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PROLOGUE

STATUTORY BASIS FOR ACTION

Through the Noise Control Act of 1972 (86 Stat, 1234), Congress established a nationsl
policy “‘to promote an environment for all Americans free from noise that jeopardizes their
health and weifare.” In pursuit of that policy, Congress stated in Section 2 of the Act *“while
primary responsibility for control of noise rests with state and local governments, Federal
action is essential to deal with major noise sources in commerce, control of which requires
National uniformity of treatiment,” As part of this essential Federal action, Subsection 5(b)(1)
requires that the Administrator of the U, 8, Environmental Protection Agency, after consul-
tation with the appropriate Federal agencies, publish a report or series of reports “identilying
products {or classes of products) which in his judgment are major sources of noise,” Section
6 of the Act requires the Administrator to publish proposed regulations for each product
identified as a major source of noise and for which, in his judgment, noise standards are
feasible, Such products fall into various categories, of which construction equipment is one,
Pursuant to Subsection 5{b)(1), the Administrator has published a report identifying portable

air compressors as i major source of noise.

PREEMPTION

Section 6(e)(1) of the Noise Control Act states that after the effective date of a Federal
regulation “‘no State or political subdivision thereof may adopt or enforce...any law or regula-
tion which sets a limit on noise emissions (rom such new product and which is not identical
to such regulation of the Administrator,” Section 6(e)(2), however, states thit “nething in
this section preciudes or denies the right of any State or political subdivision thereof to
establish and enforce controls an environmental noise (on one or mare 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 js the distinction
between noise emission standards on products, which may be preempted by Federal regula-
tions, and standards on the use, operation, or movement of products, which are reserved to
the states and localitics by Section 6(e)(2).
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Section 6(e)(1) forbids stute and focat munijcipalitics from controlling noise from prod-
ucts through laws or regulations that proehibit the sale (or offering for sule) ol new products
for which different Federa! noise emission stundards huave already been promulgated, States
and localities may augment the enforcement dutics of the EPA by enacting a regulation
identical to the Federal regulation, since such action on the state or local level would assist in
accomplishing the purposes of the Act, Further, state and local municipalities may regulite
noise emissions for all new products that were manufactured before the effective date of the

Federal repulation(s).

Section 6{e)(2) explicitly reserves to the states and their political subdivisions a much
broader authority: the right to “establish and enfarce controls on environmental noise (on
one or more sources thereof} through the licensing, regulation or restriction of the use, opera-
tion, or movement of any product or combination of products.” Environmental noise is
defined as the “intensity, duration, and character of sounds from all sources™ (Section 2[11]),
Limits may be preposed on the total " aracter and intensity of sounds that may be emitted
from all noise sources, “products and  mbinations of products”,

State and local governments may regulate community  aise levels more effectively and
equitably than the Federal government due to their perspective on and knowledge of state
and local situations, The Federal Goyernment may assume the duties involved in regulating
products distributed nationwide bec e it is required and equipped to do so. Congress
divided the noise emission regulation power in this manner to allow each level of government
to fulfill that function for which it is best suited. Through the conrdination of these divided
powers, a compreliensive regulatory pr.- ~am can be effectively designed and enforced,

One example of the type of regulation left open to the localities is the property line
regulation. This type of regulation would limit the level of environmental noise reaching the
boundary of a particular piece of property, Nolse emitters would be [ree, insofur as state
regulations are concerned, to use any products whatsoever, as long us they are used or
operated in such a fashion so us not to emit noise in excess of the state-specified limits. This
type of regulation may be applied to many different types of properties, ranging from
residential lots to construction siles, '

In such a case, state and local regulation of air compressors may take the form of, but
would not be limited 1o, the following examples:

o Quantitative limits on environmental noise received in specilic land use zones, as in
a quantitative noise ordinance.

& Nuisance laws amounting to operation or use restrictions,
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o Regulations limiting the amount of environmenltal noise at the boundary of the
construction site,

o Other similar regulations within the powers reserved to the states and localities by
Section 6(e)(2).

In this manner, local areas may balance the issucs involved to arrive at a satisfactory
environmental noise regulation(s) that proteet the public health and welfare as much as
deemed possible.

LABELING

The enforcement strategics outlined in Section 2 of this document will be accompanied
by the requirement for labeling products distributed in commerce, The label will provide
notice to a buyer that a product is sold in conformity with applicable regulations. A label
will also make the buyer and user aware that the air compressor possesses noise attenuation
devices and that such items should not be remeved or rendered inoperative, The label may
also indicate the associated liability for such removal or tampering.

IMPORTS

The determination of whether individual new products comply with the Federal regulu-
tion will be made by the U.S. Treasury Department (Customs), based on ground rules
established through consultation with #ha Secret~ Sf the Treasury.,

1t is anticipated that enforcement of the actual noise standard by the use of a standard
i test procedure would be too cumbersome for Customs to handle, especially in view of the

tremendous bulk of merchandise they must pass on cach day. A case in point occtirs with
2 imported automobiles, in which Crator- inepentuis presently assess compliance with

' requirements of the Clean Air Ac. swe oy On the basis of the presence or absence of a label
in the engine compartment. A similar mechanism (labeling) appears viable for use to assess
i compliance of portable air compressors with the proposed regulations,
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Section 2

RATIONALE FOR REGULATION OF THE PORTABLE
AIR COMPRESSOR

To develop an EPA criterion for identifying products as major sources of noise, first
priority was given to those products that contribute most to overall community noise expo-
sure, Community noise exposure is defined as that exposure experienced by the community
#s a whole as the result of the operation of @ product or group of products, as opposcd to that
exposurc experienced by the user(s) of the product(s).

In this section, it is shown that while portable air compressors may not produce the
highest sound level at construction sites, they do contribute significantly to community noise
exposure, thus justifying their regulation, Air compressors rank with dump trucks and con-
crete trucks in producing the highest sound cnergy per day.

In terms of assessment, community noise exposure wis evaluated in terms of the day/
night equivalent sound level (Ldn) [1] that was developed especially as a measure of commun-
ity noise exposure. Since Ldp is an equivalent energy measure, it can be used to describe the
noise in areas in which noise sources operate continuously or intermittently but are present
enough of the time to emit a great deal of sound energy in a 24-hour perjod.

Studies have been made of the number of people exposed to various levels of community
noise {2, 3]. Table 2-] summarizes the estimated number of people in residential arcas sub-
jected to urban traffic noise, aircraft noise, construction site noise, and freeway traffic noise
at or above an outdoor Ldn of 60, 65, and 70 dB, respectively.

EPA has identified an outdoor Ldp of 55 dB [1] as the day/night equivalent sound
level requisite* to protect the public from iong-term adverse health and welfare effects in _
residential areas, Table 2-1 indjcates that jt will be necessary to quiet the major sources con- i
tributing to urban traffic noise, construction sile noise, freeway traffic noise, and aircraft :
noise if this level is to be achieved,

* With an adequate margin of safety and without consideration of the cost and technology
involved to achicve an Lgn of 85 dB.
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Table 2-1

LSTIMATED NUMBER {(in Millions) OF PEOPLE IN RESIDENTIAL
AREAS SUBJECTED TO DIFFERENT KINDS AND LEVELS OF

OUTDOOR NOISE{12)

Outdoor Urban Traffic

Alreraft Consgtruction Frecway
Ldn Leval Nolse Nolse Site Noise Noise
70 dB+ 4-12 4-7 1-3 1-4
65 dB+ "~ 15-33 8-15 3-8 2-5
60 dB+ 40-70 16-32 7-15 3-6

IDENTIFICATION OF MAIOR SOURCES

Section 6(a)}(1)(C) of the Noise Control Act specifies four possible categories of products
that may be regulated by the Administrator:

I, Construction equipment,

2. Transportation equipment (including recreational vehicles and related .quipment),

3. Any motor or engine (including any equipment of which an engine

part).

4. Electrical or clectronic equipment,

an integral

Pursuant to Section 3(3}{A) aircraft are excluded as products under Section 6 of the

Act. Aircraft noise regulations will be proposed to the FAA as delineated in Section 7 of the

Act., Medium- and heavy-duty trucks contribute the most sountd energy to the environment
of any highway vehicle and, as such, have been identified for regulation as major noise
sources, Consequently, in view of the foregoing and data contained in Table 2-1, attention

is focused on construction site noise,
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CONSTRUCTION EQUIPMENT

The scund level of o product and the level of background noise determine the intrusive-

ness of o product's sound emission, which has been shown to determine annoyance in some
situations, Table 2-2 indicates that pile drivers and rock drills are perceived as the loudest
pieces of construction equipment, but sound energy measurements indicate that these products
do not contribute as much sound cnergy to the environment as other products operating on
consiruction sites, The fact that dump trucks, portable air compressors, and concrete mixers
(trucks) preduce sound levels equal to or lower than ather construction equipment and yet
produce higher total sound energy emissions means that these are the most widely used picces

of construction equipment.

Tabhle 2-2

TYPICAL CONSTRUCTION SITE EQUIPMENT SOUND LEVELS (in dBA)
AND ASSOCIATED SOUND ENERGY (in KW-hre/day)

Construction Equipment

Typleal

Sound Level
at 50 Feet

Estimated Total
Sound Eneorgy

Dump truck

Portable air compressors
Concrete mixer (Truck)
Paving Breaker
Seraper

Dozer

Paver

Generator

Pile driver

Rock drill

Pump

Pneumatic tools
Baclhoe .

88
81
85
88
a8
87
89
76
101
98
76
85
85

206
147
111
B4
79
78
75
G5
62
53
47
36
33

23
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A conira) technology report [ 14] an dump trucks and concrete mixers indicates that
their contribution to construction site noise is lirgely engine-related neise that will be con-
trolled when these trucks meet the standards proposed for medium- and heavy-duty trucks,
This leaves portable air compressors as the major source of sound energy and the most widely-
used product among picces of equipment contributing to construction site noise. This is
further confimed by the data contained in Tables 2-3 and 24, which show that portable air
compressors contribute significantly to construction site noise.

Table 2-3 shows the contribution to construction site noise by individual pieces of con-
struction equipment, while Tuble 24 shows the ranking of the portable air compressor noise
contribution to construction site noise, Asshown by the tables, the portable air compressor
ranks high on the list of contributors to construction site nojse.

24
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Table 2~3

CONTRIBUTION TO CONSTRUCTION SITE NOISE BY INDIVIDUAL
PIECES OF CONSTRUCTION EQUIPMENT

Percent Conlribullont to Construction Site Noise

Construction Equipment Residentinl) Public Works| Industrial | Nonresidentinl
Baclhoe 6.6 2,2 7.1 3.5
Dozer 10,0 6,8 8.9 4.8
Grader 2,0 L9 0.3 ¢,2
Loader 6.3 3.0 4.4 2.5
Paver 2,5 10.8 L7 0.8
Roller ¢.5 1.7 0.2 -
Seraper 3.1 4,8 1.7 1.5
Shovel 2,2 1.0 2.6 1.2
Truck 6.3 21.5 1.3 7.7
Concraete mixer 28.1 10,0 8.9 6.1
Concrete pump - - 2.1 2,2
Crane, derrick - 1.9 1.6 3.1
Crane, mobile 5.6 0.7 1.0 1.9
Alr compressor 4.6 6.1 10.0 16,9
Generator 1.8 2.5 1.1 2,5
Pump 1.3 2.7 - 3.5
Paving hammer 0.8 8.5 5.1 2.5
Pile driver - - 20,6 24.6
Pneumatic tool 11.3 1.4 6.3 3.1
Rock drill 2,2 13.8 5.1 4.8
Conerete vibrator 4.4 - 0.6 0.4
Saw - 0,2 0.9 3.1

* On an energy bases

** A dash (=) indicates the equipment is not primarily used at the type of slte
cited or the percent contribution is less than 0. 1 percent.
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Table 2-4

CONTRIBUTION OF PORTABLE AIR COMPRESSOR NOISE TO CONSTRUCTION

SITE NOISE

% Contribution to tha

Site Construction Site Noise Rank at Site**
by the Portable Alr Compressor*
Residential 46 7th
Public Works 6.1 Tth
Industrial 10.0 3rd
Nonresidential 16.9 2nd

* On nn energy basis.

** On an energy basis relative to 20 typical pleces of equipment employed at

construction sites,

2-6
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Section 3

BACKGROUND INFORMATION

Tiis section summarizes the background information gccrued by the Environmental
Protection Agency’s OIfice of Nojse Abatement and Control relevant to the noise emisston
regulation for portable air compressors, The requisite regulation is to protect the health
and weifare of the American public, taking into account the degree of noise reduction
achievable through the application of best avaitable technology and the cost of compliance.

The information has been-derived from numerous sources. The EPA contracted with
Bolt, Beranck and Newman (BBN), an acoustical consulting firm, and A. T. Kearney, Manage-
ment Consultants, and has utilized the data gathering and information cellecting capabilities
of Informatics, Inc. The EPA has also developed an interagency agreement with the National
Bureau of Standards (NBS) for technical assistance. BBN provided cost and technology
support [ 5, 6, 7]; A. T. Kearney Management Consultants provided economic analysis
support {8); Informatics, Inc. submitted seports addressing domestic and foreign regulations
relating to construction equipment and portable air compressors {9, 10] ; and NBS provided
technical support in the development of methodotogy Lo test and measure portable air
compressors [11]. '

The EPA and contractor personnel made several visits 1o compressor manufacturers,
distributeors, and users to obtain the most gecurate information available for use in the
development of the propased portable air compressor regulations. NBS personnel held two
meetings with industry technical experts to discuss and exchange information on measure-
ment methodology.

The EPA published a Notice of Proposed Rulemaking for Portable Air Compressors
on October 29, 1974 (39 FR 38186). The docket, which afforded the public an oppor-
tunity to comment on the proposed regulation, closed on December 30, 1974, Additionally,
two public hearings were held regarding the proposed rulemaking. Public notice was pro-
vided on January 22, 1975 (40 FR 3466) and hearings were held on February 18, 1975, in
Atlington, Va., and on February 25, 1975, in San Francisce, Calif. The following is a list
of individuals and organizations submitting comments to the various dockets. A summary
of the camments received and responses, thereto, is presented in Appendix A.
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Portable Air Compressor NPRM Docket

Richard Gimer

W. §. Price

John Y. Richards

i, A, Long

J. M, Ombrello
Gerald H, Shalf

1. 1. McNally

D, E. Kiptey

Bruce J, Smith

I, T. Larmore
Robert A, Heath

W, J. Cowan

C. M. Copeland
Richard Ostwald
William W. Lang
Lawrence H. Hodges
R, D. Harlow

Mary Ann Zimmenmnan
Dr. Robert W, Young
N. 1. E. Hartwell

R. W. Wiedow
Walter L, Black

M. E, Rumbaugh, Ir,
George J, Stradtner
Hugh 1. Myers, Ir,
Thomas F. Scanlin
Robert F, Hand
AL Cox

Don L, Kerstetter
F. A, DelleCave
Joseph O'Neill
Charles Stewart

Compressed Air & Gas Institute
Worthington Compressor

Joy Munulucturing

Chicage Preumatic Equipment Division
LeRoj Division, Dresser Industrics
Walker Manufacturing Company
Caterpillur Tractor Company
Gardner-Denver Company

Bucyrus-Erie

Construction Industry Manufacturers Assn,
Walker Manulacturing

Barber-Greene Company

P, K. Lindsay Compuny

Smith Air Compressors

Institute of Noise Control Engineering
Y L Case

Schramm, Inc.

Cummins Engine

Acoustical Society ol America

Perkins Engines Company

Northern linois Gas Company

Clatk Equipment Compuny

Schwitzer Engineered Components
Grimmer-Schmidt Corp.

Citizen

Grossmont College

Clark Equipment

Construction Industry Manufacturers Assn.,
American Road Builders® Association
Caterpillar Tractor Company

Penna, Dept. of Environmental Resources
Ingersoll-Rand

Quincy Compressor {(Colt Industries)
Machinery and Allied Products Institute
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Partable Air Compressor ITearings — Arlington, Va,

Richard Gimer

accompanicd by
George Dichl
Robert Harlow
Richard Ostwald
Bill Heckenkamp
William Price
Richard Geney
John Richards

Lawrence H. Hodges

Max E, Rumbaugh, JIr.

Andrew Kauders

David Staples

Don Gallay

John A, Hilcken

Robert Hand

John McNally
Robert Levy

! Dr, Donna Dickinan
H. T. Larmore
Alvin Greenwald

P LI

John W, Ross
Robert L, Greivell
0 Vincent Salmon
; J. A, Mills
“: Richard Anderson
f; Paul Laesch
§ )
H

Compressed Air & Gas Institute

Ingersoll Rand

Schramm, Inc,

Gordon Smith and Company
Gardner-Denver Company
Worthington Compressors, Inc,
Atlus Copeo, Inc.

Joy Muanufacturing

J, I, Casc Company

Schwitzer Engineered Components
General Services Adminpistration
District of Columbia

City of Chicago

Arlington County, Virginia
Clark Equipment Company

Portable Air Compressor Hearings — San Francisco, Calif,

Caterpillar Tractor Company

City of San Francisco

Washington Hearing and Speech Society
Construction Industry Manufacturers Assn,
Citizen

City and County of San Francisco
Koehring Company

Industrial Services, Inc:

Industrial Services, Inc,

General Acoustics

Sullair Corporation
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Section 4

THE INDUSTRY AND THE PRODUCT

GENERAL DESCRIPTION

Noise associated with construction has become a major probiem in many cities and
towns. The trend toward urban renewal and more high-rise structures has created an almost
perpetual din in city streets, Equipment associated with construction activities has become
more numerous, and the time span for construction at a given site has lengthened, Residents

in proximity to a high-rise construction site may well plan on 2 years of elevated noise levels
as the structure is built,

The basic unit of construction activity is the construction site, which exists in both
space and time. The temporal dimension consists of various sequential phases that change
the character of the site’s noise output as work progresses. These phases are discussed

further subsequently. In the ¢ase of building construction, the spatial character of the site
is self-evident, :

Construction sites are typically classified in the 15 categories in which construction
data is reported by the U.S. Bureau of the Census and various state and municipal bodies,
The categories are:

& Residential buildings:

Cne to four family
Five family and larger

& Nonresidential buildings:

Office, bank, professional
Hotel, motel, etc,

Hospitals and other institutions
Schools

Public works buildings
Industrial

Parking garages
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Religious
Recreational
Store, mercantile
Service, repair station
® Municipal streets
@ Public works (¢.g., sewers, water mains)
For purposes of allocating construction effort among the different types of sites, it is
possible to group the nonresidential sites into four larger categories differentiated by the

cost of the average building in each category, as well as by the distribution of effort among
the various construction phases, These four groups, in order of decreasing average cost per

building, ure [2]:
® Office buildings, hospitals, hotels
@ Schools, public works buildings
® Industrial buildings, parking garages
@ Stores, service stutions, recreational buildings, and religious buildings

Construction is cartied out in several reasonably discrete steps, each of which has its
own mix of equipment and, consequently, its own noise characteristics. The phases (some

of which can be subdivided) are:
® Building construction
1. a. Clearing
b. Demolition
¢. Site preparation
2. Excavation

3. Placing foundations

- et e
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4.

a. Frame erection

b. Floors and roof
¢, Skin and windows
a. Finishing

b. Cleanup

® City streets

1.

e}

-

3.

4.

5.

Clpﬂring

Removing old roadbed
Reconditioning old roadbed
Laying new subbase, paving

Finishing and cleanup

® Public works

5.

Clearing

Excavation

Compacting trench floor

Pipe instaliation, filling trench

Finishing and cleanup

The most prevalent noise source in canstruction equipment is the prime mover, e.g.,
the internal combustion engine (usually of the diesel type) used to provide motive and

operating power. Engine powered equipment may be categorized according to its mobility
and operating characteristics, as:

by, o a8 et b B
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® LEarthmoving equipment (highly mobile).
® Handling equipment (partly mobile),
® Stationary equipment (The air compressor is in the latter category).

Typical average noise levels [2) at construction site boundaries are shown in Table 4-1
for each phase of construction activity,

It may be gencrally agreed that construction site noise can be alleviated by reducing
the noise levels of individual pieces of equipment employed within the site [2, 3].
Other methods also exist that, by themselves or in combination, may be used to control
construction site noise. For example:

® Replacing individual operations and techniques by less noisy ones,
@ Selecting the quietest of alternate operations to keep average noise lavels low,

® Locating noisy equipment away from site boundaries, particulurly near noise sensitive
land use areas.

® Providing enclosures for stationary jtems of equipment and barriers around particularly
noisy areas on the site,

Table 4-1

TYPICAL AVERAGE NOISE LEVEL, dBa,
AT CONSTRUCTION SITE BOUNDARIES(?)

.. Cffice Bullding Industrial Highways
Fhages 31‘ | Domestic Hotel, Hospltel Recreation, Store, | Ronds, Sewers,

.Construction HousIng | gonool, Publie Work Sarvice Station Tranches !
Ground clearing 83 84 84 84 ;
Excavation a8 88 88 ge 5
Foundation 81 78 77 88 i
Erections 81 87 84 79 ‘
Finishing 88 85 89 84 ‘
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There is no doubt that the constructjion industry can tuke steps to reduee its noise
through equipment selectivity or operationa procedure noise control schemes, HMowever,
regulations are needed 1o asstre that the basie steps are tuken unilormly by all comyponents
of the industry, '

THE INDUSTRY

The portable ajr compressor industry s o mature and highly competitive industry,
Manufacturers of portable air compressors vary significantly in size, financial strength, mapu-
facturing capability, applied technology, marketing ability, and extent of product diversifi-
cation, Seventeen manulacturers, currently active in the domuestic market, have been identi-
fied. Two manufacturers imporl components and assemble untis in the United States, und
one imports completely assembled units, Sales in 1974 of 3150 miillion resulted from ship-
ments of more than 16,000 units, Table 4-2 presents 4 listing of manufacrurers and an
estimated dollar value of their portable air compressor sules, Eight manufacturers ave
over 90 percent of the market,

Nine of the 17 manufacturers are divisions or subsidiaries of Luge corporations with
assets in excess of $100 million. These are: Atlas Copco (importer), Chicago Preumatic,
Davey, Gardner-Denver, Ingersoll-Rand, Joy, Le Roi, Quincy and Worthington. Sales of
these corporations {pirent company} in 1972 runged Irom 3182 million to $906 million,
These corporations are not highly specialized in the construction equipment industry [8],
but are extensively diversified, producing o wide variety of products sold in other industries.

Three medium-sized manufacturers have assets ranging from 3 10 million to $30 million.
These are Jaeger, Schramm, and Sullair. Sales of these carporations in 1974 ranged (rom
$10 million to $40 million. Five manufacturers ure small companies with assets ranging
from $0.5 million to $3.0 million. They are American Jenback (importer), Grimmer-Schmidt,
Kent Air Tool, Lindsay, and Gordon Smith [8]. The medium and small-sized manufacturers
typically specialize in portable and stationary compressors and o few other produets sold
primarily outside the construction equipment market.

Portable ajr compressor manufacturing facilities are concentrated in the northeast and
north-central United States, Plants vary considerably in terms of size, efficiency, technology,
and employment. Detailed plant location, employment and factory production information
is presented in Reference 8, While some firms have efficient plants utilizing the most up-to-
date technology, others have old, extremely inefficient plants utilizing technology and
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Tahlg 4-2

ESTIMATED SALES OF PORTABLE AIR COMPRESSORS

BY MAJOR MANUFACTURERS, 1974

Mamfacturer Millions of Dollars
Ameriern Jenback 0.56-2,0
Atlas Copco 1.0 - 3.0
Chicago Pneumatic 6,0 ~8.0
Davey 0.5~2,0
Gardner-Denver 16,0 - 18.0
Grimmer-Schmidt 0.5~2,0
Ingersoll-Rand 37.0 ~ 42,0
Jaeger 5,0 ~6.0
Joy 19,0 ~ 23,0
Kent Alr Tool 1.0~-2,0
Le Rol 10,0 ~ 12,0
Lindsey 1.8~2.0
Quincy 3.0 ~4,0
Schramm 2.56~4,5
Gordon Smith 4,0 - 5.5
Sullair 23,0 ~ 25,0
Worthington 9.0~-11,0

production methods that are nearly obsolete, Generally, the larger manufacturers have the
more efficient plants.

Most manufacturers utilize only one plant for the prodisction of portable air compressers,
Generally, these plants arc also used for the production of related products, including station-
ary air compressors. However, cach product is typically manufactured on a separate production

line or in a separate area,

Approximately 9,000 people are employed in plants that manufiacture portable air com-
pressors, The exact employment attributuble 1o the production of portable alr compressors
is considered confidential. it has been estimated that the total portable air compressor pro-
duction employment is in the range of 2,000 to 3,000 cmployees,

The portable air compressor industry generally operates between 65 and 75 percent
cupacity, However, during 1973 the industry operated in excess of 85 percent of capacity,

The industry has been constrained from further expansion by the difficulty in obtaining
deliveries of enaines and other components,

4-6
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Manufacturers obtain raw materials and components fron interdivisional transfers,
component suppliers, and raw material suppliers. The finished product is distributed through
construction equipment distributors (dealers) who sell or Jease the product to the primary end
users (such as the construction and mining industries), other industries, and government
agencies, Table 4-3 indicates the estimated distribution of unit shipments by end-use market

during the years 1967 through 1974 [8],

Table 4-3

ESTIMATED PERCENTAGE OF
TOTAL PORTABLE AIR COMPRESSOR UNIT
SHIPMENTS BY END USE MARKET, 1967-1974

End Use Market

Percentage of Units Shipped

Construction industry

Publie works and other non-building
constriietion

Commercial, institutional and industrial
building construction

Mining industry
Industrinl users
Government agencles

Other users,
——— — —— e s —

Total

50

20

The single largest user of portable air compressors is the construction industry, which
currently accounts for an estimated 70 percent of tota! units shipped. Government agencies
account for about 15 percent of the units, followed by mining and industrial users, sharing

anothier 15 percent of total shipments.

Channels of distribution traditionally are through independent, authorized distributors
and factory-owned distributors or branches, In excess of 50 percent of manufacturer shipments

4-7
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ol new portable compressors reach the end user via rental/purchase agreements, Intermittent
use requirements result in a large rental market. The trend to increased rental of compressors
is expected to continue. Used equipment is also an important factor in the portable air
compressor market,

From 6 to 13 percent of total annuyl shipments are exported each year, imports have
heen & minor factor in the market (less than 7 percent of the 1972 unil volume},

Most manufucturers currently offer quieted portable air compressors due to customer
demand resulting from OSHA and local noise regulations. Domestic shipments of quieted

units vary by compressor capacity and power source type, as shown in Table 4-4,

Table 4-4

ESTIMATED SIDPMENTS OF QUIETED PORTABLE AIR COMPRESSORS
AS A PERCENT OF TOTAL UNIT SHIPMENTS BY MARKET SEGMENT

Air Flow Capacity Estimated Percent

Power Source Type Range (CFM) of Total Shipments
Gasoline engine 75-~124 20
124-250 20
Diesol engine 124-249 20
249-~599 20
600-899 10
800 and over 10

THE PRODUCT

Portable air compressors are designed mainly fo power pneumatic tools and equipment
at a construction job site. Primary applications include the generation of air power for:

® Qperating hand tools

# Tunneling operations

® Mixing and atomizing to shoot fine particle materiul into place

4-8
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® Pneumatic conveying of small particle material
® Air-operated centrifugal pumps

@ Air-powerad hoist drums or brakes

® Snow production.

Compressors generally are rated according to maximum flow rate at a pressure of 100
pounds per square inch (psi) (although some firms have units rated up to 150 psi). Portable
air compressors used at construction sites generally range in flow capacity from o low of 75
efm to: high well in excess of 2000 cfm,

Almost all large units are diesel-engine driven, screw-type compressors. The intermediate
sized units are diesel and gusoline-engine driven, screw and rotary type compressors, while the
smaller types are primarily gasoline-engine driven, screw, rolary, and reciprocating type
COMPIESSOrS.

The portable compressors of interest are designed to be towed as trailers on two or
four cubber-tired wheels. They have weights ranging from 1 to 14 tons, lengths ranging
from 5 to 19 feet, and heights ranging from u little less than 6 feet to almost 10 feet.
Mounted on the trailer are the compressor, an air receiver, the driving engine, cooling system,
fuel tanks, tool boxes, und an enclosure, The enclosure itself, when designed for noise insula-
tion, can comprise as much as 10 percent of the total weight. )

The most widely manufactured compressor in the United States today is the rotary
screw-type unit. The screw type compressor is a single-stage unit that provides a high
flow-rate-to-size ratio and offers high reliability due to its few moving parts. An engine
occupying § to 13 times the volume occupied by the basic compressor is needed along
with the accompanying cooling and exhaust system to drive the compressor, In most
cases, the engine is directly coupled to the male screw element, which then drives the
female ¢clement,

The basic screw-type compresser unit accounts for only a small fraction of the weight
and size of an operating portable compressor. Typically, rotary screw units used in portable
compressors are smaller in size than an automoebile automatic transmission. Likewise, the
compressor mechanism itself produces little of the noise generated during operations.

Most ULS. manufacturers are phusing out their line of sliding-vane rotary compressors,

probably because they are reputed to require more maintenance and are less economical to
operate than other types. Nevertheless, there are still several portable compressor sets of

49
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this type on the markel, As in the case of the serew-type compressors, the compressor
itsell is relatively small, but the necessary concomitant equipment is substantial, Some-
times the compressor is mounted in the receiving tank to save space.

The traditional reciprecating compressor is used today almost exclusively in portable
compressors delivering less than 250 cfm. Unlike the screw and rotary-vane types, it usually
requires several stiges to achieve the required pressure. Consequently, the basic unit is a
larger fraction of the total weight and size of the complete compressor assembly,

Rotary-screw manufacturers tend to compete by specializing in one or twao types of
portable air compressors in each market segment. Table 4-5 summarizes the types of com-
pressors offered by each portable air compressor manufacturer,

Table 4~5

TYPE OF COMPRESSOR OFFERED BY MANUFACTURER

Manufacturer Rotary Screw Reciprocating Rotary Vanpe
5 American Jenback x x
Atlas Copco X X
Chicago Pneumatic x b4
Davey Compressor X
Gardner Denver X
Grimmer Schmidt X
Ingersoll-Rand b3 X
Jaeger X X
‘Joy Manufacturing X x
Kent Ajr Tool X
Ie Rol X X
Lindsay X
Quincy X
Schramm X
Gordon Smith x
Sullair : X
Worthington X X

The basic units used to gauge productive capacity and performance of portable
compressors are the engine type {diesel or gasoline) and air flow rating in cfm at 100 psi.

4-10
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Thirteen manufacturers, shown in Table 4-6, offer a complete line of portabie air

compressor capacity while the remaining four offer anly the smaller capacity unils.

Table 4-G

PORTABLE AIR COMPRESSOR CAPACITIES IN efm

OFFERED BY MANUFACTURERS

Manufacturer

Gasaline Engine

Diesel Engine

75-124

126-250 | 125~249

250-~599

600~899

900 & over

American Jenback

Atlas Copco

Chicago Pneumatic
Davey Compressor
Gardner-Denver
Grimmer-Schmidt
Ingersoll-Rand

Jaeger

Joy Manufacturing
Kent Air Tool

Le Roi
Lindsay
Quiney
Schramm
Gordon Smith
Sullair
Worthington
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Section 5

EXISTING LOCAL, STATE, AND FOREIGN NOISE REGULATIONS

According to Section 6 of the Noise Control Act of 1972, the propcsed Federal
regulations for new portable air compressors will preempt new product standards for com-
pressors at the local and state level® unless those standards are identical to the Federal
standard. Further, according to Section 9 of the Act, reguiations will be issued to carry out
the provisions of the Act with respect to new products imported or offered for importation.

EPA reviewed available literature und conducted o survey to determine the number of
existing regulations that are applicable to construction equipment and portable air compressors
and that may be affected by proposed Federal regulations, In the following subsections, the
findings of the review are summarized.

LOCAL AND STATE REGULATIONS

information on state and local construction noise regulations wus obtained from 123
cities with populations in excess of 100,000 and from 226 cities with populations of less
than 100,000, Inaddition, information was received from 46 of the 50 states surveyed [9].

As indicated by Table 5-1, 27 of the 123 cities with a population in excess of 100,000
and 21 of the 226 cities with a population less than [00,000 huve some form of a constructian
regufation at this time. Of the 43 cities with some form of construction equipment regula-
tion, 36 have operational limits and 7 have new product standards as shown by Table 5-2.

Of the 46 states that replied to the survey, 4 had specific regulations for the noise of
construction equipment. Colorado, Indiana, New York, und Alaska have performance

. standards, while Indiana has new product standards currently in force,

*Local and state governments are not prohibited from “establishing or enforcing controls

on environmental noise through licensing, regulation or restriction of the use, operation

or movement of any product™ or from establishing or enforcing new product noise standards
for types of construction equipment not regulated by the Federal Government.
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Tahble 5-1

TYPE OF LOCAL NOISE ORDINANCES FOR
CONSTRUCTION FOR SELECTED POPULATIONS

: Ordinance _
Population No Epeclfic NIE:‘TCG Under k ;:fri);‘;r;zgce Total

W Development *
Over 100, 000 54 a7 5 27 123
Under 100, 000 157 48 0 21 226
TOTAL 211 85 b 48 3490

Table 5-2
TYPE OF LOCAL NOISE PERFORMANCE STANDARDS
FOR CONSTRUCTION
' New Product
Population Operational Limits Standards

Over 100, 000
Under 100,000

TOTAL

18
18

36

=3 o ¢t

Since the Federal portable air compressor regulation will preempt existing or con-
templated lacal and state portable air compressor regulations, cities and states that
will be affected have been identified. Figure 5-1 shows that seven cities (and no states)

have new construction equipment noise standards. Also shown is that Grand Rapids,

Mich., and New York City, M.Y., have the most siringent standard along with the shortest
time period for compliance.

These seven regulations then, in part, will be preempted by the new Federal law on
portable air compressors, The new Federal law will preempt these jurisdictions only from
promulgating or enforcing a new product stundard for portable air compressors. It will not
prohibit them from enforcing laws against other types of construction equipment and will

not prohibit them from establishing or licensing operational limits for portable air compressors.
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EFFECTIVE DATE OF REGULATION
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Figure 5-1. New Product Noise Standards for Construction Equipment !
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FOREIGN REGULATIONS

Over 300 inquiries were sent to foreign manufacturers of portiable air compressors and
representatives of foreign nations who were knowledgeable in the field of environimental
noise [10]. These inquiries solicited information and comments in the following five areas,

1. The technology available to reduce the noise of portable air compressors and noise
Ievel data for existing models of air compressors,

[

Legislation setting limits on the noise level of construction equipment, especially
portable air compressors.

3. The effects of goverhment regulations on the cost of producing or marketing
portible air compressors that must be quieted.

4, Specifications for the noise levels produced by portable air compressors used in
government contracts,

5. Standards for measuring the noise level of air compressors.

Although information in arcas other than reguiations was requested, in most
instances the individuals and countries responding did not address anything but the
applicable regulations on construction equipment.

Genérally, it was found that foreign countries have regulations that deal specifically
with construction noise in the following ways:

& Standards of recommended practice such as the Guidelines for Noise issued by the
National Federation of Building Trades Employers and the Ministry of Public
Works in the United Kingdom.

® Contract specilications between buyer and builder such as those in Norway or New
South Wales, Australia.

@ General nuisance laws such as those in the various municipalities in Canada and
Paris, France. .

& Regulation of the noise level in various land use areas. These laws frequently differ-
entiate between daytime and nighttime levels. Examples include Oslo, Norway;
Zurich, Switzerland; Sweden; and Vienna, Austria,
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& Regulation of the noise emission level of specific types of equipment, such as
portable air compressors, .

The levels specified by the cities and natjons regulating portable air compressor noise
are summarized in Figure 5-2,
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HOTES: (1) Soma data corrected ko 7 maters
[2) Somg¢ data correctad for sound leval _
{3) Lavels are for anv air flow currently available unluss othorwise stated

Fipure 5-2, Foreign Compressor Noise Regulations
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Section 6

MEASUREMENT METHODOLOGY

MEASUREMENT STANDARDS

Numerous recommended praclices, stundards, and regulations for noise measurement
have been proposed by national and international organizations{13] to standardize the
measturement methodology used by industry, consumers, and government regulatory bodies.
The Society of Automotive Enginecrs (SAE) hus published recommended practices and stan-
dards or dralt documents that standardize the noise measurement methods for construction
equipment and construction sites [14, 15]. The American National Standards Institute (ANSI)
for the United States and the International Standards Organization (1S0) have developed,
through their member groups, numerous noise measurement standards, Of particular interest
1o the portable air compressor manufacturers is the Compressed Air and Gas Institute (CAGI)
test code for measurement of sound from pneumatic equipment [16]. This standard has been
accepted for promulgation by [SO as 1S02151-1972 und by ANSI as ANSI 85.1-1971, One
section is specifically devoted to portabie air compressors and is widely used by portable air
compressor manufacturers to describe the sound pressure level of their products,

With consideration given to the possible use of sound power or sound power level to
describe portable air compressor noise, methods suitable for this type of description have
been investigated, Two methods investigated were:

i. The 10 point hemispherical method of Reference 17,

2, The National Burcau of Standards far and near field method of Reference 11,

In both methods, sound pressure levels are measured and sound power or sound
power level is comptited. Further description of the sound pressure level and the scund
power/sound power level methods follows,

CAGI METHOD —~ SOUND PRESSURE LEVEL .
Octave-band sound pressure levels from 63 to 8000 Hz and A-weighted sound levels are

obtained during jdle and fullpower conditions at 10 Jocations around the compressor. The
locatians are shown in Figure 6-1.
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Direction
of Maximum
" Sound Lave!

Figure 6-1. CAGI/PNEUROP Mcthod Microphone Locations

Octave-band data are used to show the characteristics of portable air compressor noise
at the microphone location at which the highest sound leve] was recorded.

A-weighted sound levels are used to calculate the average sound level at the 1-and 7-
meter microphone locations. The average level is calculated by one of the following three
methods:

»

1. Maximum Varlation of 5 dB or Less, 1f the maximum variation in corrected sound
pressure levels is 5 dB or less, average the sound pressure levels arithmetically,

2. Maximum Variation of § to 10 dB, If the maximum variation in corrected sound
- pressure levels is between 5 and 10 dB, average the sound pressure leve] values
arithmetically and add 1 dB,

3. Maximum Variation over 10 dB, 1f the maximum variation exceeds 10 dB, average
according to the equation {6-1) below:

n
T =10 Logm(.rl.l. > 1o (Li“m) .. (61)
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where

L = Average sound level (dB A) (or band average pressuse level in decjbels),

Li = Sound level (dB A} (or band sound pressure devel in decibels) at the ith
position, and

n = Number of measuring stations.

10-POINT HEMISPHERE METHOD - SOUND POWER LEVEL

Theoretically, sound pressure levels measured over the entire surface of an imaginary
sphere surrounding the source should be used when calculating sound power levels, The
practical procedure for approximating the entire sphere is to select a number of points
located at the center of elements of equal area that are situated on the surface of an
imaginary hemisphere about the source. Figure 6-2 is a schematic of the microphone points
used for the 10-point hemisphere method, while Figure 6-3 shows the coordinates (relative
to the radius of the hemisphere) for the microphone positions. Sound power level s cal-
culated using Equation 6-2,

.

PWL = SPL + 20loggr + 0.5 dB o (62)
where
PWL = sound power level in dB re10-!2 watts,
SPFL = spatial average sonnd pressure level dB, and
r = radius of the hemisphere.

NATIONAL BUREAU OF STANDARDS METHODGOLOGY ;

The National Bureau of Standards (NBS) investigated a measurement methodology :
that would provide for the determination of A-weighted sound power level or the cquivalent
A-weighted sound pressure Ievel at o reference distance. The methodology makes use of
A-welghted sound level data acquired at a minimum of eight measurement positions disposed
on a curved surface surrounding the portable air compressor at a distance of 1 meter from
the surface of the machlne, A-weighted sound data acquired at the eight mensurement
positions are used to first caleulate the average sound level of the test specimen and are then

63
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Figure 6-2, Schematic Diagram of 10 Microphone Locations
at the Center of Elements of Equal Area on the
Surface of a Hemisphere about a Sound Source
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POSITION XIR Y/R . 2R
A 0.168 0.898 0,410
8 0.775 0.550 0313
c 0.738 | -0.067 0.671
D 0.775 | -0.603 0.193
E 0,168 | -0.961 0.224
F -0.257 | -0.652 0.713
G ~0834 [ -0399 0.331
H ~0.834 0.315 0.452
I -0.257 0,498 0.828
J g100 | -0,099 0.990

Figure 6-3. Relative Coordinates for 10 Points of Hemisphere of Radius R
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combined with the ares of the messurement surface to arrive at the A-weighted sound power |

fevel of the machine. Reference 11 provides an in-depth discussion of the steps und
requisite calculation ciployed to determine A-weighted sound power fevel using the NBS

methodology,

As stated above, a minimum of cigh! meassurement positions are employed in the
methodology, with provisions for messurements at eight additional positions should the
range of the first eight sound level values exceed 8 dB. For conditions under which duta
at the eight microphone positions suffice, one microphone is located near the center of
each of the four sides of the source, and four micraphones are locited above the top of
the source near the corners of the measurement surface. Figure 6-4 shows the microphone
array for the minimum (eight} measurement tequirements. Table 6-1 lists the microphone
position coordinates for the eight meusurement points of Figure 6-4. For situations
requiring additional measurements, Table 6-2 prescribes the coordinates of eipht additionai

measurement positions,

EPA PORTABLE AIR COMPRESSOR NOISE TEST YROCEDURE

In arriving at a compressor test procedure, EPA recognized the need for a common,
well known descriptor of portable air compressor noise (o avoid possible confusion over
units of measurement by industry, statefiocal governments, and the public. Also recognized
was the need for a relatively simple method to aceurately determine portable air compressor

noise that could be used both for product verification and enforeement,

Candidates for the proposed description of partable air compressor noise were:

® A-weighted sound pressure in dBA
¢ Sound power leveiin dB

¢ Sound power in milliwatts,

A-weighted sound pressure level in dBA wus selected (or several reasons, including its
utility and ease of acquisition, A-weighted sound pressure level can be measured directly
using common, readily available equipment. Thus, it is common te and widely used by
industry, the scientific community, stete and loca! governments, and the general public to
assess human response to noise, Thisisin contrast to sound power level and sound power,
which cannot be measured but have {o be caiculated, typically from sound pressure level

data,

&6
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Figure 6-4. Microphone Placement - NBS Methodology
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Table =1

MICROPHONE POSITION COORDINATES ~ NBS METHODOLOGY*

Position Number X Y A Digtance F'rom
Reference Surface
1
a h1 T
2 0 b h1 T
3 -a 0 111 r
4 0 ~h h r
] u1 bl greater than h r
6 Ry b1 greater than h r
7 __--nl --b1 greater than h r
8 al --b1 greater than h T

*Ses Figure fi-4.

Source overall dimensions are L. W, H, corresponding to length

a=£‘-+r,b=-w-+r,c=ﬂ+r

2 .3
hy = i— (a+b--2r-) <H
8 = % @+ =3
b, = é- (b + -;5) sb

» width and height

Origin for the coordinate syatem is the point on the ground plane under the

geometric centerl® of the gource,

68
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Table 6-2

COORDINATES OF ADDITIONAL POSITIONS - NBS METHODOLOGY*

Distance from
Position mmber X ¥ z Reference Surface
9 8, 0 r
10 0 b1 r
11 -a, 0 r
12 0 -b1 r
13 ﬂl hH hi r
15 "'a-l ~b hl r
16 a -b h1 r
1 [
8, = 3 (a + ) ) sa
*See Fipure 6-4,
6-9.
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By selection of the A-weighted sound level descriptor, the 10-point hemisphere and
far-field/near-ficld measurenent methiods for the acquisition of data to caleulate sound
power level and sound power, respoctively, were eliminated as candidates for the desired
test procedure, Their elimination resulted beeause dhe rigor involved in the methods is not
needed for the simple, dircet measurement of A-weighted sound pressure level.

The remaining candidate Tor the desired test procedure was the CAGI/PNEUROP
measurement method, in reviewing this method, considerition was given to whether data
were needed at both the 1- and 7-meter microphone locations. EPA concluded that only
one set of data was needed, thar at 7 meters, This conclusion was based on the fact that
the 1-meter measurement locations die in the near field (see Section 7 of this document).
Although the near field dita may be approprinte for regulatory use, they would not be
satisfactory for far-field extrapolation, as is often the case when it is desired fo estimate
noise levels et residential positions some distance from the construction site (Section 7
discusses the problem in more detail), 1n other words, the -meter data ire not as utilitarian

as are the 7-meter datil,
Consequently, EPA sclected the 7-meter microphone locations because:
® The microphone locations are in the far leld,
® The data satisfactorily describe compressor noise,
o The data could be used for extrapolation with some degree of confidence.

The Agency also added an overhiead microphone location to guard against compressor
design that would direct mziar scund energy upwirds (this would be of significanee to
persons residing in high-rise buildings udjacent to consfruction sites). Further, the need to
search for and report the maximum A-weighted sound pressure of the compressor was
¢liminated, since data indicete that the maximum occurs at or near the {four horizontal
points selected for measurement.

By selection of a medified but more simple CAGI/PNEUROQP test method, little
education, if any, would be required on the part of industry, since the members of CAGI
are familiar with and currently use the CAGI/PNEUROP procedure,

The conditions znd the measurement procedures requisite to meastire the noise of
portable air compressors for the purpose of compliance with a noise standard are presented
in the folowing discussion,

6-10
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Test Site Description

Locations for measuring noise during noise complisnce testing must consist of ant open
site ubove a hard reflecting plane. The reflecting plane must consist of a surface of sealed
concreie or sealed asphalt and must extend | meter beyond each microphone location, No
reflecting surfuce such as a building, sign board, or hillside shall be located within 10 meters
of & microphone location,

Measurement Equipment

The foliowing measurement equipment or its equivalent must be used during noise
standard compliance testing.

® A sound level meter and microphone system that conform to the requirements of
American National Standard Institute ANSI §1.4-1971, *“Specification for Sound
Level Meters,™ as shown in the section concerning Type | sound level meter, and
the International Electrotechnical Commission (IEC) Publication No. 179, “Precision
Sound Level Meters” regarding the sections concerned with micraphone and ampli-
fier characteristics.

® A windscreen must be employed with the microphene during all measurements of
portable air compressor noise when the wind speed exceeds 11 km/hr. The wind-

screen shall not affect sound levels from the portable air compressor in excess of
£ 0.5 dB.

® The entire acoustical instrumentation system, including the microphone and cable,
shall be calibrated before and after each test series, A sound level calibrator .
accurate within £ 0,5 dB shall be used. A complete frequency response calibration
of the instrumentation over the entire range of 25 Hz to 11.2 kHz shall be performed
at least annually using methodology of sufficient precision and accuracy to determine
compliance with ANSI §1,4-1971 and {EC 179, This calibration shall consist, at a
minimum, of an overall frequency response calibration and an attenuator (gain
control) calibration plus a measurement of dynamic range and insirunient electronic
nose,

® An memometer or other device, accurate to within + 10 percent, shall be used to
measure wind velocity,

® An indicator accurate to within 2 percent shall be used to measure portable air
compressor engine speed,

6-11
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® A pauge dccurate to within £5 percent shall be used to measure portable compressor
air pressure,

® A metering device aceurate to within £ 1Q percen't shall be used to measure the
portable air compressor compressed air volumetric flow rate,

Portable Air Compressor Operation

During noise standard compliance testing, the portable air compressor must be
operated at a design full speed with the compressor on load, delivering its rated output
flow and pressure. The discharged compressed air must be piped clear of the test site or

stlenced,

Test Conditions

Noise stendard compliance testing must be carried out under the lollowing conditions:
® No rain or ather preceipitation.

8 No wind above 19 kmi/hr.

® No observer located within 1 meter, in any direction, of any microphone location,
or between the test unit and any microphone,

® Portable air compressor sound levels, at euch microphone location, shall be a
minimum of 10 dB greater than the background sound level,

Microphone Locations

Five microphone locations must be employed to acquire portable air compressor
sound levels to test for noise standard compliance, A microphone must be located
7 £ 0.1 meters from the right-, left-, front-, back side and top of the test unit. The micro- ;
phone paosition to the right-, lefi-, front- and back side of the test unit must be Jocated
1.5 0,1 meters above the reflecting plane. Figure 6-5 shows the microphane array.

- - et e 57 - Rl
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Figure 6-5. Microphone Locations to Measure Portable Air Compressor Noise

Data Required

The following data must be acquired during noise standard compliance testing:

& A-weighted sound levels at one microphone location prior ta operation of the test

unit and at all microphone locations during test unit operations.
& Portable air compressor engine speed.
® Portable air compressor compressed gas pressure,

¢ Paortable air compressor flow rate.

6-13
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Calculation of Average Sound Levels

The average A-weighted sound levels from measurements at the specificd micre phone
locations must be calculated by the following method,

1
L= 10log]p (% 2] 10(Li“0)> . (6:3)

1 -
where:
L = avernge sound level, dBA, in decibels
L; = sound level, dBA, in decibels at the i th Jocation,

and

.
n = number of measurement position,

Presentation of Information
The following infoymation must be reported:
@ Background ambient sound level in dBA.
® Portable air compressor sound levels in dBA at each microphone location.
® Average portable nir compressor sound levels in dBA.
® Portable air compressor compressed gas pressure, in kgfem?2 or ps:ig.
@ Portable air compressor compressed gas flow in m3/min or ¢fm,
# Portable air compressor manufaciure, model and serial number.
& Acoustic instrumentation manufacturer, and model number,

The recommended data format is shown in Figure 6-6.

6-14
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Test Report Number

—————————i sty

SUBJECT:
Manufacturer; Model: " Serial No,:
Rated Speed; rpm: Hated Capacity: m*f min
Configuration [dentification: Category Identification:

Portable Air Compressor Identi{icaflon No.: Build Date:
TEST CONDITIONS:

Manufacturers Test Site Identification and Location:
Reflecting Plane Composition:
Operating Speed as Tested: Beginning of Tcst rpm

' End of Test rpm
Air Pressure Supplied: kggcmz. Ambiont wind speed
Actual Flow Rate: m 7min. Barometric Pressure

Temperature: o

INSTRUMENTATION:
Microphone Manufaciurer: Model No.: Serial No.
Sound Level Meter Manufacturer: __ Model No.: Serial No.

Model No.: Serial No.
Model No.: Serial No.

Calibrator Manufacturer:
Other and Manufacturer:

L
—
r—

DATA:
Background Sound - | Average
Sound Levels, | T,avel at Location 1 Location Sound
'Declbe'ls in Dectbels T 4] 31 41 9] Level
A~welghted
TESTED BY: ' DATE:
REPORTED BY: DATE:
SUPERVISORY PERSONNEL: TITLE:
TITLE;

Figure 6-6. Recommended Portable Air Compressor Noise Daty Sheet

6-15
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Section 7

PORTABLE AIR COMPRESSOR NOISE

The basic clements of all noise problems are the (1) source, (2) path, and {3) receiver.
Studies have been conducted on all three of these elements. The first two are discussed in
this and the following section, and the third is discussed in Section 10,

Study of the portable air compressor as a source included evaluation of:
o Overhead noise levels of unsilenced and silenced compressors,

8 Noise lovels of unsilenced and silenced portable air compressors ranging from 85 to
1200 cfm capacity.

& Repeatability ol compressor noise measurements,

® Noise directivity of unsilenced and silenced compressors.
& Compressor sound power levels,

& Low f{requency compressor noise,

& ldentification of major noise sources associated with portable air compressors (see
Section 8).

& Degree of quicting with application of present technology (see Section 8).
Study of the propagation path included the following considerations:

® Ground reflections

® Puth discontinuities

o Calculation of far field data from near fleld data.
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OVERHEAD NOISE

To increase the data base and to provide data to assess the noise characteristics of
portable pir compressors, noise measurements were made of 4 gasoline and 19 diese]
powered compressors ranging in capacity from 85 1o 1200 ¢fm. Table 7-1 lists information
about the units and the test method employed. Asindicated in the table, both stlenced and
standard versions of some compressors were evaluated, and, in some cases, the compressor

housing doors were purposely left open.

The most commonly used portable air compressor measurement scheme, the CAGI/
PNEUROP method (see Section 6), does not presently include measurement of sound above
portable air compressors. Since engine exhaust often is directed upward, noise radiating in
this direction could be of significance, particularly to persons in offices and ypartments
located gbove gperating compressofs. Consequently, measurements were made of noise
radiating upward and were compared with that radiated to the side of compressors.

Table 7-2 lists the measured CAGI/PNEUROP average and overhead noise levels for
the 26 compressor tests, The last colummn in this table is the difference between these two
Jevels. Figure 7-1 shows a histogram of these differences,

For 4 of 26 compressors, the overhead noise level is greater than the horizontal noise
level. All other models show the overhead direction to be quieter than, or equal to, hori-
zontal radiated noise. The mean difference in Figure 7-1 shows the upward-directed noise
to be 0.6 dBA less than the CAGI/PNEUROP calculated level not including an overhead
measurement point. The spread in the data, however, results in 4 standard deviation of

2dBA,

Of the four compressors that ere significantly noisier overhead, two are for the same
maode! (doors open and closed) with a relatively inefficient exhaust muffler, The other two
are for silenced units similar to companion products witly overhead sound levels significantly
less than the sideline average. Consequently, if we momentarily ignore these results as
atypical or as possible measurement error, the statistics of the remaining 20 are computed.

The following values result;
® Mean: -1.5dBA
& Standard deviation = 1.l dBA

Thus, for this group of compressors, the overhead noise level is about 1.5 dBA less than in
other directions.



Table 7-1

COMPRESSORS TESTED AND TEST METHODRCLOGY EMPLOYED

‘Terl Mathol
Sllencoml Typo ype Tost Comntilion iverhnad 10 Folnd
Munufactyrer Mode) or Standard | Enging | Compressor Suria) No, efm, psj) CAGYPREUTO P | Measurement™ Hemisphoriexl l)l:ls:mm]‘|
Atlas Copeo 8T8 Staatdard | Divsol | Naelprocyl 51232751 L6, 100 X X
Atlas Copco Sr-05 Sdarl | Diesel | Recipeoral S1=-37077 430, 16k X X
Atlas Copoo VES-170 I Situncud Diesel | Reclprocs] Blmtiahis 170, 850 X x
Allas Copea \"T=R5 Ix! Standard | Gas [welprocal ARPENANY H5, 100 x X
Atlus Copoa VE-1d Id Slunewl | Gan Reclprocal ARFROI0L wh, 1o x X
Atlus Copen VES=125 In] Stenced | Disael | Reelproeal Gl=U4n0n0 125, l0G X X
Atlas Copeo STS-15 IM Silamead Liesel | Ructprecal ARPASOI24 135, oo 3 X
Allus Gopeo V85170 X Sitenced Diessl | Heelprocal Gl=235071 170, 1ud x X % x
Gordnop-Denver | aPWDA/S2 Silenced Dlukel | RotaryeSerew | G358A1 1200, 000 x X
Gardner-Lonver | 51DAS2 Silonted Diesn] | Rotary-Screw [ 606227 750, 000 X x xﬁ
Gurdnor=Dunver | §1NGC Stlonced Cas Rotiry=Scraw | GITLT 1a%, 600 - I3
Ingeraall-Mand DXL o0 Staptlerd | Idesel | Rutary=sSerew | 74430 L2, 125 X X
Ingorsoll- Hand HNLion Stamdard | Divsel | Eotmy-terow | 74430 200, 125 X
{doora open}
tngeraoll-Raml DXT 0008 Silonpcwd Dinasl | Ratary=-Sorew | 70693 X X
Ingorsall-Eand DXL oves Silenced Diese] | Hatsry=Screw | 71050 x X
Ingorsoell= Rami DXL CLU1oa0 Stanlaad | Diesol | Rotary-8crew | 76614 X x X
IngersoltRand DXL f00S Stloncet JHesel | Hatary~Serew | 74051 X X
Ingraraoil-1tand DXT. 0008 Sllozecd Divnel | Rotary=S:rew | 740471 x X 'Y
Ingerasoll-Rand DXL 900 Stanlant | Diesol | Rutary=Serew | 6847 900, 135 X x
Inggorsoll-Ram! DXL 750 Stanlad | Mesal | Rotaey=Screw | 77300 750, 825 X x
Jueger A Standad | Gaa M-ud1ad 75,100 x X
Jacger A {dours opyn)|  Stusdard | Gas =180 176, 100 x X
lagge» E Standar) | Gag Vane HC=Uz038 5, 100 X x
Jaegar I {doors cpen)]  Standard | Gas Vana RC-duna2 a5, 100 x x
Worthingten 160 Gf2 QT Slleneed | Gua Vane Bal=d75 160, too X X x X
Worthingtan TE=-QTEX Siloncod | Diosel | HEotary-Seruw | pd8-61% 750, 100 X X X X
1, 150 2161-1972 Method (See Figure 6.1}
2, (S0 2161~1072 Mehad plus A 7 moter averhead paint
3, See Figure 6,9 and 6,10
4, Measuremants were inade at diagonal Incatlons at b moters
5, Meaaurements were made far the conprussor oporting at ko and full power
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COMPARISON OF CAGI/PNEUROF AVERAGE SIDE

Table 7-2

WITH CVERHEAD NCISE LEVELS

(4)
CAGH (B
No,| Manufacturer Model PNEUROP| Overhead| B-A
1 | Atlas Copco 5T-48 84 83 -1
2 | Atlas Copeo ST-95 80,5 79.5 -1
3 | Atlas Copoo VE85-170 Dd 71 68 -3
4 | Atlas Copeo VT-85 Dd 82.5 79 -3.5
5 | Atlas Copco Vs-85 Dd 5.5 70 0.5
6 | Atlas Copco VE5-125 Dd 70 72.5 2.6
7 | Atlaa Copco STS-35 Dd 73 77 4
8 | Atlas Copeo VS85-170 Dd 1 68.5 -2.b6
9 | Worthington 160 G/2 QT 75 72 -3
10 | Worthington 750-QTEX 75 73.5 =-1.b
11 | Ingersoll-Rand | DX, 1200 94,5
12 |Ingersoll-Rand | DXL 1200* 96, 6
13 |Ingersoll-Rand { DXL 9008 77.5 75 -2.5
14 |Ingersoll~Rand | DXL 9008 T8.5 74.5 -1
16 |Ingersoll-Rand | DXL CUL1050 91 89 -2
16 |Ingersoll-Rand | DXL 9008 76 73.5 -2.5
17 |Ingersoll-Rand [ DXL 9008 75. 5 74 -1.5
18 |Ingersoll=Rand | DXL 900 90.5 89 ~1.5
15 |Ingerscll-Rand | DXL 750 88 88 0
20 |Gardner-Denver | SPWDA/2 74 73 -1
21 |Gardner-Denver | SPQDA/2 18,5 78 ~0.5
22 |Gardner-Denver | SPHGC M.5 75 -2.5
23 [Jaeger A 88,5 88 =0.5
24 |[Jaeger A* 89 89.5 0.5
25 {Jaeger E 81,6 84 2.5
26 | Jaeger E* 82 85 3

*Doors open
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Number of Measurements
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s - Median: -1 dB{A) o
Mean: - 0.6 dB{A}
o =2.0dBIA)
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1= -
i | ]
0
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dB{A} Difforonce
[OverheadMinus CAGI/PNEUROP]

Figure 7-1, Comparison Between Overhead Noise Level
and CAGI/PNEUROP Level
PORTABLE AIR COMPRESSOR NOISE LEVELS

New Data

As discussed previously, measurements were made of a total of 23 portable air
compressor types. Tables 7-3 and 7-4 list noise levels of the standard and silenced com-
pressors, respectively, while Figure 7-2 shows a plot of noise versus efm capiacity. From
review of the data in the tabies and figures, the following may be concluded:

® Noise levels of both standard and silenced compressors increase witl increasing com-
pressor capacity, with noise of the standard units increasing at a more rapid rate,

® Noise levels of standard compressors range in level from 81.4 to 92.6 dBA at 7 meters.
® Noise levels of silenced compressors range in level from 70.1 to 78,2 dBA at 7 meters.

® Silenced compressors are on the average 10 t0 15 dBA quieter than standard units,
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Table 7-3

NOISE LEVELS OF STANDARD COMPRESSORS
USING THE CAGY/ PNEURQP MEASUREMENT METHOD

Average Noise Lavel (dBA)
Manufacturer Model S/N Cfm 1 meter 7 meter*
Atlas Copco VT85Dd ARTP203149 85 94.8 8l.4
Atlas Copeco ST-48 §1-232751 160 96,6 83,3
Atlas Copco ST-95 51-274977 3380 91,9 B0. 2
Jaeger E RC32032 85 92.5 81.5
Jaeger A RS32189 175 98.9 88.2
Ingersoll-Rand DXL750 77380 750 98,6 87,7
Ingersoll~-Rand DXI1200 5647 900 97. 9 89,9
Ingersoll-Rand DXLCUL1050 75613 1050 100.8 90, 2
Ingersoll-Rand DXL1200 74430 1200 103.¢ 92.6

*Includes overhead measurement point




Table 7-4

NOISE LEVELS OF SILENCED COMPRESSORS
USING THE CAGI/PNEUROP MEASUREMENT METHOD

Average Noise Lavel (dBA)
Munufacturer Models 5/N Cim 1 mater 7 meter*
Atlas Copeo VsS85 ARP203903 85 89,0 75,6
Atlas Copco ST835Dd ARPAE0924 125 85,5 73,5
Atlag Copeo VS88125Dd 51-345060 125 81.0 70.1
Atlas Copco VS8s170Dd 91-235072 170 83.9 70.2
Worthington 160G/2QT 821478 160 84,5 74,2
Gardner-Denver SPHGC 629717 1856 87.0 7.1
Gardner-Denver SPQDA/2 608227 750 86,1 78,2
Worthington T50QTEX 848-019 750 84,0 74,7
Ingersoll-Rand DXL 9005 73693 900 82,4 76,0
Ingersoll-Rand DXL 9008 740560 900 82.0 75.1
Ingersoll-Rand DXL 9008 74001 900 83.1 75.3
Ingersoll-Rand DXL 9008 740471 900 82,4 75.0
Gardner-Denver SPWDA/2 635851 1200 84,1 73,7

*Includes overhead measurement point
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Figure 7-2. Noise of Stundard and Silenced Compressors as a Function of Capacity - CFM
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Existing Data

Manufacturers supplied EPA (Contruactor BEN) with noise data at 7 melers for 194
compressor models, Table 7-5 lists the data in terms of compressor capaeity, engine type,
and standard/quicted units. Also shown in the table is the number and percent of units
below a particular noise level.

In summary, the data shows:

#® Standard models of gas engine powered compressors range in noise level from 71.0
to 92.0 dBA with g mean value of 82,8 dBA.

® Silenced models of gas engine powered compressors range in noise level from 72 to
81 dBA with a mean value of 76.1 dBA.

#® Standard models of diesel engine powered compressors of less than 251 cfm capacity,
range in nojse level from 80.0 to 93,0 dBA with & mean value of 84.7 dBA,

8 Silenced models of diesel engine powered compressors, of less than 251 cfm capacity,
range in noise from 70.0 to 88.0 dBA with a mean value of 75.5 dBA.

& Standard models of diesel engine powered compressors, of greater than 250 ¢fm
capacity, range in noise level from 84.0 to 102.0 dBA with a mean value of 1.7 dBA,

® Silenced models of diesel engine powered compressors of greater than 250 ¢fim
capacity, range in noise level from 74,0 to 88.0 dBA with a mean value of 77.7 dBA,

CORRELATION OF DATA

Data acquired by EPA, using the CAGI/PNEUROP method were compared with available
manufacturer's data. Figure 7-3 presents a histogram of the compressor in which good corre-
lation is shown, i.e., both mean and median ratios are approximately zero.

To assess the correlation of noise levels of compressors of a particular model, meusure-
ments were made of four units of 900 ¢fm capacity. Table 7-6 summarizes the tests results
and shows that noise levels correlate to within 1.5 dB at individual measurement positions
and to within 1.0 dB on the average.
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Table 7-5(a)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS
WITH NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE*
{Major Catepory of Portable Air Compressors by Capacity and Typeof Engine)

Gagoline Ingine, All Capacitieg#

Standard Models

Ruieted Models

Percent of Percent of
Cumulative | Number of Cumulalive| Number ol
dBA Level | Units Below jUnits Below |dBA Level Units Below |Units Below

LT 0.0 0
72.0 3.12 1 72.0 0.0 0
73.0 3.12 i 73.0 11.54 3
74.0 9,37 3 74,0 15.38 4
75.0 9,37 3 75.0 26.92 7
76.0 12,50 4 76.0 50. 00 13
77.0 12.50 4 77.0 65.38 17
78.0 18.75 6 78.0 69.23 18
79.0 18.75 6 79.0 84.62 22
80.0 21,87 7 80.0 92.31 24
81.0 28,12 9 81.0 100. 00 26
82.0 28,12 9
83.0 34. 37 11
84.0 50.00 16
85.0 62.50 20
86.0 75.00 24
87.0 81.25 26
88.0 90.26 29
89.0 80. 62 29
90.0 93.75 30
91.0 06.87 a1
§2.0 100, 00 32

Mean: B2,8 dBA#k#* Mean: 76.1 dBA
Standard Deviation: 4.952 dBAF*% Standard Deviation: 2,40 dBA#k

LE

ok

Average sound pressure level in dBA at Tm according to the recommended
measurement practice of ISO 2151~1972, Manufacturers were sometimes
imprecise in defining the noise data submitted to BBN. BBN haa treated this
data as an average of noise level for a medel based on testing a number of

units,

BBN did not document in its report the manufacmrers whose medel data is

included in the 194 data poinis reported.
The mean ie a simple average of model noise dats. Data is not available to

weight by relative model unit volume sold, Partial welghting schemes by
capacity and/or manufacturer were not utilized,
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Table 7-5{b}

FPERCENT AND NUMBER OF PORTABLE AR COMPRESSORS
WITH NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE®
(Major Category of Portable Air Compressors by Capacity and Type of Engine)}

Diegol engine, below 251 cfm capaclty**

Standard modoela 1]efed models
Percent of Percent o
Cumulative Number of Cumulative | Number of
dBA Level | Units Below Units Bolow | dBA Level Units Below | Uniis Below
69 0.00 0
70 12,12 4
71 12,12 4
72 12.12 4
73 18.18 5]
j 74 21,21 7
! 75 48.48 16
{ 76 54,54 1B
; 11 68, 67 22
; 78 69.70 23
! 79 0.00 0 79 75.76 25
BO 2,86 1 a0 78,79 26
81 2.88 1 81 al.82 27
: B2 20. 00 7 B2 87. 88 29
{ 83 28.5% 10 83 03.94 31
! : B4 34,29 12 B4 96, 97 32
: 85 54,29 19 85 a6, 97 az
i 86 62,86 22 86 58, 87 32
i 87 74. 29 26 81 96, 97 32
4 88 77. 14 a7 aa 100. 00 a3
: 83 85,7 30
90 B8, 57 31
91 88. 57 31
i 92 97,17 34
; 93 100, 0 35 X
; Mean: 84,7 dBAFF Mean: 75,0 ABAF%
;1_ Standard Doviation; 3. 0 dBA%** Standard Devlation: 5. 14 dBA¥**

o

of units,
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¥ Average sound pressure level n dBA at Tm according to the recommended
meagurement practice of 15O 2151-1972, Manufacturers were sometimes
imprecisae in defining the nolse data submitted to BBN.
this data as an average noise level for n model based on testing o number

BBN has treated

% HBAN did not docurnent In its report the manufacturers whose model data is
included in the 194 data points reported,

#4% The mean Is a simple average of model noise data,
weight by relative model unit volume sold, Partial weighting schemes by
capacity and/or manufacturer were not utilized.

Data is not available to



Table 7-5{c)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS
WITH NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE+®
{Major Category of Portable Air Compressors by Capacity and Type of Engine)

Diesal engine, nbovo 250 cfm capacity**

Standard models

Quicted models

‘Percent of Percent of
Cumulative | Number of Cumulative | Number of
dBA Level Units Below | Unlts Below | dBA Level Unils Below | Units Below
73 0.00 0
74 6. 25 2
75 9.38 3
76 21,88 7
77 46,88 .15
78 56. 25 18
79 62. 50 20
80 65.63 21
81 68.75 22
82 75. 00 24
83 0. 00 0 B3 78.13 25
84 2,33 1 81 g1.25 26
85 9. 30 o4 85 87.50 28
88 9. 30 4 B6 90.63 29
87 11.63 5 87 96, 88 31
88 21.21 7 88 100. 00 32
a9 23,26 10
90 37.21 16
91 46,351 20
92 53.49 23
93 62.79 27
94 74,42 32
95 76.74 33
96 76.74 - 33
97 81,40 335
98 88, 37 38
99 93.02 40
100 97,67 42
101 97.87 42
102 104¢. 00 43
Mean: 91,7 dBA=#=® Mean: V7.7 dBA*w*
Standard Deviation: 4,02 dBA%%% Standard Davialion: 3.87 dBA%¥=

% Aveérage sound pressure level in dBA at 7m according to the recommended

measurement practice of ISO 2151-1972,
imprecise in defining the noise data submitted to BBN.

Manufacturers were sometimes
BEN has treated

this data as an average noise level fur a model based on testing a number

of units,

w  BRYN did not document in its report the manufacturers whose model data is
included.in the 154 data points reported. ’

w4k The mean is a simple average of model noise data.

Data is not avatlable to

weight by relative model unit volume sold. Partial weighting schemes by
capacity and/or manufacturer were not utilized,
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Figure 7-3. Comparisen of Manufacturer Supplied Data with Survey Data
NOISE DIRECTIVITY

Noise levels measured during compressor operation at rated power were analyzed to
assess noise directivity around portable air compressors, Table 7-7 lists &£ BA levels, uverage
dBA levels, and the maximum directivity factor associated with the six types of compressors.
The data were acquired using the 10-peint hemisphere measurenment method and show
little variance in noise level from position to position, indicating little directivily of noise.

Figure 7-4 shows a polar plot of noise at azimuthal locations every 30 degrees in the
horizontal plane arcund a compressor. Again, little directivity is shown.

PORTABLE AIR COMPRESSOR SOUND POWER LEVEL

Though portable air compressors lave been and are currently characterized in terms
of sound pressure level at a specified distance, thought was given to the possible cheracter-
ization in terms of sound power. Of prime consideration was a feasible measurement
methodology. Accordingly, portable pir compressor sound power levels were caleulated
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Table 7-6

REPEATABILITY OF NOISE LEVELS OF FOUR MODEIS
THE INGERSOLL RAND DXL 8005 COMPRESSOR

Measurement Positions** Average dBA Level
Serinl No, 7 8 9 ic 11%
73693 73 76,5 78.5 77 . 7o 76,0
74050 72,5 75,5 76,5 76, 5 74,5 5.1
74041 73 76,5 77 76,5 73.5 75.3
- 740471 72 76.5 77 75.5 74 75,0
4

* Overhead Position
**  See Figure 6-1
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Table 7-7
AIR COMPRESSOR NOISE DIRECTIVITY

[
[
(=] w ™
- o ~
B =] = =
o . o P o A a
&~ ~ i 23 %! o
~ - B = B
0) | o a =) in
b=t ) =
7] 4] Il s ] o H
~ > ~ g = o
G g >
=1 O =3 [+ m o]
| 3] ] a
b [+ by ~ ~ a
o <) o 1 -
a o g o 0 M
ot b s 0 o
£ 4] K~ ] H [+]
gy w s o o o
u ~— 4 <) o 5
0 + 4] = = o
Microphone = = = H H ©
Location* Sound Level, dBA
A 77 71 72 52 77.5 Bl
B 77 75 72 94.5 76.5 80.5
C 71 72 73 93 80 77
D 17 72 73 94.5 75.5 78.5
E 78 72 71 94.5 78 79
F 71 71 71 93 80.5 79.5
G 78 71 72.5 -] 91 8l 80.5
H 77 72 72.5 91.5 81 Bl
I 17 71 72 92 79 B0.5
J 76 70 72.5 89 78 77
Average dBA 7.1 7.7 72.2 92.5 78.9 79.5
- Maximum Directivity
Factor »~ 1.23 2.14 1.22 1.58 l.62 1.43
* See Figure 6-2 and 6-3 Lonax L

** Mnaximum directivity factor = antuogm(-——l-(-]—)
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using data acquired by the CAGI/PNEUROP methad and by o method developed by the
National Burcau of Standards, These levels were then compared with levels ealculated from
data acquired by more conventional means; i.e., by microphones localed at the center of
surfaces ol equal area an the surlface of an imaginary hemisphere about the source. The
distinet differences between the measurement methodologies evaduated are the microphone
placement in the far ficld (7 meters) for the CAGI/PNEUROP methodelogy and in the near
field (1 meter) for the NBS meihodology,

CAGI/PNEUROP Measurement Methodology

The results presented in Table 7-8 siiow that power levels calculated from the CAGI/
PNEUROP 4- and 5-point data compare well to those calculated fram data obtained vsing the
more precise 10-peint hemisplierical measurement methad. An average difference of only 0.6 dB
was found in cach case, These results occurred primarily because the compressors tested were
not very directive. In the extreme case of a completely nondirective compressor, all methods would
vicld exactly the sume results. In fact, anly one sound level measurement would be required.

NBS Measurement Methodology

NBS performed an experimental study o assess the validity of using “near field” meus-
surements of sound pressure levels to predict the sound power level of portable air compressors,
The experimental program consisted of the measurement of the sound pressure levels of 17
portable air compressor models. Measurements were made on two hypothetical surfaces, a
large and a small surface, surrounding the test units,

The larger surface yielding the *“far field™ measurement data wasa hemisphere of a
fixet! 7-meter radius, Sound pressure levels were measured at a total of 84 positions, This
was accomplished by rotating an array of seven microphones through 12 different positions,
Figure 7-5 shows the basic seven microphone array and lists the coordinates of the 84 micro-
phone positions.

The smaller measurement surfuce, which yielded the “near field” data, consisted of a hypo-
thetical rectangular box surrounding the source at a distance of 1 meter from the surfaces of each
of the 17 portable air compressor models tested, Figure 7-6 shows the ty pical microphone array
employed, Further detalls regarding the microphone arrays appears in Reference 11,

Table 7-9 presents a comparison of portable air compressor sound power levels caleu-

lated from near and fur field data for 17 models of compressors. Shown is the excellent
correlation between the data, with the average difference being 0.44 dB. Accordingly, it is

7-17
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Table 7-8

SOU‘ND POWER LEVEL COMPARISONS

PWIn PWLx* PWL* PWI.i PWL,
{4 pt.) 5 pt.) | (10 pt) 0 10
P pL. Pt minus minus

Compressor (dBA) (dBA) (dBA) PWL 4 PWL5

Atlas Copco 96,4 96, 3 96, 7 0,3 0.4
VS5 170

Worthington 100, 9 100, 5 102,1 1,2 1.6
160 QT

Worthington 99,9 99.9 100.2 0.3 0.3
750-QTEX

Ingersoll-Rand 117. 4 117. 2 117.5 0,1 0.3
DXILCU 1060

Ingersoll=Rand 102, 2 102.1 105.9 1.7 1.8
DXL 9008

Gardner-Denver [’ 105,0 105.1 104.5 -0,5 -0.6
SPQDA/2
(Tull Power)

Gardner=Denver 96.6 597.1 97.5 0.9 0,4
SPQDA/2
(1dle)

*PWIL, = Sound powsr level

7-18




6l-L

&

Cables 10 Pole
Support

(.

MICROPHONE

NO.,

WA -

whare ¢ In degrees =
@, 30, 60, 80, 120, 150, 180
210, 240, 270, 300, 330

ANGLE 0,
(dagraas)

14.2
35.1
=)
90.0
4718
4.2

a7

X A
[matres)
6,76 173
51 4,03
2.89 6.33
0.00 7.00
4.n 6.18
6.38 2.84
8.88 58

Figure 7-5. Far-Field Measurement Microphone Array (p: 1.5cm=1m)







Table 7-9

COMPARISON OTF PCRTABLE AIR COMPRESSCR SOUND POWER LEVELS
CALCULATED FROM NEAR AND FAR FIELD DATA

12-L

Compressor Characteristic . Far TField Sound Near Field Sound* Dlﬂ'erence_, dBA
ofm Size (Length, Width, Power Level, dBA Power Level, dBA Far Tield Minus
Height) Metors Re 10 Watts e 10 Waits Near Field
185 1,97x1, 28x1,40 105.1 103, 9 1.2
150 1.73x0. 77x1,47 110.8 110, 8 0
160 2.07x1, 14x1, 77 10G.8 106, 5 0.3
150 1.71x1. 24x1, 77 113.1 - 113,8 0.7
200 1.83x0. 96x1. 50 108.9 107.5 1.4
100 1,52x0,67x1,42 109.0 108.4 0.6
160 2,10x1,28x1,78 106, 9 107,0 0.1
125 1.78x31,30x1.85 103.1 103.0 6.1
365 3.066x1, 82x2, 14 98. 7 97.1 1.6
800 4.20x2,19x2, 51 104.8 105.8 1.0 .
100 1.78x1,22x1, 37 107, 7 108, 2 -0.5
175 2,70x1, 29x1, 43 101.1 100,06 0.5
178 2,70x1.29x1, 43 101, 4 99,1 2.3
185 2.70x1,29x1, 43 99.3 98.7 0.6
175 1.99%1.27x1. 45 108.7 110.1 -1.4
85 1,96x1, 10x1, 34 101.1 101.8 ~0,7
150 1.93x1, 24x1, 36 103.6 103.6 -0.6 |

* One of eight caleulations using near fleld data (see reference 11 lor additional ealculations/comparisons),
This particular listing uses data at points corresponding (approximately) to the eight point measurement
array of ISO draft standard DIS 3744 and DIS 3746,




concluded that portable air compressor sound power levels may be accurately caleulated
from data measured on a surface 1 meter from the compressor enclosure using the NBS
measurement methodology caleulation scheme,

LOW FREQUENCY NOISE

The A-weighting network of sound level meters attenuated low-fraquency noise; e.g.,
-39.4 dB, ~26.2 dI3, -1 6.1 dB, and -8.6 dB ot frequencies of 31.5 Nz, 63 1z, 125 Hz, and
250 Hz, respectively [18]. Assuch, great differences can result between A-weighted levels
and the uvnweighted (relatively speaking) C-weighted levels, The significance of this is the
possibility that while noise suppression methods may reduce 2 compressor's A-weighted noise
rating, the C-weighted level could conceivably remain the same or could, in fact, increase.
Though A-weighted sound level decreases might adequately reduce health and welfare
impact, C-weighted noise control may be desirable as well to preclude the escalation of
overall unweighted compressor noise.

Tables 7-10 and 7-11 show dBC/dBA differences for standard and silenced portable air
compressors, respectively, As shown, dBC/dBA differences up to 28 dB are noted for silenced
models, Figures 8-] and 8-2 give insight into the cause for the greater dBC/ABA difference for
the silenced models, In the figures it is shown that a lower dBA level for the silenced unit
has been achieved by a shift of peak scund levels to the low-frequency range. Note that
while the A-weighted sound level of ¢ compressor has been reduced by 5 dB (standard to
sitenced) the C-weighted value has been reduced by only | dB as o result of the different
weighting characteristics of the A and C networks.

Since (1) an A-weighted noise reduction does not necessarily imply an attendant C-
weighted reduction and (2) there may arise a need to control the C-weighted level of com-
pressor noise, Figure 7-7 was prepared from the data of Tables 7-10 and 7-11 to give insight
into achievable C-weighted levels, The line in Figure 7-7 represents a best-fit curve through
tire data points and indicates that a dBC minus dBA limit of 20 dB would be a reasonable
control limit.

ACOUSTIC VALUE OF PORTABLE AIR COMPRESSOR DOORS

At a construction job site, portable air compressor equipment compartment doors are
sometimes left open because of the operators’ misguided intent ol furnishing more engine
and compressor cooling. Actually, portable air compressors are designed to provide adequate
cooling with the access doors closed. Since closed access doors eliminate a direct line of
sight to the engine (which is the major source of noise), un escalation of portable air com-
pressor noise is expected to occur when the doors are left open.
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Table 7-10

COMPARISON OTF'dBA LEVELS WITH dBC LEVELS OF
STANDARD PORTABLE AIR COMPRESSORS

dBC Level Minus
Manufacturer Model S/N efm dBA Level* dB
Atlas Copco V'Tes5Dd ARP203149 85 11
Atlas Copeco 5T-48 H1=-232751 160 8.5
Atlas Copco 8T-95 51-274977 330 8.5
Ingersoll-Rand DXL750 77380 A 750 5
Ingersoll-Rand DXTLI060 75847 200 3
Ingersoll-Rand DXLCUL050 75613 1050 7
Ingersoll-Rand DXL1200 74430 - 1200 3
Jaeger E RC32032 85 12,5
Jaeger A RS32189 175 13.5

*Average levels at 7 meters
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COMPARISON OF dBA LEVEIS WITH dBC LEVELS

Table 7-11

OF SILENCED PORTABLE AR COMPRESSORS

dBC Level
Minus dBA Level*
Manufacturaer Model S/N . efm dB
Atlas Copco V&85 ARP203903 85 16,0
Atlas Copeo STS35Dd ART550024 125 23,5
Atlas Copeco VSs125Dd 51-345L060 125 28,0
Atlas Copeo vss170Dd H51-235072 170 21.0
Worthington 160G/2QT 821478 160 15.0
Gardner-Denver SPHGC 629717 185 12,0
Gardner-Denver SPQDA/S 608227 750 7.5
Worthington 750QTEX 848-019 750 10.3
Ingersoll-Rand DXL 9008 73683 900 7.7
Ingersoll-Rand DXL 9008 74050 900 G. 9
Ingersoll-Rand DXL 9008 74051 200 7.8
Ingersoll-Rand DXT, 9008 740471 900 7.5
Gardner~Denver SPWDA/2 636851 1200 10,0

*Average levels at 7 meters

FRW WY ad VT PN Ahiodng




It

erarwrae A Baws Ry AT TAD

ST-L

C-Weighted minus A-Weighted Sound Levels - dB

+30

+20

+10

~10

x ‘u
[»]
1]
W] Silonced Units
©| Standard Units
1 1
100 300 600 700 a0 1100 1300
Capacity ofm

Versus Capacity - CFM

Figure 7-7. Portable Air Compresser C-Weighted minus A-Weighted Levels
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Six Lests were conducted (three of the standard units and three of silenced units) to
assess the magnitude of escalation of portable air compressor naise due to opening the access
doors. Table 7-12 presents the resulis of the tests of the standard units. Shown is a noise
increase ol up to 5 dB.

Table 7-12

EFFECT ON STANDARD PORTABLE AIR COMPRESSOR
NOISE OF OPENING THE EQUIPMENT COMPARTMENT
ACCESS DOORS

Manufacturer Model A-Weighted Increase, dBA*
Ingersoll-Rand | DXL 1200 5.0
Jaegor A 1.5
Jaeger E 1.5

* Difference in level at the right side of the unit between door cpen and closed
position, :

Table 7-13 lists the results for the silenced units. Shown is an increase up to 12 dBA
when the access door of the Worthington 750 QTEX was left open. .

Table 7-13

EFFECT ON SILENCED PORTABLE AIR COMPRESSOR NOISE :
OF OPENING THE EQUIPMENT COMPARTMENT ACCESS DOOR

Manufacturer Model A-Welghted Increase, dBA
Worthington 160 QT 5.0
Atlas Copco V8s170Dd 11,0
Worthington 760 QTEX 12,0
7-26
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In view of the daty of Tables 7-12 and 7-13, portable air compressor equipment com-
partment access doors must remain closed during compressor operation to preclude acoustic
degradation,

PORTABLE AIR COMPRESSOR NQISE PROPAGATION

1f the propagation of sound from compressors to points more than several hundred feel
distant is of concern, then meteorological factors, i.e,, wind, temperature, humidity, and
precipitation, may play a signilicant role. In addition, obstacles and variations in ground
cover may also be important. For shorter distances, the propagation may be complicated by
interference phenomena between the sound waves radiating direetly from a source and those
reflected from nearby surfaces, especially the ground {19, 20, 211,

Ground Reflections

Contributions arising from constructive/destructive jnterference between direct sound
waves and sound waves reflected from the ground plane at measurement positions have been
“evaluated, Figure 7-8 shows A-weighted noise measured 7 meters awny from a compressor
at various heights above the ground. While sound levels may vary in some 1/3 octuve-bands
as much as 7 dBA from one height to another, the variation in overall sound levelis £ | dBA
from the central position.

The effect of ground reflections on the measured sound levels at the 7-meter positions
appear to be “averaged out™ by tiie spatial distribution of the individual noise-generating
components of the compressor. Thus, it is concluded that at 7 meters ground reflections do
not modify the overall measured sound ievels,

Path Discontinuities

As compressor noise propagates away from the source, propagation path discontinuities
can gffect the sound waves. The six configurations in Figure 7-9 comprise those typical at
construction sites. The half space shown in this figure represents the area surrounding 8 com-
pressor during testing per ISO-2151-1972 or when used during construction in residential or
light-industrial areas. Sound propuagating in a half space is subject to the interference effects
discussed previously: When a compressor in 2 residential or light-industrial area is next to a
building, the buildings usually are far enough apart to be described by the *“L" space in
Figure 7-9, Anderson [22] reported that sound propagates in an “L” cross section as it does
in free space. The sound leve! at a point in an “L™ space is expected to be on the order of
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"3 dB higher than the sound level measured at the same point in a free field over a reflecting

plane, because the sound energy is concentrated in a smaller volume in an *L space than in
a half space, Francoisand Fleury [19] measured o corresponding 2<B increase in compressor
noise in an ‘L' space.

The “U" space in Figure 7-2 is representative of ¢ily “canyons,” formed by i street or
ulley and the vertical walls of nearby buildings. Appendix A of Reference 10 discusses the
propagation of sound in city canyons in more detuil and also includes the results of caleuln-
tions carried out using an extension of the theory of Weiner, ef ¢! [23], The theory shows
that a nondirectional source produces sound levels in a typical city canyon that are 6 dB
higher 100 feet from the source than the levels present in a half space, Francois and
Fleury {19] measure a corresponding 4 dB increase fora **U" space of different dimensions
from the “U" space analyzed in Appendix A of Reference 6.

There is some concern that the sound levels experienced in the upper stories of ¢ity
buildings might be unusually high if’ the observers are located above o compressor with pro-
nounced vertical directivity, particularly if the compressor seund is confined within a city
canycn. However, Appendix A of Reference 6 shows that an air compressor radiating sound
four times as efficiently (in terms of intensity) in the vertical direction than it does in the
horizontal direction would expose people in city buildings to less than 4 dB higher sound
levels than an air compressor that uniformly radiates an amount of sound energy. Thus, this
assertion does not appear to be valid,

A compressor operated under a bridge or overpass can be described in terms of the vault
space in Figure 7-9, The sound levels generated in such a space can be more than 10 dB
higher than the sound levels generuted ina half space.

The barrier and pit configurations depicted in Figure 79 are typical of construction sites
in cities. Usually the construction of a building in a city center begins with the erection of &
tall broad fence, During the initial ground breaking, compressors operate at ground level
behind the fence. Asexcavation proceeds, compressors operate within the pit dug for the
basement floors. Caleutlations presented in Appendix B of Reference 24 show that pits and
barriers can reduce the noise levels experienced by outdoor ground level observers by as
much as 20 dB below the levels experienced in an unobstructed half spuce. The benefits to
upper story observers in buildings across the street depend on the construction stage, the
observer’s clevation and on whether there are vertical reflecting surfaces in addition to those
shown in the barrier configurations in Figure 7-9,

7-30
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Section 8

AVAILABLE NOISE CONTROL TECHNOLOGY

UNITED STATES TECHNOLOGY

In 1968, a major manulacturer of portable air compressors demonstrated significant
noise reduction by the use of muffling devices and acoustic enclosures [25, 26], Since
then, numerous manufucturers in the United States and abroad have applied various degrees
of noise control technology and have reduced portable air compressor noise.  Figures 8-
and 8-2 show two cxantples of effective noise control, In this section, the current state-of-
the-art of compressor noise contrel is discussed and noise control technigues are
summuarized.

Most Lirze air compressors are diesel-engine driven, screw-type compressors, The inter-
mediate sizes are diesel and gasoline-engine driven, screw- and rotary- type compressors,
while the smaller types are primarily gasoline-engine driven, serew-, rotary-, and recipro-
cating- type compressors. For all standard types, the major noise sources are the driving
engine and the fan associated with the engine and compressor cooling air system. A
description of the various lypes of compressors is contained in References § and 6.

Application of acoustic insulation, efTective muiflers, shock mounts, damping material,
and some fan, cowling, and duct hardware modifications/improvements generally describe
the technology used to quiet compressors, Use of this technology has preduced the mean
noise reductions listed in Table 8-1,

The values listed in Table 8-1 may be compzred with the potential for noise reduction
discussed in Relerence 3, As indicated in Reference 3, the potential noise reduction was
5dB and 10 dB by the use of improved intake silencers and engine mufficrs, respectively.
Note that the § dB and 10 dB noise reductions ire not additive, because the total noise
reduction is dependent upon individually reducing the noise {evel of all the major sources
of noise, To determine more accurate potential noise reduction capabilities for com-
pressors, a study was conducted of the three quieted units:

1, A gas engine powered dir compressor.,

2, A diesel engine powered air compressor of less than S00 ¢fm capacity,

3. A diesel engine powered air compressor of greater than 500 cfm cupacity.

8-1
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Table 8-1

MEAN NOISE REDUCTION BETWEEN "STANDARD," "QUIETED,"
AND "QUIETEST" UNITS

Diesel Diesel
Gasoline Below 500 cfm Above 500 cfm
Standard to
quieted units 6.7dB 9.7dB 14.1dB
Quieted to )
quietest units 3.8dB 6.4 dB 5.24B

The purposes of the study were to determine the najor sources contributing to com-
pressor noise, the effectivencss of the noise control techniques currently used by manufac-
turers, and the evaluation of additional noise control required to reduce cach unit’s noise
to 65 dBA, measured at 7 meters from the unit.

Gas Powered Engine Compressor

A Worthington 160 QT was selected for analysis, Significant noise sources of this
unit are the compressor, the engine and jts cooling fan, the exhaust and muffler shells, and
the air intake [7],

The engine and compressor assembly radiate noise directly, with the compressor
assembly somewhat attenuated by the surrounding air-oil tank, In addition, since they are
rigidly attached to the chassis and shell of the machine, both engine and compressor vibra-
tions are transmitted directly to the frame and outer sheetmetal, which also vibrate and
radiate noise,

The engine cooling fan can produce considerahle broadband noise as the result of fan
design practices that would cause excessive turbulance of the air surrounding the fen, In
addition to generating noise, such practice would also reduce efficiency of both the fan and
the overall cooling system.
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The engine exhaust and muffer armngement radiate noise vin an airbome path
through the muftler exhaust gas-flow path and via the structare (sheld) surrounding the
nmuffler, The air-intuke system supplies air for the engine and compressor through a
cammon air filter and silencer. The two air-induction-pressures combine to form a
separate noise source,

The noise level at 7 melers to the right side of the *'as sold” unit was 76 dBA. The

coniribution of the principal noise soutrees to this Tevel are tabulated in Tabie B-2,

Table 8-2

WORTHINGTON COMPRESSOR 160 QT COMPONENT NOISE LEVELS

Ccinponent dBA
Engine and compressor casing T4
Engine eooling fan 69
Muffler shell 66
Exhaust, 62
Intake 61

The individual noise sources were carefully studied to determine the methodology to
further reduce the unit’s noise level to the 65 dBA study level, Table 8-3 lists onc com-
hination of noise control techniques and anticipated attendant noise reductions that, when
analytically ¢combined with the compressor noise producing component source levels, may
result in a portable ajr compressor with a noise level of 65 dBA at 7 meters.

Diesel Powered Compressor, Less Than 500 ofin

The quicted Atlas Copco Super Silensair VSS170 Dd was selected for analysis [7].
This unit produces approximately 72 dBA at a distance of 7 meters from the unit, The
analysis of the units's noise signature indicates that the principal noise sources are the
engine cusing, engine exhaust, engine air intake, compressor casing, and compressor cooling
fan, each of which produce the sound levels at 7 meters listed in Table 84,

Midfrequency silencing is achieved by use of an enclosure having sidewalls and end
doors lined with a foam-type acoustic absorption material, The enclosure has built-in

fm—— L. e b A A L i e .



Tahle 8-3

PORTABLE AIR COMPRESSOR NOISE REDUCTION

Noige Reduction

Source Noige Control Technigue

Engine and Vibration isolation plus increased 14 dB
compressor transmission loss through

caging gide doors

Engine cooling Shroud redesign, blade twigt 11 dB
an and reduced fan gpeed

Mutfler shell Lapgging with acoustic insulation 10 dB
Exhaust Additional muffling 5 dB
Intake Improved silencer 4 dB

Table §-4

ATLAS COPCO COMFRESSOR (VSél’?O Dd) COMPONENT NOISE LEVELS

Component ' dBA
o
Engine casing 63
Engine exhaust 60
Engine intake Gl
Compressor casing 64
Compressor cooling fan 63

8-6
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ducting for the engine and compressor air intake and cooling. Cooling air exhausted

from the diesel engine, the compressor and intereoaler, is ducted through another part of
the enclosure prior 1o discharge. These ducts are primarily efTective in blocking direct,
ling-of-sight, internal noise radiation from the engine and compressor to the ambient, An
additional reduction of § 1o 7 dB in radinted sound coull probably be oltained by employ-
ing the following noise reduction techniques:

e Application of damping matterial to the enclosure panels; damping will reduce
panel vibration levels and improve punel transmission foss due to the added mass,

® [pereasing the internal sound absorption by (a) treating o larger amount ol the
internal surface area and (b) using a thicker absorptive material,

NOTE: The absorptive material should be treated to prevent degradation due to
oilfluel contaminution,

@ Use of a more effective vibration isolation mount to decouple the engine and com-
pressor from the chassis,

@& Use of a more effective diesel exhaust muftler.

By using the preceding noise control techniques, a 7 dB overall reduction in a compressor

noise level of 65 JBA at 7 meters may result.

Diesel Engine Powered Air Compressor Greater Than 500 cfm Capacity

The “Blue Brute™ 750-QTEX single stiage, portable, rotary screw compressor manu-
fuctured by Worthington CEl was selected For study [7], The 756-QTEX is a unit silenced
to produce 75 dBA at 7 meters. Among dicsel powered compressors delivering greater than
500 ofm, the 750-QTEX is one of the quictest;it is only 1.5 dB noisier than the mean for
the lowest decile, ’

The technology by which the 75C¢-QTEX has been quieted is also characteristic
of the quietest compressors in its category, It has rabber engine mounts, nonrigid hose
coupling, sealed doors, damped panels, interior sound absorption, silenced fan louvers
for cooling air intake and exhaust, two-stage custom desjpned mulfler, bottom pan, and
aspecial cooling fan. Principal sources of the nolse are listed in Table 8-5 along with
their individual noise levels,

8-7




Table 8-5

WORTHINGTON COMPRISSOR 7560 QTEX COMPONENT NOISE LEVELS

Component dBA
Engine and compressor casing 69
Enpine cooling fan 62.5
Muffler shell 70
Exhaust cutlet 67

The 750-QTEX cnclosure presently provides adequate noise reduction of engine
and compressor airborne sound, except at the cooling sir intake and exhaust ducts,
Additional noise reduction is possible with design improvement of both the ducts and
the material used for acoustic absorption [7].

EVUROPEAN TECHNOLOGY

Atlas Copeo and CompAir compressors use a double-wall enclosure that serves as an air
duct and silencer as well as a barrier to engine end compressor radiated neise. All the “Super
Silenced™ Atlas Copeo air compressors are of the reciprocating type. Discussions with Atlas
Copco indicate that reciprocating air compressors are more efficient, with less heat rejection.
Atlas Copeo uses air cooled engines with cooling fans built in, which demonstrite a much
better performance than the fans measured on domestic gir compressors. CompAir com- .
pressors use a sliding vane or rotary screw type compressor with 4 water cooled Perkins diescl
engine. The pusher type fan is well shrouded. Proper air flow through cither unit requires
door-shut type operation. The noise control technology used in Europe is similar to that
used in the United States, but a more systematic approach is applied to quieting air compressors.
Noise control design is more from the frame up and uses an integrated approach rather than
merely adding on quieting components. Foreign “super silenced’ air compressors tend to
have a boxy look.

To achieve low noise levels, enclosures should be absolutely sealed under operation

in order to avoid noise leaking out through cven small openings, It has been reported that
large compressors emitting less than 65 dBA under full power are already on the market[27].
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Section 9

ECONOMIC STUDY

Section 6 of the Noise Control Act of 1972 provides that the Administrator of the
Environmental Protection Agency (EPA) shall establish noise emission standards (when
feasible) for products that are found to be major sources of noise and which Fall into specific
product categories. Construction equipment is one such category and the portable air
compressor is o piece of equipment in that category,

Section 6 further states that the regulation:

shall include a noise emission stundard which shall set limits on noise
emissions from such product and shall be a standard which , . . is
requisite to protect the public health and welfare, taking into account
the magnitude and conditions of use of such product . ., the degree
of noise reduction achievable through the application of the best
avatlable technology, and the cost of compliance . . . Any such noise
emission standards shall be a performance standard. In addition,

any tegulation . ., may contain testing procedures necessary to assure
compliance with the emission standard in such regulation, and may
contuain provisions respecting instructions of the manufacturer for

the maintenance, use, or repair of the product.

To address the potential economic impact of noise emission regulations upon the
various affected societal units (industry, user, suppliers), EPA acquired data on the pricing
characteristics, dolar sales, and unit sales of the portable air compressor manufacturing
industry. Additional information was developed on the costs of quieting portabie air com-
pressors using the current production technolegy and on the best available quieting tech-

nolagy. The major conclusions of the economic impact analysis performed with these data are
presented in this section,

The objective of the analysis was to assess the economic impact of the adoption of
alternate noise emission standards for the portable air compressor industry, This assessment

-included consideration of the impact on raw muterial and component suppliers, distributors,

manufacturers, and users, and the geneml public, The impact on key governmental poiicy
concerns such as employment and the balance of trade was also assessed.

9-1
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INDUSTRY BACKGROUND

Dollar Sules

Sales of portable air compressors are sensitive to government and private construction
activity. Sates of Jarge units have historically followed trends in the construction industry,
while smaller units have followed the general economy, Dollar value of portable air com-
pressor shipntents has fuctuated between $38.7 million and $89.7 million during the years
1967 througl 1972,

“Table 9-1 presents the value of rotal portable air compressor shipments during 1967
through 1972, The data of Table 9-2 were derived from information made available by the
Compressed Air and Gas Institute and the Department of Commerce. The derivation of
these datat is discussed in Refurence 8.

Tahle 9-~1

ESTIMATED DOLLAR VALUE OF ANNUAL SHIPMENTS OF
PORTABLE AIR COMPRESSORS: 1967-1972

Year Value of Shipments
(millions)
1967 $58.7
1968 59.9
1969 75.3
1970 70.3
1971 74.1
1372 89.7

Parinble Air Compressor Prices

The Bureau of Labor Statistics maintains wholesale price indices on two capacity
classes of portable air compressors, 100 to 300 cfm and 600 ¢fm, The price indices for
both classes fell between February 1968 and February 1972 (13 and 11 percent, respectively)
By May 1978, prices for both classes had risen substantially, 22 percent for the smaller com-
pressors and 35 percent for the larger ones. Table 9-2 presents averape list prices of portable
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Tablo 9-2

ESTIMATES OF PORTABLE AIR COMPRESSOR
AVERAGE 1975 LIST PRICES

Capacity {In cfin) and Estimated Average List
Power Source Type Price
75 ~ 124 Gas $ 5,667
124 - 250 Gas 7,867
124 - 250 Diesel 4,014
251 - 750 Diesel 35,661
600 - 899 Diesel 60,493
800 and over Dicsel B7,588

air compressors by power source and rated air flow capacity computed from data collected

by EPA in the spring of 1975.*

Percent Distribution by Type Compressor

The portabie air compressors currently manufactured are primarily powered by gasoline
or diese] engines. Three basic types of compressors are used in portable air compressors:
rotary screw, sliding vane, and reciprocating. Table 9-3 illustrates the distribution of engine
and compressor type according to engine capacity,

Unit Sales

Data on total unit shipments tabulated in Table 94 presents another picture of the por- ;
table nir compressor market, From 1967 through 1972, portable air compressors experienced :
moderate by cyclical growth, averaging approximately 3 percent annually. Sales surged dramati- i
cally from 1972 to 1973, increasing by approxinitely one third. Although recent sales data are
not available, it is understood that the surge continued into 1974,

*All portable air compressor pricing is based on discounts from published list prices, The
manufacturers published discount schedule typicaily ranges from 20 to 25 percent. How-
aver, discounts to distributors can vary from 15 to 45 percent, depending on volume and

other transaction factors.
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Table 9-3

DISTRIAUTION OF ENGINE TYPLES AND COMPRESSOR DESIGN TYP RS
ACCORDING TG RATEN FERGINE CAVTACITY IN CFM AT 100 PSIG

TH=200 efm a01=500 efm Above 500 cfm
Gnaoliny -Gunoline Gnaonline
Comprotsar Typo Gasolina | Dlescl and Gasollne | Meanl and Gasollne | Pleaot ot
THuaol Meanl Diesvl
Tieeiproenting 10.6% 10,3% | 26.0% 0% 30, 87T, a0, 4 0% & 0% [}
Vasne 26, 0% 10.2% 44,87 10,39 1. % 0.6 0% 17. 0%, 17.0%
Serew 1547 12,8% 29, 2% 2,0%. 23, 19 25,77 1 499 70, 4%,
All typen 57.8%, 421% 99,07 12.8% n7. 2% 100, 1% o 100. 1% 100, 1%
Table 9-4
UNIT SALES OF PORTABLE AIR COMPRESSORS,
1967 ~ 1973
Rated Alr Flow Capacity
Year Total
Below 251 Abave 250

1967 8,313 1,656 9,969

1968 8, 156 1,563 3,719

1969 9, 586 1,691 11,277

1970 9,233 1, 740 10,978

1971 8,138 1,763 9, 901

1972 10,183 1,971 12,154

1973 13, 286 2,697 15,983

94
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Table 9-5 presents 1972 portable air compressor sales by power source type and
capacity.

Table 9-5

PORTABLE AIR COMPRESSOR 1972 SALES BY POWER SOURCE
TYPE AND CAPACITY CATEGORY

Power Source Type \
and Capacity ofm Unit Shipments Total
75 - 124 gasolino 3,082 25.4

125 ~ 250 gnsoline 4,827 39.7

125 ~ 249 diesel 2,101 17.3

250 ~ 599 diesel 576 4.7

600 ~ B89 diesel 1,095 9.0

900 and over diesel 473 3.9

Total 12,164 100,0

Price Per CFM

{n its initial assessment of the portable air compressor market EPA divided compressors
into six catepories based on engine type, rated air flow capacity, and whether or not they
were stendard or quieted units, This division was made to get a definitive picture of price
and sound level differentials.

Table 9-6 presents a summary of the state of noise emjssions gnd price of portable air
compressors in 1973, showing, for each category, the meun price per ¢fm and sound levels
at 7 meters (measured according to [SO 2151-1972).

The price differential between standard and quicted compressors is greatest for the
larger (i.e., above 250 cfm) compressors, The sound levels of both standard and quieted

versions of the large compressors are presented in the table,
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Tahle 9-6

NOISE EMISSIONS AND 1973 PRICE PER RATED efm OF STANDARD AND QUIETED
VERSIONS OF PORTARBLE AIR COMPRESSORS OF THE SAME MODEL

Gnsoline Driven Diescl Driven
Below 251 cfm Above 250 cfm
Standard Quieted Standard Quicted Standard | Quieted
Number of Units 23 23 a1 2% 24 24
Mean Price Per ofm $38.83 $42,51 $45,91 $49.81 $44, 20 $49, 53
Mean SPL at 7m (dBA) 84.1 6.5 84,3 76,6 92.2 78.3
Price Increase,
Standard to Quiet:
Amount $3.78 $3.60 $5.33
Percent 9.5 7.8 12,1

*Includes one model that had two quieted versions.
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REGULATORY OPTIONS INVESTIGATED

In an initial analysis, noise levels associnted with three broad categories of portable air
compressor capicitivs were evaluated to assess the attendant impucts associated with the
application of quieting technology. The levels selected for study were based on noise
emission data of 194 portable dir compressors, which represented about 55 to 65 percent
of the models offered for sule. The levels selecled for study are listed in Table 9-7 along
with underlying rationale lor their selection.

Tahle 9-7
INITIAL SOUND LEVEL LIMITS SELECTED FOR STUDY

Gasoline Driven Diesel Driven Diesel Driven
All ¢fm Below 501 Abaove 500
Ratings cfm cim
Level Cne 76 dBA 76 dBA 76 dBA
Level Two 73 dBA 70 dBA 73 dBA
Lavel Three G5 dBA 65 dBA 65 dBA

Note: Levels constitute a "not to exceed" criteria.

Subsequent analysis considered the cost and econontic impucts of several regulatory
options, the primary dimensions of wlich were the maximum allowable sound pressure level
{76 dBA or 78 dBA) and the time allowed for compliance. These options are listed in Table
9-8 and include lead times to compliance ranging from 12 to 30 months, Aviilable duta are
not sufficient to allow an analysis of the sensitivity of the direct cost of compliunce to
variation in the lead time (e.g., the addition (o costs of achicving compliance in |8 months
instead of 30 months).

Consideration of the adjustments required for manufacturers to achieve compliance and
estimates provided by BBN [ 7] suggest ;i lower bound en the time required for orderly adjust-
ment of 12 to 15 months and an upper bound of 24 to 30 months, The manufacturer adjust-
ments referred to include the acquisition of such new components as quieter engines, better
mufflers, and new acoustical enclosures in addition ta the design modifications required to
incorporate these new components into the air compressors,
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Table 9-8

REGULATORY QPTIONS
R Sound Pressure .
Air Flow Time to
Ropulatory Capacity Level Compliance
Option (ofm) (dBA at (monihs)
7 meters)

1 Al 76 12
2 All 76 18
3 All 78 18
4 Under 251 76 18
Ahove 250 76 24

5 Under 251 76 12
Above 250 76 24

6 Under 251 76 12
Above 250 78 18

7 Under 251 76 12
Above 250 76 18

8 Under 251 70 18
Above 250 78 24

9 All 76 24
10 Al 78 24
1 Under 251 24
Above 250 76 30

12 Under 251 76 24
Above 250 78 a0
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In the spring of 1975, EPA conducted ua survey of the porlable air compressor industry
to obtain estimales ol the time required to achieve compliance with the 76 dBA and 78 dBA
standards, The resulting data, presented in Table 9-9, shows the percent noise impact reduc-
tion, the average percent list price increase, the annual aggregate increase in purchase cost,

and the first year annualized user costs that would accrue as o result of cach regulatory option,

The table also presents the percentage of units in cach major capacity class, that would
be brought into compliance in the time frame specilied for cach regulatory option. The
mjor finding of the industry survey was that a significant number (59 percent) of portable
air compressors cowdd not be made to comply with a 76-dBA standard in the 12 months

(option 1) specified in the proposed rulemaking for portable air compressors (Federal Regiseer,

October 29, 1974), The additional analysis performed was limited to regulatory options
Mlowing, at o minimum, 18 months’ lead time l'or compliance,

IMPACTS ON LIST PRICES OF ALTERNATIVE NOISE EMISSION STANDARDS

Two procedures were used to evaluate the impact of possible increases in list prices
resulting from the adoption of noise emission standards, For the first procedure, data
presented in Table 9-6 were used to estimate the percent increase in prices resulting from
quicting standard portable air compressors to the average sound level of quicted
(76 or 77 dBA for most enginefeapacity classes). The second procedure (based on o
regression analysis of the data listed in Tuble 9-6) was used to estimate the price effects
of additional quicting down to a sound pressure level of 73 dBA*  Euch evaluation is
based on an analysis ol matched pairs, i.c., pairs of portable air compressor models in
which the first model of each pair is a standard unquicted version and the sccond mode!
is a quicted version **

The estimates of price impacts given in this report should be interpreted as npplying to
a lead time that allows orderly adjustments, corresponding to the conditions presumably
reflected in the list price/sound level datz used for the estimates. The term orderly adjust-
ment, as used here, implies that sufficient lead time to compliznce has been allowed so that
there are no serious adverse impacts on manufacturers, suppliers, or users that could be
avoided by a reasonuble extension of the time to compliance. In other words, there would
be no plant shutdowns, serious supplier or user disruptions, or precipitous changes in market

*73 dBA corresponds to a 76 dBA emission standard and a 3 dBA production tolerance,
**See Reference 33 for i more complete description of the melhodology.
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IMPACT OF PORTADBLE A COMPRESSOR NOISE EMISSION REGULATION

F,‘:","]]r?.'rg l Clont of Campliznce
Yol Averns ] Annual I8t Yenr Tatuntial
. - nolse L Appregnty tger Percont of
S L Tinie Impaet Lint Price . o
optlon | elm ma | Month Reductlon! | Increase tnervase In Annusilizee Compresdora Not
Rl nhs “1?;5 n e Purchasy Conrdl | Costal Rondy for Sale
* 3 Milljon $ Miltlonn < 050 cofin | =250 ¢fm
1 All 74 12 .7 (152 {242 (.82 it ] Ho
Hi All 76 14 1.7 13,3 20.0 5.0 21 a7
3 Atl 78 1% .0 10,0 20,1 4l 1 17
soEm N T 12,3 251 51 21 10
- "
I el B 1.7 10 2.4 el 54 1
<60 | 6 ] 1% . . 1 ¢ S
1 Song 15 18 H.8 1.2 2. 1.7 L} 1
U el I 14,7 124 2.4 5.1 &4 57
oS ;g ;3 1.6 L2 29,4 1.7 PN 10
bl All k1] o] .7 12.3 26,0 5.0 ] 146
10 All 78 ] .0 10.0 20.9 4.1 [ 19
n ‘i‘;‘:: % ;; T 123 2hed 5.1 L] o
ny
i (S Ha 1.2 2,4 0,7 o 0

Baeeline I8 27, 4 mitlon peoplo oxposvd 1o conatructlon elte nolso with levels above 55 Ly

Those numbers woro derived on the premiso that manufacturers could nccomplish the rodesign of thelr
antlre product MHno In 12 months. Accopding to now <atn jind {nformntion nequired, thia nesumption and
resulting vstlmatos based on it are la errer,

Basod on estimated $208 milion in sples In 1077=1974,

Dased on estlmoted 10% depreclation und i eatimated 105 cost of finaneing.
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shares that result from a severe increase in adjustment cosis to u manuficturer and that could
be substantially reduced if the manufacturer had additional lead time to bring his product

line into compliance.

Estimates were made assuming not-to-exceed sound fevel standards of 78 and 76 dBA
{at 7 meters) and production tolerances of both 2 and 3 dBA. These standards and production

tolerances result in four production sound level targets;

], 76 UBA =78 dBA standard with 4 2 dBA tolerance

2. 75dBA =78 dBA standard with ¢ 3 dBA tolerance

3. 74 dBA =76 dBA standard with a 2 dBA tolerance

4, 73 dBA =76 dBA standard with 2 3 dBA tolerance

The tesulting estimated percent increases in Jist price associated with the sound level targets

are listed in Table 9-10,

Tablg 9~10

ESTIMATED PORTABLE AIR COMPRESSOR LIST PRICE INCREASES
BY MAJOR ENGINE/CAPACITY CLASS AND ALL MODELS

Percent Increase in Price

SPL Diesel Diesel All
Target QGasoline Below Above Models
251 efm 250 ¢fm
76 dBA* 8.5% 7.0% 11, 44, 10, 0%
70 dBA** 10.3 B.2 12,1 11.1
T4 dBA* 12.1 9.6 13.0 12.3
73 dBA** 14.2 10,9 13.9 13.6
*2 (BA tolerance
*%3 ABA tolerance
911
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For compressors with rated capacity above 250 cim, the estimates given in Table 9-10
used data that excluded 600 ofm compressors, The reason for this exclusion is that com-
pressors with 600 cfm and 750 cfm rated air flow appear to be relatively close performance
substitutes for each other, and the data suggest substantizlly more quieting experience gnd
lower incremental costs of quicting for the 750 ¢fm machines. Should the cost differentinl
persist, one may anticipate a suhstantinl shift of market shares away from 600 ¢fm com-
pressors in favor of the 750 cfm machines, The estimates are made under the assumption
that 600 cfm machines either adopt the cost-ofquicting characteristics of or are replaced
in the market by the 750 cfm machines.

An ndditional set of estimates was computed to test the sensitivity of the resulls to the
use of less optimistic assumptions; that is, the 600 c¢fm compressors retain their share of the
market and remain relatively expensive to quiet. Table 9-11 lists the estimated list price
increases resulting from the less optimistic assumption, For comparative purposes, list
price increases associnted with the more optimistic approach are also listed in the table,

Table 9-11

COMPARISON OF ESTIMATED PORTABLE AIR COMPRESSOR
LIST PRICE INCREASES DERIVED UNDER TWO ASSUMPTIONS

Percent List Price Increase for Compressors
SPL Target Above 250 efm
dBa Assumption 1+ Assumption 2*+
73 13.9 19.4
75 12.1 16.4

*600 c¢fm compressors replaced by 750 cfm unita.
**G00 cfm compressors retain thelr market share.

As was mentioned earliex, there are significant differences between the list prices and
actual transaction prices of portable air compressors, Discounts from list prices of up to 45
percent are reportedly common. Ideally, the estimates should be based on actual transaction
prices. Also, the sound level and price duta are 2 years old, Portable air compressor prices
have increased substantially during this period, and it is likely that the price behavior of
quieted and standard models have not always coincided. Additionally, the industry has 2
years of quieting experience not reflected in the data,
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It is not now possible to assess the effect thut improved duta woukl have on these
estimates; however, there is no reason to believe that better data would show a significant
inerease in the estimated price impacts given.

ECONOMIC IMPACTS OF ALTERNATIVE REGULATORY OPTIONS

The economic impact anilysis that fellows is built upon the price in the preceding
impact analysis. The economic impact analysis study waos separuted into six segments:

W

Price and Sales Impacts, This segment includes the analysis of price impacts and
results and changes in industry sales that occur relative to a baseline forecast,

Cost of Compliance. This segment includes the cost of the resources used to
achieve compliance with the regulatory options and reflects the increased costs of
producing quieted equipment and the cost associated with changes in performance
and maintenunce.

Market Impacts, This segment includes an analysis of broad changes in industry and
market conditions that might zccompany the adoption of aliernative noise emission
standards.

Foreign Trade. This segment covers an assessment of the impacts on exports, imports,
and balance of trade.

Individual fmpacts. This segment gives an assessment of market impacts that fail
differentially on specific companies or industry segments, such as unemployment,
lowered sales and profits, or changes in market shares.

Disruptive Impacts. This segment considers changes that may occur in response to

various shutdowns, unemployment, etc,, that may be caused by the regulation of
portable air compressors,

Two approaches were used to assess economic impact: (1) making direct estimates

based on field interviews and (2) using published information and making indirect estimates
by projecting market conditions with and without noise emission standards.

The data on which to base the estimated impacts were obtained from several sources
including manufacturers of portable air compressors,

e sl s e P A
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The assumed portable air compressor industry fmarket reactions 1o noise regulations
are:

1. The total costs to manufucture the equipment will increase.

The munufacturers will pass this cost on in the form of an inceease in the distributor
price (list price).

e

3. The distributor will pass its cost increase on in the form of an increase in the nego-
tiated cusiomer price,

4. The portable air compressor end user will pass the increase in his equipment purchase
costs on (o his customers as an increase in the price of products and services provided.

5. Final changes in industry prices ard volumes will reflect the changes in portable air
compressor purchase prices and operating costs.

6. Ultimately, the consumer will pay a higher price for products due to the required
increased cost to reduce noise,

If there are overall cost reductions, as opposed to cost increases, from the adoption of
noise control technology, competitive pressures will cause cost decreases to be passed on up
the economic chain to the cansumer in the form of lower prices.

The scenario under which the economic impacts were estimated is based on the tech-
nology and costs contained in References 5, 7, and 33. The estimates of impacts given here
assume that the conditions reflected in the 1973 sound level/price data represent the actual
technology adopted and costs to be incurred in the future, It is likely that new technologics
at lower costs will be developed. Thus, if the current costs, based on an assessment of on-
the-shelf technology, are reasonably accurate, they give upper bound estimales, Noise
standards can be attained at these costs, but possibly they will be attained at less cost based
on better future technology.

Price and Sales Impacts

1t is assumed that purchasers of portable air compressors will be presented with a price
increasc asseciated with each noise emission standard selected for study, Estimated price
increases attributable to compliance with various regulatory options were presented in
Table 9-10. The list price was selected as the basis for the economic impact analysis because
it is conservatively constructed and is based on the broadest sample of cost and noise sup-
pression datz available,

9-14
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Table 9-12 presents estimutes of average list price percentage increases and resulting
deereases in sules associated with manulacturer compliance with the regulttory options,
assuming a price clasticity of demand of ~0.35.

Rising prices can be expected to result in reduced sales as demand fulls off because
users will either find more efficient wuys Lo use gasoline or diesel-engine driven air ¢om-
pressors, in an effort to cut costs, or will switch to substitute praducts that provide i lower
cost alternative method of performing the same work, The degree to which sales will fall
depends on the ease with which buyers can change their compressor use habits in different
applications in order to cut costs.

With price increases below 20 percent {constant dollars) air compressor users will
probably refrain from widespread immediate substitution because:

1. Portable air compressors are a convenient power source for many applications.

2, Users currently have u high investment in tools that operate on compressed nir
(costing 10 to 200 pertent as much as the compressor),

3. Costs of using compressors can be lowered somewhat without substitution through
more renfing of equipment and other practices.

Demand may fall off mere rapidly in response to price increases in excess of 20 percent as it
becomes worthwhile to substitute hydraulic or electric systems for compressed air systems.*

Decreased industry sales for all options range between 3 and 5 percent, The largest sales
impact gencrally falls on the diesel-driven compressars with more than 250 cfim capacity, These
impacts are equivalent to | or 2 years of sales growth at the rates experienced by the industry
from 1967 ta 1972, but are less than one-{ifth of the industry sales growth from 1972 to
1973, (Sales data for 1974 are not available.)

*The response to price increases in this discussion is considered under the assumption that
the prices of substitutes remain constant. To the extent that substitutes for portable air
compressors experience comparable price increases, e.g., dug to other government regula-
tions, the demand response to increasing air compressor prices will be dampened.
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ESTIMATES OF INCREASED PRICES AND DECREASED S8ALES

Table 9-12

ABSOCIATED WITH TIE REGULATORY OPTIONS

Dareent Deercago

Sound Percent Price
Remilato Alr Flow Pressure Time ta Increase In Sales
OTtion vy Capneity Level Compliance {alastielty of -0, 35)
{efm) {(dBA at {months) TdBA 3 dBA 3dBA 3 dBA
7 meters) Tolerance Tolerance Tolerance Tolerance

2 All 76 1R 12.3 1.6 4,3 4.8
a3 All 78 18 10.0 11.1 J.6 1.9

4 Under 251 76 18 - - - -
Above 250 76 24 12.3 13.6 4,3 1.8

g Under 251 76 18 - - - -
Above 250 78 &4 11.2 12.5 4.0 4.3
9 All 76 2 12.3 13.6 4.3 4.8
10 All 78 24 10,0 11.1 3.5 3.9

1 Under 251 - 24 - - - -
Above 250 76 eis] 12,3 13.6 4.7 4.8

12 Under 251 76 24 - - - -
v Above 250 78 o 1.2 12.5 4.0 4.3
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Inpact on Industry Employment

Decreased industry sales will tend to lower employment in the industry, However, the
labor required per manulactured compressor will tend to increasc, due to the quieting require-
ments. Data are not available to determine the net effect of these two counteracting forces,

A portion of any net decrease in employment could be secomplished by normal attri-
tion. 11 has been comman in recent years for between 2 and 3 percent of the hibor foree in
all manufacturing to leave their job voluntarily. Data on labor turnover in the portable abr
compressor industry are not availabie,

Bused on the estimated impacts on industry sales, industrywide employment impacts of
any of the regulitory options would not appear severe, provided sufficient compliance tinie
is ullowed.

COST OF COMPLIANCE

The totsl cost of achieving compliance with any of the regulatary options is composed
of nuny parts. Additional resources — labor, materizls, and capital — must be used in the
production of the quicter compressors.* To the extent that the users of portable air com-
pressors go to substitute technologies (e.g., electric and hydrautic equipment) or make
other adjustments to avoid purchasing the higher priced compressors, they muy adopt
aiternative methods of production that presumabty would have been more costly than the
lower priced unquieted compressors. Users are therefore avoiding the cost of higher priced
compressors by incurring the cost of previously less favored methods of production. And
to the extent that new air compressor sales are reduced, lzbor in the industry may be unem-
ployed while moving their present employment to alternatives — a third type of resource
cost,

Data are not available to assess the value of each of these components of the costs of
complying with the reguiatory options and the distribution of these costs among differ-
ent segments of society (e.g., labor, the construciion industry, the purchasers of new con-
struction, and the compressor manufacturing industry). As an alternative, an assessment has
been made under the assumption that the only societal adjustment to the new regulations is
to realiocate the required resources to the air compressor industry to produce quieter equip-
ment, This assumption implies that there 1s no decrease in industry sales in response to
higher prices and, consequently, no associzted unemployment. The assumption is also made

*[ncreased user operating and maintenance costs are assumed to be negligibie. See Reference 8,
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that the iperease in Hst price includes a1 normal profit or return on capital resources utilized
in the quicting of compressors,

With these assumptions, the total cost of compliance with a regulatory option may be
approximated by the dollar value increase in compressor sales upder the assumption tlhat
prices increase by the percentages given in Table 9-10 and that unit sales are not changed in
response to the higher prices. This assessment makes no statement as to L manner in
which these costs are distributed among the different segments of society.

Using these assumptions, an annual aggregate increase in purchase cost was caleulated
for the first year of full compliance for each regulatory oplion. The base year sales used in
the calculation is For the 12 months beginning on the date all new compressors (regardless
of capacity) are covercd by the regulation, assuming the regulation is promulgated in July
1975, EPA has estimated that lotal portable air compressor retail sales in 1977--1978
will be approximately $206 million,

The results of (he caleulations are presented in Table 9-13, where it is shown that the
annual aggregate increase in purchase cost relinting to the regulutory options range from $20
to $28 million,

User Costs

If o user purchases a new quieter and more expensive portable dir compressor, the higher
price paid represents an increase in his investment expenditures. The book value of his equip-
ment {carried at cost) will be increased by the amount of the higher price. This umount wiil
be deprecinted over the accounting life* of the equipment in order to allocate the cost of
equipment over the revenue received through its operation.

If the user borrows the funds required to finance the purchase, he bears an additional
interest cost attributable to the higher purchase price of the equipraent. If he uses equity
financing, he foregoes the opportunity of investing the additions! funds in other income
gencrating activities and thus incurs an opportunity cost just as real as the interest cost of
debt finanecing, In either case, the user bears an increased cost of finuncing the equipment
purchase that may be associated with the higher price.

It is assumed depreciation is 10 percent of the original cost of the equipment and that
10 percent of the purchase price gives an appropriate cost of the increased purchase price lo

*Accounting life and true uselul life need not coincide.
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Table 9-13

ESTIMATES OF THE ANNUAL AGGREGATE INCREASE IN PURCHASE COST
RELATED TO ALTERNATIVE REGULATORY OPTIONS

Sound Annual Agpregate Increase
R at Air Flow Pressure Time to In Purchase Cost
eaﬂioﬁry Capacity Level Compliance {$ millions)
{cfm) (dBA at {months) 2 dBA 3dBA
7 meters) Tolerance Tolerance
2 All 76 18 25.0 27.6
3 All 78 18 20,3 22,6
4 Under 251 76 18 - -
Above 250 76 24 25.4 27.9
8 Under 251 76 18 - -
. Above 250 78 24 23.4 25.7
9 All 76 24 25.0 27.6
10 All 78 24 20.3 22,6
Under 251 24 - -
11 Above 250 76 30 25,4 27,9
12 Under 251 76 24 - -
Above 250 78 30 23.4 5.7




lis operating costs each year. It isalso assumed that all other costs incurred by the user as a
result of the noise regutations are negligible, *

For the first full yeur of comphianee, the inereased cost to appear in the income state-
ments of the users of the new quieted equipment is, with the assumptions given above, equal
o 20 percent of the annual aggregute increase in purchase cost given in Table 9-13. These
first year user annualized costs are presented in Table 9-14 und runge between 34 and $6
million, **

Tao calculate the corresponding user annualized cast for the first year of a 100-percent
quieted portable air compressor papulation, the following assumptions were made:

® All new quieted equipment survives at least 10 years.
8 No existing unquicted equipment survives more than 10 years,

® Portable air compressor saleés grow il o constant rate over the first 10 years of the
regulation.

Two sets of growth rates are used. The first set is the average annual rate of unit sales
growth experienced from 1967 through 1972 {i.e., 2.8 percent for small compressors and
3.6 percent for large compressors) and the second rate of growth is that experienced from
1967 through 1973 (i.e., 6.0 percent for small compressors and 7.0 percent for large com-
pressors),

These growth rates result in 100-percent quicted populations at the end of 10 years equal
to 11.61 and 13.56 times the number of new compressors purchased during the first full year
of compliance. These 100-percent quieted user annualized costs are presented in Table 9-15,
with the values ranging between $48 and $76 million.

These values are small relative to the total value of construction, corresponding to the
relatively small portable air compressar industry, The 100-percent quieted user annualized :
cost of $76 million, for example, is only 0,06 percent of the $133 billion value of new con-
struction in 1973.

*See Reference 8. ;
**These costs may be considered a component of the annual aggregate increase in purchase
cost and should not be added to the values given in Table 9-13.
* ¥t s pot anticipated that the higher (i.c., 6 and 7 percent) growth rates will be maintained.
The use of these growth rates therefore yields an upper bound on the difference between
first-year and 100-percent quicted estimates.
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Table 9-14
FIRST YEAR USER ANNUALIZED COSTS OF ALTERNATIVE REGULATORY OPTIONS

Sound First Year User
Regulato Air Flow Pressure Time to Annuallized Costs
Optionry Capncity Level Compliance ($ millions)
(cfin} (dBA at {months} 2dBA 3 dBA
7 meters) Tolerance Tolerance
2 All 76 18 5.0 5,5
3 All 78 18 4,1 4,5
4 Under 251 76 18 - -
Above 250 76 24 5.1 5.6
8 Under 261 76 18 - -
Above 250 78 24 4,7 5.1
9 All 76 24 5.0 0.8
10 AlF 78 24 4.1 4.5
11 Under 251 - 24 - -
Above 260 76 30 5.1 5.5
12 Under 251 76 24 - -
Above 260 78 30 4.7 B.1




Tnhle 9-15

100 PERCENT QUIETED POPULATION USER ANNUALIZED COSTS
OF ALTERNATIVE REGULATORY OPTIONS

Sound User Annunlized Cost, 100% Population (5 million)
Remlato Alr Flow Pressure Time to 067-1972 1967-1873
m[;ouw Capacily Level Complinnce Growth Rato? Growth Rato*
O (efm) @RA at (months) ZaBA TanA ZdnA TdBA
7 moters} Tolerance Tolcranco Tolerance Tolerance
2 All 76 18 h8.1 63.9 67.8 74.6
3 All 78 18 47.6 022 55.6 G1.0
' Under 251 76 18 - - - -
Above 350 - 21 58,0 65.0 GB. & 5.9
kit ¢ Under 251 76 18 - - - -
L] Above 250 78 24 54,6 59,2 63,7 G9. 2
i All 76 it} 58.1 63,9 67,8 74.G
10 All 74 24 47.6 52,2 5.6 G1.0
1n Under 251 - 21 - - - -
Above 250 76 30 h8.1 3.9 G7.8 74,6
12 Under 251 6 24 - - - -
- Above 250 74 a0 61,6 659.2 67 69,2

*2. 8 porecent for small compressors and 3, 8 percent for larpge.
*+6, 0 percent for small comproessors and 7.0 percent for large.
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This implies that any repulation that does not cause significant disruptions in the supply
of portable sir compressors will probably have relatively little aggregate impact outside the
portable air compressor industry,

Market Tmpact

The impact of promulgating noise emission levels for portable air compressors on the
market and industry as a whole is discussed in greater detail in Reference 8. However, this
discussion treats in g summary form those impacts on the market thit can be expected from
the adoption of noise cantrol technology. Included in this summary are the impitcts on
upstream components suppliers, downstream distributors, and end users,

Supplicrs

The suppliers of components to (1) cngine manufacturers, (2) muffler manufucturers,
(3) fan manufacturers, and (4) enclosure and vibration isolator manufacturers will generally
experience higher dollar sales. General suppliers to portible dir compressor manuiacturers
will not be adversely affected by the adoption of noise control technology primurily because
most suppliers to the indusiry devive only a small portion of their business from manufac-
turers of portable air compressors,

Distribution

Channels of distribution and portable air compressor operations are not expecited to
materially change due to the noise emission standards.

End Users

It lias been estimated that the increased costs to be incurred by portable air compressor i
owners will be less than 0.1 percent of total operating costs of end user industries, Therefore,
little, if any, change in portable air compressor end user industries are expected.
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Forcign Trade

This discussion addresses the impact of the adoption af noise staundards on export and
import patterns for portable air compressors. Noise regulations do not apply to export
products but do apply to products imported for use in the United States.

Exports

Domestic portable air compressor manufucturers will be able to export both quieted
and unquicted products to foreign countries, depending upon their respective noise regula-
tions, To the extent that some foreign markets presently require guiet compressors,
domestic manufacturers will-be in an improved competitive position. Study inputs from
portable air compressor manuflacturers indicated thit no changes in export patterns are
expected.

Imports

Imports currently account for between 5 and 10 percent of the tatal domestic portable
air compressor unit consumption. Imported portable air compressor prices are generally
competitive with or lower than domestic manufacturer prices. However, imports have not
significantly penctrated the United States market because of lack of effective distribution
networks, poor product quality In some instances, poer service and parts delivery, and
intensive competition by domestic praducers, Quicted imparted portable air compressors
are not expected to make significant inroads into the domestic market since the costs asso-
ciated with quieting, plus import costs would exceed the costs incurred by domestic
praducers,

Balance bf Trade

Based on the factors reviewed, no material impact on the balance of trade is anticipated,

Individusl Impacts

This discussion addresses differential impacts that may develop affecting a single firm or
set of firms,
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Small Portable Ay Compressor Manufacturers

Smali manuflacturers may not have sufficient manpower and/for funds to immediately
allocate to the required development programs. However, costs and quieting technology
are not expected to create a problem for small manufacturers provided they are given
adequaie time to adjust.

Firms Experienced in Noise Technology

Those firms having already attained experience in quieting technology and currently
having quieted products on the market are much better prepared to meet Federal noise
emission levels. Thus, they are expected to hold an advantage in the market for a limited
period of time,

Disruptive Impacts

Given adequate lead time and appropriate planning, no significant disruptive economic
impacts are predicted duc to the establishment of noise standards per se.

Cost changes are on the order of 10 to 13 percent, However, volume changes are small ‘
relative to baseline conditions, The portabie air compressor industry would be expected to 5
continue its normal growth pattern, Some small unemployment (measured in tens) may ‘
oceur in specific communities. i
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SUMMARY

1. Compressor list prices may increase as shown in Table 9-16.

Table 8-106

SUMMARY OF ESTIMATED PRICE INCREASES
{in percent, with 2 dBA tolerances)

Engine/Cnprcity Class Optzion Optiion Opflio|1 Opl;on Opt;on Oplt(:on Oplt:on Orl:tzion
Gnsolino {All) 12,1 8.5 12,1 121 12.1 8.6 | 12.1 12.1
Diesel (5260 cfm) 9.6 7.0 9.8 9.6 9,6 7.0 9,6 9.0
Mesel (>250 efm) 13.0 114 13.0] 11.4 13,0 11.4 | 13.0 11.4
Avernage 12,3 10,0 12,3 11.2 12,3 10,0 | 12,3 1.2

The price increases will be passed on to end users.

SUMMARY OF ESTIMATED SALES REDUCTIONS

Table 9-17

2. Sales may be affected as indicated in Table 9-17

(in percent, with 2 dBA tolerances)

Engine/Copaclty Class Opt;on Op;mn Opiion Op;ton Op;mn Oplttt’nn Ogtlion Olpélon
Gasoline {(All) 4,2 3,0 4,2 4.2 4,2 4,0 1.2 4.2
Dicsal (=250 ¢fm) 3.4 2,4 3.4 J.4 3,4 4,0 3.4 3.4
Dieseal ( »260 ofm) 4.6 3.5 4.3 4,0 4.6 3.5 4,6 4,0
Average e d 3.8 4.3 (] 1,3 3.6 4,3 4.0

e ]



3. The estimated annuad ageregate increase in purchase price lor noise abatement for
portable air compressars is presented in Table 9-18,

Table 9-18

SUMMARY OF ESTIMATED ANNUAL AGGREGATE TNCREASE
IN PURCHASE PRICE
{in $ million, with 2 dRBA tolerances}

Option | Option | Option | Option | Option | Option | Option | Option
3 4 8 9 10 11 12

$26.0 $20.3 | $26.4 | $23.4{ $25.0 | $20.3 | $25.4| $23.4

4. There will be little effect on upstream component suppliers. Distributors and end

users may be affected in that alternative air sources and competitive systems will
become a more important factor in working on or moving material,
; S. There will be no significant effect on factory operations,
i .
6. No significant unemployment is expected to occur.
7. No changes in export or import patterns should occur because of noise regulations,
8. No significant impact will be transmitted to the national or a regional economy,
provided adequate lead time to compliance is allowed.
i
i
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Section 10

EVALUATION OF EFFECTS OF PORTABLE AIR COMPRESSOR NOISE ON
PUBLIC HEALTH AND WELFARE OF THE U.S. FOPULATION

Pursuunt to the Nojse Control Act of 1972, EEPA has selected and published noise
measures belicved 10 be most useful for deseribing environmental noise and its eifects on
people, independent of the source(s) of noise. In addition, information has also been pub-
lished on the noise levels “requisite te protect the heatth and wellare™ inciuding personul
comfort and well being, as well as the absence of clinicul symptoms (e.g., hearing loss). Using
information published in References 1 and 2, analyses were perforined lo evaliate the effects
of the air compressor regulation on the health and welfare of the U.S. population exposed
o construction sife noise,

The approach taken [or the analyses was to evaluate the effects, in terms of percent
changes, in the impact of construction site noise on ULS. population resulting from the reduc-
tion of portable air compressor noise alone and then in combination with the reduction of
truck noise. Truck nojse is o major contributor to constructicn site noise and is currently the
subject of noise emission control. The methodology presented in Appendix B has been
applied to the specific case of construction noise to evatuate potentinl public health and
welfare benefits derived from portable air compressor and truck noise regulations.

The analyses considered construction of residential and nonresidential buildings, city
streets, and public works that normally occur in places where population density is high.
Heavy construction, such as highways and civil works, Iras been omitted from the study since
the bulk of this ﬂctivi'ty generally ocetrs n thinty populated arcas where the extensiveness
of potentinl noise effcets on people is minor, In the framework of the analysis, construction
is viewed as a process that can be categorized according to the type of construction, as well
as to the separate and distinct activity phases that occur,

The basic unit of construction activity is the construction site. A construction site
exists in both time and space, Four different types of construction sites were evaluated in
the analysis:

1, Domestic housing and residential,

2. Nonresidential, office buildings, hotels, hospitals, schools, government buildings,
including highrise,

10-1
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3. Industriat, parking garage, religious monuments, amusement and reereation, stores,
service stations, bt no highrise,

4. Public works, municipal streets, and sewers,

Construction activity is penerally carried out in several discrete steps, cach of which
has its own mix of equipment and attendant nojse output. The phuses of construction
studied were those ol Reference 2. The data presented in Reference 2, adopted for tie
present analysis, provide all the necessary input for deriving the variation in noise output
with time, Basically, the process involved in deriving the noise history at cach site consists
of identifying the equipment found at each site in each construction activity phase in
terms of’:

@ The number of equipment types typically present at the site in a given phase.
® The duty cycle of each type of equipment.

& The averape noise level of each equipment type during the construction activity
opcration.

The original information given in Reference 2 has been reviewed and revised to include
data that has since become available in Reference 32, The revisions appear in Tables 10-] 4,
b, cand d.

The usage actors presented in Tables 10-1 a through d, were combined with typical
periods of use (hours) of equipment operated for 2 particulur task, to yield 2 site Leg s
measured 50 feet from the site. For the purpose of this analysis, a construction site is
viewed as a complex source in which equipment iscentered at a point 50 feet Irom an
observer. This consideration provides a model with which to establish a base set of duta,

The Lgg obtained using this model was converted to an Lgy for a 24-hour day and then
converted to an annual Lgn. Thus, ¢ach consiruction site was viewed as a complex noise
source with a fixed annual vialue of Ly, The analysis was repeated for each type of site,

The human impact of construction noise was brought into the analysis by us¢ of the
duta presented in Reference 2 with regard to the number of construction sites of various
types in a number of geographical regions, as well as the populution densities within the
regions. The number of sites per year was taken from Table IV of Reference 32, und the
population density data was taken from Table X1 of Reference 2. For the nonresidential

10-2
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Table 10-1 o
USAGE FACTORS OF EQUIPMENT IN DOMESTIC HOUSING CONSTRUCTION

A Ao s S Th £ S vk
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Construction phnse g -
b B
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H Do
Equipment = - B o
= § g = 5 |8%s
4 a .g B a =N
2 5 ~ C g8 2
3] = By [ iy - Ao
Alr compressor 8n*| - 0.1 - - 0.25 G8. 7
Backhoe {85) 1.0,02 0.2 - - 0,02 69. 5
Concrete mixer (85) - - 0.4 0.08 0.16 8.5
Concrete pump (82) - - - - -
Conerete vibrator {76) - - - - - -
Crano, derrick (88) - - - - - -
Crana, mobile (83) - - - 0.10 0.04 69,5
Dozer {87) 0.10 ¢,1 - - 0.04 72,0
Generator {(78) { 0.4 - - ~ - 64.5
Gradoer (B5) 0.05 - - - 0,02 65,0
Paving Breoker (88) - - - - 0.01 61.0
Loader @y |02 0.1 - - 0,04 70,0
Paver (89) - - - - 0,025 66,0
Pile driver {101 - - ~ - - -
Pneumatic tool (85) - - 0. 04 0.1 0,04 72.5
Pump {76} - 0,1 0.2 - - 6.0
Rock drili {98) - 0,005 - - - 65.5
Roller (80) - - - - 0.04 59,0
Saw (78) | = - 0.04f2)%* 0.1[2] 0.04[2]] 68.5
Scraper {88) 0,06 - - - 0.01 67,0
Shovel (82) - 0,2 - - - 65,5
Truck (88) | 0,04 0.1 - - 0,04 70,0
Leq {507 per site durlng work periods = 82.0 dBA
Hours nt site 24 24 40 BO 40Z = 208 hrs,
= 26 days

Total pumber of sites = 514, 424 {Table IV{a) of reference 32)

¥ Numbers in parenthesecd () represent average noise levels (dBA) af 50 ft.
** Numbers in brackets [ ] represent average number of items in use, if that
number is grenter than one. Blanks indleate zero or very rare usage.
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Table 10-1 D0

USAGE FACTORS OF EQUIPMENT IN NONRESIDENTIAL CONSTRUCTION

($190K-4000K)

Total number of gites = 12,710 (Tables IV(h) of reference 32)

e f
Construction phase § S

k-

Eguipment g § -é-.

w £ £ 4 » |Z23

g 2 - 388

g g 5 o g 58 8

— P =] b+ =} [T

o ] < S Fry - a0
Air compressor (B* | - to[z]* 1.0f2] 1.o[2] o0.4[2] 83.5
Backhoe (80) | 0.04 0.16 0.4 - 0.04 76.5
Concrete mixer (85) - - 0.4 0.4 0.16 79.0
* Congrete pump (82) - - 0.08 0.4 0.08 74.5
Concrete vibrator (76) - - 0.2 0.2 0.04 67.0
Crane, derrick (88) - - - 0.16 0.04 76.0
Crane, mobile (83 | - - - 0.16[2] c.04[2] | 174.0
Dozer 87 | 0,16 0.4 - - 0.16 78.0
Generator (18) | 0.4[2] 1.0[2] - - - 75.0
Grader (85) | 0,08 - - - 0,02 63.5
Paving breaker (88} - 0.1 0.04 0.04 0.04 75.0
Loader B4 | 0.16 0.4 - - 0.16 75.0
Paver (89) - - - - 0.1 70.0
Pile driver (o1 | - - 0.04  0.16[2] o0.04f2] | 85.0
Pneumatic tool (85) - - 0.04  0.16[2] 0.04[2] | 76.0
Pump (76) | - 1.0[2] 1.0[2] 0.4 - 76. 5
Rock drill (98) - 0.04 - - 0,005 78.0
Roller (80} - - - - 0.1 60.5
Saw ) | - - 0.04(3] 1.0[83] -~ 76.5
Scraper (88y | 0.55 - - - - 73.0
Shovel (82) - 0.4 - - - 72.0
Truck 88y | 0.16[2] 0.4 - - 0.16 80. 0

Leq(5ol) per site during work periods = 91.0 dBA
Hours at site 8O 320 320 480 160 L = 1360 hrs,
= 170 days

* Numberg in parentheses () represent average noise levels (dBA) at 50 ft.
** Numbers in brackets [ ] represent average number of items if number is
Bianks indicate zero or very rare usage,

greater than one,
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‘Table 10-1¢

USAGE FACTORS OF EQUIPMENT IN INDUSTRIAL CONSTRUCTION
{$30K-820K, no high-risc)

%8
Construection plnse g =
wE
g a2
Equipment q = 5 2 g
[a] (=] 5 = ‘2 R
=T4] fie} e} o] a — ]
g g g 2 = R
| H § 5 8 7 5%
‘ A # B 7 g oh 2
; ] H ey R2 Fy -]
; Air compressor (81)* Lo 0.4 0.4 0.4 78.0
! Backhoe (85) | 0.04 0.16 0.4 - 0.04 76, 5
! Concrete mixer (85) - - 0.4 0.16  0.18 77.5
i Concrete pump (82) - - 0.05 0.16 0.08 71.0
Concrete vibrator (76G) - - 0.2 0.1 0.04 G5, 5
: Crane, derrick (88) - - - 0.04 0.02 70,0
! Crane, mobile 6y | - - - 0.08  0.04 68,0
| Dozer @n | o.2 0.4 - “ 0.04 77.5
Generator (78) | 0.4 0.4 - - - 68.5
Grader (85 | G.05 - = - 0.02 62.5
Paving breaker (88) - 0.1 0.04 0.04 0.04 75.0
Loader (84 | 0,16 0.4 - - 0,04 74,5
Paver (89) - - - - 0.12 70.5
Pile driver (101) - - 0.04 - - 81.0
Preumatic tool {85) - - 0.04  0,1[3]** 0,04 76,0
Pump (76) - 0.4 1.0[2] 0.4 - 53.0
Rock drill (98) - 0.02 - - 0.003 75.0
Roller (80) - - - - 0.1 60.5
Saw () | - - 0.04[2) 0.1[2] - 67.5
Scraper (88) 0.14 - - - 0.08 70.5
Shovel (82) - 0.4 - - 0.06 72.0
Truck @8 | 0.16[2] o.26[2] - - 0.16 8.5
Lag(s0') per site during work periods = 88.0 dBA-
Hours at site 80 320 320 480 160X = 1360 hrs.
= 170 dnys
Total number of sites = 50, 839 (Tables IV(c) of reference 32)
* Numbers in parentheses () represent average noise levels (dBA) nt 50 ft.
#* Numbers In brackets [ ] represent average number of items in use, If that
number is greater than one., Blanks indicate zero or very rare usage,
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Table 10-14d

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS CONSTRUCTION
(Municipal streets and sewers)

5
Construction phase or
£a e
535
Equipment g g 2 H 5
B i o g £ | =5
7 ?.5 w5 E ..g E'tol o
g 3 3 3 g 5L @
3 4 = & = STRB
Alr compressor (8L*| 1.0 1,0 0.4 0.4 0.4[2]%+!  79.0
Backhoe (85} 0.04 0.4 - - 0.16 74.5
Concrete mixer (8% | - - 0.16[2] 0.4[2] o0.16[2) | 8l.0
Concretoe pump (82) - - - - - -
Concrete vibrator (76} - - - - - -
Crane, derrick (88) - 0.1 0.04 0.04 - 74,0
Crans, maobile (83) - - - 0.16 - 69.5
Dozer (87) 0.3 0.4 0.2 - 0.6 79.85
Generator (78) L0 0,4 0.4 0.4 0.4 75.0
Grader (85 | 0.08 - - 0.2 0,08 74,0
Paving breaker (88) | 0.5 0.5 - 0.04  0,1[2] 80.5
Loader (84) 0.3 0.3 0.2 - 0.16 76,0
Paver {(89) - - 0.1 0.5 - 81,5
Pile driver (101) - - - - - -
Pneumatic tool (85) - - 0. 04[2] a.1 0.04 72.5
Pump (76y | - 0.42] 1.0[2] o.4[2] - 76,5
Rock drill (98) - 0, 02 - - - 82,5
Roller (80) - - 0,01 0.5 0.5 73.6
Saw (78) | - - 0.04[2] n.n4 - 63,5
Scraper (88) 0,08 - 0.2 "+ 0.08 0.08 78.0
Shovel (82) | 0.04 0.4 0,04 - 0.04 71.0
Truck (38) | 0.1[2] 0.16 0.4{2] 0.2[2) o.16[2) | 84.5
Leq(SO') per site during work periods = 91,0 dBA
Hours at gite; 12 12 24 24 123 = 84 hra.
= 104 days

Total number of sites = 485,224 {Table IV(d} of reference 32)

* Numbers in parentheses () represent average noise levels (dBA) at 50 ft,
** Numbers in brackets [ ] represent average number of items in use, if that
number is greater than one. Blanks indicate zero or very rare usage,
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building category, the transfer of people from the suburbs to the central city during the
average working day was considered by adjusting the population data, consisient with the
model presented in Reference 2, which is summarized in Table X1 of the reference. This
adjustment was necessitry to aecount for the fact that most construction in cities oceurs
during the working day. Tlhus, pepulation estimites were obtained for 20 different cases
carresponding to the four construction types {residential, nenresidential, municipal streets
und public works) and five cateparics of regions,

1. Large high-density central city

2. Large low-density central city

3, Other Standard Mctropolitan Statistical Areas central cities
4. Urban fringe

5, Metropolitan areas outside the urban fringe.

Two models were used for the propagation of site noise into the community. In
residentiul areas and other lightly buill up areas, noise was assumed to be attenuated 2l the
rate of 6 dB per doubling of distance away from the source. Accordingly, around each site there
exists a series of annulations, exch of which represent successive 3 dB arcus of greater attenvation,
A mean noise level Ly, (annual Lgn) was associated with each annulus, as well as the area in
square miles, The latter figure, when multiplied by the pepulation density typical of the region,
yielded the average number of people, (P}, living within that annulus. It was assumed that
on the average, only half of these people are affected by the noise becouse it is reasoned
that only half of the rooms in a structure jn proximity to the site face the site, This assump-
tion appears reasonable but must be recognized ns being somewhat arbitrary. '

In the case of the nonresidential (office) building category, a dilferent model was
considered. For this situation it was assumed Lhat noise confined in a built up area is
attenuated by only 3 dB per doubling of distance for the first 400 feet, due to the canyon :
effect, and then attenuates at 6 dB per doubling of distunce, since at thitt point noise is '
free to decrease by classical spherical divergence, Further, it was assumed that only 25
percent of the people in cach annulus were affected by the construction nojse since in
most office buildings not all the rooms have outside exposure. This assumption appears
reasonable, but it is also somewhat arbitrary.

CONSTRUCTION SITE NOISE IMPACT

The impact of an environmental noise has two basic dimensions: extensiveness and inten-
sity. Extensiveness of impact is measured in terms of the total numbers of people impacted

10-7
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regardiess of the severity of individual impact. Intensity, or severity, of an individual's
impact is measured in terms of the level of the environmental noise,

For analytic purposes, it is desirable 1o have a single number representing the magni-
tude of the total noise impict in terms of both extensiveness and intensity in a specific
envirenmental situation, With a single number descriptor of noise impact, relative changes
in jmpaet can be deseribed in terms of simple percentage changes of reliel from an initiul
value, In this method, presented in Appendix B, the intensity of an environmental noise
impact at a specific location is characterized by the Fructional Impact (F1).

In the computation of the fractional impact (FI) associated with each annulus around
a construction site for ofTice buildings and industrial facilities, computations were performed
relative to an exterior Ly of 65 dB rather than the 55 dB ussumed for residential areas
and public work arcas. The rationale for this assumption was that in office buildings
adjoining construction sites, windows are normally closed, which increases the noise
reduction between outside and inside (Relerence 30). The window-closed condition
provides at lcast 10 dB more attenuation than does the window-open condition. Accord-
ingly, exterior levels of 65 dB in the window-closed condition and 55 dB with windows
open will generally produce identical interior noise levels,

From knowledge of the various fractional impacts and the number of people con-
tained in each annulus, the cquivalent population impacted in each annulus was obtained
and then summed to obtain the total impact (Peq).*

Computations were perforined to assess the change in the equivalent population
impacted by construction site noise, relative to the new regulation condition for portable
air compressor noise when reduced to levels of 76 dBA, 73 dBA, 70 dBA, and 65 dBA at
7 meters from the compressor housing, Since new-truck noise regulations currently being
formutated will, in time, produce lower truck noise levels at constructionsites, the effect
of the combined reduction of portable air compressors and new-truck noise were addi-
tionally evaluated, The benefits of reducing portable air compressor and new truck noise
levels are summarized in Table 10-2 in terms of both Peq and the percent reduction of im-
pact upon the clinge on U.S, population exposed to construction site noise.

To further illustrate the significant benefits and relief afforded the population by
reducing new porluble air compressor noise levels, Figure 10-1 has been prepared from the
data of Table 10-2. Asshown in Figure | 0-1, a sizcable reduction (approximately 15
pereent) in the magnitude of the impact by canstruction site noise is achieved by regulating

* Ppq is numerically equal to the equivalent number of people having u fraction impact
equal to unity (100 percent impacted), See Appendix B for further details.
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Table 10-2

SUMMARY OF BENEFITS TO THE POPULATION IMPACTED
BY CONSTRUCTION SITE NOISE RESULTING FROM REGULATION
OF PORTABLE AIR COMPRESSOR AND TRUCK NOISE

Percent
Peq Reduction
Basecline data o— — —. — — — —— 1,245,622 0
Only air compressors reduced:
a) T6dBA — — — — — — 1, 062, 800 14,7
b) 73 dBA ——— — — — — —_—— 1,053, 810 15,4
c) T0dBA — — — — — — — 1,048, 266 15.8
d) 65dBA —— — —— o — 1, 046, 133 16.0
Trucks reduced 83 dBA
a) Air compregsors @ 76 dBA — — — 781, 000 37.3
Trucks reduced 75 dBA
a) Alr compressors @ 76 dBA — -— — 677,660 45.6

portable air compressor noise to 76 dBA; more stringent regulation of the air compressor
is not warranted ut this time due to the little (approximately | percent) added health and
welfare benefits.

The results, shown in Figure 10-1 and Table 10-2, derived from the reguiation of new
portable air compressors and new trucks are time dependent; that is, the benefits accrued
oceur in time as the current unregulated compressor and truck population is replaced by
quiet regulated units. Figure 10-2 illustrates the magnitude by which the health and welfare
benelits accrue in time using the assumption that quiet portable air compressors and trucks
replace unguicted units at the rate of 10 percent per year.

The data clearly demonstrates that the reduction of portable air compressor noise to
an average of 76 dBA at 7.meters produces significant and desirable relief to the population
from construction site noise. In terms of acoustic energy contribution to construction site
noise, Tuble 10-3 shows that the reduction of portable air compressor noise to 76 dBA
reduces its energy contribution to nonresidential construction site noise {present worst case)
by 15.8 percent, for a total site contribution of approximately 1.0 percent,
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AVERAGE SOUND LEVEL, dBA, re 20 MICROPASCALS, AT 7 METERS
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.PERCENT REDUCTION IN THE IMPACT
OF CONSTRUCTION SITE NOISE

Fipure 10-1.  Effect of Portable Air Compressor Noise Reduction
on the U, 8. Public Impacted by Construction Site Noise
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Table 10-3

CONTRIBUTION OF PORTABLE AIR COMPR ESSOR NOISE
TO CONSTRUCTION SITE NOISE

Percent* of gite noise

Rank* ot site

Site Compressor | Compressor Compressor Compressor
Noise Noise Noise Noise
at 88 dBA** at 76 dBA at 88 dBA** at 76 dBA
Residential 4.6 .3 Tth 16th
Public works 6.1 .4 Tth 16th
Industrial 10.0 .G 3rd 17th
Nonresidential 16,9 1.1 and 17th

* On an cnerpgy basis
** Current average level at 7 melers of all compressors,

The data show the decreasing importance of portable air compressors (in terms of total
emitted scoustic energy ) from the sccond most predominant construction site noise source
after trucks (at present) to the 16th noisiest picce of equipment comprising the hardware
mix of 20 picces of equipment typically used at construction sites,

Further public health and welfure analyses were performed to assess the benefits
derived by splitting the portable air compressor population at 250 efm and reducing noise
of compressors larger than 250 c¢fm to a different level, Table 104 lists the case studicd.

Table 10-4

PORTABLE AIR COMPRESSOR NOISE REDUCED BY CATEGORY

Alr flow capacity

Reduced noise level

(cfm) (ABA)
< 250 76
>250 78

i0-12




The rationale for this case study is as follows:

i. Eighty-twe pereent of the poriable air compressors sold (by 1972 sales figures)
have air flow capacity of less than 250 cfm,

2. Many of the portable air compressors in the 18 percent greater than 250 cfm
category are used in remote areas where the impact on public health and welfare
is minimals

3. Data indicate it is more difficult to quiet large portable air compressors,

4, The mean noise level of the population of quiet portuble air compressors in the
marketplace today, with flow eapucity greater than 250 cfm, is 77.9 dBA.

The analysis demoenstrates a resultant 0.1 percentage point loss of effectiveness: that
is, a 14.6-pereent impact relief from construclion sile noise a8 compared with the 14.7-
percent relief when all portable ir compressors are reduced to 76 dBA.

ACTUAL POPULATION EXPOSED TO CONSTRUCTION SITE NOISE

To further assess the benefits of reducing portable air compressor ind truck noise in
terms of the reduction in actual population exposed to construction site noise, the cunulh-
tive number of people exposed to construction site noise levels above Lyp 55, 60, 65, 70,
and 75 was determined for:

#® No construction equipment noise reduction, i.¢., today’s cquipment noise levels,
e Portable air compressors reduced to 76 dBA.

# Portable air compressors reduced to 76 dBA and trucks (concrete mixers and dump
trucks) reduced to 83 dBA.

The estimated cumulative number of people eurrently exposcd to construction site
noise and the attendant reduction in the number of people exposed to reduced portable
air compressar and truck noise levels is tabulated in Table 10-5, As shown, the reduction of
portable air compressor nois¢ alone reduces the number of people exposed to levels above
Ldn 55 (the noise leve] identilied as protective of health and welfare with an adequate
margin of safety} by 4,2 million, while reduction of both portuble air compresser and
truck noise reduces the number of people exposed by 7.4 million. With portable air

10-13
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Table 10-5

EFFECT OF PORTABLE AIR COMPRESSOR AND TRUCK NOISE
EMISSION REGULATIONS ON THE U, S, POPULATION
EXPOSED TO CONSTRUCTION SITE NQOISE

No Construction Equipment
Repulation Regulated Portable Alr Compressors
Cumulative | Portable Air Compressors nnd Trucks Regulnted**
Ly, | Population Regulated*

exposed to | Cumulntive Cumulative

Construction| Population A Population A

Site Noise Exposed Exposed
a8 27,457,000 23, 242,000 4,215,000 20,045,000 7,412,000
60 7,728,000 | §,456,000 1,267,000 5,569,000 | 2,154,000
65 2,079,000 1,714,000 365,000 1,526,000 553, 000
70 687, 000 472,000 115,000 412,000 175,000
75 93,000 61,000 32,000 50,000 43,000

* 76 dBA @ Tm (23 ft. )
** Portpble afr compressora regulated at 76 dBA @ 7m (23 ft. ) and frucks

regulated at 83 dBA @ 15,2m (50 ft,)

compressor and truck neise reduced, 20 million people will remain exposed to construc-
tion site noise levels above Ly 55; this being so because the 18 other pieces of construction
equipment continue to contribute significant acoustic energy to the site environment.

10-14
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Section 11

ENFORCEMENT

Enforcement of new product noise emission standards applicable to new portable air
compressors will be accomplished through:

@ Production verification testing of compressor configurations,

® Assembly process lesting using selective enforcement auditing of production com-
pressors and

® [n-use compliance programs,

The predominant portion of uny production verification testing and assembly process
testing will be carried out by the manufacturer and andited or confirmed by EPA
personnel, as necessary,

Any test used for production verification testing and any test used for assembly pro-
cess testing of production compressors should be the same test as that speeified in the regu-
lations or correlative so that compliance may be accurately determined. The standard
measurement methodology, which can be used both for production verification testing and
assembly process testing of portable air compressors, is a modified version of the CAGI/
PNEUROP test method that appears in Section G,

Analyses have been performed to assess potential product verificution and selective
enforcement auditing testing costs, Appendix C presents the estimates and lists the under-
lying assumptions used in the analyses,

PRODUCTION VERIFICATION

Production verification is the testing of early production models by 8 manufacturer or
by EPA to verify that o manufuctorer has developed the necessary technology and is capable
of applying the technology in a manufacturing process.




Production verification does not involve any formal EPA approval or issuunce of certifi-
cates subsequent to manufacturer testing, nor is any extensive testing required by EPA, A
compressor confliguration must undergo production verilication prior to or soon afler ils
distribution in commerce. Like configutations may be grouped into’s category, us defined
in the regulations., A compressor model would be considered to have been production verified
after the manufacturer has shown, based on the application of the noise measurement testing
methaodology, that a confipuration or confligurations of that model conform to the standard,
Production verification testing of all configurations preduced by a manufacturer may not be
required i€ a manufacturer can show that the noise levels of somie configurations in a category
are consjstently higher than others in a category. In such a case, the noisiest configuration
would be the only configuration requiring verification, Manuficturers must reverify when-
ever they implement engincering changes to their products that are likely to adversely affect
noise emissions. Additionally, some further testing on a continuing or other basis of pro-
duction products may be necessary to assure that all products manufactured conform to the

standards,

Production verification provides EPA with confidence that production models will con-
form to the standards and also limits the possibility that noncenforming compressers will be
distributed in commetrce, If the possibility exists that subsequent models may not conform
to the standard, sclective enforcement auditing may be used to determine whether production
compressors continue to actually conform to the standard.

Selective Enforcement Auditing

The regulations provide for sample testing bused on an audit of production compressors
(Seicctive Enforcement Auditing). Selective Enforcement Auditing (SEA) is the term used
to describe the testing of a statistical sample of production compressors, from a particular
compressor category or configuration selected, to determine whether production cotnpressors
conform to the standard and to provide the basis for further action in the case of nonconlorm-
ity. SEA testing is performed pursuant to an sdministrative request in sccordance with the
proposed test procedure,

The sampling strategy adopted by EPA does not attempt to impose a quality control or
quality assurance scheme upon a manufacturer but merely sudits the conformity of his
products.

Testing is initiated by a test request that will be issued to the manufacturer by the
Assistant Administrator for Enforcement or his designated representative. A test request
may be directed to a category, a configuration, or several configurations in a category, The
test request will require the manufacturer to test a ssample of compressors of the specified
category ot configuration produced at a specified plant,
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An important influencing fuetor regarding twe decisions of the Administrator to issue g
test request is whether the manufacturer is cendueting noise emission testing of production
compressors under is own quality control scheme, 180 manufacturer can provide evidence
thad his campressors are meeting standards bised on test and sampling methods acceptable to
EPA, issugnce of o test request may not be necessary,

The general type of sampling strategy developed by EPA employs atiributes-type sampling
pliens applied to a specilic number of batches of compressors, Under inspection by attributes,
items are inspected or tested to defermine whetlier they meet the prescribed specification.

The basic decision criterion is the number of compressors having parameters that meet the
specification rather thap the average value of some parameter. The particular specification
for compressors is the noise emission standard established by regulation.

Two types of sampling plans for inspection of batches are emiployed, single and
muitiple sumpling. For single sumpling, only one test sample of compressors is selected
rom the batch subject to testing. Single sampling is used when the batch size ranges
from 4 to 15; while 1nultipie sampling is used for batch sizes over 15 compressors, Multiple
sampling dilfers from single samplimg in that smali consecutive test samples are drawn from a
batch rather than one large sample. Multiple sampling ofTers the advantage of keeping the
number of compressors tested to a minimum when the compressors are meeting the standard,
The samples required under the single sampling plan range from 3 (o 4 per batch, depending
on the batch size, Under the multiple plan sample size ranges from 2 to 14,

The sampling plans are armunged according to the size of the batch from which a sample
or samples are to be drawn. Euach plan specifies the sample size and acceptance and rejection
numbers associated with an acceptable quality level (AQL) of 10 percent. As applied to
compressor noise emissions, the AQL is the maximum percentage of compressors that fail to
meet the nojse emission standard; but, for purposes of sampling, inspection can be considered
acceptable. An AQL of 10 percent was chosen to take into account some test variability and
random production errors.

Tie sampling plans provide for audit of 4 manufacturer’s product noise emission stan-
dard confarmance as based on tests performed on a sequence of production betches of his
products, As a resuit of the acceptance or rejection of the prescribed number of batches,
the determination is made as to whether the manufacturer is producing compressors within
the prescribed acceptable quality level of 10 percent.

Batches tested are accepted or rejected based on tests performed on samples of com-
pressors, The number of nencomplying compressors in a sample is compared to the accep-
tance and rejection numbers for the appropriate sampling plans, If the number of faflures is
less than or equal to the acceptance number, the batch is said to be accepted. On the other
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hand, if the number of Tailing compressors in the sample is greater than or equal to the rejec-
tion number, then the batel is said to be rejected, The probability that a bateh will be
accepted if the percentage of noncomplying compressors is Tess than the AQL is high, The
probability that a buteh will be rejected if the actual number of noncomplying compressors
is greater than the AQL increases as the percentage of noncomplying compressors increases,

When the sumpling strategy invalves a multiple sampling plan, there may be some
instances in which the numlxer of failures in a test semple may not allow acceptance or
rejection of a batch, Wien this occurs continued testing may be required until a decision
cint be made to either accept or reject a batch,

Regardless of whether a batch is accepted or rejected, noncomplying compressors will
have to be repaired or adjusted and will have to pass @ retest before they can be distributed
in commerce,

The fact that one batch of compressors is accepted or rejected does not provide suffi-
cient information as to whether thie particular category or configuration(s) selected for testing
is in compliance with the standard. This is because the number of compressors tested in
inspecting one bateh is not of a large enough sample to determine production quality on an
extended basis. To provide a large enough sample on which to base production quality, the
munufacturer must inspect o sequence of batches. As in the case for the sampling plans for
inspecting botches, the sequences of batches that must be inspected are arranged according to
the size of the batch. Associated with each batch size is the number of consecutive batches
required to be inspeeted and batch sequence acceptance and rejection numbers, Pairs of
consecutive batches are inspected and the number of rejected batches are compared to the
batch sequence acceptance and rejection numbers. If the number of accepled batches is less
than or cqual to the hatch sequence acceptance number, the manufacturer will not be required,
at that time, to conduct further sumpling and testing of the category or configuration selected
pursuant to the initial test request. IT the number of rejected batches is greater than the balch
sequence gcceptance number but less than the rejection number, the manufacturer must con-
tinue to Inspact consecutive batches. If the number of rejected batches is equal to or greater
than the batch sequence rejection number, the manufacturer may be required to institute
100 percent testing for all compressors identified in the request.

The sampling and batch sequence inspection pans in this regulation were designed so
that the maximum manufacturer’s risk is 5 percent, That is, if the percentage of noncomply-
ing compressors a manufacturer produces is 10 percent or less, there is 2 maximum probability
of 0.05 that he will be requested to institute 100 percent testing.

Since the number of compressors tested in response 10 4 test request may vary consider-
ably, a fixed time limit cannot be placed on completing all testing. The proposed approach
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is to establish the time limit for complying with an SEA request on the basis of & muximum
specified test time per compressor, taking transportation requirements, if any, into consider.
ation, The manufacturer would be altowed o reasonahe amount of time for transpaort of
Compressors to x test facility if one were not available at the assembly plant,

The sampling plans developed by EPA for use in the regulations ean be characterized by
aperating chamciteristic (OC) cupves, The OC curves for the EPA plins are presented in
Figure 11-1, which graphicaily demonsirates iow the probability of accepting a batch sequence
varies with the pereentage of noncomplying campressors, The maximum minfieturer's risk

Batch Size

= 4to8
" 9t 15
= 16to 25

= 26 and greater

30 40 50 60 70 80 90 100
Percentage Nancomplying

Figure 11-1, Operating Characteristic Curves for Sampling Plans
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previously referred to can be read directly from the OC curves. For cach bateh size, the
manufacturer's risk is one minus the probability ol accepting the batceh sequence when lhe
percentape nonconforming is 10 percent. The consumer's risk, which is the probability off

a batch sequence being accepted when the percentage nonconforming exceeds the AQL, can
also be read directly from the OC curves,

If & manufacturer can provide evidence that his compressors are meeting the standard
using tests and sampling methods acceptable to EPA, issuance of a test request may not be
necessary, For batch-type sampling plans, EPA will judge the acceptability of a manufye-
turer's sampling plan in terms of the OC curve or curves characterizing the plan, The OC
curve or curves for o manufucturer’s sampling plan must be comparable to the OC curves for

the EPA plans,

If a manufacturer cmploys a continuous-type sampling plan (such as Department of
Defense Handbook H106, *Multi-level Continuous Sampling Procedure and Table for
Inspection by Attributes™), then the average outgoing quality limit (AOQL) must not exceed
10 percent, where the AOQL is the worst average outgoing quality that will result from
employing a given sampling plan, regardless of the incoming quality.

Both attributes and varizble type sampling plans will be considered by EPA lor use by
a manufacturer in his quality control scheme. In the event a manufacturer elects to use a
variables-type plan, e must demonstrate to EPA that the sampling plan is appropriute for

the type of distribution that noise emissions from compressors manulactured by him exhibit.

Tao demonstrate suitability of cither an attribute- or variable-type sampling plan, the manu-
facturcr must provide data to EPA on test results from a sufficiently large sample of com-
pressors to enable statistically valid conclusions to be drawn regarding the underlying distri-
bution. He must also include the analysis of the data.

It is the manufeeturer’s responsibility to derive the OC curves or AOQL for his plan or

plans for presentation to EPA before EPA will make a judgment relative to the acceptability
of both the plan and test results, on the basis of such 4 plan, as an altemative to issuance of

a test request

ENFORCEMENT ACTION
The prohibitions in the Act would be vialated in the following instances: ;

1. If the manufacturer fails to properly verify the conformance of production com-
plressors,

11-6
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2. Ifitis determined, on the basis of selective enforcement audit testing or other
information, that nonconforming production compressors are knowingly being
distributed into commeree.

3. If the manufacturer fails to comply with an Administrator’s erder specifying appro-
priate relict where nonconformity is deterntined.

4, If the noise control system of o compressor is “'tampered with,” as defined in the
Act.

Remedies

In addition to the criminal penalties, fines and imprisonment, associated with violations
of the prohibitions of the Act, the Administrator has the option of issuing an order specily-
ing such relief as he determines necessary to protect the public health and welfare, Such
orders could require that a manufacturer recall products distributed into commerce not in
conformity with the regulations, whether or not the manufacturer had knowledge of the
nonconformity. Recall orders will be issued in situations in which selective enforcement
testing demonstrates that compressors of a parlicular configuration that de not conform
with the applicable emission standard have been distributed in commerce,

The Administrator may also issue an order requiring the manufacturer to cease distri-
bution in commerce of compressors when the requirements of production verification have
not been met.

Any orders would be issued only after manufacturers had been afforded notice and an
opportunity for a hearing.
Labeling

The label will provide notice to buyers and users that the product is sold in conformity
with the regulations and that the compressor is equipped with noise attenuation devices,

which should not be removed or rendered inoperative, as prohibited under Federal law, The
label also states that the use of a product that has been tampered with is prohibited,

11-7
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In-Usc Compliance

The intent behind this reguirement is to ensure that the public health and welfare
benefits derived from the portable air compressor standard are fully achicved over time.
The Agency maintains that product neise emission standards developed to protect public
heaith and welfare must not degrade during the product’s life. However, where degradation
cannot be rensonably prevented through periodic preventive maintenance and repair,
standards niay include a degradation allowance,

Currently, no data are available to determine whether and 1o what degree the noise
from a properly maintained and repaired portable air compressor would degrade in time.
Accordingly, the Agency is reserving a section for useful life requirements in the regulation
and will defer action on setting a useful life standard until necessary and sufiicient data are
collected on which to base a standard, The delay in promulgating a uselul life standard
should not be construed as a deemiphasis of this requirement, but merely as a means to
assure that an accurate and fair useful life requirement may be imposed.

The manulacturer is required (by Section 6 (d) (1) of the Act) (o warrant to the first
purchaser and each subsequent purchaser that the compressor was designed, built, and
equipped to conform at the time of saie to the Federal noise emission standards. Thus, the
manufacturer is required to remedy all defects in design, assembly, or in any part of the
system, that at the time of retail sale caused the Federal noise emission standard to be
excecded. Although the warranty covers only date-of-sule nonconformity, the consumer
may make a claim under the warranty at any time during the life of the product, as long as
he can establish noncompliance on the date of sale,

Recall is generally the approprinte remedy (under Section 11 (d) (1)) to require the
manufuacturer to repair or replace a class of compressors that fails to conform to Federal
standards it the time of sale. Such recall may be used, for example, when products are
discovered in use with defects relating back to the date of safe that would cause

noncempliance,

Tampering with (removing or rendering inoperative) the noise control devices and ¢le-
ments of design, so that Federal noise emission levels are execeded, is prohibited under
Section 10 (2) (A) of the Act, The use of a product after it ktas been tampered with is also
prohibited.

Fipally, manufacturers are required (pursuant to regulations vnder Scction 6 (¢) (1)) to

provide insiructions to purchasers specifying the mainlenance, use, and repair necessary to
minimize or eliminate any possible degradation from the initial noise emission levels,

11-8



romsarar e pAE BEWF AW ahhdedid

g,

e Y S P )

et i i

Section 12
ENVIRONMENTAL EFFECTS OF NOISE EMISSION REGULATION
OF PORTABLE AIR COMPRESSORS

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT

The regulation will limit the magnitude of noise emission of newly manufactured por-
table air compressors and will produce a 14.7 percent reduction in the impact of construction
site noise on people. When viewed in concert with new truck noise regularions, a reduction
in total impact of 45 percent is anticipated when the current population of compressors
and trucks is replaced by quiet units. This regulation is a first step in a comprehensive
noise abatement effort atmed at reducing the total environmental noise to which the popu-
lation is subjected. The composite impact of all Federal noise emission regulations will be
aimed at & level of environmental noise consistent with protecting human health and welfire.

IMPACT RELATED TO LAND

Partable air compressor regulations will have no adverse cifects relative to land.

IMPACT RELATED TO WATER

Portabje air compressor regulations will have no adverse effects on water quality or
supply.
IMPACT RELATED TO AIR

These regulations will have no adverse impact on air guality.

There exists a possibjlity of market shifts from gasoline-powered to diesel-poweted
portable air compressors. 1§ these shifts oceur in favor of diesel-engine powered compressors,

totul air emissions might be reduced since diesel engines produce less pollutants as the
byproduct of combustion than do gasoline engines.

12-1
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IMPACT RELATED TO ENERGY

Portable air compressor regulations will have little, if any, imp
agreement amoog the industry regarding any potential
rtable air cOmMPIEssoTs. Tt is EPA's belief that fuel con-
g requirements will be offset

There exists considerable dis

increase in fuel use by quieted po
sumption increases that may result from, increased coolin
through the use of more efficient fans in the quicted cOmMPTEsSOrs.
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Appendix A
DOCKET ANALYSIS

INTRODUCTION

The Environmental Protection Agency is committed by statute and policy fo
in-depth public participation in the deeision moking process for its environmental
regulations. This poliey encourages and solicits contributions from the public
on technology, costs, health and welfare and economic impact or benefits and any
other attributes of the particular subject. Contributions are desired from as
many diverse views as are possible, and when such information, after thorough
analysis by the Agency, indicates a need for change, appropriate action is taken
te Insure that the regulation being promulguted Incorporates such chiunges,

Pursuant to the Agency's policy, three oppertunities were provided for the
public to comment on the proposed noise emission regulation for portable pir
compressors. On October 29, 1974, concomitant with publication of the Notice
of Proposed Rulemaking (NPRM) for portable air compressors (39 F.R. 38186),
a docket was opened to receive written public comments regarding the NPRM.
The period for public comment exiended from October 20, 1974, to December 31,
1974, to allow interested persons 2 months to formulate comments and respond.

On February 18, 1975, a public hearing on the proposed regulation was held
in Arlington, Virginin, to provide additional opportunities for the public to com-
ment on the proposed rulemaldng. This was followed by 2 second public hearing
on February 25, 1975, in San Francisco, California. A public hearing docket was
opened to accommodate written materials submitted to the Ageney pursuant fo
the hearings. This docket closed on March 10, 1975,

All public comments received by EPA/ONAC in the form of writien docket
submissions, as well as from public hearing testimony, have been reviewed and
analyzed by the Agency. Where the analysis indiented changes were appropriate,
the Agency incorporated these into the regulation being promulgated.

Summarized in this sectlon are the comments recelved by the Agency result~
ing from public partieipation in the portable air compressor rulemaking., Also
Included are the Ageney's responses to the comments. The docket analysls is
organized into ftwo sections. Section 1 identifies and summarizes the major
issues raised by the various commenters. The issues have been separated into
five catepories: (1) Technical, (2) Health and Welfare, (3) Economice, (4) Legal,
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and (5) Miscellineous, Each issue is ldentlfied by number and ia followed
by o list of those who ralsed the issue. Opposite the name of each
{ndividual is a descriptor referring to the loeatlon of the comment in the
Agency's records. Comments received as submissions to the NPRM
docket are identified by a number preceded by ihe letter C, while those
arising from public hearings are identified by the word "Transcript."
Section 2 presents the Agency's response to each issue raised in Section 1.

All dockets and public hearing transcripts are available for public
inspection between 9:00 A. M, and 4:30 P.M, at:

EPA/ORAC

Room 1105, Crystal Mall #2
1921 Jefferson Davis Highway
Arlington, Virginia
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1. TECHNOLOGY

Issue

Docket No,

1.1

1.2

1,3

COMMENT:
C036

Transcript

COMMENT:

Transcript

Transcript

COMMENT:

Co039
C036
Transcript

Transcript

Transcript

Transcript

Criginator

A 76 dBA limit does not represent cur-
rently available technology.

Richard Gimer
Compressed Air and Gas Institute

Richard Gimer
Compresged Air and Gas Institute

The technology to quiet portable air com-
presscra ig available,

J. A, Mills
Director of Research
Industrial Noise Services, Inc.

Richard S, Anderson
Vice President
General Acoustics Corporation

Data relating to degradation of noise
emission characteristics is insufficient to
predict degradation patterns for air com-
pressors.

P, A. Dellecave
Ingersoll-Rand Corporation

Richard Gimer
Compressed Air and Gas Institute

Richard Gimer
Compressed Air and Gas Institute

Richard Ostwald
Engineer
Gordon Smith and Company

Richard Geney
Atlas Copco

Lawrence H. Hodges
J. I. Case Co,
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1.5

1.6

1.7

Docket No,

COMMIENT:
Co33

Transcript

Transcript

COMMENT;

Transcript
COMMENT:
Transcript
Transeript
Transcript
Transcript

COMMENT:

Co015
cQo36

Transcript

Originator

Fuel consumplion can be expected to increase
as a result of the regulation.

R. D. Harlow
Schramm, Ine,

Robert Harlow
Schramm, Inc.

H, T. Larmore
CIMA

Fuel conswaption may be expected (o remain
the same or decrease as a result of the usage
of high efficiency fans.

Paul Laesch
Sullair Corporation

Ruieting technolegy is not the same for all
gizes and configurations of air compressors.

Paul Laesch
Sullair Corporation

Richard Gimer
CAGI

William Heckenkamp
Gardner-Denver Company

Richard Geney
Atlas Copco

The availability of quiet engines is a problem
found by manufacturers in their efforts to com-
ply with the regulation.

C. M. Copeland
P, K. Lindsay Co.

Richard Gimer
CAGI

Richard Gimer
CAGI
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Issue

Docket No.

1.8

1.9

1,10

1.11

Transcript

Transcript

Transcript

COMMENT:

Transcript
co3z
COMMENT:

co3s

COMMENT:

Transcript

COMMENT:

036
Transcript
Transcript

Transcript

Originator

William Price
Worthington Compressors, Inc.

William Heckenkamp
Gardner-Denver Company

Paul Laesch
Sullair Corpration

"Band aid" measures for controlling noise
emissions are more expensive than integrated
design changes,

L.awrence H. Hodges
J. I. Case Company

D. E. Kipley
Gardner-~Denver Company

Portable air compressor noise should be
measured in terms of C-weighted decibels.

Don L. Kerstetter
Pennsylvania Dept, of Environmental
Resources

Portable air compressors should be required
to have cut off devices for shutdown when access

doors are opened,

Alvin Greenwald
Private Citizen

Problems with component parts availability
may affect manufacturers' abilities to comply
with the effective date of the regulation.

Richard Gimer
CAGI

Richard Gimer
CAGI

Willlam Price
Worthington Compressors, Inc.

Richard Ostwald
Gorden Smith and Company
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1.12

1,13

1,14

1. 16
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Daocket No.

Transcript

COMMENT:

co17
C023
Co36

Transcript

COMMENT:;

023

COMMENT:

Co31

€035

COMMENT:

co32
Co40

Co36

[ —— . g i e S ke A 222

Qriginator

Paul Laesch
Sullair Corporation

EPA measurement methodology should be
compatible with proposed international
methodology.

William W. Lang
Institute of Neise Control Engineering

N. J. E. Hartwell
Perkins Engine Company

Richard Gimer
CAGI

George Diehl
Ingersoll-Rand Company

The test specification for a {ifth microphone
above the compressor should be reconsidered

N, J. E. Hartwell
Perkins Engine Cornpany

There is no separately identifiable "noise
control system' per se for portable air com-
pressors

A. J. Cox
CIMA

‘Richard ‘Gimer
CAGI

The regulation should provide for a simpli~
fied manufacturer pre-production testing
procedure

D- E' Kipley
Gardner-Denver Company

Joseph O'Nelll
Quincy Compressaor

Richard Gimer
CAGI
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Issue Docket No, Originator

1.16 COMMENT: The present method for classification of
) portable air compressors should be simpli-
fied to accommodate small volume production

Co37 William Price

Worthington Compressors, Inc,
Cco03g I*. A, DelleCave

Ingersoll Rand
C036 Richard Gimer

CAGI

Transcript William Price
Worthington Compressors, Inc,

Transeript Lawrence I, Hodges
J. I, Cage Company

Transcript  Robert L. Grievell
Koehring Company

1,17 COMMENT; In order to comply with the regulation,
manufacturers must design for well helow
the standard.

€009 D. E. Kipley
Gardner-Denver Company
coio Richard Gimer
CAQGI
Colé Richard Ostwald
Gordon Smith and Company
co3z2 D. E. Kipley
Gardner-Denver Company
€033 © ' R. D. Harlow
Schramm, Inc,
co37 W. 8, Price
Worthingion Compressors, Ine,
co035 F. D, Dellecave
Ingersoll-Rand
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1.18

1,19

1.20

1,21
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Docket No.
Co040

co036
Trangcript
Transcript
Transcript
Transcript
Transcript
COMMENT:
Transcript

COMMENT:

Transcript

Transcript

COMMENT:

Transacript

Transcript

COMMENT:

Originator

Bruce J. Smith
Bucyrus-Erie

Richard Gimer
CAGI

Richard Gimer
CAGI

Richard Ostwald
Gordon Smith and Company

William Heckenkamp
Gardner-Denver Company

William Price
Worthington Compressors, Inc.

Richard Geney
Atlas Copco

A single incident maximum dB(C) level
should be included in the regulation

Alvin Greenwald
Private Citizen

The EPA measurement methodology is not
suitable for in-use testing at a construction
site

Robert Levy
City of San Franciaco

John W. Ross, Jr.
City and County of San Francisco

The Agency neglected in its background i
studies to investigate or-test machines
larger than 1200 c¢fm

Richard Geney
Atlas-Copco

Paul Laesch
Sullair Corporation

A conflict between noise suppression technologfy and
safety considerations may exist regarding the flame
retardant properties of acoustical insulation laggings
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Issue

Docket No.

1,22

1.23

Transcript

COMMENT';

Transcript

LOMMENT:

Transcript

Ori ginator

Paul Laesch
Sullair Corporation

The regulation should include controls of
pure tone noise from portable air com-

pressors

Alvin Greenwald
Private Citizen

A tolerance in the standard should be allowed
on field tests to account for environmental
and instrumentation variance likely to ocecur
when portable air compressors are tested in
environments different from the controlled
environment of the manufacturer's facility

Richard Gimer
CAGI
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2. HEALTH AND WELFARE

Issue Docket No.

2.1 COMMENT:

co032
C036
Transcript
Transgcript
Transcript
2.2 COMMENT:
Co024
cozs
co030

Co34

Transcript
2.3 COMMENT:
Co029

Transcript
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Consideration should be given to usage conditions
and amount of exposure to the public for different
types of machines in setting the regulation.

D. E. Kipley
Gardner-Denver Company

Richard Gimer
CAGI

Richard Gimer
CAGI

William Heckenkamp
Gardner-Denver Company

Paul Laesch
Sullair Corporation

Benefits to public health and welfare do not
justify the economic impact of the regulation,

R. W. Wiedow
Northern Illinois Gas Company

Hugh I. Myers
Private Citizen

Robert F. Hand
Clark Equipment

American Road Builders Association

William Heckenkamp
Gardner-Denver Company

The regulation will have a beneficial impact
on the public health and welfare.

Thomas F. Scanlan
Grossmont College

David Staples

Environment Health Administration
Washington, D,C.
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Issue Docket No. Originator

Transcript  Don Gallay
Department of Environmental Control

City of Chicago

Transcript  Dr, Donna Dickman
‘Washington Hearing and Speech Society

Transcript  Alvin Greenwald
Private Citizen

2.4 COMMENT: EPA should undertake 2 more thorough
' ' cost/ benefit study.

co24 R. W. Wiedow
Northern Illinois Gas Company

C034 American Road Builders Association

A-12
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3. ECONOMICS

Issue

Docket No.

3.1

3.2

COMMENT:
col1
Co14
Cco018
Cco22
Co030
Co031

COMMENT;

Co16
co28
C030
Co36
Transecript
Transcript

Trangcript

QOriginator

The portable air compressor regulation is
inflationary.

Bruce J, Smith.
Bucyrus-Erie

W. J. Cowan
Barber-Greene Company

Lawrence H. Hodges
J. I, Case

Lawrence H. Hodges
J. I. Case

Robert F. Hand
Clark Equipment

A, J. Cox
CIMA

Smaller manufacturers in the industry will
be those most severely impacted by the regu-
lation.

Richard Ostwald
Gordon Smith and Company

Hugh I. Myers, Jr.
Private Citizen

Robert F. Hand :
Clark Equipment

Richard Gimer ;
CAGI :

Robert L. Grievell
Koehring Company

Paul Laesch
Sullair Corporation

Richard Gimer
CAGI
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Issue

Docket No,

3.3

Transeript

Transcript

COMMENT;

Co0o06

Co0g

Co10

co22

coz?

Co30

Co031

c033

C035
co36

co3T

C039

Transcript

Originator

George Diehl
Ingersoll-Rand

Richard Ostwald
Gordon Smith and Company

The economic impacts of the useful life pro~
vision were not included in the cost of com-
pliance studies.

J. M, Ombrello
LeRoi Division, Dresser Industries

D, E, Kipley
Gardner~Denver Company

Richard Gimer
CAGI

Lawrence H. Hodges
J. I. Case

George J. Shadtner
Grimmer-Schmidt Corporation

Robert I'. Hand
Clark Equipment

A, J, Cox
CIMA

R. D. Harlow
Schramm, Inc.

Caterpillar Tractor Co,
Richard Gimer

. CAGI

William S. Price
Worthington Compressors, Inc.

F. A, Dellecave
Ingersoll~Rand

Richard Gimer
CAGI
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Issue

Docket No.

3.4

3.5

Transcript
Transcript
Transcript
Transcript
Trangcript
Transcript
Transcript

COMMENT:

Coos
coz27
Co36

Co40

COMMENT:

Coos

coo9

Originator

Robert Harlow
Schramm, Inc.

Richard Ostwald
Gordon Smith and Company

William Heckenkamp
Gardner-Denver Company

William Price
Worthington Compressors, Ine.

Richard Geney
Atlas-Copco

Lawrence H., Hodges
J. 1. Case Co.

H. T. Larmore
CIMA

The cost of constructing a test facility at
a manufacturer's plant location is economically
infeasible,

J. M. Ombrello
Le Rol Division, Dresser Industries

George J. Stradiner
Grimmer-Schmidt Corporation

Richard Gimer
CAGIL

Bruce J, Smith
Bucyrus Erie

The 16% estirmated per unit price increase

is an underestimation of the true cost to com-~ :
ply with the regulation due to the compliance I
and enforcement provisions. |

Je M. Ombrello
Le Roi Division, Dresser Industries

D. E. Kipley
Gardner-Denver Company
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Docket Nq_.
Co010

Co18
Co2z2
Co2a7
Co31
C032
Ca33

Coas
Co3g

Co40

C035
Tra.nscript
Trans,cript
Trang cript
'I‘ranscript
Trans ceript

Trang cript

Ori ginator
Richard Gimer
CAGT

Richarg Ostwald
Gordon Smith and Company

Lawrence §, Hodges
J. I. Cage

George J, Stradtner
Grimmer-Schmidt Corp,

Ao T, Cox
CIMA

D. B, Kipley
Gardner-Denver

R, D. Harlow
Schramm, Ine,

Caterpillar Tractor Co,

F. A, DelleCave
Ingersoll-Ra.nd

Joseph Q'Neill
Quincy Compressop

Richard Gimer
CAGI

Richarg Gimer
CAGI

Robert Harlow
Schramm, Ine,

William Heckenka.mp
Gardner-Denver Co,

Lawrenge Hodgesg
J. I, Case Co,

H, T, Larmore
CIMa

Paul Laegep
llajr Corporation

A-l6
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Issue

Docket No.

3.6

3.7

3.8

3.8

3.10

COMMENT:

C030
COMMENT:
co23
Co386
COMMENT:
coz2
Co30
€023
C036

COMMENT:

Transcript

COMMENT:

coo3z2

Originator

There is no need for a Federal noise regu-~
lation for portable air compressors hecause
marketplace pressures will force production
of quieted machines without a regulation

Robert F. Hand
Clark Equipment

Maintenance of dB(C) levels is coatly and
unnecegsary

N. J. E. Hartwell
Perkins Engines

Richard Gimer
CAGI

The regulation will have a harmful impact
on foreign trade patterns in the industry

Lawrence H. Hodges
J. 1. Cagse Company

Robert F. Hand
Clark Equipment

N. J. E. Hal‘tweu
Perkins Engincs

Richard Gimer
CAGIL

.The regulation will have the effect of in-

creasing air compressor rentals, to the
detriment of industry sales volume

Paul Laesch
Sullair Corporation

A bozard of review should be established
to ensure that manufacturer costs are not
prohibitive

D. E. Kipley
Gardner-Denver

A-17
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Issue

Doclet No.,

a.11

3.12

3.13

COMMENT:

Transcript

- COMMENT:

Co16

COMMENT:

coo2
Col15
colg
co27
Co32
€033
co3"
€030
C040

C038

Qriginator
Large manufacturers can be expected to

stockpile standard machines before the
effective date of the regulation

Paul Laesch
Sullair Corporation

The cost of sound attenuation for a small
manufacturer will be higher per unit than for
a larger company

Richard Ostwald
Gorden Smith and Company

The one-~year effective date of the regulation
is an insufficient amount of time and will
cause an increased economic burden on the
manufacturers

Richard Gimer
CAGI

C. M, Copeland
P. K. Lindsay Company

Richard Ostwald
Gordon Smith and Company

George J. Stradtner
Grimmer-Schmidt Corporation

D. En Kipley
Gardner=-Denver Company

Robert Harlow
Schramm, Inc,

W. 8. Price
Worthington Compressors, Inc,

F. A, DelleCave
Ingersoll-Rand

Joseph O'Neill
Quincy Compressors

Richard Gimer
CAGI

A-18
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Docket No,

Transcript
Transcript
Transcript
Trangcript
Transcript

COMMENT:

co32
C033
co37
C039
€036
Transcript
Transcript
Transcript
Transcript

Transcript

Originator

Richard Gimer
CAQGI

Robert Harlow
Schramm, Inc.

William Heckenkamp
Gardner-Denver Company

William Price
Worthington Compressors, Inc.

Paul Laesch
Sullair Corporation

The regulation will force the discontinu-
ation of some manufacturer's compressor
models

D. E. Kipley
Gardner-Denver Company

Robert Harlow
Schramm, Inc,

William Price
Worthington Compressors, Inc,

F. A, DelleCave
Ingersoll-Rand

Richard Gimer
CAGI

Richard Gimer
CAGI

Robert Harlow
Schramm, Inec.

Williarm Heckenkamp
Gardner -Denver Company

Wiliiam Price
Worthington Compressors, Inc.

Richard Geney
Aflas-Copco

A-19
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Issue

Docket No. Originator

3.15

COMMENT: The regulation will cause the non-productive

expenditure of labor and materials.

coz28 Hugh 1. Myers
Private Citizen

Transcript Richard Geney
Atlag Copeo

Transceript  John McNally
Caterpillar Tractor Company
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4. ENFORCEMENT

Issue Docket No.
4.1 COMMENT:
cols8
C036
4,2 COMMENT;
C030
4.3 COMMENT:

co25
Co37
€040

Transcript

Ori@‘ ator

The compliance and enforcement aspects

of the regulation were derived from unrelated
industries and could not realistically or practi-
cally be applied to air compressor manufactur-
ing. The proposal is unreasonable, unjustified, -
and impossible to comply with, because of the
more restrictive fashion in which the proposed
rules, which were derived from those promulgated
for control of air pollution from new motor
vehicles and new motor vehicle engines, have
been applied.

Lawrence H. Hodges
J. I, Cage

Richard Gimer
CAGI

The regulation manifests a basic distrust of
American industry accompanied by a desire
for EPA to keep its responsibilities to a minimum,

Robert ¥, Hand
Clark Equipment

Production verification would delay and un~
necessarily burden the manufacturer’s distribution
process since distribution in commerce could not

take place until production verification has been
completed.

Walter L. Black
Clark Equipment Co.

William S. Price
Worthington Compressors, Ine,

Joseph O'Neill
Quincy Compressor

George Diehl
Ingersoli-Rand

A-2]




Issue Docket No,

4.4 COMMENT:

Cco37

Cois

C036
Transcript
Transcript
Transcript

4.5 COMMENT:

co37
Transcript
Transcript
Transcript

4.8 COMMENT:

Originator

The numher of configurations should be mini~
mized and only those parameters for config-
urations that directly affect noise emissions should
be used, The definition of configuration should
be revised, based on cfm engine type and RPM,
with category being defined by cfm only,

William Price
Worthington Compressors, Inc.

I'. A, DelleCave
Ingersoll-Rand

Richard Gimer
CAGI

William Price
Worthington Compresscrs, Ine,

Lawrence . Hodges
J. 1. Case Company

Robert L. Grievell
Koehring Company

Sampling plans are based on high volume
production, and the concept of using a modi-
fication of a well known attribute plan is
inconsistent with small volume production

William Price
Worthington Compressors, Inec,

William Price
Worthington Compressers, Inc.

Lawrence H, Hodges
J. I, Case Co,

Robert L, Grievell
Koehring Company

The Selective Enforcement Auditing strategy
which has a proposed AQL of 6, 5% contradicts
the requirement that every new compressor
conform to the applicable noise emigsion stand-
ard, since inherent in such a strategy is the

A-22
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Issue

4,10

Docket No,

C036

COMMENT:

Co025

COMMENT:

C036

COMMENT:

Co20

COMMENT:

€035
C036

Originator

agsumption that some non-conforming products
will be distributed into commerce.

Richard Gimer
CAGI

The Selective Enforcement Auditing process
places an unnecessary burden on a manufacturer
and all that is required is the "certification"
from the manufacturer that he has tested a
number of units and that they conform tc the
regulation.

Walter L, Black
Clark Equipment

The Selective Enforcement Audit should

be invoked only when the Administrator has
cause to believe that a configuration is being
sold in commerce which fails to comply with
the regulation.

Richard Gimer
CAGI

The production verification and Selective
Enforcement Auditing Scheme will provide

a high assurance of product conformity and
further that 2 major savings in administrative
costs for both the manufacturer and EPA should
be realized because this particular enforcement
scheme has definite benefits over the enforcement
scheme employed in certification of automobiles
pursuant to the Clean Air Act of 1970,

Mary Ann Zimmerman
Cummins Engine

The Administrator's diseretion to refuse to
grant a hearing in situations where Section
11{d) orders are issued is a matter cf concern.
Caterpillar Tractor Company

Richard Gimer
CAGI
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Docket No.

4,11

4.12

4.13

4,14

co3t
COMMENT:

COo35
Co36

COMMENT:

co13

€035
C036

Cco37
CONMMENT:
coaz2
co13
Co030
Co36

COMMENT:

Originiator!
William S, Price
Worthington Compressors, Ine,

The limitation of the right to counsel in the
regulation should be stricken.

Caterpillar Tractor Co.

Richard Gimer
CAGI

The need and validity of EPA to make broad
inspections and have the right to inspect and
photograph all and any literature and test records
is questionable. Such provisions extend far
beyond the authority conveyed to EPA and far in
excess of any Agency needs.

Robert A. Heath
Wallkker Manufacturing

Caterpillar Tractor Co.

Richard Gimer
CAGI

William S, Price
Worthington Compressor, Inc,

The information recording and reporting
requirements are burdensome and costly.

D. E..Kipley
Gardner-Denver Co.

Robert A, Heath
Walker Manufacturing

Robert F. Hand
Clark Ejuipment

Richard Gimer ;
CAGIL i

The proposed regulation in some instances
requires the repetitive submigsion of infor-
mation.

A-24
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Issue

Docket No,

4.15

4,16

4. 17

coz2
COMMENT:
C036

COMMENT:

Col13

COMMENT:

Co010

Cols

Col16

Co19

coz22

<oz27

C030

Originator

Lawrence H. Hodges
J. I. Case Co.

Cease to distrubute orders are beyond the
statute and should be modified.

Richard Gimer
CAGI

The statement contained in the proposed
regulation "all costs associated with recall
and remedy of non-complying compressors
shall be borne by the manufacturer" could be
interpreted very broadly.

Robert A. Heath
Walker Manujacturing

The costs of the administrative enforcement
provisions would be significant because of the
large number of products that would be required
to be tested as a result of the production veri-
fication and audit tests required, the record
keeping and recording requirements and the
costs of constructing added test facilities to
accomplish all the required testing.

Richard Gimer
CAGI

C. M, Copeland
P, K. Lindsay Co.

Richard Ostwald
Gordon Smith and Co.

R. D. Harlow
Schramm, Inc,

Lawrence H, Hodges
J. I. Caze Co.

George J. Stradtner
Grimmer-~Schmidt Co.

Robert F. Hand
Clark Equipment
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Issue

Docket No,

4.18

Co31

€033

C035
Co36

Co39

Co40

Transcript

Transeript

Transcript

Transcript

Transcript

COMMENT:

C018
C002
co16
co18.

Co25

Originator

A. J. Cox
CIMA

R. D. Harlow
Schramm, Inc.

Caterpillar Tractor Co.

Richard Gimer
CAGI

F. A, DeHeCave
Ingersoll-Rand

Joseph O'Neill
Quincy Compressor

H. T. lL.armore
CIMA

Richard Gimer
CAGI

Robert Harlow
Schramm, Inc.

Willaim Heckenkamp
Gardner-Denver

Lawrence H. Hodges
J. 1, Case Co.

The warranty required by §204,58-1 iga
useful life performance warranty.

Robert A, Heath
Walker Manufacturing

Richard Gimer
CAGL

Richard Ostwald ,
Gordon Smith and Co. !

Lawrence H. Hodges
J. 1. Case Co,

Walter L. Black
Clark Equipment Co.
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Docket No,

4,19

4.20

4,21

4,22

C036
co30
Co31
co37

C035
COMMENT:

coz22

COMMENT:

Co030

Co035
COMMENT:

Co36

COMMENT:

€031

o T sy g, DL e R T i 1 o e T S

Originator

Richard Gimer
CAGI

Rebert ¥, Hand
Clark Equiplment

A, J., Cox
CIMA

W. 8, Price
Worthington Compressors, Inc.

Caterpillar Tractor Ca.

Which "manufacturer” must issue the noise
emission warranty requires clarification,

Lawrence H. Hodges
J, 1, Case Co.

That which constitutes tampering should be
defined, and whether or not the use of after-
market parts (parts not manufactured or
authorized by the original equipment manu-
facturer) would constitute tampering should
be elarified.

Robert . Hand
Clark Equipment

Caterpillar Tractor Co,

In the tampering requirements submissions of

information 90 days hefore introduction into
commerce of the compressor represents an
excessively long time period for the manufac-
turer,

Richard Gimer
CAGI

The requirements for lists of noise control
devices, performance specifications for such

device, and acts which constitute tampering are

unfair, voluminous, and unduly costly.

A, J. Cox

CIMA

A-27
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Issue

Docket No.

Co037

C036

Originator

William S. Price
Worthington Compressors, Inc,

Richard Gimer
CAGI
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5. MISCELLANEOUS

Issue Docket No.
5.1 COMMENT:
Cco20
5.2 COMMENT:
cozl
5.3 COMMENT:
o028

Originator

Noise regulations directed at the end prod-
uct are preferable {o those for individual
component parts.

Mary Ann Zimmerman
Cumming Engines

The regulation should be rewritten to improve

the prose relating to numerical descriptors of
noise.

Dr. Robert W, Young
Acougtical Society of America

The definition of a portable air compressor
should be clarified so as to exclude any prod-
ucts not intended to be subject to the regu-
lation,

M. E. Rumbaugh, Jr,
Schwitzer Engineered Components
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RESPONSE TO ISSUES

The EPA has carefully considered all of the comments recelved re—
garding the propesed noise emission regulation for portable air compres-—

sors. A discussion of these comments with the Agency's response thereto

follows:

1, Technology
1.1, 1.2 One commenter stated that the 76 dBA limit does not represent
currently available technolagy.

The "Background Document for Proposed Portable Alr Compressor Noise
Emission Regulations' presents data from several compressors that emit nolse
levels of 76 dBA and lower at 7 meters. Technological avallability is,

EPA believes, adequately met when mass produced commerclally available

products are in commerce today whieh produce noise at or below the standard.

1.3 Several commenters asserted that data relating to degradation of
noise emission characteristics are Insufficient to predict degradation
patterns for air compressors.

The Agency pursued this issue by soliciting industry comment and
supportive data regarding the escalation of compressor noise that would
accrue during compressor usage. Responses to the solicitation indicated

that dats were not available at this time, since in the past there was

not a need for the assesament.

A-30
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Accordingly EPA has undertaken studies to develop these data.
Industry representatives have alsc agreed to begin to collect and to make
available to the Agency such noilse emlssion degradation data so that
proper analysils and decisions regarding useful life standards, including

degradation effects, can be made at a later date.

1.4, 1.5 8everal industry commenters stpted that fuel copsumption can be
expected to increase as a result of the repgulation, while another industry
commenter stated that fuel consumption could be expected to remain the

! same or actually decrease.

; As has been indicated, there is substantial disagreement within

the industry itself regarding the impact of the regulation on fuel con-

sumption., From a technical standpoint, those commenters contending that

fuel consumption may increase indicate that it will be due primarily
to an increase 1n static pressure within the portable air compressor
enclosure due to added nolse control components. This, in turn, would
: cause increased fan loading and a concomitant increase in fuel consump-
tion on the order of 3 - B percent. Another industry commenter stated
that there would be no fuel consumption increase that would result from

the quieting efforts. That commenter indicated that the fuel savings

derived from the use of more efficient fans would balance increased fuel

_consumption resulting from increased fan loading.

- e e Tt Bt e .
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The Agency, In the course of its technology studles, attempted to
assess fuel usage differences between standard and quieted compressors of
the same model. All attempts proved futile because changes in fuel usage
were within the manufacturing tolerance variances and thus there was no

apparent significant effect.

1.6 Several commenters stated that the quieting technology 1s not the
same for all sizes and configurations of air compressors.

The Agency assessed the quieting technology applied to several models
of compressors on the market today, The assessment revealed that, while
the large, high air flow capacity compressors generally requlred greater
silencing effort than did the smaller, lower air flow capacity units,
similar techniques werc applied to achieve the silencing. Accordingly,
the effective date of the regulation has been modified to provide mauu-
facturers with a longer lead time to integrate noise control features into

the design and manufacture of larger portable air compressors,

1.7, 1,11 Several commenters were concerned about the problems they may
encounter regarding avallability of component parts, especially quieter
engines, necegsary to manufacture portable air compressors which will
comply with the standard.

The withdrawal from the market of certain engines used by portable
air compressor manufacturers because of other reasons than noise control
became known during the comment peried. In assessing the impact of this
action, the Agency questioned the portable air compresser manufacturers
about the problems they anticipated as a result of this action by engine
manufacturers. All whe responded to the questions indicated that the

action would have a dramatic adverse impact on the engineering design
A-32
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and manufacturing time required to develop compressors meeting the standard
and further indicated that component delivery problems could be handled

if the effective date of the regulation were extended. The Agency con-
gidered all aspects of this problem and, accordingly, extended the time

for compliance with the regulation since the results of studies showed

that such extension would not significantly compromise health and welfare
benefits to be derived from the regulation, It is the Agency's helief

that the additional time allotted affords the lead time stipulated by the
manufacturers to allow them to overcome any delivery problems they are

likely to encounter regarding component parts.

1.8 Two commenters stated that "band ald" measures for controlling noise
emissions are more expensive than Integrated design changes.

The Agency recognized this, and accordingly, solicited comments
from portable air compressor manufacturers as to the time it would take
to make and implement the necessary deaign changes to produce quiet
machines. The effective date of the regulation is based to a substan-—
tial degree on the data supplied by the respondent ménufac:urers. It
is the Agency's opinion that the time span before the regulation becomes
effective provides manufacturers with the requisite lead time to accom-

plish the necessary design changes, 1f they so desire, to preclude the

"band aid'' approach.

1,9, 1.18 Two commenters responded to the solicitation, in the preamble
of the proposed regulaticn, for views as to whether a standard should be
imposed on portable alir compressors measured in C-welghted sound pressure

level.

A-33




The intent of the solicitation was to elicit informatdon in regard to
imposing a C-weighted nolse emlssion standard to guard against design
practice that would shift the major spectral components of portable air
compressor noise to low frequencles discriminated against by the A~
weighted sound pressure, at the possible expense of escalated low fre-
quency nolse, which in turn could cause vibration problems in structures
located in proximity.to construction sites.

At the time the proposed regulation was developed, the Agency had
1imited data to support a C-weighting sound pressure level standard. The
public solicitation for data in this regard has provided little information
and no new data to show the need for a dBC standard. Accordingly, only

a dBA standard is belng promulgated.

1.10 One commenter suggested that devices be installed that would shut-
down a compresser 1f the access doors were opened.

The Agency considered the validity and practicality of such a
requirement and declded not to require the installation of such devices
for the following reasonsg: 1) One use of portable air compressors is to
supply breathing air to workmen involved in activities underground where
the naturally occurring air supply is minimal. An inadvertent shutdown
of the compressor in this situation could have catastrophic consequences,
2) Users could easily clrcumvent automatic shutdovm devices 1f such devices
proved.to be an annoyance or otherwise hindered the user's normal operating
procedures. However, the Agency recognizes that the doors of portable air
compressors may be an element of design incorporated inte the product to

achieve compliance with the regulation. Accordingly, and as stated in

A-34
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the tampering section of the regulation, the removal or rendering in-
operative, for purposes ether than maintenance, repair or replacement,

of such a device 1s prohibited.

1.12 Several commenters responded to the solicitation in the Pre-
amble of the Notice of Proposed Rulemaking, for comments in regard to
the proposed measurement methodology and/or the advisabllicy of express-—
ing the portable air compressor standard in terms of sound power rather
than average sound pressure leval.

During the development of the proposed regulation, EPA carefully
congidered the various measurement methodologies and sound descriptions
suitable for the assessment and characterization of portable air com-
pressor noise. As a result of these studies, it ia EPA's opinion that the
methodology as proposed will provide data to accurately characterize
portable alr compressor nolse with the simplicity that is requisite to
facilicate product verification at the manufacturer's plant and enforce- ?
ment 1in the field. The following private and public proclamation by

portable air compressor manufacturers Is significant in this regard:

"Members of CAGI have carefully studied the measurement !
methodology and at the January 19, 1975, meeting of the Compressed
Alr and Gas Institute, Portable Alr Compressor Section,

it was resolved the physical measurement procedures contained

in the proposed EPA measuyrement methodology he accepted ‘

by CAGI."

A35
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Vhile the Agency has opted for a measurement methedology with which
industry is most familiar at this time, and which supports its compliance
requirements, and has opted to use A-welghted sound pressurs level as the
descriptor of portable ailr compressor noise, it recognizes that situations
may exist or arise where other methodologies and descriptors may be just
as appropriate and, for that matter, have more utilitarian use. Such
instances or situations may exist within a particular product industry
when one wishes to describe the energy output of devices for noise emis-
sion diagnostic evaluation and for comparing the noise emission of devices

which are similar in size and kind. Accordingly, the Agency encourages ip-

dustry to proceed toward standardization of methods to determine sound
power with attendant sound energy descriptors, as it is endeavoring to do
at this time. The Agency has carefully reviewed two recent efforts toward

standardization developed by the National Bureau of Standards (NBS) and

Technical Committee 43 of the Internatifonal Organization for Standardization

(IS0) and it is EPA's opinion that these test methodologies are fegsible and

viable, and EPA would recommend thelr use for the determination of portable

alr compressor sound power In situations requiring such assessment.

1.13 One commenter stated that the test specification for a Fifth micre~
phone above the compressor should be reconsidered,

‘The Agency included an overhead microphone location to guard against
compressor design that would direct major sound energy upwards which could
be of significance to persons working or residing in high rise buildings

adjacent to construction sites and/or where portable alr compressors are

A-36
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located below ground level and the noise impacts on those above the equip-

ment affected. The Agency reconsidered the need for the overhead micro~
phone position and concluded that its imposition 1s indeed requisite to
control upward radiated compressor noise, for withour it there is no
practicable way to assure that upward radiated noise will not exceed the

stipulated level,

1.17 Several commenters stated that, in order to comply with the reg-
ulation, manufacturers must design for levels well below the standard.
In developing the regulation, the Agency recognized that a class
of compressors, for that matter a single compressor, may emlt noise
levels that vary by as much as 1 2 dBA as the result of manufacturing
tolerances, Accordingly, the Agency does not recognize the need for
manufacturers to design 'well below" the standard to ensure compliance

with the regulation.

1.19 Several commenters stated thac the EPA measurement methodolagy
18 not suitable for in-use tesLiug at a construction site, with reasons
gsuch as anticipated difficulty in measuring 7 meters above a com-
pressor, difficulty in teaching noilse inspectors to perform noise level
averaging on an energy basis, and problems with high ambient noise as the
rationale for the statement.

In the development of the proposed measurement methodology, it
was the Agency's intent to arrive at a test method that could facilitate
both noise emigsion testing in the controlled enviromment at the manu-
facturer's test site as well as noise emission level assessment in the

uncontrolled enviromment of construction sites. What has evolved is a

A-37
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simple, practlicable test method which, while not patently ideal for hoth
test envivonments, provides manufacturers of portable air compressors a
methed to assure compliance with the nolse emission standard, It also
provides State and local neise inspectors with a methodology or, at a
minimum, a methodology base of which to build or modify as local conditions
may dictate, for their development of equivalent test procedures for in-

use nolse emission evaluation,

1.20 One commenter stated that no machine larger than 1200 cfm was
tested as the basis for the EPA background document.

While it is true that the Agency did not conduct tests on portable
alr compressors larger tham 1200 efm, test data on machines with air
flow capacities up to 2000 cfm were made avilable to the Agency and are
in fact included in a listing presented in Table 7-5(c) of the "Back-

ground Document for Proposed Portable Air Compressor Noise Emission

Regulations."

1.21 One commenter stated that a conflict between noise suppression
technology and safety considerations may exist regarding the flame re-
tardant properties of acoustical insulation laggings.

EPA interprets this comment to mean that acoustical materials that
may be employed within compressor enclosures might tend to support
combustion, In addition, those materials that might be employed would
act as a sponge to soak up fuel and oil and thus create a potentially
hazardous condition should the oil/fuel flash point temperature be

exceeded, As most acoustical materials may be chemically treated with a
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flame refardant'to prevent combustlon, and it is common practice to
encapsulate acoustical foams and fiberglass in mylar and other thin filmed
impervious protective coverings to preclude absorption of liquids, EPA

is of the opinion that no conflict exists between safety considerations

and nolse suppression technology.

1,22 One commenter responded to the preamble solieitation for comment
on whether the regulation should address portable air compreasor pure
tones.

Currently, major pure tone spectral components generated by today's
portable alr compressors occur at low frequencles, less than 500 hertz,
and are not -particularly annoyipg as the frequencies are below the range
of scute ear sensitivity. However, the Agency recognizes that as porg-
able air compressor designs change, S0 too may the spectral character of
the pure tone generating components to cause annceying pure tones. Accord-
ingly, the Agency will continue to address the pohential problems of pure
tone nolse with respect to portable air compresscrs, and it solicits on a
continuing basis such information from concerned parties, Should evidence
in the future show this to be a significant problem, the Agency is pre-

pared to propose auch control measures as may be necessary,

1.23 Several commenters felt that soﬁe tolerance on the standard should
be allowed on field tests te account for environmental and instrumenta-
tion variances likely to occur when portable alr compressors are tested in
environments different from the controlled environment of the manu~

facturer's facility.
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The Ageney recognizes that, due to environmental and instrumentation

differences, nolse emlssion data measured at State and local test sites may

differ from that measured durlng SEA and PV testing, and the Agency will take

this into account when reviewing test data.

2. Health and Welfare

2.1 Several commenters stated that in setting the regulation, considera-
tion should he given to usage conditions and amount of exposure to the
public for different types of machines,

In developing the regulation, the Agency considered the usage con-
ditlons and amount of exposure to the public for different types of
machines. In the analysis, the Agency employed portable air compressor
usage factors and nolse levels to Investigate health and welfare benefits
derived from the regulation of the total population of portable air com-
presgsors. A second analysis was conducted for the population of com-
pressors split into units typically used Iin urhan aveas and those typi-
cally used in rural areas. The studies considered the usage of compres-
sors In five phases of construction: domestic housing, non-residential,
indusgtrizl, and public work construction, The "Background Documant for
Portable Air Compresseor Noise Emission Regulations" presents further

details of the analysis,

2,2, 2.3 Seversl commenters stated that the benefits to public health and
welfare do not justify the economic Impact of the regulation.

it must be kept in mind that society is now paying billions of
dollars for nolse polliution assoclated with lost productivity, higher

medical bills and health insurance premiums, payments in successful nolse
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offense litigation and assessment of property value In high noise ex-
posure areas without accruing any direct benefit for such payments, Im-
plementation of the Noise Control Act of 1972 will accomplish a shift in
the economic burden from the impacted population to the users of the pro-
ducts and thelr customers and hence will provide soclety with direct
benefits in the form of quieter products and a quieter environment.

It is estimated that over 27 million people are exposed to con-
struction slte noise levels that jeopardize their health and welfare.
Since construction site noise is typically comprised of contributions
from more than twenty dlfferent types of construction equipment, regu-
lation of the majority of the pileces of equipment will be required to
appreclably and effectively reduce this type of noise, The portable air
compregsor has been ldentified as the first pieve of construction equip~
ment requiring noise emission control to foster, in the long term, less
construction site noige. While portable air compressors may not provide
the highest sound level at construetion sites, they do contribute
significantly to community noise exposure. Alr compressors rank with
dump trucks and conerete trucks in producing the highest sound energy
per day., The noise emission regulation for portable air compressors is
requisite to protect the health and welfare of the American publie,

Studies performed in accordance with the requirements of the Noise
Control Act of 1972 indicate that compliance with the regulation will

reduce the impact upon people from construction site noise by 14.7 percent
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wlth an estimated attendant 12.3 percent increage in the list price of
partable air compressors. Upon regulation of noise emissions from dump
trucks and conerete trucks, a reductien in total impact by approximately
45 percent 1s aptiecipated when the current population of compressors and
trucks 1s replaced by guiet units, Further reduction in total impact is
contingent upon effective nolse emission regulations of other construction
equipment, Considering the health and welfare benefit obtained from the
regulation, the Agency belleves that the added cost of compressors is a
productive expenditure.

2.4 Several commenters suggested thai EPA undertake a more thorough cost/
benefit study.

The Agency conducted additional cconomie¢ impact and health and wel-
fare impact analyses employing data and information made available to It
as the result of the written comment period and public hearings regarding
the proposed regulation. The Agency also solicited Information from
portable air compressor manufacturers regarding the lead time necessary to
comply with various standard levels. The regulation heing promulgated is

based, in part, on the results of these analyses.
3, Economics

3.1 Several commenters indicated that they felt that the Portable Air
Compressor Regulation {s Inflationary.

The EPA, in promulgating a noise source emission regulation for
newly manufactured products, is directed by the Noise Control Act of 1972
to consider the cost of compliance, best available technology, and impact

on the public health and welfare. The Agency has carefully weighed

A42

b e a4y



o a8 L2 R, R B 8 i £ b § e T P T T R

sy AR

T e b o L A S i 8

the potential adverse economic impacts associated with the promulgation
of the regulation and compared them to the benefits that would acerue to
the population affected by the reduction in nolse emitted by portable air
compressors, The conclusion is that the 12.3 percent list price increase
1s cost effective in terms of the benefits derived. The health and wel-
fare benefits of the proposed regulations have been discussed previously

in paragraph 2,2 and 2.3,

3.2, 3,12 Several commenters indicated that they felt that the smaller
manufacturers will be more severely Impacted and thelr coses per unic will
be higher than those for larper portable air compressor manufacturers.
The Environmental Protection Agency pursued this 1ssue through

visits and communications with large, medium, and small portable air
compressor manufacturers in an effort to determine the validity of the
comment. As a result of the Agency's investigations and data surfaced in
pursuit of the issue, it became apparent that the effective date of the
regulation was the single major factor controlling the degree of economic
impact on the portable air compresser Industry of the proposed standard,
particularly on the smaller manufacturer. According to the data, a
smaller manufacturer faced a greater potential for serious economic
impact from the l2-month effective date because of limited resources

and manpower to accomplish the requisite redesign of his product line

to achieve product compliance in a timely fashion. As such, the

amaller manufacturer could be constrained by the regulation from intro-
ducing his units into commerce and thereby accrue a severe economic

impact. Accordingly, aiter determining that a limited extension of the
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effective date of the regulation would not severely impact the health and
welfare benefits to be derilved, the Agency has extended the effective date
of the regulation te 24 months for compressors with air-flow capacity less
than or equal to 250 cfm, and 30 months for compressors with air-flow
capacity greater than 250 e¢fm. It is the Agency's belief that this
extension allows adequate lead time for an orderly readjustment by all
manufacturers to preclude potential economic hardships assoclated with

time constraints imposed by the proposed effective date.

3.3 Many commenters indicated that the economic impacts of the useful life
provision contained dn the proposed regulation were not included in the
cost of compliance studies that were undertaken,

The Agency reviewed the useful life provislon contained-in the
proposed regulation in light of the comments made in the varicus dockets.
The Agency has elected not to specify at this time a specific require-
ment for porcable air compressor useful life nolse emission standard, The
Agency has chosen, however, to defer a useful life provision in the
Portable Air Compressor Regulation until further studies regarding the
degradation of noise emigsions of portable alr compressors and the as-
soclated costs of compliance have been completed and zssessed against the
health and welfare benefits which could result from the imposition of

such & useful life standard.

3.4 Several commenters atated that the cost of constructing a test

facility at a manufacturer's location is economically infeasible.
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The Agency does not feel that the required measurement/testing
procedure will necessitate the construction of elaborate, expensive test
facilities for portable air compressoc manufacturers, Accordingly, the
test procedure, Iincluding the description of the test site, as it appeared
in the propoesed regulation stands as the EPA test procedure whlch will be
utilized to determine compllance with the standard. However, as now
stated in the regulation, alternate test procedures which are approved by
EPA by virtue of demonstrated correlation with the prescribed procedure,

may be employed by the manufacturers.

3.5 HMany commenters stated that the estimated 16 percent per unit price
increase underestimates the true cost to comply with the regulation due
to the enforcement provislons.

The 16 percent préliminary estimate of list price increase included
in the preamble to the proposed regulation did net include costs for
enforcement and useful life provisions., In the final analysis performed
by the Agency, the deferment of a useful life standard and further con-
sideration of the enforcement scenario led to the following estimated
list price increases for newly manufactured portable ailr compressors:

1. 11,2 percent for compressors with rated flow capacity less

than or equal to 250 cfm.

2, 13.0 percent for compressors with rated flow capacity greater

than 250 cfm.

3. An additional estimated 0.4 percent list price increase

may acerue through the costs of the revised enforgement

scenario of the repulation,
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3.6 One commenter indicated that there was no need for Federal regula-
tion of portable air compressors because marketplace pressures will force
the production of quieted machines without a regulation.

This assertien has, in fact, not been demonstrated, Although there
are models of compressors that are quieted, the nolse emissions of the
compressor population as a whele have not been reduced to a level that is
protective of the public health and welfare. Additionally, there are no
indications that. the industry as a whole was moving in the direction of
quieting the compressor fleset to levels that are considered to be pro-

tective of the public health and welfare.

3.8 Several commenters indicated that the regulation will have a
barmful impact on the foreign trade patterns in the industry,

The Agency assesgsed the impact of the regulation on trade patterns.
The analysis showed that there would be no change in import patterns
and no material impact on the balance of trade. Since the Noise Control
Act specifically exempts units manufactured golely for export there will
be no changes Iin portable air compressor export patterns resulting from

this rulemaking.

3.9 One manufacturer indicated that the regulation will have the
effect of Increasing air compressor rentals, to the detriment of
industry sales volume.
The Agency reviewed this issue during its background study to assess

the impact of the proposed regulation, Today without Federal repulation,

approximately 30 percent of portable air compressor unit shipments reach the end
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user through rental or rental/purchase agreements, The reason for this
rests with cost effectiveness; that is, in many instances, it is probably
more economical to rent a unit for a specific job taking place in a
finite period of time than to tie up capital in a unit not receiving full
usage.

While it is recognized that rental usage could increase, by virtue
of its apparent economic advantage, the Agency has no quantitative data
to show any increase solely due to imposition of the regulatién. The
Agency has, however, estimated that Imposition of the regulation would

cause no more than a 4.3 percent decrease in total unit sales.

3,10 One manufacturer suggested that a board of review be established to
ensure that manufacturers' costs are not excessive,

The Noilse Contrel Act of 1972 dees not contain any provision for
the establishment of such a panel. The EPA has, however, made every
acttempt to estimate the economic impact on the portable air compressor
manufacturing industry. The regulation does not in EPA's judgment impose

any unreasonable or excessive costs on the industry.

3.11 One commenter stated that large manufacturers can be expected to
stockpile standard machines before the effective date of the regulation.
The Noise Control Act prohibits distributlon in commerce of

products manufactured after the effective date which do not meet the
standard. Thus, under the Act, Congress intended that products manu-
factured earlier shall be exempt and may be distyibuted in commerce at
any time even iF they do not meet the standards. The nature of portable

alr compressor manufacturing and marketing is such that discributors are
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expected to have several pre-regulation compressors avallable for sale
at the time the regulation becomes effective, and this probabilicy was
considered in the assessment of health and welfare impact of cthe
regulation.

The analysis of this issue focused on industry production eapacity,
i.e., basic ability to stockpile. On an average acress the industry
current preduction capacity is such that limited stockpiling 1s possible,
if the assumption is made that the compressor market will remain rela~
tively atable until the repulation is effective, Combined in this analysis
is the historical flexibility of the portable air compressor industry in
responding to market demand fluctuations. Consideraction of these factors
and the general expense of stockpiling Iinventory led to the Agency con—
clusion that the stockpiling possibility will be evenly assessed by in-
dustry and that individual manufacturers will be able to avert market

diBrupEions in that event.

3.13 Several manufacturers stated that the l-year effective date of
the regulation 1g an Insufficient amount of time and will cause an in-
creased economic burden on the industry.

In further study and discussions with the various manufacturers,
the Agency was able to better estimate the time dependency of succesaful
compresgor redeslgn. The presence in the industry of several manufacturers
who have little or no quieting experience, and additional informatilen
which showed that quieting 1s more difficult to achleve in the larger
compressors, led us to extend the time for compliance. In addition, our

further study revealed that many of the costs for redesign are fixed, and
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lengthening of the time for compliance should allow for more orderly

adjustment in the industry,

3.14 Various industry members commented that the regulation will force

the discontinuation of some manufacturers' compressor modela.

This lssue was considered in further economic impact studies follow-

ing the public comment peried. Obvimusly, for those manufacturers who
now market both standard and quiet compressors in identical cfm cate-
gories, it would be implied that they would disconcinue the so-called
standard model as a result of the regulation. The more critical poss-—
ibility is the unforeseen, forced temporary or permanent discontinuva-
tion of a compressor model hecause of added expense to quiet In the
time frame specified, or because of assembly delays resulting from
component part deliveries approaching or exceeding the effective date
of the regulation. Analysis of the problem included this possibility
and the Agency concluded that the extended time now allowed for compli-
ance with the standard as opposed to the time frame originally proposed

will allow manufacturers to effectively compensate for design and

assembly problems of thils nature., However, some manufacturers now market

matginally profitable models, and the possibility of discontinuation

of these models because of this regulation exists. In instances of
discontinuance of marginally profitable models, 1t is the Agency's
position that this is not necessarily a detrimental effect of the repu-
lation; the Agency has no specific information indicatding khe likelihood

of this oceurring.

A49




SEEFYY shvanta

3.15 Three commenters stated that the regulation will cause the non-
productive expenditure of labor and materials,

During the development of the regulation, the Agency conducted
studies to arrive at a noise emission standard requisite to protect the
public health and welfare with an adequate margln of safety, taking into
account the magnitude and conditions of use of pertable ailr compressors,
the degree of nolge reduction achievable through the application of best
avallable technology, and the cost of compliance. The standard that has
evelved, is, in the Agency's opinion, technically feasible, non-
inflationary, and protective of the public health and welfare. Accord-

ingly, the regulation will cause productive expenditure of labor and

matarials,

4, Enforcement

4.1 Two of the commenters felt the compliance and enforcement aspects of
the proposed portable alr compressor regulation, which is derived from
air pollution control regulations, could not realistically or practically
be applied to air compressor manufacturing industry.

The regulation being promulgated contains production verification
requirements and selective enforcement auditing requirements. The prod-
uction verification scheme differs from certification under the Clean Air
Act. No extensive endurance testing is required by production verifica-
tion, and the manufacturer is not precluded from selling his product until

he has accomplished the requirements of the production verification
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procesd, In essence, the Clean Alr Act certification process 1s merely
used to allow the manufacturer to demenstrate that he has the requisite
technology in hand to produce conforming products. The producclon veri-
ficatlon process is based on the assumption that the manufacturer has
the technology available te quiet compressors and must demonstrate that
he is able to apply that technology in practice to produce compressors
complying wich the standard.

The selective enforcement auditing scheme lg very simllar to that

which EPA has proposed for use under the Clean Adlr Act to verify compliance

of production vehicles with the standard. It i1s a noncontinuous scheme,
wherein samples of products are tested to determine whether they conform
to the standardas, Such a scheme is equally applicable to the testing of
completed motor vehicles as it is to testing completed portable air com=-
pressors, It should be kept in mind that this testing will only be done

on the specific request of the Agency.

4,2 One commenter felt the regulacion manifested a basic distrust of
American Industry accompanied by a desire for EPA to keep its responsi-
bilities to a minimum,

The basiec EPA enforcement strategy under the Noise Control Aet of
1972 places a major share of the responsibility on the manufacturer for
testing to determine compliance of new portable alr compressors with
the regulation and emission standards., This does not relleve EPA of

its responsibilities but merely allows a manufacturer to have his
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personnel in control of many aspects of the compliance program, thereby
minimizing the burden of this regulation on his business. Such manu-
facturer responsibility and contrel results from the fact that EPA has
faith in the integrity of manufacturers to comply with this regulation.
EPA, however, does reserve the right to verify that the manufacturer 1s in
fact complying with the regulation. It is for this reason that EPA pro-
videé for monitoring by EPA personnel of tests performed by the manu-
facturer and other manufacturer actions taken in compliance with this
regulation, The final purpose of such monitoring is to assure the
Administrator that the information he 1s receiving is accurate to enable
him to make the proper determinmation that compressors being distributed
in commerce by a manufacturer are, in faet, in compliance with this

regulation.

4.3 Some manufacturers commented that production verification would
delay and unnecessarily burden the manufacturer's distribution process
gince distribution in commerce could not take place until productien
verification has been completed,

The regulation has been modified to permit manufacturers to dis=—
tribute compressorg in commerce ag soon as production begins. The
requirement still remains that the manufacturer must test certain models
of his early production unics, which for the most part are the loudest
configuration of a category. However this testing must now take place,
as soon as weather conditions permit, within a 45-day grace perdiod,
during which productien verification is waived, The 45-day period

is designed to accommodate a manufacturer's transportation needs
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and to accommodate poor weather conditiens, In addition, the raquirement
that the manufacturer provide a 10~day notice of his intent to test has

been removed.

4,4 Some manufacturers suggested that the number of configurations be
minimized and enly those parameters for configurations that directly
affect nolse emissions be used. One manufacturer endorsed a revision
of the definition of configuration te cfm, engine type and rpm, with
category being defined by cfm only.

Although the definition of category has remained the same and is
based on those elements which most directly affect noise, the definition of
confipuration has been changed, with the defining parameters significantly
reduced. The Agency has calculated, based on available information, the
total pumber of categories that would require testing based on production
verification if carried out in accordance with this regulation, and has
found that it results in a nominal number of products requiring testing.
Any further reduction in the criteria used to define category would not be
warranted, on the basis of reducing test burden, since the number of units

requiring testing is now realistic.

4.5 Some manufacturers commented that the sampling plans are based on
high volume production and that the concept of using a modification of a
well~known attribute plan is inconsistent with small volume production.
As a result of such comments, the sampling plans contained in the
proposed regulation have been modified to provide for situations in which
production velume is small, Additionally, the revised sampling plan

gignificantly reduces the number of products requiring testing.
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4.6 One commenter suggested that the selective enforcement auditing
(SEA) strategy, which had a proposed zcceptable quality level (AQL) of
6.5 percent contradicts the requirement that every new compressor con-
form to the applicable noise emission standard, since inherent in such
a atrategy is the assumption that some nonconforming products will be
distributed in commerce.

The regulation being promulgated now contains an AQL of 10 percent
and, although this AQL may result in some nonconforming products being
distributed in commerce, the basic requirements still remain that a manu-
facturer iz prohibited from distributing inte commerce any product§
which do not conform with the standard. The basic intent 1s that all
products being distributed in commerce must conform to the standard.

Any product which is tested and which is known not to conform to the
standard may not be distributed into commerce until the noncenformity is
remedied. Furthermore, every compressor 1s warranted to conform to the
standards at the time of sale. It is merely the intent of EPA not to
take enforcement action which addresses the aggregate of the products or
the process by which they are produced until the process average as
determined by SEA testing exceeds the AQL of 10 percent. That is not to
say the EPA permits the distribution in commerce of products that exceed
the standard, but only that no enforcement action will be taken on the
aggregate by EPA unless an AQL of 10 percent 1s exceeded. A batch which

meets the AQL of 10 percent is considered to indicate compliance by

virtually 100 percent of the compressor population. The 10 percent allow-

ance provides for test variability and random human error.

4.7 One commenter suggested that the SEA process placed an unnecessary

“urden on a manufacturer and'all that was required is the "certification”
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from the manufacturer that he has tested a number of units and that they
conform to the regulation.

The selective enforcement auditing scheme is not a continuing re-
quivement. Testing is performed at the request of the Administrator.
The testing burdens will exist only when deemed necessary by the Admin-
istrator for purposes of pgathering information in order to make a deter-
mination regarding the conformity of products being distributed in com-
merece by a particular manufacturer,

The issuance of a test request may not be necessary where the manu-
facturer can demonstrate through his own test data on production units,
using a sampling plan similar to or better than the promalgated plan, that
his process average 1s below the AQL of 10 percent. This amounts to the

"ecertification" procedure suggested by the commenter.

4,8 One commenter suggested that SEA should be invoked only when the
Administrator had cause to beldeve a configuration is being seld in com—
merce which falls to comply with the regulation.

Although EPA agrees with the spirit of that comment, the Administra-~
tor prefers to maintain the discretion that Congress intended by not
having placed any such limitatlons on his testing authority. It is the
EPA's intent, however, that such test requests be issued when the need

arises and that such need be clearly demonstrated.

4.9 One commenter felt that productien verification and the selective
enforcement auditing scheme would provide a high assurance of product con-

formity and further, that a major savings in administrative ecosts for both
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the manufacturer and EPA should he realized because this particular en-
forcement scheme has definite henefits over the enforcement scheme
employed in certification of automobiles pursvant to the Clean Alr Act

of 1970.

4.10 Several commenters were concerned with the Administrator's discre~
tion to refuse to grant a hearing in situations where Section 11(d)
orders were issued.

The regulacion has been modified to provide that Iin situations
where Section 11(d) orders are issued, notification and an opportunity

for a hearing are afforded.

4,11 Several commenters criticized the attempt by the regulation to
limit the right of counsel and recommended that such limitation be
stricken from the vegulation.

As a resule of those comments, portions of the regulation which

would, in fact, limit the vight of counsel have been deleted, i

4.12 Several commenters questioned the need and the validity of EPA to
make broad Inspections and to have the right to inspect and photograph
all literature and test records. The commenters indicated that such
provisions extend far beyond the authority conveyed to EPA and far in
excess of any Agency needs.

The regulation has been modified to limit inspeetions and aequisi-
tion of data to information necessary for the Administrator to make a
determination that the manufacturer 1s discributing conforming products !

in commerce, The authority of EPA personnel is limited te examining ;
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records of tests conducted on production verification products or pro-
ducts tested pursuant to SEA, inspecting areas where testing 1s conducted
and where products are stored prior to testing, and inspecting areas of
the assembly plant where the products are being assembled. EPA has no
interest in forced entry into developmental laboratory areas., However,
where such areas are part of the test site used for compliance testing,
it is the intent of the regulation to permit access to such areas regard-
less of the fact that developmental labs or test sites are near by. If

a manufacturer wishes to preclude EPA Enforcement Officers from visiting
or inspacting their development testing or laboratory aress, they must

be separated from areas where compliance testing is performed.

4.13 Several commenters stated that the iInformation recording and re~
porting trequirements are burdensome and costly.

The regulation has been revised so that information needed to
describe a’ produet may be satisfied by the submittal of sales literature
and data needed to demonstrate compliance; may be satisfied by submittal of

information accrued during manufacturer self-imposed diagnestic testing to

assure themselves that conforming products are being distributed in commerce.

The regulation has algo been revised so that all data may be mailed to EPA

in lieu of the preopesed telephone reporting requirements,

4,14 Several commenters indicated that the proposed regulations in

someé Instances required the repetitive submission of information.
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The final regulation provides that where information has been
previously submitted and has remained unchanged, subsequent yeports need
only refer to the previous submissions.

The regulation has been revised so as to parmit executlion by an
authorized company representative in lieu of a Corporate Vice President

of reports required to be filed by a manufacturer.

4,15 One commenter felt that the cease to distribute orders went beyond
the statute and should be modified.

The Agency has interpreted Section 11(d) of the Act, which provides
for the issuance of administrative orders, as inclusive of the power to
issue cease to distribute orders and recall orders. Any such orders

would be preceded by notice and opportunity for a hearing.

4,16 One commenter felt that the sratement contained in the proposed
regulation, "all costs associated with recall and remedy of nopncomplylng
compressors shall be borne by the manufacturer' could be interpreted
very broadly.

The costs normally assoclated with a reeall are the costs of con~
ducting the campailgn itself, as well as the cost of remedying the noncon-
formity, including parts and labor. These are the costs the manufacturer
would be required to absorb.

4.17 Several commenters felt the costs of the administrative enforcement
provisions would be significant because of the large number of products
that would be required to be tested as a result of the productien verifi-

cation and audit tests, the record keeplng and reporting requirements,
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and the costs of constructing added test facilitles to accomplish all the
required testing.

EPA has reexamined the cost impacts of the administrative enforcement
provisions of productiocn verification and selective enforcement auditing
and has found them to be reasonable. As a result of information gathered
during the rulemaking process, which included a public hearing and many
written submissions to the docket, modifications were made to the ragu-
latien in the area of the administrative enforcement provisions.

These modifications have reduced the record keeping and reporting re-
requirments, and have made 'the product verification and selective enforce-
ment audit processes more flexible and teilored to the industry. These
changes In themselves have resulted in additional reductions in cost to
the manufacturer over those that would have been incurred based on the
proposed regulation.

Sipgnificant capital expenditures can be eliminated by those manu-
facturers who avall themselves of the EPA Enforcement Test Facility at

Sandusky, Ohio, in lieu of constructing additional facilities.

4.18 Several commenters were concerned that the warranty required by
Section 204,58-1 of the proposed regulation was a useful life performance
warranty,

The warranty required of the manufacturer iz a performance warranty
that the air compressor met the noise emission standards on the date of
sale to the ultimate purchaser, Because performance is werranted for the

date of sale only, warranty claimg must relate back to a nonconformity
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on that day. To make the best case In relating back to the date of
sale, the claimant should be able to point to a defect in design,
materials, or workmanship which existed on the sale date and which
caused noise emissions to exceed the standard. Thus, although the
¢laim may be made against the manufacturer at any time during the
life of the compreasor, such claim must relate back to noncompliance

on the date of sale,

4.19 One commenter wished clarification regarding which "manufacturer"
must issue the nolee emission warranty.

The manufacturer who is required to issue and honor the noise emis-
slon warranty is the manufacturer who is required to productien verify.
The fact that a defective part, component, or system was purchased from
another manufacturer does not alter this warranty. Manufacturers who
production verify may seek indemmification from suppliers for liability

which 1s attributable to the supplier.

4.20 Some commenters asked for a definition of what constitutes tamper-
ing and whether the use of aftermarket parts (parts not manufactured or
authorized by the original equipment manufacturer) would constitute
tampering.

A list of acts which could adversely affect the noise control
syscem of a compressor and would constitute tampering, as determined
by EPA, will be published in the owner's manual. This will give spe-

cific Indications of those acts which will be considered tampering by
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the Agency unless it can be shown that noilse emissilons are not adversely
affected by the act.

In general, in temms of nolse-related aftermarket parts, any non-
original equipment aftermarket part {including a rebuilt part) may be
installed in or on a compressor subject to these regulations if the
installer has a reasonable basis for knowing that it will not adversely
affect nolse emissions. For noise-related replacement aftermarket parts,
a reasonable basis exists If (a) the installer reasonably believes that
the replacement part or rebullt part is designed to perform the same
function with respect to noise econtrol as the replaced part, or (b) the
replacement part or rebullt part is represented in writing by the part
manufacturer or rebuilder to perform the same function with respect to
nolse control as the replaced part.

For noise-related add-on, auxiliary, augmenting, or secondary
parts or systems, a reasonable basis exists 1f (a) the installer knows
of noise emissicons tests which show that the part does not cause noise
emissions to exceed the time-~of~sale gtandards, or to increasse emis-
sions, 1f the nelse emissions already exceed the time-of-sale standards;
ar (b) the part or system manufacturer represents in writing that teats
hava been performed with similar results (to (a) above); or (c) a Fed-
eral, State or local environmental control agency with appropriate

jurisdiction expressly represents that a reascnable basis exists.

4.2) Some commenters indicated that in the tampering requirement, sub-
misgion of Information 90 days before introduction into commerce of the

compressor represents an excessively long time period for the manufacturer.
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The 90-day requirement in the proposed regulation was established
to allew EPA sufficlent time to evaluate the tampering data, prepare a
st of the acts which tampering enforcement would focus on, and then
forward this list to the manufacturer for incorporation into the owner's
manual. However, to account for the varying production schedules of
manufacturers, the final regulation has been changed to allow for a time
pericd based on the need of the manufacturer. The regulation now requires
that the manufacturer submit the requested information within an adequate
amount of time to provide EPA with 30 days to review the data and retum
a tampering list to the manufacturer for printing in the owner's manual.
If the Administrator fails te provide the list to the manufacturer within
30 days of the date the infermation was submitted, the manufacturer is
not precluded from distributing the compressors into commerce. In this
case, the list of tampering acts required in the owner's manual shall

be omitted until the list is provided and the owner's mznual is other-
wise reprinted.

4,22 Several commenters considered unreasonable and burdensome the
requirements for the submission of listings of noise control devices
and elements of degign (including performance specifications) and acts
which might constitute tampering,

The purpose of these requirements in the proposal was to enable
the Administrator to determine what acts will constitute tampering,
Information submitted by the manufacturer is not to be considered as

a final judgment of what constitutes tampering, but will oenly provide
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the basic information for determination by the Administrator. The final
regulation has been modified so that no geparate submission of the list
of noise control devices and elements of design is required; this is

part of the information required te be provided in the product verifica-
tion report. The requirement for submission of nolse-related perfeormance
gpeclifications has been deleted. The genération of the required infor-
maticn by the manufacturer can he performed concurrently with the
development of appropriate nolse control systems. The testing that will
normally be performed in the development of the noise control systems

and the manufacturer's englneering experience should provide a substantial

basis from which the required information can ba generated.

5, Miscellaneous

5.1 One commenter stated that noise regulations directed ar the end
product are preferable to those for individual component parts,

The Agency has carefully reviewed the possibility of regulating
equipment components, for example, an engine as opposed to the total
final end product, and reached the conclusion that on a cost effective
basis, it ia indeed preferable ro regulate end products. This is so
because in the synthesis of a final product from various regulated
componenta, there is no guarantee that the nolse emissions of the final
product will be within acceptable limits, Accordingly, there probably

8till would be a need for a final product regulation.
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5.2 One commenter stated that the regulation should be rewritten to
improve the language related to the numerical descriptions of noise.

The Agency has taken the comment under advigement, and accordingly

changes have been made to the text of the regulation.

5.3 One commenter suggested that the definition of portable air com-

pressor should be clarified to exclude any products not intended to be

subject to the regulation.

The suggested changes presented by chis commenter were studied
and the definitions of portable air compressors now appearing in the
regulation incorporates language which the Apency feels adequately

defines the product. intended for regulation.
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Appendix B

METHOD TO EVALUATE THE IMPACT OF PORTABLE AIR COMPRESSOR
NOISE ON PUBLIC NEALTH AND WELFARE

SPECIFICATION OF NOISE ENVIRONMENT

Environmental noisc is defined in the Nolse Control Act of 1972 ag the
Yintensity, duration, and the character of sounds from all sources™., A
measure for quantifying environmental noise must evaluate not only these
factors, but musi alse correlate well with the varicus modes of response of
humans to noise and be simple to measure (or estimate),

EPA has chosen the equivalent A-wefghted sound pressure level in decibels
as its basic mensure for environmental noise. The general symbol equivalent

level is Leq' and 1ts basie definition ia:

t 2
2
et Ce10]t, -t 2
2 1J¢ po ‘

where-tz' - tJ. is the intervel of time over which thé Tevels are evaulated, pit) is
the time varying-aound pressuroe ol the nolse, and P, is a reference pressure,

standardized at 20 micropascal. -
When exprésaed in terms of A-weighted gound level (I..A). I“eq may be defined

t L, {t)
- 1 2 A
L =10l ) 7= f t 10 (__'10 ) dt (B-2)
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The primary interval of interest for residential and similar Iand uses is a
twenty-four hour period, with weighting applied to nighttime noise levels to
account for the increased senaitivity of people assoclated with the decrease in
background noise levels at night, This 24-hour welghted equivalent
level 1s called the Day-Night Equivalcnt Level, and is symbolized as L dn’ The

basic definition of I, in in terms of A-weighted sound level is:

L L_+ 10
-d o
1 .. 10 10
Ly, ™ 10%g ) 20 [ (@5% 107 )+ (9x 10 ) (B-3)

where L, d is the "daytime" equivalent level, obtained between 7a.m. and
10 p.m, and L; is the "nighttime" equivalent level obtained belween 10 p.m,

and 7 a,m, of the following day.

ASSESSING IMPACT FROM ENVIRONMENTAL NOISE

The underlying concept for noise impact assessment in the following
analysis is to relate the‘ change in expected impact in terms of the number of
people involved to the change fhnt will result in the acoustical environment as a
result of the proposed action. Three fundamental components are involved In the
. analysis:

1. Definition of the initial acoustical environment,

2. Definiuor_a of final acoustical environment, and

3. Relationship between nolse environment and human impact.
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The first two components of the assessment ave entirely site or system
specifie, relating to either estimates or measurement of the environmental
noise before and after an action is taken. The same approach i3 used concep~
tually whethar one is exemining one house near a highway, a house near a con-
structlon gite, the transportation system in general, or whatever noise source
18 involved. The methodology for estimating the noise environment in each
case will vary widely, but the concept remains the same.

In contrast to the large pvumber of methodologies that may be utilized to
estimate the noise environment, the relationship to human response can be
quantified by a single methodology in terms of the number of people in oceupied
places exposed to nolse of a specified magnitude, This is not to say that
Individuels have the same susceptibility to noise; they do not. Even groups of
people may vary in response depending upen previous exposure, age, socio-
economie status, political coheslveness and other soeclial variables. In the
aggregate, however, for residential location the average response of groups of

people is quite stably related to cumulative nalse exposure as expressed {n
measures such ag L dn’ The response consldered {a the general adverse
reaction of people to noise. This response is a combination of such factory
as speech Interference, aleep interference, desire for a tranquil environment,
and the ability to use telephones, radio and TV satisfactorily, The measure of this
response s related to the percent of peaple in a population that would be

expected to indicate a high annoyance to noise for a apecified level of noige
eXposure.

For schools, offices, and similar spaces where criteria for speech com-
munication or a possibility of damage to hearing is of primary concern, the
same averaging process is used to estimate the potential response of people

4s a group, again ignoring the individual variation ot one person as compared
to another,
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Hence, in both residentinl and non-residential areas alike, the variation of the
average response of people as n function of environmental noise exposure is
considered.

A detailed discussion of the relationship between noise and human response
is provided In EPA documents (2,28 in which hearihg damage, speech and other
activity interference and annoyance are related to Leq and Lgy. For the purposes
of this study, criteria presented in the "EPA Levels Document" are used,
Further, it 1s considered that if the levels identified in the document nre
met, then no impact exdsts on the public health and welfare. Thus, we define
that if the levels identified in the "Levels Document' are met, a zero percent
impact exists. That is, if an Lg, of 55 measured outdoor exists, then there is
no impact in terms of annoyance and general community response from noise.
Similarly, if an Lgp of 465 exists indoors, which translates to an Ldn of 55 out-
doors {assuming a 10 dB transmission loss with windews partinlly opened) then no
interference exists with respect to speech.

Observation of the data presented in Appendix D of Reference 1 allows the
specification of an upper linit, that is a bound corresponding to 100% Lmpact.
It may be observed in Figure D-7 of the "Levels Document' {1] that community
reaction data show that the expected renction to an identifiable source of intruding
nolse changes from "none" to "vigorous" when the day-night sound level increases
from 5 dB below the level existing without the presence of the intruding noise to
19.5 dB above the pre~intrusion level. When the combined values of the intruding
noise and the pre-intrusion nolse levels are considered, the changing community
reaction from 'mone" to ''vigorous" oceurs when the level increases by 19.7 above
the pre-intrusion level. For simplicity sake, it is reasonable to assoeclate 100

percent impact corresponding to a vigorous community reaction with a change of 20
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dB shove the L dn value identified ns a zero impact level, Thus, for the purpose

of this analysis, Ldn

Furthermore, the data in Appendix D of Reference 1 suggast that within

=75 18 conaidered to be a 100 percent impact,

those upper and lower bounds the relationship between impact and level varies
Hnearly, that is, a 5B excess constitutes a 25 percent impact, while o 19 dB excess
constitutes a 50 percentl impnet,

The datn presented in the "Levels Document! with respect lo activity {nter-
ference (e.g., specch interference) suggests that if the day-night sound level
indoors is 45 dB, no impact exists on speech communicalion since 2 noise
level intelligibility for all types of speech material and would have a caleulated
articulation index of 1, 0.

The intelligibility of speech is a function of the material presented to the

listener as well as the signal to noise ratio.

It may be argued that for most conversation, the material the listener nor-
mally listens to is in the form of sentences containing a mixture of some known
material and some unknown material, Thus, for this analysis it is reasonable
to average the data on known and unknown sentences. Observation of Figure 15
of the ANS! Standardizg] ‘reven]s that when the noise environment is increased by
approximately 19 dB above the level identified in the '"Levels Document, " [1] the
intelligibility of sentences of unknown material drops 90 percent, Similarily, the
intelligibility for sentences of known material drops to 90 percent when the level is
increased by 22 dB nbove the level identified by EPA and 50 percent when the level is
inereased by approximately 26 dB. Thus, if the values are averaged, it is not

unreasonable to assume that a 20 dB increase in the nofse level above the level

identified by EPA in the "Levels Document" will result in conversational speech
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detertorating rapidly with each deecibel of inerease. Tor this reason, it is asgumed
that 100 percent impact will ocour on speech intelligibility when the level of the
enivronmental noisc inereases 20 dB above the Identified level in the "Levels
Document.”" Furthermore, observation of Fipure 15 of the ANSI Standard (2s]
suggests thot it is reasonable to assurne that speech varies approximately linearly
with the level for the range between 0 and 100% impact, That is, with each &5 dB
excess of noise ahovo the level identified in Referancé 1, a 20 percent reduction
of speech intelligibility cccurs while a 10 dB excess resuits in 4 50 percent
degradation,

The previous paragraphs presented information to show that inereases in
noise levels above a certnin bage level would cause annoyance, ndverse com-
munity reaction and/or adverse effects. on speech Interference. With 0 percent
impact associated with the base level and 100 percent Impact aasociated with a
level 20 dB above the base level, one {s able to calculate the percentage impact
resulting from any nolse level, For convenience of calculation, the percentnge
impact may be expressed in terms of a Fractional Impact (FI), where FI I8
caloulated in necordance with the following formula:

FI=0.06 X (L - Lg) for L > Lg
Fl=0 for L = Lg

where L is the environmental noise level, expressed either in L an or Leq' and
L c is the base level identified in the "Levels Document, "

The appropriate level for the computation of FI is L in = 55 dB for residentinl
area measured outdoors. For those analyses concerned with office buildings and

other type of spaces in which speech communication is the principal factor of concern,

B-6

s gy



e o e . o e

B i

e

the identified level is L = .doors,” which can be translated to an outdoor
level by uaing sound level reduction appropriate to the type of structure,

Data on the reduction of aircraft noise afforded by a range of residential
structures are ava{lable. These data indicate that houses can be appraxdmately
categorized into "warm climate" and "'cold climate' types, Additionally, data
are available for typical open-window and closed-window conditions, These data
indicate that the saund level reduction provided by buildings within a given
community has a wide range due to differences in the use of materials, building
techniqules, and individual building plans. Nevertheless, for planning purposes,:
the typical reduction in sound level from outside to inside a house can be sum-~
marjzed as follows in Table B-1. The approximate national average "window-
open' condition corresponds to an opening of 2 square feet and a room absorption
of 300 snbins (typical average of bedrooms and living rooms). This "window-
open' condition has been assumed thoughout this chapter in estimating conser-
vative values of the sound levels inside dwelling units that results from outdoor
noise.

The fina] notion to be considered is the manner in which the number of
peaple affected by environmental noise is i;ltroduced into the analysis, The
magnitude of the total impact associnted with a defined level 18 cnlculated by
formula B-5, i.e., the product of the number of people and the fractional impact
associnted with the level of the environmental noise;

peq = (FI} P (B~5)
where Peq is the magnitude of the total impact on the population and is numexically
equal to the equivalent number of people having a fractlonal fmpact equal to unity
(100% impacted); FI is the fractional impact for the level and P is the population
uffected by the noise.
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TABLE B-1

TYPICAL ATTENUATION OF QUTDOOR NOISE BY THE

EXTERIOR SHELL OF HOUSES

Windows Windows
Open Closed
Warm climate 12 dB 24 dB
Cold climate 17 dB 27dB
Approximate national average 15 dB 25dB
B-8
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Since the levels of environmentnl nolae associated with the source(s) decrease
ns the distance between the source and receiver increages, the magnitude of the
total impact may be computed by determining the number of people exposed at
@nch level, and summing the resulting impact. The total impact is given by the
following formula;

Peq = )1: P FIL, (B~6)

where FIi is the fractional impact agsoclated with the ith level and P, i3 the

i
population associated with the lth level,

The percentage change in impact associeted with an action leading to noise
reduction, or change in population through a change in land use, mny be assessed,

as shown by formuln B-7 , by comparing the magnitude of the impacts for the
"before" and "after' conditions.

(Peq {before) - Peq (after) )

a= 100 Peq (before) (B-7)

Note that the percentage change (a) may be positive or neghtive depending
upon whether the impact decrenses (positive percentage reduction) or the impact
Increases (negntive percentage raduction). Thus, a 100 percent positive change in
in fmpact means that the environmenial nolse has been reduced such that none
of the population is exposed to noise levels in excess of the levels identified in
the "Levels Document, *'

In the racent EPA study on “'Population Distribution of the United States as a

Function of Qutdoor Noise Level, " [34] an egtimnte is provided for the number of

B-2
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people in the United States exposed to various levels of urban noige. Data in the
study are used to {llustrate the impact assessment procedure, to show the current
impact resulting from urban noise and to assess the change in impact if urban

nolse were reduced 5, 10, or 15 dB, For this example, the bnae level (outdoora)

is an Ldn of 65 dB.
The results, provided In Table B-2, show that a 5 dB noise reduction

" results in a 55 perecent reduction in impact, a 10 dB noizse reduction results in an
B5 percent reduction in impact, and a 15 dB noise reduction results ina

96 porcent reduction in impact.
The impact assegsment procedure may be summarized by the following

steps:

1. Estimate the Leq or L dn produced by the nolse source system as a
function of space over the ares of interest.

2. Deflne subareas of equal Leq orL an® In increments of 5 dB, for all
land use areas.

3. Define the population, P,, nasoclated with each of the subareas of

slep 2.
4. Calculate the FI, values for each L an. °F Ly obtained in step 2.
5. Calculate E‘I1 X Pl for each subarea i& step 2,
6. Obtaln the equivalent impacted population for the condition existing
before the change being evaluated, by summing the individual contributions of

step B.

P =3 (FLxP)
edp T i i
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8.

Repeat steps 1-6 for the noise environment exdsting over the area of

interost after the change being evaluated takes place, thus obtaining

Pqu‘
Obtain the percent reduction in impact from
(Pqu - Pqu )
A= 100
!

i




TABLE B-2

ESTIMATE OF THE IMPACT OF SUCCESSIVE REDUCTION OF
ALL URBAN NOISE SOURCES IN 5 DECIBEL INCREMENTS

Current Conditions Noise reduction in decihels
‘Population 0 5 10 15

Lin ﬁ:;?::i;i ot FL FL Py Fl FILB Fi.  FLE T FLF

-dp | -millions |milllons -millions ~millions -millions -milliona

55 .| 93.4 [34.4 |o.125 : 4.3 0 T 0 0 ,I 0 0o o

60 | 59.0  [34.7 [0.375 | 13.0 0.125 | 4.3 "o 0 0ol o

65 24.3 17.4 0. 625 % 10.9 0.375 : 8.5 ?6,155 I 2.2 0 : 0
g 70 6.9 5.6 0. 875 ll 4.9 0.625 : 3.5 | 0,375 2.1 0.125 { 0.7

75 1.3 1.2 1125 | 1.4 0.875 | 1.1 |'0.625 ] 0.8 0.375 | 0.5

80 0.1 0.1 1.375 : 0.1 1,125 ! o1 | 0.8% : 0.1 |.0.625 | 0.1

Total equivalent

people impacted 34.6 15,5 5.2 1.3

Percent reduction

impact 0 ] 85 96




APPENDIX C

COST ANALYSIS OF PRODUCTION VERIFICATION
. AND SELECTIVE ENFORCEMENT AUDITING FOR THE
. PORTABLE AIR COMPRESSOR INDUSTRY
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APPENDIX C

COST ANALYSIS OF PRODUCTION VERIFICATION
AND SELECTIVE ENFORCEMENT AUDITING FOR
THE PORTABLE AIR COMPRESSOR INDUSTRY

An analysis has been performed to estimate the costs associated with typical manu-
faeturer production verification testing and selective enforcement audit testing,

For the analysis, it was assumed that most of the testing would be done at the manu-
facturer's facility. However, because some manuficturers may prefer not {o construct a
test facility, an EPA facility will be available for their use for a fee, which will cover actual
costs incurred by the Government. Duata from Refercnce 8 and the assumptions listed in
Table C-1 served as the basis for the analysis.

PRODUCT VERIFICATION TESTING COSTS

Based on results from the anaiysis, it has been estimated that the total cost to the in-
dustry for production verification testing during the first year of compliance might range
from $76,000 to $107,117. The $76,000 figure assumes that all testing is done at manu-
facturer test facilities, whereas the $107,117 figure assumes that all testing is done at the
EPA test facility, A single figure for the product verification costs should lie somewhare
between these two values, In subsequent years, product verification testing costs can be
expected to decrease due to manufacturers’ abjlity to utilize the initial production verifi-
cation report for compressor models for which no change has been made in the compressor
for the next model year,

Estimates of production verification testing costs nt individual manufacturer facilities
range from a high of $14,000 for the largest manufacturer to a low of $300 for the smallest
manufactuter, the mean value being $4471, Estimates of production verification testing
conducted at thel EPA test facility on an individual company basis range from $19,800 for

the largest manufacturer to $354 for the smallest manufacturer, the mean value being
$6301,

SELECTIVE ENFORCEMENT TESTING COSTS

Selective enforcement audit (SEA) testing may be conducted by the manufacturer
both on his own initiative and upon request by EPA. Costs associated with testing requested
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Table C~1

ASSUMPTIONS USED TO ESTIMATE
PORTABLE AIR COMPRESSOR TESTING COSTS

Report Preparation Cosis

All report costs are based on $100/tost (one day at $25K per man
year)

Transportation Costs
(For Two Products)

Fixed
$30. 00 (Basic cost of short haul
Variable

16 cents/mile Driver (38, 00/hr or $16. 00/100 miles)

20 cents/mile Truck (12 cents/mi. for fuel, 8 cents/mi. maintenance
+ depreciation)

36 centa/mile = Total variable cost

Summary

$30,00 + $, 36/mi. (Transport 2 Products)
$15,00 + 8.18/mi. (Transport 1 Product)

Total Transpnrtation Cost = Number of Categories X (315 + .18 X route miles)

Cost of Testing

The cost of conducting the measurement methodology is estimated to be
approximately $200, However, if a manufacturer supplied an estimate which
reflecis his actual costs, then his estimate was used for the analysis.

Total Number of Categories

The totsl number of categories for the industry requiring production
verification is estimated to be 236,

c-2
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by EPA and conducted at the manulucturer’s facility are estimated to total $149,000 for
the industry usa whole. included in the $149,000 figure Is an estimate ol $42,000 for
the largest manufacturer and an estimate ol $3000 for the smaliest manulacturer, The
industry average cost for SEA testing is estimated to be 38,765,

Manufacturers may be expected to request use of the EPA test facility to conduct
selective audit testing to primarily determine the level of performance of their products,
Costs associated with this testing, including transportation of the test compressors to the
facility, are estimated to total $206,522 for the industry durning the first year of compliance.
The cost breakdown within the industry ranges from a high of $57,628 to low of 33,540,
the average vilue being 512,148, These costs can be expected to decrease following the first
year the regulations are effective as manufacturers become more familiar with the compliance
scheme, the production varfance of their products, and the correlation of results at thejr
facility with those at the EPA fucility.

Finally, based on the assumption that SEA testing will be conducted at the EPA test
facility upon EPA request, it is estimated that a $72,332 cost per year might acerue to the
industry for such testing. This figure represents the cost of transportation only, since EPA
would conduct the testing at its own expense. In terms of individual manufacturer trans-
portation costs, it is estimated that 2 $21,628 cost might accrue for the largest manufacturer
and a $540 cost for the smallest manufacturer. The mean transportition cost for the
industry is estimated to be $4,255.

Table C-2 summarizes the estimates discussed above,

C3
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- Table C-2

SUMMARY OF ENFORCEMENT COSTS

PRODUCTION VERIFICATION

Manufacturer EPA*
TOTAL $76,000 $107,117
AVERAGE $ 4,471 $ 6,301
HIGH $14, 000 $ 19,800
LOW $ 300 3 354
MEDIAN $ 3,300 $ 4,422

*Manufacturer's request

SELECTIVE ENFORCEMENT AUDITING

Manufacturer EPA* EPA#**
TOTAL $149, 000 %206, 522 §72,332
AVERAGE 8,765 512,148 $ 4,255
HIGH % 42,000 $ 57,628 $21,628
LOW $ 3,000 $ 3,540 $ 540
MEDIAN $ 3,000 $ 5,004 $ 1,920

* Manufacturer's request
** EPA's request
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