck chaasis,

The direct drive, cronkshaft PIO is effecetive in noise reduction but
is alao limited in avallability. Only a few truck chassis are on the
market which are deaiqned to accomodate a front mounted power take-off
unit and, becouse these have been dealgned primarily for the cement mixer
markes, they are much bigger and heavier than the chasais normally wsed for
eolid waste compactora, Chesaio which are not denigned for the front PIO
maat undergo extensive modification to extend the frame in £ront and to
provide clearance for the pums to cvankshaft coupling.

This makes the front PTO an Impractical alternative for front loading
trucks. Not only is the required frame extension on the front of the
vehicle too long to allow safe clearance botween the contalner focks
and the frame extension of the front loading truck, but the cab, frame
and radistor modifications required on the cab over engine uged with
front loaders are so extenaive as to be fmpractical.

The cost eatlmates for Stage 2 treatment arve based on the following
masumpt:ions] c : !

1, Stoge 1 nolse control treatment has been implemented,

2. Side and rear loading vehicles are again assumed to be the

same for costing purponea.
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3. The most cost effective treatment for side and rear loading
vehicles is the front mounted, crankohaft power take-off.  (Some end ubers
may elect to purchagse Co.L chasais with the Elywheel PIO option but thiao
would generally be a more expenaive alternative and not really indicative
of actunl quicting coots.,)

4. 'the mogt cest cffective treatment for quieting front loading
vehicles appears to be the flywheel PIO option.

The cost asscoclated with Stage 2 treatment for slde and rear loading
vehicles consists of three major elements: radintor modification, frome
extenslon, and hydraulic system components. Each of these cost clements is
described in the followlng paragraphu.

The radiator modification connists of cutting a bole in the radiator
to provide clearance for the driveshaft connecting the crankshaft to the
hydraullc punp assembly. Most chasais manufactuxers do pot currently make
modificationa of this bature, Therefore, the compactor body manufacturcrs
must asdume responalbility for this modification. Since radiator wark is a
speciallzed process which moat compactor manufacturers are nobt equipped to
bandle, it ls assumed that the radiator will boe removed from the trouck
chassia and sent to a subcontractor for modification. The additional cost
Incurred in thin operation will range between 5150 and $250 per vehicle.

The frame extension consilsts of extending the basic frame of the

chassls by 18 inchen to 24 Inches to provide a front mount location fox the

hydraulic pup assembly, 1t 1s assumed that moat compactor body manufac—
turers will fabricate the necessary atructural componentn in-house, ‘The

basic materiala required are stecl channel, ateel shect and miscellancous
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hardware. The cost of materinl required will vary according to chanaia
type and size, but ghould not exceed $100 to §150 per unit.

The hydraulic system components consint of the hydraulic pump, clutch,
and additional hardware, A clutch i required with most direct drive
configurations to igolate the pump from the cngine and prevent overspecd-
ing, A number of different clutches can be purchased for thin application,
including electrically, centrifugally, and prneumatically operated modela.
The cont of the clutch and associated hardware will vary betwoen $400 and
§600 per unit.

It.is possible that a speecial tandem pump ¢ould be used which would
elimipate the need for the clutch.

Mditional hydraulic components such as tubing, check valves, fit-
tinga, ete., will be required since the hyidraulic pump will be located in
front of the cab and hence further away from the compactor body. These
componenta are expensive and the added cost may be as high as §75 to $125
per unit,

The total incremental coat of materials and subcontract work for side
and rear loading vehicles ranges between $725 and $1,125 per unit,

However, an estimated 5100% of this cost ia offset by the fact that a power
take=of£ unit is po longer required, The net Incremental material coat 1s
thercfore eatlmated to range from $625 to §1,025 per vehicle.

The lneremental labor i5 estimated to he 25 to 35 man~houra per unit
for production, assembly' and checkling., ‘“his s equivalent to an additional

coat of §200 to $280 per unit,

* fThe coat of the power take-off unit can vary from 575 to as high as 5600
depending upon the type of transmission and the PIO features desired. Mie
estimate reflects the labor ami component coat for inatallation of the most
commonly used FIO,
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Front loading vehicles are assumed to employ the flywheel PID alter-
pative, The lncremental cost of this option from Co. L in approximately

5915 per vehicle. This estimated cost should be representative of the cost

of other alternatives which are applicable to the front loading configuration.

The additional labor cost associated with the Llywheel PTO option
should be minimal, An additional cost of $50 to $100 bao been catimated to
account for posaible incrcases in inotallation and checking time.

Stage 3. Cost Estimates

The Stage 3 technology consista of quieting the hydraulle pump. Two
alternative treatments ave considered: o pump sound enclosure and a
quict hydroulic pump,

The cost of labor and material for a pump sound cnclosure io eatimated
to range between $30 and 550 per unit and has the dissdvantage of belng
subject to contamination from leaking hydraulle fluld and belng costly to
maintain., Hewever, the quiet pump has the disadvantage of coating between
5200 and 5300 depending on the Blze and type of pump used.

The estimated cost for Stage 3 treatment for all three vehicle types,
therefore, ranges between $30 and $300 assuming no additional labor for
installaticn of the quict purp.

Inpact Nolse Cost Estimates

The technology to reduce irpact nolse consists primacily of lining the
rim of the loading hopper of each vehicle type with an impact absorbing
rubber strip., An additional treatment ls needed for rear loadera to
reduce the impact noige associated with the bottoming and reversal of the

compaction ram cylindera.
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The application of a two Inch rubber strip to the loading hopper docs
not present any significant manufacturing problems. It io assumed that
manufacturers will glue or rivet the rubber to the hopper rim at a final
asgembly station without any major lmpact on present cperaticona.

The oot of this treatment will vary with cach type of vehicle ag a
function of the hopper size. Asouming an average vehicle oize, it io
cotimated that labor and material cost for front loaders will range between
$35 and $50 per unit. The estimated coat for slde and rear loaders ranges
between S10 and $20.

The reduction of impact noise asaoclated with the hydraulic cylinders
of rcar loaders poaes a fore significant problem to mapufacturers, Sipeco
mest. mapufacturera produce their own cylinders, the need for cushicned
cylinders requires a major redesign of the component and major changes in
the production of the cylinder ascembly. It 1o difficult to determine at
present whether manufacturers will redesign the present cylindera and
processes, purchage the cushioned cylinders from other manufacturers, use
rubber cushions, or seek cut other means of eliminating the impact (l.e.,
using electrical limit switchea},

Aamuming that manufacturera elect to redesign thelir present cylinders,
the estimated coat will vary with the size of cylinder and the ability of
the producer to modify the deaign apd production process. However, once
the initial design apd implementation costs are amoctized, it ls eatimated
that the additional labor and material coat for the medified cylimders

should not exceed 5150 to 5200 per compactor unit.
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Auxiliary Engine Cost Eatimates

The technology proposed for quieting auxiliory engines on all types of
vehicles is to install an engine enclosure to muffle nolse emissions. Two
types of auxiliary engines are used on compactors: air cooled and water
cooled,

Mpplication of the technology to the water cooled engine presento no
major problema, asouming that the enclosure i properly designed and
provides adeguate venting for dissipation of engine heat. However, the
proposed technology 1o not applicable to air cooled cnginca since the
enclosure would interfere with oooling of the engine. As a reoult, the
application of the proposed quiecting technology will probably preclude the
use of air cooled engines on future compactora.

The labor and material coast of encloaing the water cooled auxiliary
engine 18 eatimated to be 5165 to 5260 per unit, The cost should be
approximately the same for all three wvehicle types since all generally use
the same type and size of engine,

Overhead Cost Estinates

ttanufacturing ovechead coata are expected to increase in aome cost
categories such as additional indirect materiala (adhesives, assembly
hardware, etc,), supervision, inspection, and manufacturing technical
support (methods, standarda, production scheduling and control, ete.} as a
result of quicting.

Thene additlional overhead coats should not exceed 100 to 125 percent
of the incremental direct labor associated wlth quieting., (The existing
manufacturing overhead rate ias estlmated to be 200 percent of direct labor

ost.)
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General, Sales, and Adminletrative (GS&A) costs will also increase
olightly oo a result of noise emission standards, ‘These costs will arice
from two sources: the cost of planning and implementing the noise control
technology and the coot of ongoing compliance with the noise standard.

The neceasary planning and bmplementation efforts will result in
additional conts amounting to 20 to 30 percent of incremental direct
lobor,

The complionce costo result primacily from product testing ond record-
keeping costas, It is assumed that two types of product testing will be
required, The firat type would be product verification (PV) teating by the
manufacturer to insure that inltial production runs of cach type of vehicle
meet noloe atondards. It io estimated that between 2 and 15 percent of the
units produced annually will require teating. ‘The second type of test
would be the selective enforcement audit (SBEA) which would be conducted by
EPA officiala. It 18 expected that 50 such requeats will be made within
the industry each year and that this will average out in a way that redquires
each company to test an additional two porcent of the units produced annually.

The cost per vehicle teated is estimated to range between $350 and S600
and the annual teating coats are assumed to be allocated over the total
number of units produced cach year,

Hanufacturers will also be required to maintain complete vecords of
test results as well a8 recorda of product sales (for the purpose of
recall).

The total eatimated cost of both these compliance actlvities ranges
between 35 and 180 percent of incremental direct labor cost depending upon

=10
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the equipment category and level of quicting treatment. This variability is
reflected in the estimates of incremental GSsh overhead cost for cach
treatment level and vehicle configuration.

Maintenance and Operating Cost Estimates

Maintenonce Costa

* Stage 1

The Stage 1 technology for side, rear, and L[ront loadera requires the
adjustment or addition of a speed control device and installation of a larger

hydraulic pump. Both of theoe components arce relatively low maintenance

itema, For example, a flcet of 60 trucks, representing a mix of front,
side, and rear loaders, showed no maintenance chargea over a ten-month

period sssociated with the engine governor and only minimal expensen for

the hydraulic pump. Baoed on thin hiotorical data and an cvaluation of the

guleting technology, it is estimated that no increasea will ocour in main-
tenance costs for Stage 1 trcatment of side, rear, and front loading vehlcles,
* Staga 2

The installation of a front mounted, direct drive hydraulle pump on

slde and rear loaders will result in additional malintepance costa. It ia

catimated that the clutch, which is required on the hydraulic pmp to
prevent overspeeding, will require replacement every four years. The annual-
ized labor and material coat for this maintenance is eatdmated to be 5100 to
$150 per vehlcle. Some additional maintenance will aiso be required on the
hydraulic system (typlcally a high maintenance area) due to the increased

number of conponents, Thia added cost is estimated to be 530 to 540 per

yecar pex vehicle.

7-11
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Offoetting these costs will be savings in power take-off (PIU) mainten-
ance, ‘the standard PIO unit preaently used on compactors has an expected
life of approximately three years. By elimipating this unit, the annualized
myintenance savings are estimated to be 575 to $125.

The net increace in maintenance coasts for olde and rear loaders i
therefore estimated to be approximately $60 per year per vehicle,

Front loaders are assumed to employ the f£lywheel PIU option which will
not nignificantly increase maintenance costs,

*Stage 3

Induotry cxperience does not now oxlot for the life expectancy of the
qulet pump, but it appeara to perform ag well as standard, conventional
unita. It may, bowever, be more suaceptible to damage from dirt within the
hydraullc system. Thusg, it is conceivable that maintenance costs omuld
rise, but it is not poasible at this time to quantify the potential increase.

The scund enclosure alternative will lncrease maintenance costs
slightly slince the life expectancy of the sound absorbing material is
Limlted, The film opated fiberglas, used to line the pump enclooure, s
susceptible to accumilations of dirt and grease as well as damage from
routine maintepance, It is, therefore, assumed that this lining will be
replaced every other year at a cost of 510 to $15 per year.,

*Impact

The rubber material used to line the loading hopper will be subject to
a high lJevel of wear and damage and will probably require replacement each
year. The annual cost of this opcratlon is eatimated to be 540 to §50 for

front loadera and 5§15 to 520 for side and rear loadera,

‘7-12
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The use of cushioned cylinders on the rear loading vehicles is expected
te have offactting impacts on maintenance costs.
ing action should reduce the amount of wear on the cylinder and thus, to
pome extent, proleong the life of the component.
ity of the cylinder design will lead to increased costs when the cylinders
are rebullt.
factors since there is little expericnce in the compactor industry with

cushioned cylinders, but the net impact 1o not expected to be significant.

*huxiliory Engines

The majintenance cost of the auxiliary engine 18 not expoected to change
as a repult of guieting, but gome additional maintenance costs are antici~
pated for replacement of the gound cnclosure lining which hao a limited

life expectancy.
replacing this lining is catimated to be $15 to $20 per vehicle.

Operating Costs

The only operatling cost significantly impacted by the quieting techno-
logy is fuel cost,
the Stage 1 reduction in engine spred. Assuming that trucks are cycling 25
percent of the time, the fuel economies will amount to 0.008 gallons per

hour for gasoline englnea and 0.13 gallons per hour for diesel englnes,

e effect of the cushion-
llowever, the added complex-

It 1o difficult to agssess the net tradeoffs Letween these two

The resulting annual increase ln maintenance cost for

Fuel cconomies are projected for all vehicles due to

The estimates reflected in Table 7-1 assume thahs

1.
2
3,
4.

The average compactor 1s operated 2,200 houra por yeart,
Fuel prices are $.50 for gasoline and §.40 for diescl,

All front loaders ace diesel engine powered.

Sixty percent of all alde and recar loaders are gasoling-powered

enginas and 40 percent are diesel-powered.
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TADLE 7-1
ESTIMATED ANNUAL UNIT OPERATING
COST REDUCTION DUE TO FUEL ECONOMIES

DODY TYPE ANNUARL, SAVINGS

Front Loader 5114
Side Loader an
Iear Loader 90

Sunmmary of Coat Estimatesn

The range of estimated custs for direct labor and material ic summar-
ized in Table 7-2 and the estimated increaaes in overhead expenses ace
summarized in Table 7-3.

The overhead increases shown for Stage 1 treatment Include the esti-
mated costs of cwmpliance (1.¢., testing and recordkeeping). 'These costs
ave not included in the eatimatea of treatment beyond Stage 1 aince it in
assumed that these costa will remain cosentinlly constant in that the
number of vehicles to be tcated and the necessary documentation and
procedures will remaln the same oo the stage of guicting increases,

The total estimated cont increnses associated with increasing mtages
of quieting are shown in Table 7-4 and summarized in Table 7-5, 1The costs
shown in the table are based on the expected o0st catimates for dicect
labor and materials and incremental overhead expenses, The cost for each
level is cumulative over the preceding levela with the exception of irpact
and auxiliaxy engine treatmenta which have pot been associated with a

particular treatment level,

7-14
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Treatment

Stage 1
Stage 2
Stage 3
Inpact
Duxiliary
Engine

Treatment

Stage 1
Stage 2
Stage 3
Iipact.
hxiliacy
Engine

TABLE 7-2
SUMMARY OF ESTIMATED
DIRECT LABOR AND MATERIAL COST
FOR NOISE ABATEMEND#
{(COST PER UNIT)

Front Looder Side Loader
High Low Expected lligh Lo Expected

51,050 5600 5625 $ 370 270 § 320

1,015 965 990 1,305 825 1,065

Jog 30 165 300 30 165

50 25 A5 20 10 15

260 165 215 260 165 215
TADLE 7-3

SUMMARY OF ESTIMATED
OVERIEAD COSTS FOR
NOISE ABATEMENT®
(00ST_PER UNIT)

Rear Logder

figh Tow ™ Lxpected
S 370  8$2710 5 320
1,205 825 1,065
300 30 165
220 160 190
260 165 215

Rear Loader

Front loader Side_ioader
Hlgh Iow  Expected High Iow  Expected
§ 690 5285 5390 $33 5190 5 A5
230 70 105 140 275 330
60 20 25 60 20 25
0 25 30 20 5 10
150 50 65 150 50 65

filgh  Law Expected

$ 320 $175 5 200
740 275 330
60 20 85
330 75 150
150 50 65

*The total cost for Stages 2 and 3 are the sum of the preceeding Stages and the
Impact Noise ocosts,
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TADLE 74
SUMMARY OF TOTAL, ESTIMATED
_COST I'OR NOISE ARATEMENTS

Front Ioader Side Loader Reor loader

Treatment  High ~ Loy xpected  fitgh T Low " Expected  pigh T Iy Enpected
Stage 1 31,740 s gas §1,215 s 08 § 260 §5 320 $ 690 3 445 3 520
Stage 2 2,985 1,920 2,310 2,756 1,560 1,93 2,735 1,545 1,915
Stage 3 3,345 1,070 2,500 3,110 1,610 2,120 3,095 1,595 2,185
Impact 120 60 75 40 15 25 550 235 340
Auxiliory 410 215 20 410 215 280 410 215 280
Engine

*Mheac estimates o npot reflect eatimated maintenance and operating cost changes,
The total coat for each Treatment Stage is the sum of the dollar value shown
for that Stage and the cost of Impact Nolse Abatement,
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TABLE 7-5
SUMMARY OF TOTAL CESTINATED
COST INCREASES FOR
NOISE ADATEMENT

Treatment I'ront loader Side Loader Rear Loader
Stage 1 51,215 5 535 s 520
Stage 2 2,310 1,930 1,915
Stoge 3 2,500 2,120 2,105
Impact 75 25 340
Auxlliary Englne 280 280 200

The EPA contractor coot estimates shown in Table 7-5 arc compared
with estimatesn supplied by specific compactor body manufacturers in

Table 7-6.

———
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TADLE 7-6
MANUPACTURERS INPUT AND EPA CONTRACIOR ESTIMATES

Front Londers Stage 1 Stage 2¢ Stage 3
Manufacturer #l Estimate 51,085 $2,600 52,870
Mapufacturer 12 Estimate 040 1,100 3,520

EPA Contractor Eatimates:

-~ Expected 1,215 2,310 2,500
~ High 1,740 2,985 3,345
Bear Loaders Stage 1a* Stagqoe 2 Stage 3

Manufacturer #1 Estimates:

-~ RL {A) 8 775 $1,765 51,935
- RI, (B) 760 1,785 1,965
- RL (C) 835 1,925 4,110
Manufacturer 12 Fotimate B840 1,100 3,520

EPA Contractor Eastimatea:

-~ Expected 520 1,915 2,105
~ High 690 2,735 3,095
~ Low 445 1,545 1,595

NOTR: ~ Manufacturers not ldentified due to the confidential
nature of the information,
- No response recelved from aide loader manufacturera,

*Manufacturer §l estimate (s hased on a front mount, direct
drive pump, The EPA ocntractor estimate assumes the flywheel FIO
option on a Co, L chassis,

**Stage 1; Manufacturer 1 estimatea Include the cost of an
imoroved speed control device. The EPA contractor eatimates ansune
that the exiating engine governor in adequate.
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The impact of nolse control treatments on maintenance and operating
coato are summarized in the following tables
TABLE 7=7
SUMMARY OF INCREMENTAL MAINTENANCE
AND OPERATING COSTS DUE ‘IO QUIETING
(DOLLARS PER VEUICLE PER YEAR)

Maintenance Operating
I'ront Side Rear Front Side Rear
Treatnent Londer  loader loader  loader [oader  Loader

Stage 1 S 0 § 0 $ 0 $-114 § -90 $ =90

Stage 2 0 60 60 -114 -390 ~90
Stage 3 10-15 10-15 10-15 ~114 =20 ~90
Impoct 40-50 15-20 15-20

hAuxiliary 15-20 15-20 15-20

Iecad Time for Irplementation

The lead time associated with implementation of gqulcting technology
for compactor bodies is conservatively estimated at 12 to 18 months.
With a few minor exceptions, the compactor technology impacts ealy
the munting operation of the compactor assembly on the chagsis,

The impact on the production and assenbly operationa is negliglble,
In addition, the components impacted by the technology are primarily
purchased items which are readily availlable from supplicra. Therefore,
12 to 18 months should be sufficient for the required engineering
and marketing efforta and for depleting present inventories and building
new ches,
ECONQIC INPACT
Introduction

Thia section deacribea the estimated cconomic impacts of the
adoption of three different nolse treatment atagea.

Market and total industcy fnpacts are considerced firat, then the

implications of these impacta are correlated with other factors anxd

7-19
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analyzed to identily specific impacta regarding individual firms or
groupa of firmd.

Impact Framgwork

hnalysis of information obtained from manufacturers, raw material and
component suppllers, distributors, and end usern hna cstablinohed a probable
overall framework for solid wante compactor industry/market reaction to
adoption of the noloe emission atandards ouggested for study. The clements
of this framework are:

1. The total costs to manufacture the cquipment will increase.

2., The manufacturers, within theic competitive framework, will
pasa thia coat on in the form of an increase in the distributor price
(1liat price).

3.  The dlatributor will pass its coat fncrease on in the form of an
Increase in the negotlated price to the end user.

4.  The truck mounted solld waste corpactor end user will pass
the increase In his equipment purchase coats on to his customers ag an
Increase in the price of collection services provided. End users will also
pasa on lncreased costa in operationa and malntenance, 1£ any. In the
cage of municipalltiea, ilncreased coatas will be reflected In increased
costs for the taxpayer.

5. Fipal changes in Industry prices and volumes will reflect the
changes in solid waste compactor purchase prices and operating costs.

6, Ultimately, the consumer will pay a higher price for collection
services due to tho {ncreased cost resulting from xeduced nolse. Thia
will be reflected in higher prices pald for the secvices which utilize

golid waste compactoras, If there arc over-all cost reductions as opposed

7-20
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to coot increases from the adoption of nolse control technology, competi-
tive pressures will cause cost decrcases to be passed on down the economic
chain to the conoumer in the fonn of lower prices.

7. It in assumed that the technology and resulting coots uzed in the
atudy would be the actual future technology adopted and costs incurted.
Thio approach is conservative because, with the passage of tinwe, new
technology at lower costn is likely to be developed. Thus, the current
costs used In thia study (which are based on an aasesoment of on-the-shelf
technolegy) are essentially an upper bound catimate.

There are several speclal characteristica of the compactor body
industry which should he noted in conjunction with the above overall impact
framework. Flrst, most of the larger solid waste compactor manufacturers
have a noise engineering ataff and are currently monufacturing quieted
products (on a special order basis at a higher price) while other manu-
facturers have no quleting experience. The former companies should be
better prepared to mect the noise cmission atandards when they are set.
Their initial costs under the standards will probambly be lower than for
thoge flmms which have little or no experience in quicting their preducta,
if they malntain their current advantage. &nd, in that the compactor body
market is extremaly price-competitive, the prices of these larger CLioms
with quieting experlence will tend to become Industry prices. Floma
without quieting experience will have to meet the established market pricn
level and can be expected to absorb costs in the form of lower profit
margins until their costa are in line.

Second, a truck-mounted solld waste compactor I8 a capital good

which provides a flow of productive service over a period of years.

7-21
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Thus, first year cwat/price increases are reflected only in the portion
of compactor bodies manufactured and put in service thot year. End
uger coots will continue to rise until all the equipment in service

is quicted.

Adnother factor to note is that, given the competition in the industry,
price increases for oervices in the end user markets depend on the level
of cost increases. Theoe costo include the increased price of equipnent,
expenditures for maintenance and operations, and coats associated with
decreases, if any, In productivity from changed performance characteristics,

Fourth, another important consideration ia that the purchager views
the price of a golid waste compactor body as only a portion of the total
price of an operational unit, The coat of the truck chassin and additional
accessories neceasary to make a complete unit can amount to 60 percent of
the total price. Thus, price increases developed for the compactor body
alone, when viewed from the buyer's perspective, represent an overcatimate
of the percent price increase,

Finally, compliance enforcement will focus on the final assembler or
mounter of the compactor body onto the truck chasais, a function now
performed by distributora for approximately 30 percent of the corpactor
bodies s0ld. Many of these distributors may mot be capable of adequate
installation testing and compliance verification when now noise atandards
ara pramilgated. This may place smaller distritutors at a compet{tive
disadvantage with larger and more capable distributors in the same market

area and/or shift the installation function upward to the body manufacturer.

Pynamics:
*Adjusting to a Knewn Future
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The dynamico assoclated with the adoption of noise emission standards
reflect ecoonmic conditions which are somewhat unique. In effect, the truck
mounted solid waste conpactor cnd user i not responding to short-term or
unexpected phenomena, but rather to changes mandated for scome point in the
future-~two or three or possibly even eight or ten years away. ‘Thus, the
requirements for adjustment are neither uncxpected por the result of a
gradual long-term trend. ‘They are definite and scheduled, and the adjust-
ment regponae will reflect this.

The eceonomic impact asacesoment gpecifically considers thio time range
of adjustments, Due to the planning horizon of two ycars or more Lrom the
date of promulgation and the state of expectations today, it In estimated
that the major adjustments required will be made in the first year of
enforcement, The adjustment period is expected to extend beyond the £irat
year, but to be of second order aignificance.

sExtending the Life of Unquieted Equipment

During the first year of enforcement, 1t is anticipated that old solid
waste compactors not subject to regulation may very well be gxtended in
1ife due to the cconomic advantages which they have gver the more costly
compactora with poise control. These solid waste compactors will be phased
out of the population In future yecara duc to increased malntenance costs as
they age physically and accaumulate more hours of operation. Also, the
Impact: of local nolse ordinances will narrow the range of applications for
the unquieted units. Rurther adjustments will occur in the perlod beyond
vin. year due to adoption of practices which conserve the use of solid waste
compactora in response to the increased coats.

*pPreBuying Unquieted Equigment
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There is algso a dynamic problem in reflecting the adjustmenta which
may occur because of rearranging the timing of purchases to avoid buying
more expenslve colid waste compactors as long as posgible. The strength of

cconomic incentives for rearranging the timing of purchases will depend on

a number of factorp. It will be a function of the size of the cost penalty,

conotraints on sales act by manufacturing capacity, the availability of
capital funds and negative incentives causaed by the possible application of
local noise ordinances. The latter two factors restrict the amount of
prebuying fin, relation to what end usera may deoire solely on the baais of
the expected cost increasen.

Some end ugerg may replace cquipment ohead of the normal cycle in
order to puxchase at lowur:' pricea before the regulation takes effect. In
thia case, the atock of solid waste compactors will be higher before the
regulation becomen cffective. This will lead to a short-term drop in
salea of the more expensive quicted solid waste compactors until this
extra stock is worn out,

Banufacturers of solld waste compactors are not operating pear their
production capacity at the present time, and industry projections indicate
a fairly constant growth in unit volume over the poxt several yeara,
Consequently, exlating plant capacity should be adequate to absorb a
substantlal surge of prebuying.

Extension of the life of current compactor bodics and prebuylng both
indicate the period of adjustment is likely to last longer than one year.
The amount of activity ln each case In direcctly related to the size of the

cost. pepalty incurred,
Regulatory Sequence:
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The magnitude of changes cauged by the enforcement of the regulation
in any one given year will tend to dircctly affect the impact occurring in
that yecar. FPor cxample, EPA's model predicts that a move from currcnt
prices and nolse levels directly to a Stage 2 cost for truck mounted solid
waste compactors will result in a sharper economic irpact and create
more ipcentiven for prebuying and other pearrangementa to aveid the
consequences of the requlation than a staiv-otep type of cequence in which
Stage 2 is reached after a number of years at Stage 1,

A chronclogical nequence of three stages wag uged in this section
for initial sagcessmoent of cconomic irpacts:  Stage 1 is asaumed to
be effective on January 1, 1979 Stage 2 on January 1, 1982; and Stage
3 on January 1, 1985,

IMBACT ASSESSMENT
Wlume Impact

1. Purpoac

The purpose of thia sectlon is to annlyze the Impact of the nolse
atandards suggested for study on the volume of truck mounted solid waste
compactor production. Wlume change s a critical impact since it becomen
reflected in other impacts such as production employment, activity In
downstream channels of distribution and irpacts transmitted to upstream
conponent supwlicrs.

2., Base Line Forecast

The basceline foracast provides a pre-requlation base of estimated
future industry activity levels which ls then related to estimated post~
requlation activity levels to determine the cconomle ispacta of the requla-

tiona,

7-25

~ AEnm e e —

Lol sy ) e Ay
e T ek



AZD) TIIVAY 1838

TABLE 7-8

BASELINE FORECAST DY YCAR AND COMPACTCR PCDY 'IYPE
1979-1993

DASELINE FORECAST(1)

Year

1979
1980
19g1
1982
1983
1994
1985
1986
1987
1986
1989
1990
1591
1992
1993

‘Iotal Front  Slde hear Loader

Unity Ioader Loader Total Quieted{2) Standard
13,44 1,524 3,660 8,160 816 7,344
13,700 1,600 4,100 8,000 B00 7,200
13,985 1,680 4,305 8,000 000 7,200
14,284 1,764 4,520 8,000 poo 7,200
14,598 1,052 4,746 8,000 800 7,200
14,928 1,945 4,983 8,000 800 7,200
15,275 2,042 5,233 8,000 800 7,200
15,501 2,083 5,338 8,160 816 7,344
15,893 2,125 5,445 8,323 832 7,491
16,211 2,167 5,554 8,490 849 7,641
15,535 2,210 5,665 8,660 066 7,794
16,866 2,255 5,770 8,833 863 7,950
17,204 2,300 5,894 9,010 901 8,109
17,547 2,346 5,011 9,120 919 8,271
17,899 2,393 6,132 9,374 937 8,437

Source: Lxhibit IV-2 (Reference 7-1)

Motes: (1) Thia exhibit is the detailed breakdown of
Lxhibit IV-2 of Ref, 7-1 showing the projected estimates

of units for vach compactor body type.

{2} Quieted units are produced for rcar loaders only,
and are estimated at 10% of total rear loader
unitsa.

TABLE 7-9

COIPOSITE MANUPACTURER'S PROILCTION
OF UNIT SUHTPNENTS, 19751985

fverage Annual Growth Rates ~
‘-IO%G'"IQ‘BO‘-TQ‘B‘S ~Iou5-199% K

Pody Type 147
Front Ioadar 5% 5Y 24
Side Loader 12 5 2
Rear loader =2 n 2
Total 2% A ) 24
7=26




AdJOD IMBYTIVAY 1838

The baseline forecaot through 1993 and 1995 is presented in Tables
7-68 and 7~9. The forecast 1o a componite projection of unit shipments
and ia based on manufacturers' forecosts.

It can be scen that gide loader and front loader shipments are
expected to grow fastest beotween 1975 and 1985, Rear loader schipments
arc c¥pected to decline ly one percent per year over the period 1975-}985.
The growth of all three body types io expected to be 2 percent over
the pericd 1985-1995,

The projections ore in marked contrapat to the actual shipment growth
of ten percent per year between 1964 and 1974, This rapid growth rate
resulted, First from increasing market penetration by compactor bodies
during thin peried (open body collection trucko were being phased out) and
gecond, Lrom the substantial increase in total solid wastes belng collected
botween 1964~1974.  ‘The latter resulted from higher consumer disposable
incomes and related purchases of more products with a larger quantity of
disposable packaging per product increased, the migration of higher income
familles to houses with larxger yarda and increases in the quantity of yard
waste in the suburba, and to more local ordinances restrlceting open burning.

Ikwever, a number of other factora are expected to interact to reduce
the shipment: growth ratea and to change the leader type mix hetween 1975
and 1995, Froant loader units will increcase ducing the first decade
{1975-1985) and level off during the second (1985-1995) due to increased
use in the commercial and multi-unit dwelling market, S5ide loaders
are projected to increase significantly to about a 9 percent annual
growth rate durdng the firat decade and stabilize during the second

peciod, There will be lncreaned replacement of rear londers by mide

1-27
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loaders which offer greater labor efficiency and lower operating couts.
Finally the use of rear loaders 1s expected to decline during the
period 1975-1985 and stabilize during the second ten yecar period.
Thage factors include the fact that the packer body market has been
fully penctrated go that future new unit fales will result from growth
in golid wasate generation and replacement of unitg being retired,

Alpo, as indicated in section 2 of Referchce 7-1, the growth of total
o0lld wasotes requiring collection is expected to be at a lower rate. This
will be coupled with some technological changes in packer todiea that will
regult in shipmenta growing even slower than increases in solid wastes
generated.  These changes include larger packer body copacitv and compac-
tion density, particularly for municipal flects, and the use of transfer
atations, combined with satellite units to make waste trangport collection
and disposal more efficient. Highway lead restrictions place an upper
limit on packer body capaclity and compacting density. Also, the mix of
packer bodles by type will shift toward more productive cquipment, Front
loaders will be substituted for reoar loaders for non-residential applica-
tiona and side loaders will be substituted for rear leaders for residential
#pplications,

The latter ig supporterd by data presented in a recent study which are

summarlzed in the following table:

7-20
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TABLE 7-10

ON-IQUTE PRODUCTIVITY AND COLLECTION COSTS

Vehicle Productivity/Collection Hours Costn
System  Loader Crow  liomes/ "Tong/ Homes/ Tong/  liomes/
Number  Type Size Crewman Crewman  Crew Crow Year Ton
1 Side 1 107 2.5 107 2.5 $9.600 $ 8,29
2 Side 1 56 2.0 56 2.0 15,60 B.48
3 licar 2 53 1.3 107 2.6 11.96 9.53
4 Reor 2 58 1.5 123 1.1 11.44 8.72
5 fear 3 35 1.1 104 3.3 20.28 12,82
6 Rear 3 21 .7 63 2.0 28,80 17.13
i Side 1 84 1.2 84 1.2 19.24 13,48
i} Detachable
Contnr. 2 67 .08 138 1.7 26.52  21.15
9 Ticar 3 66 1.1 200 3.3 24.96  14.67
10 Rear 2 35 .0 72 1.2 16.64 19.26
11 Rear 2 22 .6 i4 1.1 24.44 18,41

Source: "Eleven Reaidential Pickup Systems Compared for Cost and
Productivity,” Kenneth A, Shuster, Solid Waste Management
bagazine, May 1975. (Reference 7-2)

Even though the above aoystems varied considerably, (i.e., polnt of
collection, frequency of collection, incentive syatem, loading method and
vehicle size and type, ctc.), the overall higher efficiency of one-man
crews (side loadera) under a number of application environments is clear,
as ia further demonstrated in Table 7-11. The importance of these effi-
clency factors for side loadera ls further ephanced when it 18 recognized
that side loaders are moat effectively applied to curbalde collection
system3 which presently account for 60 percent of the collection systems in
the 0U,S. and which are expected to further increase in importance in future
yeara.

It is believed that the value of shipments will increase somewhat
faster than unit ehipmenta due to Increased body size, product nnhance-'

menta to achieve greater compaction denality, and other product modifications.

7~29
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TADLE 7-11

PRRCENT OF TOTAL TIME UTILIZATION

Syatem Crew  lLoader
Mumber  Size  ‘Iype

Crow Crow Non—-
Produe- Produc-
tive Time tive ‘Iime ‘Total

Source: Residential

1 1 Side 96.5% 1.5% 100%
2 1 Side 97.2 2.8 100
3 1 Side 97.6 2.4 100
4 2 Rear 63.0 7.0 100
5 2 Rear 58.3 A1.7 100
6 2 pPetach,
Contnr. (9.5 0.5 100
7 3 fear 61.3 38.7 100
8 3 Rear 55.7 41.3 100
3 Rear 61.0 39.0 100

Collection Systems

U.S8. Environmental Protectlon Agency,

{530/5W-97c.

1}, March, 1975, Page 24.

{Reference 7-3)

Conaequently, it is eatimated that the average annual real growth

(constant 1974 dollars) will be three porcent per year hetween 1974 and

1985, and that unit shipments will increase at the two percent level,

Industry shipment levels, which roflect these growth rates, ace

shown in Table 7-12. 1In 1985, unit shlpmenta are expected to be at the

15,000 level and value of shipments are expected to be at the $173 mlllion

level.

Frojected unit shipments for the time frame up to 1995 are required to

evaluate the economic lmpact of totally quieted population of solid waste

compactor bediesa.
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‘TABLE, 7-12

ESTIMATED AND PROJECTED UNIT AND DOLLAR
VOLUMES OF TRUCK MOUNTED SOLID WASTE
CQIPACTOR BODIES, 1974-05*
S(MILLIONS) - UNITS (000a)

fverage Annual

Eatimated Projected Growth Rate
Unit Shipmentg 1974 To607 1985 1974-1985
Front Looader 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
TOTAL 12.3 13.7 15.2 2%

: Value of

Shipments 5125 5149 5173 k]|

Source: tlanufacturers' intecviews and projections

* Dollar forecasta are in 1974 conatant dollars.

It ia shown in section 2 of Reference 7-1 that total gross discards
: of solid wastes are expected to Increase 2.5 percent annually between
1980-1990, No forecast {a currently avallable beyond that time frame.
Consequently, the 2.5 percent haa been utllized as the best measure avail-

able, It 18 masc;nable to assume, however, that technology advances will

increase the capacity per unit and offset the 2,5 percent average annual
growth estimate, Fucther, it is not known whether the trade-offs between
aide and rear loadera will peraist over thia time frame, Consequently,
the projections mflectﬁ in Table 7-13 assume that the average

annual growth ratea for each body type are equal at two percent per

year,
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TABLE 7-12

PROJECTED UNIT SHIPMENTS OF
SOLID WASTE COMPACIOR PODIES,

1985-1995
{ theuganda)
Average Annual
Growth

Dody Type 1985 1890 1995 1985-1995
Front Loader 2.0 2.2 2.4 ¥4
Side Loader 5.2 5.7 6.3 ¥4 )
Rear Loader 8.0 8.8 9.7 %
Total 15.2 16.7 18.4 2%

|
|

Source; Table 7-12 and Mapufacturers' interviews and projectiona.

Ja. Pricing and Price Elasticity

Assuming a full incremental cost pass-along, purchascers of guieted
f0lid wante compactors will be presented with price increases attribut-
able to the costs of sound attenuation, compliance, and enforcement.
Estimates of the price increnses that would result from these costs are
summacized in Table 7-14, Costs related to the treatment of suxiliary
enginea are presented meparately since these treatmenta have pot been
associated with a particular level., The eatimated coat melated to
impact noise has been included with each of the levela,

Quieted units produced on a speclal order baain are also Indicated
in Teble 7-1A. It ia estimated that in 1975 ten percent of rear loaders
were shipped with quleting equipment and that the unit price increase
resulting from the quleting treatment was approximately ten percent, In

that it was not possible to relate the quieted unita to a specific nolse

7-32
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standard the incremental price of these units io treated ag a reduction
in the coat to attain the EPA specificd technology levels. Quicted side
or front loaders are not produced,
TABLE 7-14
ESTIMATED AVERAGE LIST PRICE

PERCENTAGE INCREASE BY
NOISE LEVEL AND CATEGORY

Stage 1 Stage 2 Stage 3
Compactor Stan- Stan- Stan-
X dard  Quicted dard  Quicted dard  Quicted
Front Loadera  6.9% — 12,7 -_— 13.7¢% —
Side Loadern 7.3 - 5.6 — 8.0 -
Rear Loadern 74 - 19.5 9.5% 21.1 11.1%

Oonaideration waa also given to the costs of quieting auxiliary
engine usage on side and rcar loaders, but analysis indicated that
there was no significant difference between the costs of quleting aux-~
iliary englnea and the costa of quieting standard units,

The expected price increases between nolge control stages for cach
type of compactor hoxdly are presented in detail in Table 7-15 and sum-
marized in Table 7-16.

The dynamica of demand volume reaction to increased solld waste
compactor pricea can be expected to vary depending upon:

A.  The extent of price lpcreases,

B, The significance of equipment cost in the end user's cost
structure glving specific conatderation to depredlation, operating conts,
maintenance costn, and crew productivity.

C. The ease of substitution of one packer body type for apother
{i.e,, 8ide loaders for rear loaders),

pP.  The optlen of renting or leasing truck mounted solid waste
compactors as an alternative to purchasing the equipment,

7-33
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TADLE 7-15

ESTINATED INCREMENTAL PRICE DEIWEEN NOISE CONTROL STAGES BY CONPACIOR BODY TYPE

Estimated Total Total Total Percent
Increase Stage 1 Stage 2 Stage 3 Chonge
Average  Boetween hverage  Average  Average  Between
Standard Units Level  Price Stagea Price Price Price Stagego
Front Loader To 1 $18,700 $1,290 $20,070 — - 6.9%
1-2 1,095 521,165 5.5
2-3 190 521,355 0.9
Side loader To 1 7,650 560 8,210 — -— 7.3
1-2 1,395 9,605 17.0
2-3 190 9,795 2.0
Rear Louder To 1 11,580 B60 32,440 7.4
1-2 1,395 13,835 11,2
2-3 190 14,025 1.4
Qnicted tnita(l)
{%)
Rear Ioader To 1 - (2)
1-2 11,560 1,095 12,675 9.5
2-3 150 12,865 1.5

Source: Exhibits V-1, V-2 and V=3 (Reforence 7-1)

Notes:

{1) Quleted unita are produced for rear loadera only.

{2) Na calculation made for Stage 1 rear loaderxs mlnce prlce of

quicted units excesded eatimated coat for Stage 1 technology.
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TASLE 7-16

PERCENT INCREMENIAL PRICE
BETVWEEN NOISE CONITOL STAGES

Stage 1 Stage 2

Compactor Body Type To Stage 1 to 2 to 3
Standard tnit
Front Loader 6.9% 5.5% 0.93
Side Loader 7.3 17.0 2.0
Rear Loader 7.4 11,2 1.4
Qulcted Unit#
Rear Loader —th 3.5 1.5

t (ulcted front and side loaders are not manufactured.
* Duleted rear leoaders are eastimated to cost 10 percent more
than atandard unita, This amount exceeds the Stage 1 expected

increase.

E. The trade-off of new equipment pucchasea to extending the 1ife
of used cquipment.

F. The case of substitutlon of competitive solid waste collection
systemy,

G. The potential of achieving greater efficiency of operation.

H. 1he level of Imports and exports,

b, Coat Estimates of Requlatory Optlons

EPM conaidered variows regulatory options., The options utilize
Stage 1, 2, and 3 technology and their associated costs. The variable
elements in each option includa: 1) the year of implementation,
2) magimum noise level allowable, and 3} quieting technelogy.
Because the contas of quieting are dependent upon these factora, the coata

agsociated with these options also vacy.

7-35



Ad0D NEYTYAY 1538

for the mjor cost elementa, operating (or fuel) costs, maintenance
conota, and equipment costs (direct labor and materials) estimates have
been developed and are sunmarized in Table 7-17. Table 7-18 shows

the percentage cost increase to achieve the required noloe levelso

of the requlatory optiong as well as the equivalent annual cost for
implementing and maintaining the noise level of selected optiona,

The regulatory option which hao been proposed for rulemaking
io option 7, which requires the noise level of truck mounted solid
waste compactor boedies to reach a moximsn of 78 dBA in 1979 and 75 dBA
in 1982, T achieve the 78 dBA level, Stage 2 technology in assumed
for all compactor body typea. 1o reach the overall 75 dBA level, there
will be a 3 dBA noijge reduction in the truck itself due to nolse reqgula-
tion which EPA hes promulgated for medium and heavy duty trucks
(41 FR 15538).

The costs for this propoged requlatory option are exactly equal
to those costa imposed to achleve Stage 2 technology. Uailng the
average price of the compactor body, the eatimated Increase in price
from the baseline to Stage 2 technology for option 7 ja 12 percent for
front loaders, 25.6 percent for aide loaders and 19,5 percent for rear
loadera. On gquicted rear loaders the eatimated percentage price
increase is 9.5 percent. Taking the price of the truck chassls into
conaideration, the effective percentage increase in price for the
conplete unita are abxut one~half of these flgures, ov about 6.4
percent for front loaders, 12.8 percent for nide loadera, and 9.8
percept for rear loadera, FEstimated malntepance cost Increases are

small for all compactor body types, They averaged §45.00 for front
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TABLE 7-17%

SUMMARY OF FURL, MAINTENANCE AND EQUIPMENT COST
ESTINATES ASSOCIATED WIlL! PROPOSED REGULAIORY QPTIONS

Option Year NIE® Treatment  Body Type fuel Cost Maintenance Equiyment.
level Stoage Increment Cost Increment Cogt Increment
5 5 5
1 1979 G0 Stage 1 Front Londer ~114.00 15.G0 1,290.00
Side Loader - 90.00 17.50 560.00
ear Loader - 90.00 17.50 860,00
1 1382 75 Stage 2 Front Loader ~114.G0 45.00 2,385.00
Side Loader ~ 90,00 77.50 1,955,00
Tear Loader - 90,00 77.50 2,255.00
3 19682 79 Stage 1 Front Loader ~114.00 45,00 1,290.00
Side foader - 90.00 17.50 560.00
Rear Loader - 90,00 17,50 £60.00
5 1942 715 Stage 2 Front Loader ~114.00 45,00 2,305.00
Side Loader =~ 90,00 T1.50 1,955,00
lear Louder ~ 90.00 77.50 2,255.00
7 1979 76 Stagqe 2 Front Loader -114.00 45,00 2,385.00
Side Louder -~ 90.00 77.50 1,955.00
fear Loader - 90.00 77.90 2,255.00
1 1982 175 Stage 2 Front Loader -114.00 45.00 2,385.00
S{de loader - 90,00 77,50 1,955.00
Rear Loader -~ 90.00 71,50 2,255.00
a 1979 80 Stage 1 Front loader ~114.00 45,00 1,290.00
Side Loader -~ 90.00 17.50Q %60.00
Fear [oader -~ 90,00 17.50 860.00
a 1982 79 Stage 1 Front Ioader -~114.00 45.00 1,%90.00
Slde Loader - 90,00 17.50 56G.U0
b 1979 78 Stage 2 Front Loader ~114,00 45,00 2,305,00
9ide locder -~ 90,00 71.50 1,95%.00
Rear Loader ~ 90.00 T77.50 2,255,.00
4] 1982 74 Stage 3 front Loader ~114.00 57,50 2,575.00
Gide Ioader « 90,00 90.00 2,145,00
Rear Ioader - 90.00 90,00 2,445.00

*Not to Exceed
7-37
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TABLE 7-18

REGULATORY QPTIONS AND COST IMPACTS

AP 1TV HTAT Lok

1979 1982 Equivalent
Annual Cootso
Option No. | Requlatory | 8Cost Increace | Regulatory | tCoat Increase | S(Millions)
Level Level
Baseline New truck 0 New truck 0 0
83 4dBA @ 80 dBA @
50 feet 50 feet
1 80 3.7 75 6.2% 14,53
E| (not 0 79 3.7 1.63
regulated)
5 (not 0 75 9.9 12.2%
regulated)
7 78 2.9 75 0 18.72

*Incremental percentage cost increase due to moving from Stage 1 technolegy
to Stage 2 technology.
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loaders and $77.50 for both side and rcar loaders. Fuel (operating)
coots will decreane due to the reduced engine npecds entailed in the
quicted compactorn.  Front loader fuel changes are expected to decline
by $114.00 while side and rear loader trash compactors will each
reduce fuel cxpenses about 590,00 per year.

It should be noted however that percentage price lncreascs are
baved on the cost of the compactor body alone, not the price of the
complete operational wnit which also includes the truck chassis and
cab. ‘'The percentage price increase computed using the total price
of the operational unit (which ie the price the end user would have
to pay) ia algnificantly smaller,

The equivalent annualized costs for adoption of the Option 7
regulatory scenario is $18.72 million when the regulatory scenario
begina in 1979 and quieting costs are computed through 1993,

4a. Price Elasticity of Demand

The price elasticity* of demand ia 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 estlmate of elasticity reflects
the total npet interaction of the preceding factors impacting on the
quantity demanded na pricea change from present levels.

L Ma.themtically, the price elasticity (e) of demand can be defined as;

a = Percentage Change in Quantity Demanded (q)
Percentage Change in Price (p)

emdyg~oy.p
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Background & Assumptions:

A model of the "typical® oolid waste compactor body end uger was
conotructed to cvaluate the effects of price on volume and to analyze
peveral other cconomic factoro. The model represents a conposite of
all end user types: large and omall private contractors and municipal-
ities. It is cummacized in Table 7-19.

The enalysis which foliows ascumes that the "full flow-throwgh" ocon-
cept ia applicable to the macket and the industry. fTherefore, cosat
increanen experienced by tha menufocturcer will be pansed down throuwgh
the distributor to the purchasing end uger in the form of price
increases. The price increases will result in higher oollection fees
for collection sevices to the conaumer.

The analysis also assumes that demand for solid waste compactor
bodien, aa an Intermediate product, is leas sensitive to changea in its
own price when that product represents a small proportion of the coat

for the final product or service demanded (i.e,, solid waate collection).

TABLE 7-19

REPRESENTATIVE SOLID WASTE CCMPACTOR
END USER COST STRUCTURE MIDEL

Pexcent of Oper-

Expense Cateqgory ating Revenuen
Equipment maintenance 11.8
(ollection labor 47.5
Hpipment operation 3.7
Qther expensen 32.6
Depreciation (collection equipment:) 4.4
Total expenoe 100.0%

The rationnle is that for a given level of demand for oollection services,

the impact of a change in compactor body prices ls small when compared to
the total orat of collectlon services and the price charged for the ger-
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vioea, A relatively small change in the price of collection gervices
implies a relatively small effect on the quantity demanded of both collec-
tion services offered and compactor bodies.

Table 7-19 shows that collection equipment (the major component of
the depreciation account) repreaents o small fraction of total operating

expenoes, leasg than five percent.  This includes truck chassio, bodies

and containers., Considering that the purchaser views the price of

the compactor body as only a portion of the total price of an operational
unit {i.e., truck chassls and cab) the price increases developed for

the compactor body alone represcnt an overeatimate of the percentage
price increase, Thus the depreciation expense for compactor bodlies
alope is in effect an even smaller portion (of total operating cxpensed)
than the amount noted here, Therefore, n change in the price of new
compactor bodles resulting from noise abatement requlations 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 coata without reducing production volume significantly.

It la believed that there is a relatively low demand elasticity.
The reasons for thia are:

A. Fquipment cost as reflected in depreciation charges are a small
factor {n the end user's total cost structure, Our model Indicates that
these ¢osta pepresent 4.4 percent of operating revenues,

B. Truck mounted solid waaste compactors presently have a high
degree of acceptance in the Industry. There arc no viable competl-
tive systems,

C.l Differential price increases between side and rear loaders

could precipitate a qhange in the mix of these unita. At Stage 1,
T-41
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the eatimated percentage price increaze of these body types is cason-
tially the same. No change in mix attributable to this factor would
be expected.

D, The level of irported and exported compactor bodics will not
be affected by o price increase at Stage 1 since all fmported unito will
be osubject to the same noise abatement standard and exports will not be
gubjected to the nolge attenuation otandards.

E. Lease of oompactor bodies will not materially change at Stage
1 price increasea,

P. The increased price for new equipment will not materially change
the trade~offs associated with buying new cquipment versus extending the
life of upits currently in operation.

G. Prebuying will ocour zomewhat ln respongse to higher prices.

It is eatimated that the elasticity of demond for truck mounted
compactora remaine relatively low for Stage 2 and 3 treatment.

4b, Equivalent Annual Costs For Changes in Pemand Flaaticity

Fatimates,

To test the senaltivity of the equivalent annual coats relative
to changes in the demand elasticity for compactor bodies under noise
requlation, scenarios were developed in which widely varying demand

elanticitiea were used for the purpose of compariacn.
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The equivalent annualized costs of requlation for the trial scenario
are $15.5 millien. ‘'This scenario assumes: 1) A regulatory procesng
in which Stage 1 technology {5 adopted in 1979, Stage 2 in 1982, and
Stage 3 in 1985 for all body types; 2) Cost increment eotimaten uaed
were those discusged carlier in this gection, 3) Demand clasticity
of -,20.

Equivalent annual cests also were computed for asoumed clasticities
of -1.0 and 0. The firat cane irplies an equal reduction in quantity
demanded for a given percentage change (inerease} in price; the second
case adsumes o change in quantity demanded for change in price (of
the magnitude discusaed here,)

The equivalent annualized costs of regulation assuming an clasticity
of ~1.0 are 513.1 million; assuming an clasticity of 0, the cquivalent
annualized coats ace $17.1 million. In thesc two cased, the
equivalent annualized costs of requlation vary from the original caae,
decreasing 15.5% or incrcasing 10.3% from the orlginal cstimate of
$§15.5 million, It is concluded from these repults that the economic
analyais ls relatively ingensitive to the assumed value of elasticity,

within the magnitude of chiange conaidered.
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5. Volume Impact

Stage I

Estimated lead times for an orderly adoption of on-the-shelf quiet-
ing technology has been conservatively estimated to be 12 to 18 montho.

The analysis of Stage 1 ccononic impact is based on the requlation taking

AJCO FTIVIVAY 1538

cffect January 1, 1979,
Estimaten of the Stage 1 increased list prices of standard and
quieted unita arc presented in Table 7-20. The calculation of volume

impact in all cancs is based on the ¢oat of quicting for cach category

conaldered. A oeparate calculation ia made for each compactor body typo

and for standard and quicted unita,

Volume reductions resulting from price increases assoclated with
Stoge 1 are eatimated bancd on an elasticity of -.20. ‘he origipal
baseline forecast is prescnted i{n Table 7-8 and the espected Stage
1 decrecasea in demand ace shown in Table 7-21. fThe adjusted baseline
forecast resulting from the adoption of Stage 1 for calendar years
1979-87 are shown in Table 7-22,

Table 7-21 summarizes the eatimated Stage 1 reduction in unit

volume in 1979:

7-44

[Ty,



A 3 TST OYAY L5359

T

TADLE 7-20

DEVELOPMENT OF LSTIMATED PRICE ADJUSTMENIS
ASSOCIATED WITH STAGE 1
NOISE EMISSION REQUIREMENTS

STANDARD UNITS

QUIETED UNITS'L)

Nverage Expected Adjunted Percent Merage Mijuated
Fquipment Lint Price hverage 'rice Price Average
Classification Price Increage Lint Prico Increaie Increase Ligt Price
Front foaders  $18,700 $1,290 $20,070 6.9% —(2)
Side tooderad 7,650 560 8,210 7.3 —(2) -
Bear loaders 11,580 860 12,440 7.4 —_ -

Source: Exhibits III~20 and II-6 (Refercnce 7-1)

Moteat (1) Cost of Stage 1 quicted units estimated at 10% over atandard price which is

greater than Stage 1 price lncrease,

No computatlon of percent made,

(2) (uieted front or alde loaders are not manufactuced,
{3) Does not include prices for products built and sold as an integral body and

chassals unit.

7-45
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TABLE 7-21 (1
PERCENT VOLUME DECLINE - STAGE 1

STANDARD UNITS QUIETED UNITS )
rercent Percent Percent Percent
Compactor Irice Decrease Price Decrease
body Type Elagticity Increase in Demand Elaaticity Increadc in Demand
Front Loader <20 6.9% 1l.4% — — _—
Side lLoader « 20 7.3 1.5 — — -—
Rear Loader .20 T4 1.5 -— - -

Bource: Exhibit ¥4 (Reference 7-1)

Notes: (1) Volume impact ia based on the cost of quieting cach compactor body type as
developed in Section II (Reference 7-1)

(2} The number of quieted rear Joadera producted 1a lesa than l0% of total
shipments, Quleted units are produced on an optional equipment, speclal
order basis only at an approximate price of 108 greater than stapdard units,
Bo incremental cogts are expected to apply the specified nolse abatemant

techmology to quieted units since current price premium exceeds the estimated
Stage 1 coat. ‘
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TADLE 7-22

ADJUSTED PASELTINE FORECAST -~ STAGE 1 (1979 = 19087)

TOTAL mmc'rﬁ
UNITa GHIPPED ) FIOWT LOMDER SIDE LOADER REAR ID&’\UI‘]RM)
Unit Decreasn Mjusted  Unit Adjuated  Unit Mjusted  Unit Mjunted

Year from Baselint Baseline Decreane Banmeline Decrennu Banaline  Decreane Baneline
1979 166 12,153 al 1,503 55 3,608 110 4,050
1980 192 13,508 2 1,578 62 4,038 108 7,892
15681 197 13,768 4 1,056 65 A, 240 108 7,892
1962 201 14,00) 5 1,73% &8 4,452 1008 7,892
1983 205 14,393 26 1,826 11 4,67% 10p 7,092
1504 214 14,718 a7 1,718 )] 4,900 100 7,892
1905 216 15,059 29 2,012 7 5,154 108 7,892
1906 219 15,362 29 2,054 £0 5,250 110 6,050
19687 224 15,669 30 2,095 82 5,363 112 0,211
Bourca: Exhibita Iv-2, V-6, and V-7 (Rafcronce 7-1)

Rotea: (1) Unit decrease equals the difference batween baseline fomoane and the baselim

e pdjuated for Stege )L price Ancxeanen,
(2) fmieted unita are pot included aincy the estimated coat of quicted unita over

atandacd unita ia 10% and thia exceeds the Stage 1 price increane,
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Pable 7-22

STAGE 1 ~ ESTIMATED FIRST YEAR UNIT
REDUCTION PROM DASELING PORECAST, 1979

Reduetion in

Annual Volume

Corpactor Dody Type Unitos  Percent
Front loader 21 1.4%
5ide loader . 55 1.5
Rear loader 110 1.5
Total 186 L5

The reduction in unit volume resulting from the adoption of the Stage
1 standard ranges from 21 to 110 units depending on compactor body category,
and the total unit reduction i about 1.5 percent of baseline shipments.
The largest unit reduction gocurs in rear loaders, and the smalleat unit
and percentage reduction occurd in front loaders. Stage 1 does not
geduce industry volume below the 1978 basellne forecast shipment level.

Stage 2

The analysio of the Stage 2 coonomle impact ia based on the regulation
tnking effect January 1, 1982. However, to faclilitate subsequent analysis
of proposed regulatory optionsa, adjusted forecasts of demand lnclude the
yeara 1979-1981 in parentheses.

Estimates of the list price increases assoclated with the modifi-
caticns necessary to achicve Stage 2 are presented in Table 7-24. The
estimated elasticitiea, percent price increases, and decreasen in demarxd
used to calculate the Stage 2 volume impact are presented in Table 7-25,

The adjusted baseline forecant nssociated with adoption of 5Stage 2
for calendar yeara 1979-920 is shown in Table 7-26. Table 7-27 summacizes
the estimated Stage 2 reduction in unit volume in 1982 relative to the
baseline volume.

T-48
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TABLE 7-24

DEVELOPMENT OF CSTIMATED PRICE ADJUSTMENTS
NSSOCTATED WITH STAGE 2
NOISE EMISSION REQUIREMENTS

STANDARD UNITS

cuipred unrrst Y

Percent Expected

Adjusted Percent

Average  Expoected Adjusted
Fquipment List Price List Price Price List Price
Clasaification Price Increcase Price Increasge Increane Price Incrense
Front loadera  $18,760 $2,305 $21,165 12.7% -2 - -
side rooderal? 7,650 1,955 9,605 25.6 ~-{2) — -
Rear Loadexn 11,580 2,255 13,835 19.5 81,095 512,675 9.5%

Source; Exhibits IXI-20 and II-6 (Reference 7-1)

Notes; (1) Cost of quieted units estimated at 108 over standard price.
{2) Quicted front or side loaders are not manufactured.
{3) Doea not include prices for products built and s0ld as an integral body and

chassls unit,
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TABLE 7-25 (1)
PERCENT VOLUME DECLINE ~ STACE 2

STANDARD UNITS ouIEtED unrrst®
Percent Percent Percent Percent
Compactor Price Decreane Price Decreane
Dody Type Elasticity Incrcace In Demand Elasticity Increase in Demand
Front Loader .20 12,78 2.5% - - -—
Side Loader 20 25.6 5.1 —_ — -
Rear Ioader 20 19.5 3.9 20 9.5% 1.9%

Sourcer Exhibit V-2 (Refcrence 7«1}

Motea: (1) Wolume lnpact ia bascd on the cust of quleting cach compactor body type as

developed in Section IT (Reference 7-1)

{2) Quleted unita are ssgumed to require the same techinology package as
unquieted unita for this level. Quieted unlts are priced ten percent

higher than the equivalent unquieted unita,
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TABLE 7-26
NDJUSTED BASELINE FORECAST -~ STAGE 2 (1979 - 1990)

TOTAL PROJECTED STANDARD (UIETED
UNITS SHIPPED(1) FRONT LOADER SIDE LOADER REAR LOADER REAR LOADER( 2)
Unit Decrease Adjusted Unit Miusted  Unit Adjusted  Unit Adjusted  Unit Mljustes
Year from Baseline Bascline Decreaoe DRaseline Decrcane Baseline  Decrcase DBascline  pDecrease Baselimn
1979(3) 527 12,817 [} 1,406 187 3,473 286 7,050 16 800
1980 545 13,155 40 1,560 209 3,891 281 6,919 15 g0l
1981 558 13,427 A2 1,638 220 4,085 281 6,919 15 a01
1982 571 13,713 44 1,720 231 4,289 281 6,919 15 g0l
1983 584 14,014 46 1,806 242 4,504 281 6,919 15 801
1904 599 14,329 49 1,896 254 4,729 2081 6,919 15 001
1985 614 14,661 51 1,99 267 4,966 281 6,919 15 0ol
1986 626 14,955 52 2,031 272 5,060 206 7,058 16 800
1987 639 15,254 53 2,072 218 5,167 202 7,19% 16 816
1988 651 15,560 54 2,113 263 5,271 298 7,343 16 833
1989 664 15,871 55 2,155 209 5,376 304 7,490 16 a50
1990 672 16,194 56 2,199 295 5,483 310 7,640 17 866

Source: Exhibits IV-2, v-6, and V-9 (Raference 7-1)

Notea: (1} (Unlt decrease equals the diffcrence between the baseline forecast and the baseline
as adjusted for the incremental price increase from baseline to Stage 2,

{2) Quieted unita are applicable to rear loadersi only and estimated at 10% of total
unita.

{3) The years 1979, 1980, ond 1981 are separated fran other years by a horizontal
lire. Although they need not be included in 4 general discussion of Stage 2
technology, proposed Option 7 requires Stage 2 technology to begin in 1979 and
thus, the table shows volume impacts for that particular option.
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Table 7-27

STAGE 2 - ESTINATED FIRST YEAR UNIT
REDUCTION FROM DASELINE FORECAST, 1982+

eduction In

Annhua) Volume
Compactar Dody ‘Ivpe Unito Percont
Front Loadera A4 2.5%
Side Londers 21 5.1
Rear Loaders 296 3.9
Total 571 4.0%

The total reduction in unit volume resulting from the adoption
of a Stege 2 standard ia about 9.0 percent and ranges from 101 to
668 unita, depending on the type of compactor body. ‘The largest unit
reduction occurs In the rear loader category. The laraeat percentage
reduction occurs in the category of slde loadern, reflecting the higher
oost of meeting a nolse atandard. The smallest unit and percentage
reduction ocours with front loaderm. The introduction of a Stage
2 standard reduces Industry volume approximately two percent below
the 1981 haseline shipment level. The adjusted bascline forecast
represents a reduction of about four percent from the average ennual
volume during the peciod 1982 to 1990,

Option 7 which requires a 78 dBA nolse level in 1979 and a 75
dBA level in 1982 requires Stage 2 technolagy to be implemented in
1979, Table 7~27 shows the volume impacts {anfual voluma reduction)

which would follow from adoption of Option 7.

*The units of volume reduction for Stage 2 assume implementation of
that level exclusive of the impact of provicus levels.
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TADLE 7-28
DEVELOPMENT OF ESTIMATED PRICE ADJUSTHENTS
ASSOCINTED WITH STAGE 3
NOISE EMISSION REQUIREMENTS

AdGD TGV IVAY 1S38

STANDARD UNITS quieren unrrstt)
Average Erxpected Adjusted Percent  Expected  Adjusted  Percent
Equipment List Price Ligt rice Price List Price
Clasnification Price Increane Price Increase Increase  Price Increase
Front loadera  §18,700 $2,575 21,356  13.7% ) B -
Side Woaders'? 7,650 2,145 9,975  20.0 2 -
Rear Icaders 11,580 2,445 14,025 21,1 51,285 512,865 11,1%

Source:

Naotesas

Exhibits III-20 and II-6 (Reference 7-1)

(1) Cost of quieted unlts estimated at 10% over atardard unit price.

(2) Quieted front or side loaders are pot manufactured,

(3) Does not include prices for products bullt and sold as an
integral body amd chasais unlt.
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TABLE 7-29 (1)
PERCENT VOIAME DECLINE - STAGE 3

STANDARD UNITS ouieten thrrs (2
ercent Percent Percent Percont
Compactor Price Decrease Irice Decreaoe
Body Type Elasticity Increcase  in Bemand Elasticity Increaoe in Demand
Froot Ioader 20 13.7% 2.7% —_— -_— —_
Side Loader W20 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) wolume impact is based on Whe cust of quleting for each compactor body type
as daveloped in Section II {(Reference 7-1). This fncludes a separate
calculation for each body type.

{2) Quieted unita are assumed to require the same technology package as
unquieted units for this level. Muleted units are priced ten percent
higher than the equivalent upquieted units.
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TABLE 7-30
ADJUSTED BASELINE FORECASY - STAGE 3 (19685 - 1993)

TOTAL PROJIECTED STANDARD QUIETED

UNITS SHIPPED(1) FRONT LOADER SIDL LOADER REAR LOADER REAR LOADER(2)

Unit Decrease Adjusted  Unit Mjuated  Unit Mijusted  Unit Mjusted Unit Mjuntex

Year from Bagseline DBaseline Decrease Baseline  Decrease  Daselinoe Docrease  Baseline Decreooe  Baselln
1985 660 14,607 55 1,987 293 4,940 302 6,090 18 82
1986 681 14,900 56 2,027 299 5,039 308 7,036 10 708
1987 695 15,198 57 2,008 305 5,140 315 1.176 18 814
1980 710 15,501 59 2,108 a1l 5,243 32l 7.320 15 830
1989 123 15,812 60 2,150 iy 5,340 327 7,407 19 §45
- 1990 734 16,128 6l 2,194 324 5,454 34 6,616 19 664
& 1891 753 16,451 62 2,238 330 5,564 341 7.768 20 881
v 1992 767 16,780 6] 2,283 337 5,614 kLY 7,924 20 099
18993 783 17,116 65 2,328 343 5,789 354 8.083 21 916

Sourcet Exhibits Iv=2, v-6, and V=11 (Reference 7-1)

Notea: (1) Unlt decrease equals the difforence between baseline forecast and the baseline
a8 adjusted for the incremental price increase botween baseline and Stage 3.

(2) Quicted units are applicable to rear loaders only and catimated at 10% of the
total units produced.

:
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Stage 3
The analysis of ccononic impact is based on Stage 3 requlations taking

cffect January 1, 1905.

Table 7-28 provides the eotimated price increases related to Stage 3
modifications, 'The cstimated elasticities,. percent price increasea, and
decreanes in demand uged to calculate Stage 3 volume impuct are presented
in Table 7-29,

The adjusted bascline forecast aoseclated with the adoption of Stage
3 for the calendar years 1985 through 1993 in shown in Table 7-30. Table
7-31 summarizes the eatimated Stage 3 reductions in unit volume for the
firat year, 19685.

TADLE 7-31

STAGE 3 - ESTIVATED FIRST YEAR UNIT
REDUCTION FROM DASLLINE FORECAST, 1985+

Reduction in
Annual vVolume

Compactor Body Type Unita Percent
Front loader 55 2.7
Side Loader 293 5.6
Rear Loader 320 4.2

Total 668 4.3

A*The units of volume reduction for Stage 3 assume
implementation of that level exclugive of the
impact of provious levels,
The total reduction in unit volume resulting from adoption of Stage
A standards is approximately 4.3 percent. The decrease in projected units
ranges from 55 to 320 untta., The larxgest unit reduction is in the rear
loader category. The largent percent reduction is in side loaders. ‘The
7-56
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smallent unit decrcase and percent reductlon are in front loaders. Intro-
duction of Stage 3 standards reducet total projected volume approximately
two percent below the 1984 baseline forecapt shipment levels,

Inpact of Prebuying on Volume

The polid waste compactor body industry will be oubject to some pre-
buying activity lmmediately prior to the effective date of cach noige
abatement level. The time period for prebuying is estimated at three
months to one year prior to the effective date for each nolse level requ-
lation. 7The amount of pretuying is aosumed to depend on three factors:

l. The amount of excess capacity of manufacturerd to produce
compactor bodies above the bageline production level at that time,

2. 'The cconomic benefit of murchnsing compactor bodies carlier
ard the potential savinga rooulting from carly purchase,

3. The risk of the technology required to quict the compactor
bodies as rolated to posaible incrensed cost of maintenance and operation.
TABLE 7-32

ESTINATED EXCESS PRODUCTION

CAPRCITY BY BODY TAPE INM
YEAR PRIOR TOD REGULATION

Estimated Unused as Per-
cent. of Tota)l Capaclty
State 1 State 2 Stage 3

Compactor Body Type 1978 1981 1944

Front loader 0 0 0
* Slde Loader 0 0 0
Rear Loader 20» 20% 20n

FExhibit V=13 shows eatimated unused capacity In excess
of 30 percent for the years prior to each polse level
regulation date. EPA eatimates this level to bo excesalve
since sare rear leader manufacturers will shift productlon
away from rear Joaders in favor of side loaders or other
non—conpactor body production. (Ref, 7-1}.
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Estimatea of the excess production capacity available in the year
prior to cach effective date of neise level regulation are summarized
in Table 7-32, and the prebuying anticipated in the year prior to the
cf fective date for each now noise standord is summarized in Table 7-33.

TAILE 7-33
ANTICIPATED PREBUYING
IM YEARS PRIOPE TO EFFECTIVE DATES

{Porcent Increase In Total Unfts
Shipped Over Baseline Forccast)

1976 1981 1984

Front Loader 2 0 0
Side Loader 0 0 0
Rear Loader 6 25 25

The unuoed capacity will allow prebuying to incresse the 1978 pro-
duction approximately six percent for rear loadern and two percent for
front loadera. ‘There will be po excess capacity available to support
prebuying for side loaders. Irebuying io not expected to exceed these
percentages since the technolegy applied to attain Stage 1 noise abate-
ment. has no risk involved to suggest significant increasea in maintenance
operationn cost,

Stage 2 price increases for rear loaders Is 19,5 percent (based
on the body only} above the base perlod price. It is expected that
all available production capacity will be utilized to accommodate
prebuying., This assumes an annual coat of capltal of ten percent, ’

At Stage 3, the incremental price difference for rear loader
bodles 18 21,1 percent. Unuced capacity is avallable for rear loader
production and sufficient cconomle advantage exirts to encourage o

full year of early purchasing given an anoual cost of capital of ten
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percent. Ao iﬁ the previous two nolse stages, the technology applied to
achicve Stage 3 docg not involve increased risk and is not conaidered a
factor in stimulating prebuying.

No adjustmento to the baseline forccast or the revised batelines for the
three levels have been made to veflect prebuying. The adjusted baseline fore-
cast can be modified to reflect prebuying hy adding the incremental volume
produced in the yeor preceding the effective date of the noise abatement
standards (1978, 1981, and 1984). A similar reduction in the volume of pro-
duction would be necessacy in the £irot year of each coffective noice level to
compensate for pretuying.  After the firot year, it s assumed that shipments
will return to the adjusted baseline levelo,

Summacy

In summary, the reduction in indugtry volume at Stage 1 is relatively Iow
(186 unita). The Impact on volume at Stages 2 and 3 io a reduction of 571 and
668 unita xespectively. The effects of respective treatment stanes are not
oadditive., Each stage is azsumed to include the units of reductlon related to
moving from the preregulation baseline to the given treatment level, (ovement
from one treatment atage to the next higher level would {nvolve a reduction of
the net difference expected between the two atagea, As previoualy noted, the
eastimated coat of quieting based on current cu-the-shelf technology represents
a ongervative eatimate. Insofar as the actunl costs lnourred for quieting 1a
lower, the resulting volumc impact will be correspondingly lower,

Resource Costa;

* Purpose and Methodology

The resources which will be used to mect cach polse astandard are estimated

in this pection, ualng three meanurcs;

7-59
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A. The annual Inerease in capital cost required by end user industries
in the first year of enforcement. ‘'This represents the additional capital
required to purchase the more expensive quieted unita,

0. The total increase in annual coats in end user cegments in the
first year of enforcoment. Eatimates include depreclation, cost of capltal,
operation and maintenance costs, ‘This represents the incremental annual
coata to own and operate the more expensive quiceted units,

C., The total increase in annual coosts for operation of a 100 percent
quicted population of zolid waste compactors based on a future date when
nemduicted compactors have been phaged out of the population of packer
bodies in use.

The catimates of first year capital costs for ond uscr industries
are based on the increased purchase price paid and tht volume of purchases
estimated. Pricing is at the list pricc level. ‘f1his measure represents
the additional capitnl which must be financed by end user industries due
to the enforcement of the noise standard.

The resource cost factors included in the cotimate of the total
annual cost increases for end users are:

A. Dapreclation. Seven-year, straight~line depreciation of 14.3
percent per year is used. Current Internal Revenue Service guldelines
allow solid waste compactors to be depreciated over a five year period.
Hewever, seven years s geperally accepted as the average padker body
econcmic Life. Therefore, seven years la a better perlod to use In

egesalng economie impact,

B, Capital Coat. A return on investment or capltal cost rate of

ten percent of the additional capital investment s used.
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. €y Operating Costa. Analysis based on {ndustry informaticn indi-
cates that there will be a reduction in operating costa.

D. Haintenance Costs. Maintenance coat increases associoted with
the mdificationg necensary to attain Stage 1 will be negligible.

Stagen 2 and 3 arc cotimated to result in a alight increase in
maintenance cost,

Mid-range catimates of regource costa were doveloped to answer the
queaticn: What {6 the annual bill cociety pays for quict solid waste
packer bodlea? [Hesource cost catimates are based on the revised base-
line forecast and the incremental resource costs from the basceline to
ecach respective regulatory level.

* Eatimated Costa

e ——— ‘urr,-—,-;:-x:;ztﬂ.ﬂﬁ._—';. Ly

Stege 1

The total increased capital coast to end user industries Is eati-

mated to be $10.9 million for the firat year of enforcement of the Stage

1 noise atandard (Table 7-34). Incremental capltal costs represent the

adjusted baseline unit forecast by the increased unit price.

Table 7-34

TOTAL FSTIMATED FIRST YEAR
DNCREASEDR CAPLTAL QOSTS FOR
IND USER INDUSTRIES - STAGE 1, 1979

S(06G0g)
Increased Capital Costs
Compactor Dody Type tid-Range Estimates

Front Loader $ 1,939
Side Loader 2,019
Rear Ioader 6,923

Total $10,881
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Estimated total annual cost increases in the flrst year for adoption
of g Stage 1 nolse standard in 1979 are $1.9 million (Table 7-35).
Table 7-35
TOTAL ESTINAED FIRST YEAR

INCREASED ANNUAL COSIS [OR
END USER INDUSTRIES ~ STAGE 1, 1979

S(000a)
Incrcaged Copltal Conts
Compactor Body Type Hid-Range Batimaten
Front Loader $ 383
Side Loader 196
Rear Loader 1,360
Total 31,947

Stoge 2

Increased end user capital costs are estimated at 527.4 million
In the first ycar of enforcement for adopting a Stage 2 nolse atandard
in 1982 (Table 7-36). Again, lncremental capltal costa are determined
by maltiplying the adjusted baseline forecast unit shipments by the

unit cost Increase,
Table 7-36

TOTAL FSTIMATED FIRST YEAR
INCREASLD CAPRITAL COSTS FOR
FHD USER INDUSTRIES ~ STAGE 2, 1982
a{000r)

Increased Capital Cosats
Compactor Body Type Mid-Range Estimatea

Front Loader § 3,966
Slda Loader 7,820
Rear loader 15, 645%

Tatal $27,431

* Cost of quieted units, %0639,000 included for
rear loaders only.
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Estimated total annual cost increaces in the First year of enforcement
of s 8tage 2 nolege standard in 1982 are 56.5 million (Table 7-37).
Table 7-37
TOTAL ESTIMATED FIRST YEMR
INCREASED ANNUAL COSTS FOR

END USER INDUSTRIES - STRGE 2, 1982
$ (0000}

Increased Annual Couto
Campactor Body Type Mid-Range Estimate
Front Loader § 954
S51de lLonder 1,052
Reatr Loader 3,14
Total $6,520

Stage 3
Stage 3 increages in capital cost are presented in Table 7-38,
Table 7-38

TOTAL ESTIMATED FIRST YEAR
INCREASED CAPITAL QOSTS FOR
FND USER INDUSTRIFS - STAGE 3, 1985
5(000a)
Increased Annual Coats
Compactor Body Type Mid~Ranqge Estimate
Front Loxder 34,90
fide Londer 9,811
Rear Loader 16,909»
Total 531,651

* Includea $977,000 for quieted rear loaders.

The total estimated increasea in annual costs for Stage 3 are pre-

sented in Table 7-19,
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Table 29

TOTAL ESTIMATED FIRST YEAR
INCREASED ANNUAL QOSTS FOR
END USER INDUSTRIES -~ STAGE 3, 1985
5(000a)

Increased Annual Costs
Compactor Dady Type Mid-Ranqge Eatimates

Front lLoader 51,110
Side Loader 2,114
Rear Loader 3,679

Total §6[903

The total annual costs (capital expenditures, operating and main-
tenance coats) for a 100 percent quicted compactor body pepulation in
1993 and beyond are estimated to be $43 million.

*  Summary
Analysis of the resource costs required to quiet solid waate compactor

bodiés Indicates that: The capital costs associated with sound attenuation
are aignificant, Total solid waste compactor body sales were approxi-
mately 5125 million in 1974. First year capital costs are projected to be
spproximately $10.8 million for Stage 1, $27.4 million for Stage 2 ond
$31.6 millicn for Stage 3,

For a 100 percent quiet population at Stage 3 in 1993 and beyond,
total apnual costa are estimated to be $43 million,

Barket Impact:

*  Purpoce
Thia gection describes addlcionul impacts anticipated from the adop-

tlon of nolse control technology, and includes conafderation of toth the

upatream component suppliera and the downstream distributoras and end

users,
7-64

PR PEL RS VPIC S




ADCY TRV IVAY LS3E

mrh eyt =

et S e

|
:
|
]

s

et vl s e

o S

* Suppliera

General oupplicro to truck mounted solld waste compactor body manu-
facturers will not be adversely affected by the adoption of noise control
technology, malnly becouse all suppliers derdive only a small portion of
thelr business from the packer body induptry. The effects of quieting
solid waste compactors on the major oupplicrs are briefly described below:

A. Truck Chaanis Manufacturern. The major truck chassis manufacturcra
are large, flpancially sound companies with strong technical capabllities,
and truck chassis on which to mount solld wagte compactors are not a major
portion of the truck chasais market. Manufacturera are not expected to
make deslgn changes as a result of packer body noise attenuation,

No meaningful change in sales volume I cxpected as a result of
requlation. Usaing an cxtremely conservative truck chassis shipment level
{(i.e., 1975 medium and heavy duty shipmenta), the unit reductions associ~
ated with Stagea 1, 2, and 3 are .09, .27 and .31 percent respactively.

B. P10, Pum and Valve Manufacturera., Power Take-Off unita, hydraulic
pumps and valves are the major componenta affected by the proposed regula-
tions. The components utilized by the solid waste compactor body industry
are atandard product items, and the volume purchased by the industry in
Inaignificant relative to total production and sales. No significant
changes are expected.

C., Distributora.

50lid waste compactoxr body distribution channels and distributor
operationa will pot be significantly affected by the nolse emimalon
atandards. EFA han established that enforcement of the standards will
be at that level which mounts or assembles the compactor body on the
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truck chasais. An estimated 30 percent of total new bodies are mounted by

distributors.

The worst cage fmpact of nolse regulation on distributors io considered

by appiyling the following assumptiono:
(1) New conpactor body pales are §1.75 million (70 percent of $2.5

million).
{2) The average prlce of a new compactor body ls 511,500 (the

average liat price of a rear loader) and the average distributor sells

151 bodiecs annually.

(3) The distributor pounts 45 of the 151 bodies sold (30 peroent
of 151).

(4) The revenue derived from mounting bodica ia between 5300 to
$500 per unit, For the 45 mounted annually, total revenue ia between
$13,500 and $22,500.

(5) The above eatimated revenue loss represents between .5 and .9
percent of current sales,

It 1s pot belleved that loss of these xevenues will directly impact
total net profit before taxes since coata will also be reduced.

D. End Users
The potential impact of regulaticn on end users will be reflected

in their abllity to finance purchasea of new packer bodles and the

Incremental annual costs to operate quicted units.
{1} Abllity to Finance New Unit Purchases. nd users view the

putrchase of a packer truck as being comprised of a packer body and truck
chasala as a unit. The regulations under atwdy affect only the packer hody.

Consequently, the price increases reflected in this report overstate
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the perceived price increase from an end uger perspective, Ik can be geen
in the following table that the total packer truck price increases are more
moderate than previously prenented:

Table 7-40

ESTIMATED TOTAL PACKER TRUCK
PRICE INCREASES BY REGULATORY LEVEL

STAGE 1 STAGE 2 STAGE 3
Compactor Comactor Compactor
pody and bPody and Pedy ond
Compactar Truck Compactor Truck Compactor Truck
Type Dody Chanals Body Chaasis Body Chassia
of Price rice Price Price Price Price
ILoader Increase Increase® Increage  Increane Inercase Incrense
Front 6.9% 3.5% 12.7% 6.4% 13.7% 6.9%
Side 7.3 3.7 25.6 12.8 28,0 14.0
Rear 7.4 3.7 19.5 9.8 21.1 10.6

r It ia consecvatively estimated that the packer body and truck chassls
individually acoount for 50 percent of total purchase price.

S0URCE: Table 7-6

It 18 expected that price increascs will reduce overall demand for
packer bodies in hoth the private hawler and municipality end uaer segments.
The level of reduction is reflected in the estimates of price elasticlty
previcusly presented,

(2} Incremental Annual Costs. Changes In depreciation, maintenance,

capltal costs and vehlcle operating costa resulting from requlation are raflec-
ted in increased amiual costs per vehicle as shown in Table 7-41. It should be
noted that the total annual costs to operate a quieted compactor vehlele are
lama than one percent greatex than preregulation levels for Stage 1 and lees
than 1.4 percent greater for Stagesa 2 and 3 for all types of compactora,

Cost increases of this level will not be difficult to pasa on to consumers
in the form of either higher collection rates for private haulers or higher
taxesa to fund municipal collectlon operations.
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TABLE 7-41
TOTAL ANNUAL COST PER VEHICLE
FOR STAGES 1, 2 AND 3

Annual Costo Estimated Percent
Change in Total
Impoct Annual Equipnent
Capital Depre- Malnten-  Operating Mainten- Operating Cost Pefl )
Cost clation ance Cost Cost ance Cout ‘Total Vehicle per Yeor
Stage 1
Front loader $129 5185 0 5-104 $45 5255 .58
Side Loader 56 80 4] - 90 18 64 .15
Rear Loader a6 123 0 - 90 18 137 .31
Stage 2
Front Loader $230 $342 0 $-104 545 5521 1.19
Side Loader 196 260 S60 - 90 18 464 1.06
Rear Loader 226 323 60 - 90 18 537 1.22
Stage 3
Front Loader $250 $369 513 5-104 $45 §581 1.32
Side Londex ™ 2M o 73 -~ 90 18 522 1.1%
Rear Loader 244 350 73 - 90 18 595 1.36

Scurce: Exhibits V-4, B-2 and Table III-6 {Reference 7-1)

Notea; (1) Calculated by dividing the total oost for the body type by
$43,912, the average annual operations cost per vehicle,
Exhibit B-~2, (Reference 7-1}
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Inpact on Solld Waste Conpactor Manufacturing Operations:

* Purpoac

The purpose of this gection 18 to cvaluate the potential impacts
from adoption of nolse standards on manufacturcrn of polid waste conpactor
bedles.

The asscmbly operations in the manufacturing process are most
affected by noloe abatement techrology (Def, 7-1). Bagically, new
purchased components are subritituted for purchased compenents currently
utilized. Connequently, significantly different plant and equipment
investment levels are not expected to result from requlation.

Masessment of requlation impact on overall industry employment
levels involves consideration of the espected reductlon in unlts produced
oand the Incremental lokor required to intergrate the new technology. These
factors are consldered for each requlatory level in the followlng para-
graphs.

* Stage 1

Total wnit reduction under Stage 1 reqgulation i expected to be
approximately 1.5 percent with a similar reduction in employment, How=
ever thia peduction is offset by Increases in employment to integrate
the new technology. The eatimated number of incremental direct labor
hours required to integrate the new technoelogy for each requlatory level
are shown in the following tables
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TABLE 7-4.

ESTIMATED CURRENT AND INCREMENTAL
DIRECT LARCR [OURS BY
RECULATORY LEVEL

Current

Unit INCREMENTAL DIRECT LADOR 1NOURSHw

Direct Stage 1 Stage 2 Stoge 3
Compactor Labor Abso- Percent  Abso- Percent  Abso~  Percent
Type Iours*  lute  Increatie lute  Increase lute  Increage
Front Loader 290 16 6.2 27 9.3 27 9.3
Side Loader 120 9 7.5 39 32.5 39 32.5
Rear Londers 180 9 5.0 39 21.7 39 21,7

Mote that direct labor inputs to produce units increase frem 5.0 to
6.2 percent depending upon body type. A net increase in employment is
expereted under Stage 1.

* Skeges 2 and 3

Demand reduction resulting from Stage 2 requlation would produce an
employment. reduction of 2.5, 5.1 and 3.9 percent for front, side and rear
loaders, respectively. It can be seen in Table 7-42 that these reductions
are more than off-set by increases in direct labor inpute required by the
new technology. The same pattern is expected to result under Stage 3,

Foreign Trades:

A Purpose

Thir pection covers the impact of the regqulation on export and lmpoct

pattemns for truck mounted solid waste compactor hodiea., tolse regulations

*Fatimated direct labor hours were decived by utilizing the
typical manufacturer model shown in Section II (Reference 7-1).
Total direct labor costs account for 12 percent of total liat
price, Labor hours were calculated using $7.80 per hour.
**Incremental direct labor hours are teken from Section II
(Reference 7-1}.
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do not apply to export products, but do apply to products imported for use
in the United States.
* Exports
pomeatic solid wagte compactor body monufacturers will be able to
export quicted and unquicted products to foreign countries depending on the
requirements of the foreign market. 7o the extent that some foreign markets
require quiet compactor bodies, domestic manufacturers will be In an improved
competitive position,
We expect no negative change in compactor body export patterns to
result from regulation.
* Tmpoxts
Imports have not significantly penetrated the United States solid
waste compactor body market. This indicates that U.5. producers have a net
cost/technology advantage over forelgn producera have a neé cost/technology
advantage over foraign producera. This is pot expected to change as a
result of requlation.
* Balance of Trade
Based on the factors reviewed above, no material impact on the balance
of trade ia anticipated from setting any of the nolse abatement levels.
Individual Impacts:
* Purpose
This section addresses differential Impacts which may develop,
affecting a aingle firm or set firms.
A Truck Mounted Sollqd Waste Compactor Body Manufacturers
The modifications pecessary to meet all requlatory levels require a
minimm level of technical expertise in quieting technology. Small
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manufacturers will be leaos able to cupport requicements for specialized
personnel than larger companies but the relative impact in considered
minimal in view of the technolegy, Further, it io believed that the lead
times are adequate for compliance with the impending requlations. Conse-
quently, no differential impacta on manufacturers of different oize of mix
of product offering are expected.

Distributive Impacts:

* Purpose
Thic nection asscanes the potential for diaruptive cconomic impacts due

to the establishment of noise standarda per se. It concerns "real” world
impactn a3 opposed to lmpacts which are a change in a forecasted future.
With adequate lend time and eppropriate plaoning, business management is able
to adjust ita plans to reflect changing conditions and avold adverse impacts
of its operations. Through adjustments in planning, future over-capaclty,
unemployment: and other adverse conditions arc avolded.

* Asgessment

The adoption of the noise emisalon levels suggested for study will bave
the following probable effecta:

A. Stage 1 ~~ 1979. No diasruptive impacts are indicated at this
level. Cost changes for the bodies are from 6.9 to 7.4 percent, and
volume changes are minor from haseline conditions, The so0lid waste com
pactor body industry would be expected to continue its pormal growth
pattern with a Stage 1 noise atandard. Mo unemployment would be
anticipated.

B, Stege 2 — 1982, Adoption of a Stage 2 standard will result in
tigh costs reflected in subatantial price increases (12.7, 25.6 and 19.5

7~72
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percent for front, side and reoar loader bodies, respectively). fThis will
reault in on overall 4 percent decrense in domestic oolid waote compactor
body demand. The growth pattoern of the solid waste conpactor body industry
will remain at the baseline average annual rate. No unemployment 1o
anticipated.

C. Stage 3 — 1985. Copactor body price incrcases for Stouge 3 range
from 13.7 to 28.0 percent. Demarxl is expected to decrease by 4,3 percent,
No uncmployment i6 anticipated and the growth of the industry will continue
at the basellne average annual rate.

Given the size of the solid waute compactor body industry, no signifi-
cont economic disruption to the pational or a regional coonomy will occur
from these changes.

Summary:

In this section, the economic impact han been anssessed based on
required product technology modificationa provided by EPA. A brief
summary of the resulta are:

A. Equipment prices will increase as shown in Table 7-43 and will be
passed on to end usera.

TABLF: 7-43
SWMARY OF FESTINATED LIST PRICE INCREASES

Parcent
List Price Increase

Compactor Body Type Stage 1 Stage 2 Stage 3

s ——

Front Loader 6.9 12,7 13.7
Side Loader 7.3 25.6 28.0
PFear lLoader 7.4 19.5 21.1
uleted Rear Loader —— 9.5 11.1

SOURCE: Tables 7-14, 7-15
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D. Unit volume will be affected ag indicated below:
TARLE 7-44

SUMMARY OF ESTIMATED FIRST YEAR UNIT
REDUCTION FRCM BASELINE FORECAST

Unit Reduction
Stage 1 Stage 2 Stage 3
Compactor Dody Type (1979) (1982)  (1985)

Front Loader 21 A1 55
5ide loader 55 231 293
Rear Loader 110 296 320
Toutal 186 511 660

SOURCE: Tables 7-24, 7-20 and 7-33
Stage 1 will result in an overall 1,5 percent decline in unit volume

Stage 2 in an overall 4.0 percent decline in unit volume, and Stage 3 in

an overall 4.4 percent decline.
C. The cost of noise abatement is presented in Table 7-45.
TABLE 7-45
SWMMARY OF THE RESOURCE QOSTS
NSSOCTATED WITH NCOISE ABATEMENT
$(000a)

First Year of Enforcement
Nolse Standard Capltal Costa Annual Costs

Stage 1 ~ 1979  $10,601 51,947
Stage 2 - 1982 27,431 6,520
Staga 3 -~ 1985 31,652 6,903

The cost of noise attenuation 1s high in relation to the total 1974
dollar voluma of the solid waste compactor body market of approximately

$125 million,
D.  There will ba little effect on upstream component suppliera,

or dowmstream diatributora or end users,
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E. There will be no effect on factory operations at any of the

regulatory levels.

F.  No upemployment io expected to occur at any of the requlatory

levela,
G, Mo changeo in lmport and export patterna will occur because

of nolse requlations,

B, HNo manufacturers are likely to withdraw from the solid waste

compactor body market as a reault of regulation.
I. There io no expected disruptive Impacts from adoption of nolse

standards.
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SECTICN 7 EXUIBIT

METNODOLOGY FOR DEVELOPHENT
Of COST ESTIMATES

The methodology ugsed to develop coot ecatimatea for applying noioe

abatement technology s described in this Exbibit,

METHODOLOGY
The approach used to estimat the coats of applying nolge ubatement

technology io summarized below:

1.
2.
3.
4.

5.

6.
7

Conducted plant visita,

Collected published data relating to manufacturers' cost structure.
Identificd costs expected to be impacted by nolse regulation.
Collected component cost data from supplicra, manufacturcrs

and end-usera,

Utilized 1ndustrial engineering analysis of production and en~

use changes,

Analyzed changes In overhead expenses.

Formulated the profile of a typical company and developed the

overall eatimated cost and charges resulting from noise requlatieon,

Flant Viaits

The plants of several manufacturers of truck mounted solld waste compac-

tor bodies were visited in order to obtain an understanding of production

process, the level of vertglcal integration in manufacturing major componenta,

and the pature of other products being made at these planta,

The hasic manufactucing procesa for conpactors was slmllar among the

manufacturers though a wide variation sppears to exint in the technical

sophistication of the process. In gereral, compactors are manufactured in

the following mequence:
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2.

4.

5.

1 7.
a 8.

Purchased sheoet steel io cut to size using shears and torch-
buming equipment.  (One manufacturer purchases coll gtock, which
is more economical, and shears the coil sheet to alze).

The cut-outs are formed and machined to flnal specifications.

The basic body parts are kitted and moved to the first asscembly
agtation where they are placed in asoembly fixtures and spot welded.
Dimenalons and tolerances are checked and welding of the body

is completed.

Welds are ground down and checked for quality.

The balance of the conpactor conmonents including the hydraulic
gystem arc astcmbled onto the body,

The body is moved to the paint ahop for prime and top cosats.

The completed body o ingpected {(and reworked If necessary) and
then moved Into storage or to the mounting area.

The compactor bediecs are lifted onto the truck chassis and secured.
Hydraullc and control systems are installed and the completed unit

inspected prior to shipment.

Some of the lndividual characteristics of compactor manufacturers are
discusaed in more depth subsequently.

Manufacturera' Cost Structure

An overall eatimate of mapufacturer cost structure was constructed
from data from the 1972 Census of Manufacturers and Dun & Pradstreet,
Analysitel Financlal Reporta for selected companies. The omtractor's
! own axperience with the operating ratios of simllar industries was also
utilized in this analysis. A representakive cost atructure for the

industry is shown in the followirg table;
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TABLE 7-46
REPRESENTATIVE SOLID WASTE
COMPACTOR MANUFACTURER QOST AND
PROFIT STRUCTURE

Net Tercent of

Element: Sales Revenue
Direct MHaterial A1%
Direct Labor 12
Manufacturing Overhead 24

Total Cost of Goxda aos
General, Sales, and

Adminiotrative 13
Irofit 7
Total 100%

Impacted Costa

The nature of costs expected to be impacted by noise requlation ave
specified below in accordance with the sequence in the- production procens:
1. Planning, The planning cffort associated with noise control is a
one~time overhead coat conalating of preliminaty design and review in the
functional areas of engineering, macketing, and data procesaing, The
engineering effort generally includes:
a, A review and posalble redesign of affected components
and] syatema.
b, ‘Tesatlng of prototype wvehicles to assure dealred results.
¢. A review of manufacturing facilitles, layout, equipment,
tooling, etc., to insure optimal manufacturing practices.
The marketing offort consists of a veview of sales and technical
literature, updating of tralning programs, amnd evaluations of warranty and
other policies, The data procesaing effort includes dealgn or modification
of manufacturing support systems required by process changes,
2, Implementation. Implementation of the noise control technology ls
a one-time overhead cost incurred as a reault of materlal sourclng, tooling
and equipment acquiaition, production facility changes, hiring and training,
management information system modifications, apd marketing changes.
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3. Production. The preduction cost represents an ongoing incremen-
tal cost agsociated with cach unit produced. It fs compriscd of direct
labor and direct material costs. 'The direct labor cost reflects the
additional time required to manufacture and/or asocmble quieting components.
It also includes the cout of any odditional production checking or inspec-
tions, The direct material cost reflects the coot of additional raw
materials and components or the cost increase over existing levela.

4. Enforcement/Conpliance. ‘The enforcement/compliance costo repre-

gent an on-going overhead cost related to product warranty and anticipated
EPA reuirements related to testing and recordkeeping. Additional warranty
cuats may result if the poise vontrol technology reduces the component life
and/or reliability of the equipment. Teating costs include sound measure=-
ment equipment and the cost of administering teats. Recordkeeping costa
relate to the need to maintaln test data for product verification and
aclective enforcement: audits.

Overhead Expense

Overhead e broken down into two areas; manufacturing overhcad; and,
general, salea, and administrative (GS&A) overhead. Overhead costa are
usnally allocated to a product as a percentage of the direct labor cost.
M indlcated in Table 7-45, manufacturing overhead is catimated to be 200
percent (24/12) of direct labor and GSsA Is eatimated to be an additional
108 percent (13/12) of direct labor. It fa likely that the application of
poise control technology will result in some Increases in overhead cost,
but it la unlikely that the [ncrease will be as large as that decived by
applying the existing rates to the additional labor coust resulting from

the quieting technology,
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COMPANY PROPILE

The typlcal company developed for the purposesa of estimating coats docesn
not represent on exioting manufacturer but inatend reflects a compoaite of
fimm in the industry. ‘Ihe composite in based on an evaluation of the indua-
try in terma of production rates, moanufacturing procenses, ond estimated cost
and profit structure. ‘The following paragrapha describe the general and spe-
cific apsumptions on which the typlcal company io based ond the factors used
to eotimate the cost of noloe control technology.

{u) Background and General Assumptions

The gencral manufacturing process for truck mounted selid waste
compactor hodies is described in Section 2 {Reference 7-1). vhile
the baslc process 18 csscntially the same for all manufacturers,
there are some variations in the moethods of operation. The following
pacagraphs describe the differences among manufacturers noted in
terms of manufacturing methods and technology, product mix,
moduction rates, and level of vertical integration,

The differences in manufacturing methods and technology are most
pronounced in the arean of physical plant, tooling, and equipment sophisti-
cation. These differcnces are characterized in the following company
profilea. One manufacturer has a large, modern plant, a large number of
technologically advanced, mumerical control machines, and sophisticated
assembly jlgm and fixtures. A second menufacturer also hesa a modern
plant, but does not have s micn atate of the art eguipment aa the first,

The third mamufacturer has a very old and generally run down facllity,
does not appear to have any numerical control cquipment, and uscs

relatively unsophisticated jigs and fixtures in the assembly process,
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Although the range of manufacturer labor vernus capital intensity is
cnsiderable, the BPA contractor concluded that the proposed nolse control
technology would not have a pignificant impoct on either existing minufac-
turlng operationa or labor content and thuo should not result in unique
cost advantages to either the labor intengsive or the capital intengive
manufacturer.

Differcnces were aloo noted in production rates. Some manufocturcrs
produce truck mounted compactors in sufficient volume to justify continuous
production lines while others produce in intemnittent amall lots. 'The
proposed quieting treatment in concentrated primarily in the mounting
operation where tho compactor body is mounted on the chassis, The techno-
logy bas little impact on the actual production of the compactor body
itself. Thus, the quieting technology docs not appear to result In cost
disadvantages to either continuous or intermittent production.

All of the mapufacturers vislted produce items other than truck mounted
compactors including statiopary compactora, dunp bodlies, hoiats, apd trash
oontaipers.  The overall product mix varles with each company. The primacy

reason for the industry's general product mix is commonality of manufacturing

procesces,
According to manufacturera, there ie very little commonality of pon~
purchased components between these producta, Thus, it was congluded that
procuct mix should pot be a factor in the coat of applylng quieting
technology .
It appears that the make versua buy mix for the componente affected
by the gquieting technology in similar among manufacturera. All manufac—

turers purchase poder. take-off unita, instrumentation and speed control
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componenta from the same group of vendors. In addition, most conpanies
purchage the hydraulic pumps uoed on cmpactors, lowever, it appears that
most conpanies produce their own hydraulic cylinders since the process is
relatively simple and the necessary equipment can be used to produce
cylimders for a wide line of products.

The implementation of noise otandards should not significantly effect
the exioting moke versus buy mix, It can be assumed that those components
presently purchaoed will otill be purchased after quieting and that the
game type of purchoge cconomica will be achieved. The only potential
lipact of significance relates to the in-house production of hydraulie
cylinders for rear loading vehiclea. If cushioned cylinders are required
to reduce fmpact noise, then some manufacturers may clect to purchnse these
items rather than incur the expense of redesigning the cylinder and produc-
tion process.

In summary, the EPA contractor concluded that the proposed noise
control technology would not reault in any major changes or disruptions in
the exiating pattems of operation, Consequently, the contractor developed
coat. estimates for nolee control technolegy based on the profile of a
"typical® company.

b. Specific Assumptions for the Typical Company

1. Production Rates. 'The eatimated production levela for the

industry and eastimated market share of existing companiea have been presen-
ted In the economic profile phase of this atudy. Using this information,
the following production rates have been assumed for the typlcal company

manufacturing one of the three types of equipment:

7-02
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TABLE 7-47

ESTIMATED UNIT PRODUCTION
OF M TYPICAL COUPANY

Manufacturers of:

Front Loader
Side Loader
Rear Loader

Typical
Conpany
Production

{unita/year)

200
300
400

The production rates for the typlcal company have been uged to

eatimate annualized unit cost {i.c., annual coot ~ units por year = cont

per unit).

2. Coat Structure and Profitability. Manufacturers have not

divulged coat and profitabllity data, so it was nccessary to develop cstimatos
based on Analytical Financial Reporta (Dun and Bradstreet,Inc.}, induatry
atatistics (1972 Census of Manufacturers), and the contractor'ns experience in

similar industries. 'The following cost and profit eatimates are assumed to

be representative of the "typlcal®™ company:

TABLE 7-48

ESTIMATED COST STRUCTURE
FOR A TYPICAL COMPANY

Cost Cateqory

Direct Material
Direct Labor

Manufacturing Overhead

Genaral, Sales and
Administrative
Groas Profit

Total

*Cont. of Goods Fold.

Percent

Percent of Averaqge
of COGS*  Sales Price

5048 418

15 12

30 24

-— 13

— 7

100% 1003
7-83
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‘thig breakdown showo that direct material represent the largest
cost clement and that the total cost of goods sold is approximately 60

percent of the average sales price.
3. Overchead Expenges. Based on the ansumed overhead cost

atructure fo the typical company, the full overhead allocation would be
308 percent of direct lobor costs.** It ig unlikely that quieting will
lead to overhend cost increases of this magnitude and, therefore, estimates

of the actual incremental overhead cxpenses for the typleal company have

been developed.

*rPull Overhead = [Manufacturing Overhead (24%) + GS&A (13%))
/Direct Labor (128) = 308%

7-04 '
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Section 8
ENFORCEMENT'

GENERAL

The EPA enforcement otrategy will place a mojor share of the
responsibility on the manufacturers who will be required to conduct pre-sale
teating to determine the compliance of truck mounted solid waste conpactors
with these regulationa and emioaion standards. Dealdes relieving EPA of an
adninistrative burden, this approach benefita the manufacturces by leaving
their permonpal in control of many aspects of the compliance program and
imposing only a minimum burden on thelr businesa. Therefore, monitoring by
EPA personnel of the tests and manufacturers’ actiona taken in compliance
with these regulations is advisable to ensure that the Adminintrator is
provided with the accurate tent data neceasary to determine whether the
conpactors distribawted in commerce by manufacturers are in compliance with
these requlations, Accordingly, the requlations provide that ErA Enforcement
Offlcers may be present to observe any teating required by these regulationa.
In addition, Enforcement Officers under previously promilgated requlations [40
CFR Part 205 Subpact A} are enmpowered to inspect records and facllities in
order ta assure that manufacturers ave carrylng out their responsibilities
propecly.

‘The enfoccement strategy proposed in these requla tiona consista of three
pacta: (1) Production Verificaticn, (2) Selective Enforcement Audibing, and

{3) In-Use Compliance Provisions,.
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PRODUCTION VERIFICATION

Procuction verification ia testing by a manufacturcr of selected carly
production models of a configuration intended for sale., The objective io
to verify that a manufacturer has the requisite nolse control technology in
hand to comply with the standard ot the time of sale and during the two ycc{r
acoustical assurance perlod and is capable of applying the technology to the
manufacturing provess. ‘The carly production models of a configuraticon teated
muat not exceed the level of the gtondard minus that configuration'a cxpected
sound level degradation factor {SLOF) before any modela in that configuration
may be diastributed in commerce. Any testing shall be done in accordance
with the proposed test procedurc.

Production verification does not (nvolve any formal EPA approval or
issuance of certificates subsequent to manufacturer testing, nor is any
extensive testing required of EPA.  All testing is performed by the manufac-
turer. tHowever, the Adminintrator reserves the right to be present to menitor
any test (including simultancoua testing with Agency equipment) or to require
that a manufacturer supply ‘the Agency with producta for testing at EPA'a Nolse
Enforcement Facility in in Sandusky, Ohio, or at any other site the Adminietra-
tor may find appropriate. When the Adminiatrator tests a product, that test
becomes the officlal test for that model. The manufacturer in afforded an
opportunity to invalidate any test that the Administrator conducts.

The prochiction unit selected for testing Is a product confiquration, A

product configquration fa defined on the basin of the parameters delineated in

g-2
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pection 205.205-3 of the regulation and any additional parameters that a
manufacturer or the Adninistrator may select. ‘Ihe basic paramcters for
configuration ldentificatlon include the types of truck engine, exhaust and
transmigsion, compactor capacity, and power taken off type or auxiliary engire
type.

A manufacturer shall verify production producta prior to sale by one of
two methodas  The first method will involve tenting an early preducticn
product (lntended for sale} of cach configuration,

Alternatively, production verification testing of all confiqurations
produced by a manufacturer may not be required where a manufacturer can
establish that the sound levels of some configurations at the end of thelir
defined accustical assurance period (based on tests or on engincering judge-
mant) are conaistently representative of other configurations. In such a case,
that product which emita the higheat noise level at the end of the defined
acoustical assucance period would be the only configuration requiring vecdfi~
cation testing,

The second methed allowa a mapufacturer, in lleu of teating products of
every configquration, to group confiqurationa into categorles, A category
will be defined by basic parameters of truck engine and fuel type, compactor
type, compactor power system and hydralic power system. Again, the manufacturer
may designate addltional categories baned on additional parameters of his
choleen.

-3
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within a category, the configuration estimated by the manufacturer to be
emitting the greatest A-weighted sound presgure level at the end of the two
year acoustical aosurance peried is determined either by testing or good
engineering judgment. 'The manufacturer can then patiafy the production
verification requirements for all configurations within that category by
demonstrating that the loudest configuratien at the end of the acoustical

asouratee period corplies with the applicable standard. This can eliminate

the need for a aoubstantial amount of testing. However, it must be enphasized
that the loudest configuration at the end of the acoustical asaurance period
must be clearly ldentified,

Theae proposed requlations also provide that the Administrator may test

proeductd at a manufacturer's facllity vaing either Agency equipment or the
manufacturer's equipment, 7This will provide the Administrator with an oppor=~
tunity to determine that the manufacturcr's test facility and equipment are
technically qualifled nas specified In section 205,204 for conducting the
tests required by thie subpart., If it in determined that the equipment and/or
facilities are npot technically qualified, the Adminlatrator may disquallify
them from further use for teating under thls pubpart. Procedures that are
available to the manufacturer subsequent to disqualification are delineated
in the pegulation.

A production vecification report must be filed by the manufacturer before
any products of the conflquration represented are distributed in commerce,
A product configuration is conaldered to be production verified when the

-1
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manufacturer has shown, based on the application of the nolse measurement
teat, that a configquration conforms to the standard mipus the SIDF and when a
timely report hag been malled to EPA indicating that it complics with the
atandard.

If a manufacturer 1s unable to test due to weather conditiona, the
production verification of a configuration fs automatically walved by the
Mdminiatrator for a period of up to 45 conuecutive days without the manufac-
<turer's request provided that the test is performed on the firot day that the
manufacturer is able, This procedure will minimize discuptions to manufactur-
ing facilities. The mapufacturcer may requeat an additonal extension of up to
45 daya 1f it is demonstrated that weather or other uncontrollable conditions
prohibited testing during the firat 45 days. However, to avold any penalties
under these proposed requlations, the manufacturer muat test for purposes of
production verification on the first day that he is able,

If a manufacturer proposed to add a new configuration to a product line
or chapge or deviate from an existing configuration with respect to any of the
parsmeters which define a confiquration, the manufacturer must verify the ncw
confiquration either by teating a product and submitting data or by f£iling a
report which demonstrates verification on the badis of previocusly submitted
data.

Production verification is an annual requirement. However, the Adminis-
trator, upon reqguest by a mapufacturer, may permit the use of data from
previous production verlfication reports for specific product configurations

-5

- R T i Ta) L I

TR e T b BRI L TN S TR, 2 Y

AN



AdOD IBVINAY 1538

ard/or categories. The considerationy that are cited in the regulatisns ag
being relevant to the Administrator's decision are illustrative and not
exclusive. ‘The manufacturer can submit all data and information that he
believen will enable the Administrator to moke a reasoned decision., It must
be again emphasized that the manufacturer must request the use of previoun
deta, If the manufacturcr fails to do so, then all categories and configura-
tiona for ecach subgequent year must be production verificd.

The manufacturer nced not verlfy configurations at any particular point
in a year. The only requirement 1o that a configuration be verified prior to
distribution in commerce. ‘The inherent flexibility in the scheme of categorl-
zation in many instances will allew a manufacturer to either verify, hased on
representation, a confiquration that may not be produced uatll late in a year
or else walt untll actual production of that configuration to verify it.

If a mapufacturer falla to propecly verify and a conflgquration is found
not to conform with the regulationa, the Adminiatrator may issue an order
requiring the mapufacturer to cease the distributlon in commerce of procucts
of that configuration. The MAdminlstrator will provide the manufacturer the
opportunity for a hearing prior to the issuance of such an order.

Production verification performed on the early production medels provides
EFA with confidence that production models will conform to the standards and
limits the possibility that ponconforming products will be distributed in
ccmmexce. Because the ponsibllity still exlsta that subsequent modeles may
net conform, selective enforcement andit testing of assembly line products is

-6
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made a part of this enforcement strategy in order to determine whether produc-
tion producto continue to conmply with the standard.
SELOCLIVE ENFORCEMENT AUDITING
Sclective enforcement auditing (S5&A) is the term uvoed in this regulation
to degeribe the testing of a statistical sample of production products from a
opecified product category or configuration selected from a particular asacembly
plant in order to detcrmine whether production products comply with the noise
emizaion standard, Including the acoustical agsurance period standard, and to
provide the busis for further action in the case of noncompliance. The
selective enforcement audit plan in desfgned to determine the acceptability of
a batch of ftems for which onc or more inspection criterin have been catab-
lished, As applied to product noioe emissiona, the ftems being Inspected are
compactora and the inspection criterion ig the nolse emisalon standard.
Teating is Initiated by a teat requeat which will be issued to the manufa-
cturer by the Assistant Administrator for Entorcement or his authorized
representative. A test request will addresa {tself to either a category
or a oconfiguration. The test recuest will require the manufacturer to test a
sample of products of the ppecified category or configuration produced at a
specifled Plant:. An alternative category or configuration may be dealgnated
in the test request in the cvent products of the First category or configura-~
tion are not available.
Upon receipt of the test request the manufacturer will randomly select
the sample f£rom the £irst batch of producty of the speeified category or

configuration that la scheduled for production, (The purpose of the random

0=7
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gelection is to enoure that a repreacntative sample g drown.) The Adminis-
trator alvo resceves the right to designate apecific products for testing,
Generally, a batch will be defined as the number of products produced during a
time period cpecificd In the test roquest. A batch defined in this manner
will allow the Administrator to sclect batch oizes small enough to keep the
number of products to be teated at a minimum and otill epable EPA to eventually
draw atatiotically valid conclusions cbout the noice cmianion performance of
all products of the category or confilguration which in the subject of the teat
request,

One important factor that will influence the decisions of the Adminis-
trator pot to {ague a test request to a manufocturer is the evidence that a
manufactucer offers to demonatrate that a product category or configuration
complies with the applicable standard. If a manufacturer can provide evidence
that his products are meeting the noise emission standard based on testing
results, the issuvance of a test requeat may not be necessary.

The particular type of inspection plan which has been adopted for SEA of
comactors 1s known as sequentinl batch sampling, Sequential batch sampling
differs from single sampling in that small test samples are drawn fraom sequen—
tial batches rather than one large sample being dravm from a batch., This
sompling offers the advantage of keeping the number of products tested to a

minimum when the majority of preducts are mecting the standard,

4-8
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Once the test ssmple of a batch has been selected from the batch oample,
each ltem is tested to determine whether it meets the prescribed eriterion;
this 1s generally referred to ags inspection by attributes. The basic criteria
for acceptance or rejection of a batch i the mumber of sample products whose
paramatera meet specification rather than the average valuc of some parameter.

The sampling plans (A, B, C, and D) arc arranged according to the size of
the batch from which a sample 18 to be drawn. Each plan specifices the
semple aize and acceptance and rejection number for the established acceptance
quality level (AQL). As applied to compactor nolse cmissions, this AQL ia the
maximum percentage of falling producta that for purposea of pampling ingpection

can be conaidered satlsfactory.

A product is oonaidered a fallure if it exceeds the nolse emisaion
standard minua the SLOF. An AQL of 102 waa chosen to take fnto account some
test variability. The number of failing products in a sample {s compared to
the acceptance and rejection numbera for the appropriate sampling plen. If
the mmbaer of fallures ia less than or cqual to the acceptance numbar, then
there la a high probabllity that the percentage of nponconplying products in
the batch 1a lese than the AQL and the hatch im accepted, On the other hand,
1£ the number of failing producta in the sample is equal to or greater than
the rejection number, then there ia a high probability that the percentage of
nmoomplying producta in the batch is greater than the ML and the batch
falls, Since the pampling Atrategy involvea a sequential batch sampling plan,

in some fnatances the number of failures in a test sanmple may not allow
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acceptance or rejection of a batch go that continued testing may be required
until a decision can be made to either accept or redect a batch.

Regardlens of whether a batch ig accepted or rejected, failed products
would have to be repaired and/or adjusted and pass a retest before they can be
distributed in commerce,

The propoged requlation eotablishes two types of inspection criteria.
These are normal inspection and 100 percent teoting. Hormal ingpection is
uaged until a deelaion can be made as to whether a batch nequence is accepted
or rejected. When a batch sequence ia tested and accepted in responge to a
test requeat, the manufacturer will not be required at that time to do any
further testing pursuant to that test request. When a batch sequence 1a teated
and rejected, then the Administrator may require 100 percent tesating of
tha compactors of that category or configuration produced at that plant., The
Administrator will notify the manufacturer of the intent to require 100
percent teating, The manufacturer can requeat a hearing on the issue of
noncompliance of the rejected category or configuration.

Subparagraph (1) of section 205,207-1{d} pertaina to batches which
conaist of three or lesa compactors. The subsection requires that each
compactor in that batch be tested and comply with the polse emisalon astandard
minua rhw SLOF, This subparagraph will allow testing to take plaocs within a
mora rensonable period of time when a test requeat la issued for particular
categories or configurationa which are not prodiced in a sufficlently high

voluma for the normal SEA schesme to ba applicable,

6-10
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Since the number of conpactors teated in respontie to a teat order may
vary conglderably, a fixed time limit cannct be placed on completing all
testing. The proposed approach is to establish the time limit on a test-time-
pec-product basis, toking transportation requirements, if any, into considera-
tion. The manufacturer would be allowed a reasonable amount of time for
transport of products to a teat facility i€ one were not avallable at the
asgenbly plant.

The Administrator estimates that the manufacturers can test a minimum of
five (5) campactors per day. However, manufacturers are requested ta present
any data or information that may effect a revision of this estimate.
ADMINISTRATIVE ORDERS

fection 11(d)(1) of the Act provides that:

*Whepever any person ia in violation of section 10(a) of thias Act, the
Administrator may lasue an order speclfying such relief aa he determines is
necesgary to protect the public health and welface.”

Clearly, thia provision of the Act s intended to grant to the Adminis-
trator discretionary authority to issuve administrative orders to supplement:
the criminal penalties of section 11{a). If compactors which were not dealgned,
built, and equipped #o as to comply with the noise emission standard at the
time of sale and during the two year acoustical assurance period were dla-
tributed In commerce, such act would be a violation of mection 10{a) amd

8-11
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remedy of ouch non-conpliance would be appropriate. Remedy of the affected
products shall be carried out purguant to an administrative order.

The proposed requlatien provides for the issuance of puch orders in the
following circumgtances: (1) recoall for the fallure of a product or group of
products to comply with the applicable noise emission standard, (2) cease to
distritute products not properly production verified, and (3) cease to
diptribute products for fallure to tecuot.

In addition, 40 CFR §205.4(f) provides for cvase to distribute orders for
nubgtantial infractions of the regulation requlring entry to manufacturera'
facilitlen and recaconable assistance. These provisions do not limit the
Administrator's authority to lseue orders, but give notice of cases where such
orders would in his judyment be asppropriate. In all such cases, notice and
opportunity for a hearihg will be glven.

COMPLIANCE LABELING

1his reculation requires that cospactors subject to 1t shall be labeled
to provide notlee that the product compliea to the noise emlsajon standard,
The label shall contain a potice of tampering prohibitions, The effective date
of the applicable nolee emission gtandard 18 also required on the label. A
coded xather than actual date of manufactucre has been used so ao to avold
Alaruption of marketing and distribution patternsa.

APPLICARILITY OF PREVIQUSLY PROMULGATED REGULATION

Mapufacturers who will be subject to this regulation must also comply

with the general proviaiona of 40 CFR Part 205 Subpart A. These include the
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provisions for ingpection and monitoring by EPA Enforcement Officers of
manufacturer'a actiong taken in compliance with this propesed requlation and
for granting exenpt:lono from this proposed regulation for testing, pro-verifi-
catlon producta, national securlty reasons, and export products.

AQOUSTICAL ASSURANCE PERIOD COMPLIANCE

The manufacturer 1s required to deaign, build, and cquip compactors
subject to this requlation co that the products comply with the standard
during the acoustical assurance period provided that they are properly main-
tained, uzed, and repaired.

EPA does not ppecify what testing or analysis a mapufacturer st oonduct
to determine that his product will be in compliance throughout the acouatial
assurance period of this regulation. However, these requlations require the
manufacturer to make such a determipation and maintain records of the test
data and other information upon which the determinution was based. This
determipation may be based on information such as testing of critical noise
producing oo abatement components, rates of nolse control deterioration,
engineering judgements based on previous experience, and physical durability
characteristica of the productk.

An SLOF is the degradation {sound level increase in A-weighted decibels)
which the manufacturer expects will occur on a configuration during the two
year acoustical assurance period. The manufacturer must determine an SLOF for

each of hia product confiqurations,
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To ennure that the products will mect the noise standard throughout the
two year accoustlcal performance period, they must emit a time of sale sound
level less than or equal to the poise atandard minus the SIDF, A product is
in compliance only if its meagured dBA level, added to the SIDF, ia less than
or cqual to the applicable standord. Preduction verification and selective
enfoxcement audit testing both cmbedy this principle,

All compactors must emit a sound level that 1s lesa than or cqual to the
standard at the time of sale, So a negatdve SLDF cannot be used. A product
that beoomes quieter during the two year acoountical performance period must
still meet the standard on the day of sale; 8o an SIDF of 0 must be used for
that configuration.

A3 atated atave, the Agency 19 not requicing durabilty teating as a
matter of oourse, however, should it be necessary, §13(a) of the Nolse Act

authorizes EPA to require the manufacturer to run such tests on selected

conpactara.
IN-USE COMPLIANCE
These provisiona include a requirement that the manufacturer

provide a warranty to purchaners (required by section 6(d}], asaist tha
Administrator in fully defining those acts which conatitute tampering [under
section 10(a)(2)(A)]. and provide retail purchasers with instructions speci-
fylng the proper maintenance, use, and repair required to minimize degradation
during the life of the compactor, and with a log book to record maintenance

and repairs performed.
8-14
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SECTION 9
EXISTING TOCAL, STATE, AND FOREIGN NOISE REGULATIONS

According to osection 6 of the Nolge Control Act of 1972, the propoged
Federal requlation of new trash conpactor trucka will preempt new preduct
atandards for the local and state level* unless thoge standarda are
identical to the Federal otandarda. Further, according to mection 9 of
the Act, regulations will be iosued to carry out the provisions of the
Act with respect to new products imported or offered for isportation,

EPA reviewed avallable literature and conducted a survey to determine
the number of oxisting requlations that are applicable to refuse truck
noise and that may be affcted by the proposcd Federal regulation. In the
follewing subsections, the findings of the review are summarized.

LOCAL LAWS APPLICABLE 10 REFUSE TRUCK NOISE

Thin section of the report presenta the results of a detalled study
of nineteen local nolse lawa, which are apeclfically applicable to refuse
truck noise, In thia study, the sources listed below were ruviewed.

&  Conpilation of noise laws maintained by the Technical Asalstance

Division of the EPA Ofice of Noise Abatement and Control

o Compilation of noise laws maintaincd by Dr. Clifford R. Rragdon

of the Georgla Institute of Technology

» Noise publication data base maintained by Informatlcs for

the EPA Office of Nolse abatement and Control

*Iocal and state governments are not prohibited from "establishing or
enforcing controla on envirenmental polse through licensing, requlation
or restrictlon of the use, operation or novement of any product® or
from eatablishing or enforcing new product nolse standards for types
of equipment pot: regqulated by the Federal Covernment.

9-1
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'Y Noise abatement atoaff at each of the EPA Regional OFfices

] State noise abatement staffs.

The study showed that there are presently nineteen city and county
laws specifically applicable to truck-mounted solid waste compactor
noise in the United States. These laws are summarized in Table 9-1,
where it can readily be obaerved that there 1o a great deal of variation
from one jurisdiction to the next. Of the nipeteen lawz, elght specify
sound levels for the product. All the remainder have curfew provislons,
uaually applying only to residential areas, prohibiting night collectiona
of qarhage.

Interviewa with the local people involved have revealed that five
of the refuse truck noise lawa have not been enforced to thia date.

For the remadning laws, which are in fact being enforced, the approach

has gencrally been to try to get the cooperation of the scavenger companies
through negotiation rather than to bring them into court., The stwdly

haa found that there have been gargabe truck noise court prosecutlona

a0 far only on Cook County, Illincia, and Littleton, Colorado. All

these prosecutions bave been for curfew vioclations.

The local golid waste compactor truck nolse laws which specify
a maximm scurce level have a vexy wide variation in those levela.

The degree of vaclation ia shown by the scale in Figure 9-1, which shows
the source levels in equivalent berms of dB(A) at 50 feet., Those requla-
tons which call for a different measuremznt distance are shown in terms

of equivalent 50-foot levels, nssuming 6 dB per double-~diatance spreading

9-2
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Table 9~1

LOCAL SOLID WASTE COMPACIUR THRUCK NOISE LAWS
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of sound, It can be obgerved that the levels range from 87 dB{A) at
50 feet for Toledo to 75 dB(A) at 10 feet for New York City [cquivalent
to about 61 dAB{A) at 50 feet].

The community programs vary as much in their degree of enforcement
as in their levels, ranging from continuous in-use enforcement on all
garbage trucks to no enforcement at all. In the subscectiong which follow,
each of the local noise laws listed in Tuble 9-1 i5 briefly digcussed.
The order of dincuasion io cities firpt and then countries, with cltices
addrensed in alphabotical order by the states in which they are located.
The text of the refuse truck noise proviolions for cach jurisdiction
ia presented in Appendix A.

1. [Loa Angeles, California

The Los Angoeles noise law provides for a 9:00 p.m. to 6:00 a.m.
curfew on garbage collections. There i3 no numerical sound level specified
in thig law for truck-mounted solld waste conmpactors. As in other laws
that specify curfews, the provialons apply to the scavenger operations
themselves rather than to the truck or the compactor. Violatlona of
the law are treated as a misdemeanor, as in most municipalities, with
fines ranglng up to 5200 or imprisonment ranglng up to 6 months, The
law is enforced by the Los Angeles Police Department, with the cooperatlon
of the Acoustica Divialon of the Department of Environmental Quality.

2.  San Anselmo, Califocnia

San Aneelmo has a year-old law specifying a maximum source level
for the campactor of 75 dB{A) at 50 fect. There la an unusual proviaion
in the Ban Anselmo law, found in none of the other laws analyzed, that

atatea the noise Is "pot unlawful if sound deadening devices are uaed
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Figure 5-1, Range of Mmdmum Source levels for Solid Waste
Compactor Trucks in Noise Ordinanceat

A1l levels not measured at 50 feeh have been pormallzed to an
equivalent. 50 feet level,
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to the extent reasonably feagible.” Nominally the law is to be cnforced by
the Police Department on an in-use basig, with viclations of the law treated
ag infractions. Up to the present, however, the law has not yet been enforeed,

and no oound level meogurements have been made on refuse trucko.

3. San Dicgo, California

The former San DRicgo neise law was one of two in the nation which had
contained both a curfew provision and a maximum source level provision for
refuse trucks (the other ig Salt Lake County, Utah). !kwever, an amended ver-
slon of the law was adopted in March, 1977 which strikes the source level
proviolon and leave only the curfew. 'The maximum source nolse level provision
was repealed because it was not found to be as effective as the curfew.

The noise law 1n San Diego is adminintered by the Noise Abatement and Con-
trol Administration of the Building Inspection Department. ‘This is one of the
mora active nolse programs In the pation., Since April 1976 they bhave been por-
forming noise measurements of solid waste compactor trucks at a test site pear
the Chollar landfill., The measzurements are made at o distance of 50 feet at
four pointa: front, rear, and both aldes. The testa are conducted on a spot
check hasis, with the duration of ecach test running one to five minutes for
two pompacting cycles, The company name, license number, and vehicle type are
recorded for each test, Scavenger companies recelve  ooplen of the tent
reporta on their vehicles and are required to correct vehicles found to be
excessively noisy.

The garbage truck curfew provision of the Suan Diego noise law 1s also
enforced by the Nolme Abatement and Control Administration, The refuse
corpanies have cooperated by planning their routes and achedulea around the

curfew,
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4. Ban Francisco, California

San Francisco prescntly has the most active refuse truck nolse
abatement program of any clity in the United States. The nolse standard
of 80 dB(A) at S0 feet io enforced on an in-use basis by mobile units
opcrated by the Durcau of Environmental lealth. ‘Ihese units generally
operate from marked cars cquipped with sound level meters and strip
chart recorders. The gound measurements they perform are unannounced
spot checks of refuse vehiclen operating on the streets, often in the
pre—dawn hours of the morning.

One of EPA'S otudy investigatorg observed the San Francisco refuse
truck noise measurcement procedure durlpg an actual enforcement operation
conducted on the morning of November 6, 1975, After locating a refuse
truck on the street, an Envirenmental Health man pulled his car up 50
feet to the rear of the truck. Thias particular truck waa a rear-leader
No, 3941, operated by Co. I, having a Co. I compactor and a Co. K chassis,
Measurements were made with a GR 1933 sound level meter with the microphone
on a 5-foot probe out the driver's side car wlpdow. Sound levels were
recorded on a Simpson Model 2745 strip chaxt recorder. In recording a
compacting cycle the peaksa from the sounds of bottles popping and cans
crushing during compaction were noted on the strip chart. The sound
level assigned to the trace was 76 dB(A), the highest level attalned

asida from the extrancous peaks,

In the course of enforcing the San Franclsco refuse truck noise
law, over 150 such atrip chart recordings have bcen. made .by the Department
of Environmental flealth, On the basis of the strip chart recordings,

the Pepartment has issued abatement orders to the scavenger when trucks
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have been found to be over the limit. 'The scavengers hove generally
been cooperative in retrofitting their trucka when necescary to make
the B0 dB(A) limit.

5. San Jose, California

The San Jode RefugSe truck noioe level io o part of the regulation
of garbage and rubbish vehicles which wag added in October of 1975,
The law is administered by the Property Codes Departiment of the Bureau
of liousing and Community Developnent. ‘The Department hao tested newly
manufactured refuse trucks and found them to comply with the law. Besides
enforcement through refuse truck licensing, San Jose puts similar wording
in ita contracts with scavenger companies for municipal trash collecticn,

6. Acrvada, Colorado

The Arvada noise ocdinance provides a maximum nolsc level of 74
do(A} at 50 feet. The noise law haa been in cffect for a year, but
no enforcement actions bave yet been taken agalnst refuse trucka, Arvada
has not yet made any mfuge truck measurementa,

The admlnistering agency for the poise law is the Police Department,
Penalties up to §300 are provided for violations.

7. Englewood, Colorado

The Englewocod, Colorado, refuse truck poise provision was apparently
patterned after that of Lekewood, Colorado. Tt calle for a 10 p.m.
to 7 a.m. curfew on scavenger operations within a realdential district
or within 300 feet of a hote) or roteal.

8. Lakewxxl, Colorado

Tha Lakewood nolse ordinance has been in effect sinoe 1973, It

provides a 10 p.m. to 7 a.m. curfew on acavenger operationg in residential

9-6
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districts or within 300 fcet of a hotel or motel. Lakewood has an active
enforcement program for the curfew using the "soft fuzz" approach.

No summonacs have yet been issued to scavenger conpanies for curfew
violationa. Good cooperaticn hos been obtained from the scavenger companies
by the Department of Community Development in changing routes and schedules.
The Departiment. has required theae changes on several occasions in responde
to cltizen complaints of refuse truck nolse at night,

9, Littleton, Colorado

Littleton, Colorado, in another community located near Denver with
considerable noise awarencoa, ‘There are 30,000 people and an active moioe
abatement program dating from 1974, The refuse truck noise provigion
provides a curfew of 10 p.m. to 7 a.m., which was copled [rom the Lakewood
ordinance.

In drafting the Littleton nolse ordinance the noise officer uzed
as inputs the [akewood ordimance and the NIMLO/LPA model ordinence.

There were three or four refuse collection nolse complaints per year
in the years before the nolse ordipance waa paswed in 1974, and a total
of 15 aince that time.

The enforcement approach 1s aimilar to Lakewood and Englewood in
trying to work with the scavengers In qgetting them to change routes and
schedules in response to complaints., In Littleton, however, one scavenger
campany xefused to cooperate, and it was clited and taken to ocourt. The
company was convicted and 1ssued a 530 flne, Apparently thias was atill not
convincing enough for them and they were later browght into court agaln
for a second viclation and recelved a §45 fine. Upon beling convicted the
second time the company changed its schedulea and has not broken the curfew

9-9
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since. ‘These two oconvictions represent the only examples outaide Cook

County, Illinoias, where a apeciality truck noigse caae has gone to ocourt.

There has not yet been a oourt challenge to any speclalty truck noise loaw.
The Littleton refune truck curfew appears to be a guccess, like ito

neighbors in Lakewood and Englewood.  After proving the seriousncasg

of the law with two convictions, Littleton appears to be receiving co-

operation from the acavengers.

10. Chicago, Illinoia

The Chicago nodse ordinance provides a 9:30 pem, to 7 a.m. curfew
for all arcas of the city except the downtown business district and
the alrport. ‘The ocdinance 18 enforced by the Police Department and
provides finca up to $500 for the second and aubsequent offenses.

11. Dubuque, Towa

The Dubuque nolse ordinance provides a 9 p.m. to 7 a.m. cucfew
on acavenger operationa in xesidential arcvan, The law is enforced by
the Police Department. The law provides pepaltics of fines up to §100
and imprisonment of up to 30 daya.

12. Princeton, New Jecsey

The Princeton nolae ordinance providea a 7 pm. to 7 a.m. cucfew

ol scavenger operationa donday through Saturday, with scavenger operations

prohibited completely on Sunday. This particular law ia unusual in providing

a provision for lta own suspension for emergency garbage collectiona,

The law ia enforced by the Folice Department, and penalties for violations
can go up to a 5200 Line or 90 days imprisonment.

13. Springfield, New Jersey

The Springfield, New Jersey, noise law specifies a maximum noise

910
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level for garbage trucks of 94 dB(A)} at 50 feet. 'lhis level in far higher
than thot speclfied in any other nelse law, The reason is that an erroncoun
provision of the New Jerscy Model Conmmunity Nolve Ordinance was copled by
Springficld. nccording to the State of MNew Jeroey Noige Control Office, the
New Jersey Model Community Neise Ordinance {discussed further in thio
report under State Laws) oupplied filled in nolse levels for the NIMLO/EPA
model ordinance. Unfortupately, the level which they filed in for "compactor®
wag copled from another nolse ordinance which referred to a plece of
conatruction equipment used for compacting the ground and not to a device
which goes on a garbage truck. The writers of the Springfield ordinance
accepted the 94 dB(A) level without checking any further or making any
measurements.  This level {8 5o high that even the nolslest compactor is
not likely to exceed it. No rofuse truck nolse measurements have been made
by Springfleld either before or since passage of their noise law. ‘hey bad
one sound level meter which they borrowed from the State Department of
Environmental Protection but they have aince given it back,

The Springficid noise law also containz a cucfew provision of 10 p.m.
to 7 a.m., which is apparently not being cnforced, They receive about
5 complaints per year of refuse truck compactor nolse, which is approximately
what they recelved before pansage of the law. The rate of complalntn
generally rung higher in the summer when people keep thelr windows open.
The scavenger conpaniea have realsted any changes in schedule, clalming that
they interfere with logistics of getting to the dump on time. No cltaticns
have been Jesued to the scaverngera.

Beaides its own @lfficulties, the Springficld, Mew Jeraey, nolso law

is olso under legal challenge for its zone-ambicnt nolse provisions., A
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local quarry has been cited for noige violations and intends to fight the
law in court. None of the municipal officials intervicwed had information

on the current atatus of this challenge or whether it applied to the whole

law or just onc provision,

dpparently the noise law had been pasoed primarily with the quarry in

mind, with the refuse truck provisiono as an afterthought. There was no

input from the gcavenger in formulating the noise law and there wag no

discussion of the refuse truck provisions at the hearings. One difficulty

with the poise law is that it was pogtscd as a Beard of ilealth ordinance
rather than a township ordinance, which makes its enforcement weaker.
Desides the quarry noioe situation, the law has been used primarily

in neighbor va neighbor nolse complaints.

In summary, the Springfield, New Jersey, noise law has been unsuccessiul

in dealing with refuse truck nolse, due both to the law itaelf and to

its enforcement program.

14. New York, New York

The New York noise ordipance as amended provides a maximum noiss
level of 75 dB(A) at 10 feet for vehicles manufactured after December
31, 1974. ‘Me law as presently worded calls for measurements with the
alow acale of the sound level meter, The earlier version of the New
York nolse law called for 70 dB{A) measured at 10 feet from the side
of the compacter uaing the fast scale, lwever, the city waa not able
to obtain trucks which met the pooviaion and held up in service. The
amended veralon of the law, therefore, velaxed the requirement to 75
dB(A) with the slow scale. The New York Clity Enviroonmental Protection
Mgency haa messured newly manufactured refuse yehiblea which meet the

9-12
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xelaxed requirement. However, the low contalns a provision to ratchet the
level back down to 70 dB(A) on December 31, 1978,

Since the law cxempta the city's own fleet of garbage trucks, the only
enforcement would be againut newly manufactured privately operated trucks.

So far the law has not been enforced against them, because of other problema
affecting refuse collectiono in New York Clty and becaute other noise
cnforecment hat had higher priority.

Since New York's noioe law applics to newly monufacturced refuse vehicles,
it 1s the type of law which would be preempted by o Federal new product nolse
regulation for truck-mounted sclid waste compactors i one is promulgated by EPA,
15. Toledo, Ohio

The Toledo noisie ordinance is unigue in its refuse truck provision in that
it provides a curfew-like maximum noise level requirement, with a higher level
permitted during the day. The daytime level is 87 JdB(A) at 50  fect and the
nighttime (9 p.m. ~ 7 a.m.} level 16 80 QB(A) at 50 feet. This, in effect,
providea that only quicted equipmment may operate at night. %he law also contains
a ratchet provision to lower the peonitted daytime noise level to 82 AB{A) in
1979, An additional mergin of 5 d8 {a allowed for {mpulsive sounds from the
comrpactor,

The law la adminiatered by the Toledo Pollution Control Agency., 1t has an
unusual penalty provielon, in that the fine in 5100 for an individual but $1000
for an organization.

16, Ogden, Utah

Ogden, Utah, has a 7 p.ne to 6 a.m. curfew on scavenger cperatlons

in areas zoned resldential. The law has been in effect there since

1972, with enforcement responsibllity given to the City Manager. FPenaltien
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provided are fines up to $300 and imprisomment of up to 30 days.

17. Salt Lake City, Utah

The Salt Lake City nolae law provides a curfew of 9 pum. to 7 a.m.
for scavenger operationg., ‘The curfiow appliecs in arcas zoned residential
and 18 epforced by the City~County lealth Department, Depalties provided
in low are finea up to $299 and improsinment of up to 6 months,

18. Cook County, Illinoin

Cook County, Illinois, in which Chicago is located, has a noise
law which provides a 6 p.m. to 7 a.m, curfew for scavenger operations
in reaidential zones.

Cook County's cnforcement program io unique among all those in the
nation because of the policy of routinely giving citatlona for refunc
truck curfow violationuz, It is eatimated that 15 citations per year
are handed out to the scavenger companles. When this occurs the conpany
has to appear in court with its lawyer. Convictions almost always are
returned, The only exception is when the arresting officer has a discrepancy
in his report, such as an error in transcribing the license numbe, Fines
of §50 arve typically required., Since the law was cnacted, there have only
Icen two firms cited more than once. Generally the acavengers become very
careful in their achedulea once they have gone through the fnconvenletice of
hiring a lawyer and appearing in court to answer a citation. Decauge of
this policy of strict prosecution, the situation has now come to the polnt
where mosit of the firms clted are small new companica that do not know the
lew. There has heen good cooperation from the larger flmms in obeying
curfews.  In all the proaecutions there has never been a challenge to the

law itself.

9-14
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19, Sacramento County, California
The Sacramento County, California, nolpe ordinance was recently pasced

and hog an effective date of July 1, 1976. 7The maximum refuse truck noise
level provioion of 00 dB(A) at 50 fect, however, has an effective date of
Januacy 1, 1977, 1This level is slated to ratchet down the 75 dB(A) at 50
feet on January 1, 1980. The refuse truck provisions are quite cimilar to
those 1n nearby Son Francisco except for the later effective date.

The noise ordinance wag written by a committee which included the
industrial hygicniat who administera the noise program. ‘There have been a
large number of complaints of gacbage collection noise at night in Sacramento
County, typically averaging asbout 200 per year. This is partleularly true
of areas pear hotels and schools in the city areas, where complaints often
refer to such things as banging of cans and racing the motor.

Although the new law has a maximum penalty of a 5500 £inc or 6 montha
irprisonment, the Environmental fealth Office doen not plan to lstue cita-
tions for refuse truck noise once that provision gous into effect, Inatead
the San Franclaco approach will be used which is working with the acavengern
in trying to get them to retrofit thelr trucks or buy quicter new ones,

OTHER MUNICIPAL NOISE LAWS

The nineteen nolse lawa diacussed above were of the most immediate
Intereat becausei

. They specifically mentioned elther waate compactors or

garbage collection.

. They are presently in cffect.

Each of the above laws waa discussed In detail here and summarized in
Table 9-1. The full texts of their noise provisions are provided at the ond
of thim section.

9-15
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Oesides these nincteen laws there are others worthy of mention, but not
of as ipmediste interest because they are still drafts, not yet in effect,
already repealed, or do not specifically mention the product, 'Thosc laws hav-
ing a moter vehicle provicion usually have a general truck provision which can
be used againot opecialty trucks when they arce in motion. Of course, the non-
quantitative nuisance noise laws con alse be applied to refuse trucks.

Thote noise laws (and draft lawa) which mention refuoe trucka
buat have not been treated in detail because they are not preaently in

effect are the following:
e Cape Canaveral, Florida--repealed. It had a maximum of 080 dB(A)

at 50 feet, but it wao pever cnforced. fThe succssor noise law
hag no refuse truck proviaion,

] Kansas City, Niassoucli--carly draft. bhn cnrfy draft had a provi-

alon for 70 dn(a} at 10 feet, like the original New York City
tolse law, The present deaft has removed the provision.

e Cleveland, Ghio--still in draft. It has o 10 p.m. to 7 a.m.

curfew for scavenger operations.

. Portland, Oregon——carly draft. An earlier draft had a provision

of 70 dB{pA} at 25 feet for newly manufactured refuse compacting
vehicles. 1The present draft has removed this proviaion,

o Harrisburg, Pennsylvania--carly draft. It applied to the "loading

and unloading of garbage cans® rather than to the compactor or
' the vehicle. It called for a maximmm level of 15 AB{A) above
! ambient as measured at the property line for 10 percent of the
measurement period which must be at least 10 miputes long. The

present draft has removed all mention of refuse trucks,

9-16
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4] Salt Lake County, Utah ~ carly draft. It specificed a maxdmum
level of 80 dB(A) at 25 feet for solid woste compactors, measured at the
rear. ‘There wagd aloo a curfew of 9 puan. to 7 a.m. provided for collections.
Pepaltics called for in the law were fines up to 5299 and Ilnprisonment up to

6 months. An amended version of the Salt Lake County noise law io now being

considered and may be adopted in the near future. This amended dralt does not

contain the maximum noise level proviaion.

Concluaions ~ Local Hefuse Truck Noise Laws

The above analysls discussed in detail the nineteen local refuse truck
nolse law which are presently in effect and have also noted those laws that
were repealed or stayed in draft form. The analysis indicated that the re-

fuse truck laws specifylng curfews have generally becn more successful than

those specifying maximum levels, In cases where a law specifies both a curfew

ard a maximm level, it has been the curfew enforcement which has reduced the

number of complainta.
Curfewn, however, have varylng effectsa on the gurbage collection
process in different local areas, The interference with collection legistics

appeacs to be leaat in flat arens with wide streets that are not too densely

populated. In those areas where curfews can be applied to an arca, they appear

to offer the best posalbility of relief from refuse collection noise. A vigorous

entorcement of the curfew s a necessary factor in such an approach.

917
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STATE LAWS APPLICADLE TO RECUSE TRUCK NOISE

A search of all gtate noiobe laws has established that there are none which
apply specifically to solid waste compactor truck noise. lowever, the
Statea of Florida and New Jersey have model community neine ordinances which
have provislons covering refuse vehicles. The text of thelr refuse truck
provisions follow bolow:

Mode)l Community Noine Control Ordinance, Florida

8.1.1 Refuse Collection Vehiclea. No person shall collect

refuse with a refuse collection vehicle between the hours of 7 pum,

and 7 a.m. the following dny in a residential ares or nolse sensitive

zone.

It is apparent from the above language that this is a typical
curfew provision, similar to the ones found in eleven local juris-
dicticna discussed in the previous scction. As of this writing, hawever,
nona of the municipalities in Florida has yet adopted the suggested
wording for ite own ordinance.

Model Community Noise Ordinance, New Jersoy

9.1.3 Refuse Collection Vehicles., o person sahall:

(a} On or after (2 years) following the effective date of
this ordinance, cperate or permit the operation of the
oampacting mechanism of any motor vehicle which compacts
refuse and which creates, during the compacting
cycle, a sound level in excesa of 86 dB (A) when measurcd
at 50 feet from any pelnt on the vehicle;

{b) Operate or permlt the operation of the compacting mechanism
of any motor vehicle which compacts refuse, between the
hours of 8 p.m, and 6 a.m. the following day in a remidential
area or nolse senaitive zone;

{¢) Collect refuse with a refuse collection vehicle between
the hours of 8 p.m. and 6 a.m. the following day in a resi~
dantial area
[Choose b or «]
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The above provisicons have been recommended by New Jersey since
1976, Before that time a provialon wikh a 94 dD (A} level had appeared
in the New Jersey Model Comunity Noise Ordiance, as shown holow:

6.2.11 Refuge Conpacting Vehielea., ‘The operating or permitting

to be operated, of any motor vehicle which can compact refuoe and

which creates, during the compacting cycle, a sound presoure level

in exceag of 94 dB(A) when measured at 50 feet from any point of

the vehicle, or between the heurs of 10 pom. and 7 a.m. the following

day (in residentlal uge districto).

Thio provision combinca a maximun sound level and curfew oimilar
to the way recommended in the NIMIO/EPA model ordinance. The difficulty
in the above model ia that it containg an erroncoualy high level of
94 di{a) at 50 feet for the compactor noise requirement, Thig reculted
when those who promulgated the New Jersacy Model Ordinance mistook the
word "compactoer” in another ordipance for a solid waste compactor,

The "compactor” whoae 94 di(A) level they put into their model ordinance
waa in fact a plece of conatruction equipment used for compacting the
ground, Subsequent editiona of the New Jersey Model Community Qrdinance
will have thla error corrected.

Besides the Florida and New Jeraey model ordinances the only applicable
atate lawa found were the state laws specifying general truck nolse
levels, These have been tabulated by the Motor Vehicle Manufacturer's
Association, (Exhiblt 9-1). These qepecal truck nolse laws are only of
limited interest for this ntudy becausc:

o] Those truck nolse laws that specify levels of newly manulactured

vehicles are preempted by the recent EPA new truck noise regulation,
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® The laws specify passby levels. Since the compactor io gencrally
not in operation when the truck is underway, the pagoby teots
do not measure compactor noisce.
FEDERAL REGULATIONS APPLICABLE 1O SPECIALTY INMUCK MOISE
Current Federal regulations opplicable to spoclalty truck noise are
the EPA noise emisaion standards for rotor carriers cngaged in interstate
comnerce (39 FR 38200) and the EPFA noise emission standards for medium and
heavy trucks (41 FR 15538). ‘The U.5. Burcau of tlotor Carricr Safety of the
U.5. Department of Transportation has also lssued regulations for the
purpoge of establishing measurement procedures and methodologles for
deternining whether commercial motor vehiclea confornm to the Interstate
Motor Carrier Molse Emission Standards of EPA,

EPA Interstate Motor Carricr Nolse Regulation

This regulation was promulgated by EPA under authorlty of the Noise
Control Act of 1972. Section 18 of the Noige Control Act requires the
Administration to promlgate nolse emlssion regulations for motor cacriers
engaged in interatate commerce. The Secrctary of Transportation ia respon-
sible for promulgating regulationa to insure compliance with the EPA
etandards, through the enforcement and inspection powers authorized by the
Interstate Commerce Act, the Depactpent of Transportation Act, and the
MNoise Control Act of 1972,

Section 18(c)(l) of the Act reguires that "no State or political
subdiviaton thereof may adopt or e¢nforce any standard applicable to the
same operation of such motor carrier unleas such stendard is identical to a
standard applicable to noise emissiona rosulting [rom such operation

prescribed hy epny requlation under this section.”
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On February 1, 1973, an Advance Notice of Proposed Rulemaking was
published 1o the Pederal Regioter coliciting public coment. Proposed
standards were published in the Federal Register (30 FRO20102) on July 17,
1973, and Einal noise cmispion gtahdards were eatablished on Octeber 29, 1574
(39 R 30208), The standards went into cffect on October 15, 1975.
Mazximum noloe level under test conditions egtablished by DOT is 66 dB(A)
at. 50 feet from centecline of the lane of travel on highways with speed
limits of 35 mph or leso; or 90 dB(A) at 50 feel on highways with speed
limits or npre than 35 mph.

The interatate motor carrier cmission standarda are relevant to
i future specialty truck polue emission requlationa. ‘The proposed atandards
dld not originally specify clearly whether "auxiliary equipment” polse
is to be included in the specified "total vehicle" noise levelsn. Paned
on the conmenta recelved during the public comment perlods and hearinga,
the final requlation included a clarification as follown:

"The provislona of subpart B {Interatatoe Motor Carrier Operationa

Standards) do not apply to auxiliary equipment which is normally

operated only when the transporting vehicle is atatlonary or is

T T B T R b i B e rm b "

moving at a speed of 5 mlles per hour or less, FExanplea of auch

equipment Include but are not limited to, cranes, asphalt spreaders,

ditch diggers, liquld or slurry pumps alr compressors, welders,

angd trash compactors,”

The noise from krash compactorA ia pot included in the "total vehicle”
noise., The Interstate Motor Cacrier Nolse Emission Compliance Reguilations
issued by the U.5. Pepartment of Transportation on September 12, 1975,

include additional lanquage in the scope of the requlations, It ia

=21
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stated that the rules Jdo not opply to the sound gencrated by auxiliary
equipment which is normally operated only when the motor vehicle on
which it is installed is stopped or is operating at a gpeed of 5 aph

(8 kph) or less, unless such a device is intentionally operated at gpecds

greater than 5 mph (8 kph) In order to preclude an otherwine valid noise
renaurament,  Trash conpactor noise would be included in the total vehicle
noise under guch circumstances, ‘Ihe need for this language arcoe out

of commenta recedved by the Director of the Bureauw of Motor Carrier

Sufety after publication of a teat of the proposed regulatieng in the
Federal Register {40 FR B658). Several commenters suggested that it
would be posaible to intentionally thwart noise measurements by sounding
warning devices or by operating auxillary equipment even if it is not
dealgned for operation above 5 mph,

EPA Molsc Fmission Standards for tew Iledium and fleavy Duty Trucks

The EPA new truck nedse standards appeared in the Federal Reglster
on April 13, 1976 (41 FR 75538). The atandards call for a new truck
low speed acceleration pasaby test level of 63 di(A) at 50 feet, effective
January 1, 1976, The level will be reduced to B0 dR(A) effective January
1, 1982, and may be reduced further to an as yet unspecified level effectlve
Jonuary 1, 1985,

The mediuvm and heavy truck noise requlation standards apply to
any vehicle which haa a grosa vehicle welght rating {GWR) in exceas
of 10,000 poundn, which ia capable of transportation of property on
a highway or atreet and whicn mects the definition of the term "new
product™ in the Act. bDowever, in paragraph 205-50(b) of Subpart B, it

1g atated that the vehicle noise emission standards included In this
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pubpart "do not apply to highway, clty, and school buses or to special
purpoae equipment which may be located on or operated from vehicles.
Tests performed on vehicles contalning such equipment may be carrded
out with the special purpose cquipment in nonoperating condition. For
purposes of this regqulation apecial purpose cquipmont Includes but is
not limited to construction equipment, snow plowin, gorbage compactors,
amd refrigeration equipment.”

Clearly, the intent of this statement is that garbage compactors
were to be regulated under independent rules and operating conditions
after the Administrator had determined that nolse emigsion standards
are feasible for these types of special purpose equipment.

FOREIGN SPECIALTY TRUCK MOISE LAWS

The only forelgn speclalty truck nolse law on which informatlon
has been found is a municipal solid woste compactor truck noise ordipance
which {s in effect in Stockholm, Sweden. The law sets o polse limit
during loading of 70 dB(A) at a distance of 3 meters [rom the truck
side, This law is more stringent that any presently in effect In the
United States, It 18 comparable to the Mew York Clty nolse ordipance
level of 70 dB(A) at 10 feet which was acheduled to go into effect on
January 1, 1977.

An extenalve effort haa been made ta uncaver other foreiqn lawa
relating apecifically to speclalty trucksy it appeara that the Stockholm
law ia indeed the only one in exiatence. There appcar to be no npecialty

truck noise lawa in Australia, Japan, Switzeriand, or Germany.
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MODEL LOCAL SPECIALTY TRUCK NOISE ORDINANCES

This section provides model provisions for local noise laws for
solid waste conpactor trucks. 'The general problem is first discussed,
then the product ic defined and the model law provision is presented.

An con be obocrved from examining the ninetcen local noise laws
digeusaed carlier, there are many different legal approaches Lo controlling
refune truck nolse. Baoically the approaches are of two types: maximum
gource noise level standardo and curfews. ‘The approach we propoce here,
which combines both, is patterned after the refune truck provision of
the mxdel community nolae control ordinance propared by the National
Institute of Munlcipal Law Officers (NINLO) in conjunction with LPA.

The NIMLO model provision ip as followa:

Refuse Collection Vehiclen., No person shall:

(a) On or after (2 years) following the cffective date of this
ordipance, operate or permit the operation of the compacting
mechansim of any motor vehicle which compacts refuse and which
creates, during the compacting cycle, a sound level in excess
of __ du(A) vwhen measured at __ feet {meters) from any
point on the vehicle;

(b) Operate or pexmit the operation of the compacting mechanism
of any motor vehicle which compactn refuse, between the hours
of _ p.m.and __ a.m the following day in a residential
area or noine sensitive zone;

{¢) Collect refuse with a refuse collection vehicle hetween the
hours of __ p.m. and __ a.m. the follewing day in a

residential area or nolse senaitive zone.
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The anly modification which we have made to the NIMLO model is
to introduce siome noipe measurcment procedures which are uaed in the
San Francioco cnforcement program.
(1) Definition
In cach noioe law a definition of each product to be regulated
is usually provided. 1The definition adopted by EPA is:
"A truck-mounted solid waste conpactor is a vehicle comprising
an engine-powered truck cob and chassic or trailer, equipped
vith machinery for receiving, compacting, transporting and
unloading polid waste,”
The sbove definition wao chosen to specifically exclude non-compacting
ontalner bandling vehicles, non-compacting open top dump trucks,
stationary compactora not mounted on trucks, and containers,

(2) tdel Ordinance Provision

By combining the NIMIO provision with the San Franclsco measure-

ment procedure one can gencrate a broad and probably effective ocdinance,

a5 follows:

Refuse Collection Vehicles. No person shall:

(a) On or after (2 years) following the effective date on
this ordinance, operate or permit the operation of the
compacting mechanism of any motor vehicle which conpacta
refuse and which creates, during the compacting cycle, a
sourdl level in excess of __ dB(A) when measured at

feet (maters) from the rear of the vehicle.  Measurements
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shall be made with whatever load is present in the compactor
at the time. The measurement shall be that of the average
compaction noisc level, and peaks due to transient phenomena
in the load, such as cans crushing, shall be lgnored.

(b} Operate or permit the operation of the compacting mechanism
of any motor vchicle which compacto refuse, between the
houro of __ p.m. and __ aum. the following day in
residential arca or noige ceaitive zonoesn;

(¢} Collect refuse with a refuge collection vehicle between
the hours of __ p.m. and ___ a.m. the following day
in the residential area or neise sensitive zone.

Mote in the above medel provision that the noisce level meanurement
distance and hours of the curfew have been left blank, Since this is
an in~use nolse law the level and distance will be commnity options, as
long oa 1t {8 conuistent with EPA'o new product noise law. As EPA noise
levela are specified for an cipty compactor, some adjustment may have to be
made in the level in the above commuinity moice ordinance to sccount for the
slight additional nolae when loaded and poasible reverberant effects In
harrow streets and alleya., The curfew hours should be atrictly the preroga~
tive of cach community, In the ordinances surveyed, the curfows were
observed to start a8 early as 6 pum, and ag late as 10 p.m. Curfews ran
until 6 a.m. in some localities and 7 a.m. in others,

The provirions in the model ordipance for measurcment at the rear for
load conditlon as found on the street, and for ignoring transient peak sound
levels orginating in the lead are all patterned after the successful

San Franclscoo program.  There i3 much to be sald for the repeatabllity
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of measuring vehicles in an open aren icolated test olte, away from

the oound reflecting surfoces of the eity streets, with a standncd cnpty
conpactor condition. llwever, repeatability ao o primary connideration

ic better suited to product certification measurcments. In an in-uoe
enforcement ouch as this, 1t is more lmportant that the noise measurcement
be applicable to impromptu spot checks and that it disturb the waste
collection procena aa little as posaible. The Lact that opot checks

are being made also seems to encourage the refuse collectors to be quieter
in other parts of the process not connected with compaction, such an

banging cana and shouting to one anocther.
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MUNICIPAL SOLID WASTE COMPACTOR TRUCK NOISE LAWS ({FULL ‘IEXT)

Los Angeles, California (1/24/73)

SpC, 113.01. Rubbish and Carbage Collections and Disposal. It

shall be unalwful for any person engnged in the business of collecting
or disposing of rubbish or garbage in any reoidential zone or within
500 feet thercof to collect, load, pickup, trnanfer, unload, dump, discard
or digpoge of any rubblsh or garbage as such terma are defined in Sec.
66.00 of this Code between the hours of 9:00 p.m. of one day and 6300
a.m. of the next day, unleas a permit therefore hos been duly obtained
beforehand from the Board of Police Commlngloners. Such permits shall
ke isaued pursuant to standards cstablished by said Board and spproved
by the City Council by ordinance.

ho permit shall be required to perform cmergency work as defined
in Sce. 11.01(c) of this chapter.
San Anselmo, California (2/11/75)

Section 4-7.09. Refuse Callection.

(a) It shall be unlawful for any person authorized to engage in
waste disposal services or garhage collection to provide such aervices
in such a manner a reasonable person of normal sensltiveness working
or residing in the area is caused discomfort, annayance, or whosa peace
ia dinturked, For the purposce of this section nolse emitted by equipment
shall not be deemed unlawful if the person engaged In such sacvices has,
to the extent reascnably feaslble In the judgnent of the Directox of
Public ¥ioxks incorporated avallnble sound-deadening devices into equipment

uged in renderiny those services.
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(b) Any perogon authorized to engage in waste disposal services
or garbage collection ahall not operate any truck-mounted waste or garbage
loading and/or compacting equipment or oimilar mechanical device acguired
after the effective date of this chapter in a manner to create noise

exceeding 75 dBA measured at a distance of 50 feet from the equipment,

{(c) HMechanical sotroet pweepers shall not operate in the manher
to create nolse exceeding B0 dBA and 75 dBA olx (6) months and twenty-four
(24) months respectively after the effective date of this chapter.

San DMeqgo, California

Present Jaw [since March 22, 1977)

SEC. §9,.5.0406, Refuse vehicles and Parking Lot Sweepera.

No person _ﬂhull operate or permit to be operated a refuse compacting,

procesaing or collection vehicle or parking lot sweeper botween

the hours of 7:00 p.m. to 7:00 a.m. in any renldential arca unless

a permit has been appliled for and granted by the Administrator.
Repealed Bacch 22, 1977

8EC, 59.5.0406, Refuse Vehicles. No person shall operate or permit
to be operated a mfuqe compacting, procesaing or collection vehicie
after December 3}, 1973, within the City of San Bieqgo which when compacting
createg a sound level in axcess of eighty-six (86) decibela when measured
at a distance of f!.fty_ {50) feet from any point of the compacting vehicle
unless a variance has been applied for and granted by the Adminlstrator
or Appeals Board. MNo refuse oellection shall be permiteed from 7:00
p.m. to 7:00 a.m. in any residential arca. bbtwit.hntaﬁding the abave,

on or after a date forty-eight (468) months after the effective date
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of this article, no person shall operate or permit to be operated, a refuce,

compacting, processing or collectlon vehicle which when compacting creates a

sound level in excess of cighty (80) decibels when measured at a digtance of
Eifty (50) fect from any polnt of the compacting vehicle.

San Prancisco, California {9/18/72)

SEC. 2904. Waste Dicposal Services. It shall be unlawful for any peracn
authorized to cngage in waste disposal services or garbage colleticn to provide
ouch services go ag to create an unneccasary amount of noise, in the judgment of
the Director of Public Ilealth or his authorized reprosentative. For the purpose
of thig section or Sec. 2915 noisce emitted by cquipment chall not be decemed
unnecessaty or without justification 4f the person engaged in such services has,
to the extent reasonably feaaible in the judgment of the Director, lncorporated
avallable sounddeadening devices into equipment used in rendering those services,

totwithstanding the foregoing, it shall be unalwful for any person
authorized to engage In waste disposal services, or garbage collection
to operate any truck-mounted waste or garbage loading and/or compacting
cequipment or saimilar mechanical device in any manner so as to crecate
any nalse exceeding the following levels vhen measured at a diastance
of 50 feet from the equipment;

{a) On and after a date 6 months after the effective date of this

Acticle . ., . 80 dDA
(b} On and after a date 66 monthe after the effective date of this
Meticle , . . 75 dBA
San Jose, Californla (10/14/75)
FART 7A. REGUIATION OF GARBAGE AND RUBBISH VEHICLES

5307.20. Carhage and Rubbish Vehicles, loise Levels,
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No refuse collector shall uge, In his business, for the purpose of collect-

ing, tranoporting or disposing of any refuge within the City of San Jose

any motor vehicle or any motor vehicle and trailer which exceeds, during

stotionary conpaction, 75 dB at a distance of 25 feet from said vehicle

at an clevation of 5 feet from the horizontal base plane of paid vehicle.
MNotwlthntanding the above provisions opecifying refuse wvehicle

noige levels, the Council may arrange for other or different noise level

requirecments, or dispense with noise level requiremente for certaln

refuae vehiclea, as the Council may decm necessary.

Arvoda, Colorado (2/75)
Section 2.2,14 PRefune Conpacting Vehiclea. The operating, causing

or permitting to be operated or used, any refuse compacting vehlcle which
creates a sound prescure level in excess of 74 dB(A), at 50 feet (15
meters) directly to the rear of the vehicle (is prohibited).
Englewood, Colorado (7/18/74)

SEC 6-8-0. BPECIFIC PROUIBITIONS

The following acts are declared to cause unnpecessary nodse in violation
of this Ordinance provided however that the following enumerations shall

not be deemed to be exclusive.
(d} loading Operations ~ The loading, unloading, opening or otherwise

handling boxes, cratea, contalpers, garbage containera or other objects
in such a manner as to cause a disturbance; the loading of any garbage,
trash ov compacter truck, or any other truck, whereby the loading,
unloading or bandling of boxes, crates, equipment or other objects

is conducted within a realdential diatrict nor within 300 feet

of any hotel or motel between the hours of 10:00 p.m. and 7:00 a.m.
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Lakewood, Colorado (7/23/73)

9.52.130. Truckloading. Mo person shall load any garbage, trash
or compactor truck, or any other truck, whereby the leading, unloading
or handling of boxesa, crateg, cquipment or other objects is conducted
within a regidential distriet mor within three hundred (300) feet of
any hotel or motel between the hours of 10 p.m. and 7 a.m.

Littleton, Colorado (5/74)

Trucklonding. No person ghall load any garbage, trash or compactor

truck, or any other truck, whereby the loading, unloading or bandling of

boxea, crotes, cquipment or other objects is conducted within a residential

diatrict nor within three hundred (300 feet) of any botel or motel between
the houra of 10 p.m. and 7 a.m.

Chicago, Illinois

167.8. Scavengers. Jone of Hon-Operation: No private scavenger,
its agenta or employeces shall grind garbage, refuse or other matter
(as defined in Section 267-3 of this Chapter), between the hours of
9:30 p.m. and 7:00 a.m., within the boundaries of the City of Chicago,
except that this Section shall not apply to that arca within the boundaries
of 0'Hare International Alrport and within that area bounded by Michigan
Avenue on the Fast, and south branch of the Chicago River on the West,
the North branch of the Chicago River on the North and Roosevelt Road
on the South,

Any person violating thla Section shall be subject to a fine of
not less than $25.00 nor more than §200.00 for the first offense, not
less than $50.00 nor more than $500.00 for the second and cach subsequent

offense in any one hundred and elghty (180) day peciod.
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Dutrque, Iowa (4/8/74)

Section 2. Noisea Prohibited,

(h) Garbage collection. The collection of gorbage, waste or refuse
by any person in any avea zoned and residential except between the hours
of 7:00 a.m. and 9:00 p.t. of any day and then only a manner so a6 not
to create a loud or excesslve neioe.

Princeton, New Jersey (10/10/72)

(k) Refuse collection. The collecticon, transportatlion or disposal

of garbage, trach, cans, bottles, and other refuse by prrsons engaged
in the business of scavenging or garbage collection, whether private
or minicipal, at any time on Sundays, or other than between the houra
of 7:00 a.m., and 7:00 p.m, on all other days, except in case of urgent
necessity in the interest of public health and safety, and, if the nature
of the emergency will admit of the prior procurcment of a permit, then
only in accordance with a permit first obtained from the BDorough Englneer
pursuant to section 4 hereof,
Springfleld, New Jersey (3/75)

6.2.11. Refuse Compacting Vehicles,

The operating or permitting to be operated, any rmotor yehicle which

can conpact refuse and which creates, during the compacting cycle, a sound
prensure level in excess of 94 AB{A) when measured at 50 feet from any
point of the vehicle, or between the bours of 10 p.m. and 7 a.m. the
following day (in residentlal use diatricts).

New York, Mew York (4/23/75)
1403.2-5.15. Refuse Compacting Vehicles. No person shall sell,

offer for sale, operate or permit to be operated a refuse compacting
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vehicle manufactured after the effcetive dates set out in Table IIIA,
which when compacting produces a maximum sound level, when measured by
a sound level meter oct for alow regponoe at a distance of ten feet
from the center line of the face of the compacting unit, exceeding the
appiicable pound level get out therein.

Table XITA

Effective date Allowable sound level
Decenber 31, 1974 75 di{A)
December 31, 1976 70 dB{A)

This local law shall take cffect immediately,
Toledo, Chio (1/4/75)

SECTION 17-15-115. Wante Disposal Services.

It shall be unlawful for any person authorized to engage in waste
disposal services or gorbage collection to provide such services 5o
as to create an unnecessary amount of nolse. For the purpose of thie
gect.ion, noise emitted by equipment shall not be deemed unnecessary
o without justification if the person engaged In such mervicen has
to the extent reasonably feaaible in the judgment of the Director of
Pollution Control, incorporated available sound-deadening devices into
equipnent used in rendering those services.

Notwithatanding the foreqoing, it shall be unlawful for any person
authorized to engage in waste disposnl services, or garbage loading
and/or conpacting eguipment or similar mechanical device in any manner
50 a3 ko create any nolse exceeding the following levels when measured
at a distance of 50 feat £rom the equipment when within 500 feet of

a reaidential zone;
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(2a) On or after a date
one (1) year after
the effective date 9 p.m. ~ 7 a.m. 7 a.m. = 9 p.m.
of this ordinance 80 an{a) 87 AIB(A)
{(b) On or after a date
48 montha after
the cffective date 9 p.m. ~ 7 a.m, 7 a.m, = 9 p.m.
of this ordinance 80 dB(a) 82 dB(n)
{¢} Impulsive sounds must not exceed the levels specificd In (a) or
{b) of thia ncction by more than 5 db(A)
unless said person has filed an Application for varioance in accordatice
with the provisions of this crdinance.

Oyden, Utah (5/25/72)
19.9.2. Frohibited acta specifically. The following acts, among

others, are declared to be loud, dlsturbing or unnecessary noises in
violation of thiis ordinance, . . . namely:

L. Garbage trucks. The cperation of any garbage pick up In any ;
area zoned residential on at least ome aide of the street by the roning |
ordinance between the houra of 7 p.m. andt 6 a.m. ;

Salt lake City, Utah (8/16/72) ,
Saction 39-9~3, MNoises Prohibited ~ Standarda. The following acts,

among others, are declaced to be in violation of this ordinance . . .:

(1) Garbage collection, The oollection of garbage, waste or refuse

by any person in any area zoned resldential except between the houra

of 7:00 a.m, and 9:00 p,m. of any day and then only in A manner go as

not to create a lowd or excessive polse,
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COUNIY SOLID WASTE COMPACIOR TRUCK NOISE LAWS

Cook County, Illipois

9.5 Scayenger Operationo

All scavenger operations in the County of Cook, commercial and
municipal, shall 1limit the actual contact hours lnvolved in the pickup
of rcfuse and ull other solid wagste in any residential or business-
commercial zone (Rl through RG and Bl through B5) whepever regular human
occupancy is involved by virtue of residence only and such place of
reqular residence or the institutional equivalents (hospitals, nursing
homes, etc.) to the perlod of 7:00 a.m. to 6:00 p.m. ‘These limita opply only
to those contact periods wherein the collection function is in progreas in
R] through R6, Bl through RS and contiguous portions of tiIl through M4
zones and are not intended to include or confine ouch functions ag start
up and shut down operations at the central operating point (transfer
statlon, sanitary lendfill, incinerator, etc.) or the transit time of
the firat trip to and the last trip from the defined collecticn areas.,
Noise levela in such central operating points shall be governed by the
property line values applicable for their location (Section 9,14 through
9,17}, The exemptions on engine operation when parked, of Section 9.7
shall apply as will the restrictiona on new vehacles of Section 9.B(b)
and vehicle use of Section 9.9(a}., When under severe conditions it
can be shawn to the satisfaction of the Director that operation cutalde
these hours ia In the overall public interest or operationally essential,
a special variance can be requested for such perlod an can likewise

be shown neceasary.

' 9-36
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SeonTun Tk o g

Sacramento County, California

6.60.140, Waste Disposal Vehicles.

It phall be unlawful for any porson authorized to engage in waste
disposal service or garbage collection to cperate any truck-mounted waste
or garbage leading and/or composting cquipment or similar mechanical device
in any mapner oo as to create any noise exceeding the following level, when
measured at a distance of fifty feet from the equipment in an open area.

(a) New equipnent purchased or leased on or after a date six
ponthe from the effective date of this chapter shall not exceed a nolse
level of 00 dB(A).

(b) New equiprent purchased or leased on or after forty-two
mntha from the effective date of this chapter shall not exceed a noise
level of 75 dB(A).

(c) Present equipment shall pot exceed a noise level of B0
d{A} on or after flve years from the effective date of the chapter.

The provisions of thia section shall not abridge orv conflict with the

powers nf the State over motor vehicle contrel.

9-17
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SECTION 9
EXHIGIT A

STATE AND LOCAL LAWS AND RECULATIONS
Oon
HMOTOR VEIHICLL KOISE

CONRTENTS

1. ZList of atates, counties and citieu having noise
laws and regulations and date of cnactment or
adoption,

2. A table showing the decfhel limits of cach law
.and ordinance and the test pracedure utilizad.

Prepared by
Btate Relations Departmanc

Motor Vehicle Manufacturers Association
of thea United Stntes, Inc.

June 24, 1875
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MOoTOR VidIZiL KOISL

taws and Reogulations

california
colorado
connecLasad
Florida
awall
Idaho
Indiara
Hinnesota
Nebrasha
Nevada

Haw York
Oregon
pPennsylvania
Washington

City Ordinances

hillings (Montana
Birningham (Michi

law cnacted 1967 (amended 1971, 1575)
lav enactexd 1971

by xegulation enacted 1971 (amcnded 1873)
law enacted 1974 {amended 197%)

by regulation e¢nacted 1972

lavt enacted 1971

low enacied 1971

low chacted 1971 {repealed 1974)

Anw enacted 1972

by regulation cnacted 1971

law chacted 1965

by regulation enacted 1974

luw chacted 1972

by regulation enncted 1975

Albuguergue (Hew lexico) lnw chackted 1975
Rarrington (Illinois) law cnacted 197)

) law cnnated 1972
gan) law enacted 1971
law cnacted 1972

Bosaton
: houlder {(Colorado) law onacted 1971
& Chicago _, law enacted 1971
N Denver (Colorado) law anacted 1974
1 Des Plajines {(1llinois) law epacted 1972
| Grand Rapids (Michigan) law anacted 1973
P Nelena {Mentana) 2aw enacted 1972
4 Lakewood (Colarado) law cnacted 197)
i Madisen (Wisconuin} law enacted 1972
3 Hinnecapolia law enacted 1971 (amended 1972)
N Mizsoula (llontana) law enacted 1972
I} Hew York Aaw enacted 1972
D Ogden (Ucah) Jaw anacted 1972

San Franclsco
Eparta {liew Jerac

=

County Ordinancen

law anacted 1972
¥) law cnacted 1972

T

Arlington (Virgin
Cook (Illinois)
Hontgonery (Haryl
Salt Laka (Utah}

ia) law enacted 1974
law cnacted 1972
and) Jaw chactaed 1975

law ecnacead 1972

Adniniatrative Authoricies

New Jerscy

Rorth bhakota
Washingtan

Other

Rew Jexsey Turapi

el e kg ey T T L T e TR R e R Y e T F T

'%

Baltimore (Maryland) law enacted 1972
Louisinna Yaw enacted 1972
Maxyland loaw enacted 1971 (amendad 1974)
Milwaukee {Wiaconnin) law cnacted 21973
Hinnesoza dow enacted 1974

Inw e¢pacted 1971
Anw enactced 1971
Aaw ¢nacted 1974

ke Authority law enacted 1974
9-39
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Stata Law

Itegqulatas

california

Coloxado

Connagcticut

Floxida

Manufacturex
{Dealeoyr
authorized
to cortify
complianca)

Oporatox

Manufacturar

Opazator

Opaxatoxs
anly

Manufactuger
{Cartifi~
cation
reaulred)

opoxatox

TADLE OF MOTOR VEUTICLE NOISE LEVEL LIMITS
{STATUTES, RECGULATIONS AND ONDIHANCES)

Dutomobiles

Defore 1/1/73, 06 dbA
Aftar 1/1/73, 84 dbA
Afcor 1/1/75, 00 dbA

Undox 35 mph, 76 dbh
Over 35 mph, 82 dbh

nefora 1/1/73, BG dbA
After 1/1/73, B4 dbA

Undex 35 mph, 82 dbA
Ovaxr 35 mph, 86 dbh

76 dbA undex 35 mph
82 dbA ovexr 15 mph

Bafora 1/1/75, 04 dbA
After 1/1/75, GO dbh
Aftex L/1/79, 715 dbA

Bafaxa 1/1/79,
76 ¢bA 1% mph ox lesa
82 dba aver 35 mph

Aftcx 2/1/79,
70 <bh A5 mph ex losa
79 dbA ovar 3% mph

Truckn

Defore 1/1/73, 08 dbh
After 1/1/73, 06 dbh
Aftar L/1/75, 81 dbA
After 1/1/78, B0 dbA
After 1/1/80, 70 dbA

After 1/1/73,
06 dbh undorx 35 mph
99 dbh over 15 mph

Before 1/1/73, BO dbA
Aftex 1/1/73, 86 dbA

After Y/1/773,
86 dbA undex 35 mph
20 dbA over 35 mph

After XA/1/75,
04 dbd undax 15 mph
08 dba over 35 mph

*nafore 1/1/77, 66 dbA
After L/1/777, B dbh
After L/)/BY, BO.dLA
Mfter 1/1/783, 75 dbA

raftex L/1/75,
86 ¢bA 35 mph or lossa
90 dbh avex 35 mph

* Grosc vehiclo weight over 10,000 pounds

Teat Procedurs

Basoed on SAE

Basod on ShR

Measuged
50 fent frxom
canter lana
of travel

Bascd on SAE

AV 2 IV OVAY LSad
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State Law Roqulatca Automohiles Trucku
Hawaidl Oporators before 1/1/77, Aftor 1/1/74,
only 73 dbh 35 mph arx less 04 «bh 35 mph or leas
MAtax 1/1/77, 04 dbA more than 35 mph
65 dbh 35 mph or leaa Afeee 1/1/717,
75 dbh 35 mph ox lesa
75 dbA morxe than 35 mph
Alaoc apacified nolgse leval limitn for autemobilo and
truck poated speod limita at 25 mph or lcas to 60 mph
or mora; measured at 20 feet, 25 fcat and 50 feat) and
tima poxiods when applicable for trucka.
Idahao Opexatora Afvexr §/1/71, 92 dbA No provision
only
L
Indiana Qpaxatora 76 AbA under 35 mph B8 dbA wndarx 15 mph
Only B2 dbA aevex 353 mph 30 JdbA ovexr 35 mph
Minnesota Dacibel low xepaaled 10/1/74.
Pallution Contxol Agancy shall promulgate
motor vahicla nodsae xogulations.
Nebraska Manufactuxer Aftez A/1/72, BE dbA

Alter 1/1/73, B6 dbA
After 1/1/75, 84 dbA
Afitexr /1700, RO &bA

Test Procedura

Dagod on SAE
Maasured

50 foat from
the canter
lano of traval

Meagured at
"not less
than" 20 foot
from vehicla
under any
condition of
operation

Measurod ac
"at laast"

50 fant from
vehicle under
any condicion
of oparation

Bazed on SAE

AdCO TTETIVAY 1S3




Stata Law Rlaqulatesn

Nobraska Qporator

(Cont'd)

Nevada Hanufacturer
fpexator

Hew ¥ozk fpoxatorn
fnly

Oregon Manufacturax
(Cartifi-
gation
faquired)
Ppaxator

Automobilon

Trucks

After 1/1/74,
86 dbh undar 35 mph
S50 dbA over 35 mph

Crans vehicle walght of 10,000 pounds or moro.

1/1/72 to L/1/73, 86 dbA

After 1/1/73, 84 abi

76 AbA undex 35 mph
82 dba over 35 mph

68 akbA

Model Yaar

1975, 83 dbA
1976~1678, 80 dbA
aftar 1978, 75 AbA

Befora 1976,
81 dbA 35 mph orx lesa
85 dba ovar 15 mph

1976-1918,
79 AbA 35 mph ox lasa
82 dbA over 35 mph

Afcer 1978,
73 dbA 15 mph orx leas
77 &b ovar 35 mph

ALRA) 330V UTAY Lodg

1/1/72 to 1/1/73, 00 dbAa

Aftor 1/1/73, 86 dbA

After 1/1/72,
06 dbA undex 35 mph
90 dbA avax 35 mph

08 aba

Model Year

*1975, A6 dbA
1076-1978, 83 dbh
aftex 1978, 60 dbp

*Nafaora 1976,
86 dbA 15 mph or lassz
20 dbA aver 35 mph

1976=-1978,
@5 dbd 25 mph or less
17 abh ovaex 35 ph

hfter 1978,
#2 abA 35 mph ox lcas
B4 &bA over 35 mph

Taat Proceduro

Daned on SAB

Rascd on SAE
with vehicla
speeds undax
a5 mph

Moaaured at

50 feoat fxom
tha ceatex lana
of traval

Haoasured at

50 fact er
gooater fnom
tha canter lana
of travel



AS00 NAVIVAY 1538

% o

Stata low Raqgqulates

Oreqon
{Cong'd)

Ponpsyivania Manufactuzex

Oparatorx

Washington Manufacturer

Oparataox

city ordinance

MAlbuguerque  Opcerators
(Naw Maexice) Only

il
hutomahiles Trucka.

tTruck and Dus

Jruck -~ Grouss vehicle welght of 6,000 pounds or mora.
pus - Vehicle designed and used for carxying pasucngars
and thair peraonal baggaga and exproua fox compensation.

Test Procedure

Alao apacifi~8 noise lavol limits for usad mator vahiclea

as meaaurcd by a atationary test at 25 feek or greator)

and time pariods when ambient nolse 1imita ara applicable.

After 1/1/73, 84 dba- spftax 1/1/73, 90 dbA
Aftax 3/1/11, Aftax 9/1/7X,

82 dbh undoex 35 mph 90 dbA undaer 35 mph
A6 dba over 315 mph 92 dbA ovax 35 mph

sManufactucer's gross vohlale waight xating of 7,000
pounda ox moexa.

After 2/1/76, B0 AbA mftar 1/1/76 and
hofora 1/1/77, 86 dbA

Aftac 7/1/175, aftax 72/)0/75,
76 AbA uadar 35 mph 86 dbA undax 35 mph
BG dbA ovexr 35 mph 90 dbi ovax 15 mph

wGross vehicle welght of 10,000 peunda or moxa

hftex 6/1/75, safter 6/1/75,
76 dbA under 40 mph 16 dbA updex 40 mph
22 dbh ever 40 mph 90 dpa ovex 40 mph

sarogs vehicle waight of #,000 pounda ar rozo

Basod on SAE

Mcaaured

50 feet fzon
the centax lane
of traveal

Moasurad as

50 foetr Ifxom
the centex lane
of troval



-6

city Oordinanae Requlates

hatomohiloesn

Darrington
(Xalinoia)

Billinga
{tiontana}

sirningham
{Michigan)

Boston

Bouldax

Manufncturers before 1/1/73, 86 dba

Trucha

fhfter 171770, 00 dba
Alter 1/1/73, £6 QLA
After 1/1/75, 04 dba
Aftex 1/1/00, 75 dba

AGrosy vehiele weight of 8,000 pounds ar mocc

Only Alter 1/1/73, 084 dbA
{Certili- After L/1/75, 00 dba
cation Aftexr 1/1/80, 75 dba
roequired)
Operatoxa Ater 11/27/72,
Only 74 abh

80 dAbn

AGroas velilcla waight o
Operators Dofcre 7/1/70,
Only 76 dbA under 35 mph

82 dbA over 35 mph

After 7/1/778,

70 AbA undox 35 mph
7% dLA ovar 35 mph

*hfter 12/27/72
02 dbA
B8 dbA

£ 10,000 pounds or mora

fiefora 7/1/70
86 dbh undor 35 mph
90 dbA ovar 35 mph
Aftex 7/1/18
82 abA under 35 mph
B6 dbA over 35 mph

*Groas vehicle woight of 10,000 pounds ox moxe

Manufactuxaexa Naforo 1/1/73, B6 dbA

*After 1/1/70, 00 qabA
Afcer 1/1/73, 86 dbA
Aftar 11775, 04 db5A
Afives 1/1/780, 75 {EA

fGrons vahiale wolght of 10,000 pounda ox maxe

Only Atex 1/1/73, 84 dbA
Atrtoxr 1/1/75, B0 CbA
Aftar 1/1/60, 75 dbd

Oparatora 80 dbd

Only

88 Aabh

*Within the Qity dusing the houra of 7:00 a.m. to 6100 p.n. on Moaday through

Satuzday with a manufacturaz's groas weicht rating of 10,000 pountts and abova.
q

Teat 'rocedure

Moasurad

25 fout from
the noizc
sourca

Heasured ot

50 foct

25 feot

from the centar
lane of sravel

Measur:.® not
leas than

50 feet fxom
vehicla

Moasured

50 fant from
the cantex
lana of "travel

Mangurnd at
"at laasg”

25 feat fLrom a
noise sourca
lecacad whthin
tha right~of~

way

AR} 1107 IYAY 1338




city Opdinance Qequlates

Mtomobiles

After Y/1/73, 84 dbA
After 1/1/75, B0 dbh
Aftor 171700, 75 dba

Defore 1/1/70,
76 dbh under 35 mph
82 dbA over 35 mph

Aftox L/1/73,
70 «bh undar 35 mph
79 dbh over 35 mph

Trucka

*After 1/1/73, 0G dbh
Afvor 1/1/75, B4 dbA
After 1/1/00, 75 dbh

Aftar L/1/13,
86 dbh under 25 mph
90 dbA ovar 35 mph

*Crgag vehiclo walght of 0,000 pounda or mora

a0 dbh

*80 Abh

*Groas vehicla waelght aver 10,000 pounds

Tout Pro-e:ilure

Meagsured ac
"not lous"

than 50 faat
from the center
lanc of traval

Maasuread
25 feat from
tha vahicla

Limit applicable hetwnan honwxn of 7:00 n.m. and 10100 pPer.

Betweon hours of 10:00 p.m. and 7:00 a.m., limlt ia

80 «dbA in residontial arcas and 88 dbA on heavily
travelad highways and frecwaya.

Aftar 1/1/73, 84 dbA
Aftaor 1/)/75, 80 dbh
Aftaer 1/1/00, 75 dbA

Befora 1/1/70,
76 «bA undor 35 mph
82 dbA over 35 mph

After X/1/708,
70 dbd umdar 33 noh
75 dhi ovax 3E nmph

"Gross vahilele waight of

PAftes 1/1/773, B6 dba
Aftex 1/1/1%, 84 dbA
After 171700, 75 dbA

After 1/1/73,
$5 a&hh uadex 35 nph
90 dbA evar 15 mpa

8,000 pownda or magka

Chicagn Manufacturer
(Cortifi~
cation
raquirad)
Oporatox

I Denveyr Opaxatoxs
& (Cologado Only

Das Plaines Manufactursr

{Xllipoia) (Cartdfi~
ceation
raquized)
Opexatax

R TN N R
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Mengured ag
"anat lasa"

than 50 fact
fron the center
lana of travel



City Ordinanan INecgulates Automobiles Trucks

Grand Rapids Manufacturer After 1/1/73, 84 dbA

(Hichigan)

Halenn
(Kontana)
)3

o

Lakewood
{Coloxado)

Madison
{Wisconain)

"Dofore 7/1/73, 08 <LA
hiter 7/1/73, 06 dbdp
After 1/Y/75, 04 dbA
Aftar 1/1/00, 75 dbA

After 1/1/75, 00 dba
After 1/1/60, 75 abh

Oporater Dofora 7/1/78,
78 dbh under 35 mph
82 dbA ovor 15 mph

After 7/1/74, Aftoer 7/1/73,
73 dbA under 35 mph 86 dbA undex 315 mph
79 dbn.ovcr 35 mph 20 dbh avaer 15 mph

*Gross vehicle wolght of 10,000 pounda or nora

Opgratorn Aftax L0/5/72, 80 dbA *after 10/5/72, 88 dba
only

*Gross vehicle waight of 10,000 pounda ox more

Operatora 8¢ abh %88 dba
only

Manufacturara Aftox 1/1/75, 86 AbA saftar 1/1/75, 80 dbha
Oonly

®*Groza vehicle walght of 6,000 pounds oxr moga

Test Procedura

Maasured

50 fcct [rom
center lina
of travel

Meanured "not
leaa®” than

50 fecet from
conter line
of traval

Measured fxom
public rlght-
af-way a
diatance of at
laast 25 foet
from centax
of ncaxest
traffic lana

Measurad

25 fect from
tha vehicle,
four foat abova
tha ground

Based on SAE
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city ordinpanca Rogulates

Minneapolia
{Minnasoty)

Miszoula
(Montana)

New York

Operators
Only

Aulomobiles

Dafore 1/1/77,

73 dbj 35 mph or lass

After 1/1/77,

65 dbha 3% mph oxr legs

Trocks

Ater M/1/74,
4 dbh 35 mph or
td dbA more than
Ater 1/1/77,
75 dbihN 35 mph or
75 dbp more than

lens

35 mph

leoa
1% mph

Tt Proesiarey

Dascd on ShL
Measures)

50 fout from
the canter
lane of travel

Also apocifia? nofso lavel limita for automobile and truck posted spoed limita
at 25 mph ox leos to 60 moh or more; measurecd at 20 feot, 25 fecet and 50 feat;
and time periods whon applicable for trucks.

Hanufactuxerd Before 1/1/73, 91 dbh
Afcer 1/1/71, 89 dbA

Only

Operatora
only

hafore 1/1/78,
76 dbi undaer 35 mph
£2 &bh ovor 35 mph

Aster 171770,
75 dba vndaz 35 mpph
7% diA ovaer 15 mph

Dafore 1/1/74,
12 &bA under 35 mph
80 dbA over 15 mph

After 1/)2/78,
76 dbh undar 35 mph
85 dblA ovax 315 mph

*Rofoxa 1/1/73, 93 dba

After 1/1/73, 91

aaftar 9/1/72,
86 aba at 35 mph

dbh

or lass

90 4bA over 35 mph

*Aftex 9/1/72,

92 dbA &t 15 mph ox laas
96 dbA over 135 mph

*Groas vaehiclae weight of 8,000 pounda or maxa

AR Y IVAY IS3Y

Faasured at

25 faat fron
tha center lane
of travel

Moasured 50
feat plds or
minus 2 faot
fronm genty s of
vha lana ¢l the
public haghway
in wnich tha
moiog vehicle
is idling or

is traveling

Measured 25
feot plus or
minug 2 fcot
from conter of
lane of punlic
highway an
which the notar
vahicla id
ldling o2
traveling



City Ordinance Requlaten
Ogden Oporators
(Utnh) Only

San Franciscn
(Califoxrnia)

Sparta Oporators
(New Jaoxrsoy) Only

L

County Ordinanca

Arlington Cparatora
{Virginia) only

Mhutomobilen

After 1/1/73,

B6 S@bh in residential arca

80 dbA in other arecas

Trucks

Afeer 1/1/71,

86 dba in residential area
90 dbA in othox arcas

(ONLY APPLICALLE TO OFF-ROAD VEHICLES)

Ater 3/28/72,
88 dbA within township
Jimitsa

After 1/1/75,
76 dbhA under 25 mph
04 dbA ovaxr 35 mph

Cook Mapufactuxer Aftex 1/1/71, B4 AbA
(Xilinoisn) (Cartifi~ Aftex L/1/75, B0 dba
T cation Aftoxr /170G, 75 dbh
xeauirxad)
Operator Defore 1/1/70,

76 dbA uander 35 mph
02 dba ovar 35 mph

Aftar L/1/70,
+70 adba under A5 pph
7% abA over 35 mph

Aftex 3/28/72,

" 880 dbA within township

limita

rAfter 1/1/75,
06 dbA under 35 mph
90 dbA ovex 35 mph

*Crosa vehicle weight of 10,000 pounds ox mora

*Aftor 1/2/73, 06 dbA
After 1/1/75%, 84 AbA
Aftexr 1/1/80, 75 dbA

pefora L/)0/71,
ft dbA under 35 mph
90 dbA over 35 mph

hfter X/)/73,
6 dbA under 25 mph
80 dbA over 35 miph

AGzana vahist - welght of 8,000 pevnda o rone

Tent Procedurc

Measureu “"no:
leoss® than 50
fcet from the
lino of travel

Mecasurcd at
leant 25 feat
from noisc
source locaied
within the
public zight-
Qf~way

Daged on SAE

Meagured 50 feat
from the center
line of traveld

Heasured "npot
leas" than 50
feat froa tha
centar line of
travel
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County

Qgginnnco

Montgomory
(Maxyiand)

Salt Lakg
{Utah}

£

Qthar
«  New Jarsoy
F Turapika
! Authority
i
B
§
E
3
N S ——
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Rogqulatos

Opcrators
Qnly

Oparatoxrs
Only

Operators
only

=10

hAutomoblles

After 10/1/76,
76 dbA under 35 mph
82 dbA over 35 mph

Trucks

*After 10/1/176,
86 adbA under 35 mph
90 dbA ovar 35 mph

#Gross vchicle woight of 10,000 pounds or morxa

Aftex 1/1/73,
76 dbA under 35 mph
3 dbA over 35 mph

*After 1/1/73,
26 dbA under 35 mph
90 dbA over 35 mph

"Grosa vahicle waight of 6,000 pounda ox mora

Alter G6/1/74,
76 dbA under 15 mph
B4z dbA ovex 35 mph

After 1/1/70,
70 éhAa undaer 35 mph
7% «dbA over 35 mph

*Afrer L/L/75,
86 é&bA under 35 mph
90 dbA over 35 mph

Aftor 1/1/73;
20 abh undar 45 mph
84 dbA ovec 45 mph

After 1/1/50,
75 dbA undar 45 mph
78 ¢bA ovar 45 mzh

*Gross vehiela weight over 10,000 pounds

Test Procedura

Measurad 50
feot from tho
center line of
traveal

Measured 50
feat from the
centexr lane of
travel

Maamured 50
feet from the
centar lane of
traval
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