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Section I

PROLOGUE

STATUTORY BASIS FOR ACTION

Through tile Noise Control Act of 1972 (86 Slat, 1234), Congress established a national
policy "to promote an environment for all Americans free from noise that jeopardizes their
health and welfare." In pursuit of that policy, Congress stated iu Section 2 of tile Act "while
primary responsibility for control of noise rests with state and local governarenls, Federal
action is essential to deal with major noise sources in comnrercc, control of which requires
National uniformity of treatment," As part of this essential Federal action, Subsection 5(b)(l)
requires that tile Administrator of the U. S. Environmental Protection Agency, alter consul-
tation with the appropriate Federal agencies, publish a report or series of reports "identifying
products (or classes of products) which in his judgment are inajorsources of noise," Section
6 of the Act requires the Administrator to publish proposed regulations Ibr each product
identified as a major source of noise and lbr which, in his judgment, noise standards are

feasible. Such products fall into various categories, of which constrnction eqnipment is one.
Pumuant to Subsection 5(b)(l), the Administrator has publi_lred a report identifying portable

air compressors as a major source of noise,

PREEblPTION

. Section 6(e)(l ) oi"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-
:_ lion which sets a limit on noise emissions from such new product and which is not identical

to such regulation of tile Administrator." Section 6(e)(2), however, states that "nothing in
this section precludes or denies the right of any State or political subdivision thereof to
establish and enforce controls on environmental noise (on one or more sources thereof)

through the licensing, regulation, or restriction of use, operation or movement of any product
or combination of products." The centrel point to be developed here is the distinction
between noise emission standards on products, width may be preempted by Federal regula-

,_ tions, and standards on tile use, operatiol_, or movement of products, wllich are resen, ed to
the states and localities by Section 6(0)(2).

pl
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Section 6(e)(I) forbids state and local municilxdities front controlling noise from prod-

ucts through laws or regul:ltions that prohibit the sale (or ofl_rlog for sale) of new products
for which different Federal anise emission standards have already been promulgated. States

and localities may augnlent the enforcement duties of the EPA by enacting a regtdidioo
identical to the Federal regulation, since such action on tile state or local level wonld assist in
accomplishing the purposes of the Act. Further, state and local mtmicipalities may regulate
noise emissions for all new products that were manufactured before the effective date of tile
Federal regulation(s).

Section 6(e)(2) explicitly reserves to the states and their political subdivisions n moch
broader authority: tile rigbt to "establish and enforce controls on environmental noise (on
one or more sources thereo0 tltrougll the licensing, regulation or restriction of tlte use, opera-
tion, or movement of any product or combination of products." Environlnental noise is
defined as the "intensity, duration, arul character of sounds from all sources" (Sectiot,_ 2 [ 111 ).
Limits may be proposed on tile total ",tracter and ii,=tensity of sounds that may be emitted
from all noise sources, "products and J'nbinations of products".

State and local govermoents may regulate community aise levels more effectivcly and
equitably than the Federal government due to their perspective on and knowledge of state
and local situations. The Federal Go;ernment 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 tbat function for which it is best suited. Through the coordination of these divided

powers, a comprehensive regulatory p_. .Trio can be effecti,ely 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 en"ironnrental noise reaching the
boundary of a particular piece of property. Noise emitters would be free, insofar as state
regulations are concerned, to use any products whatsoever, us long as they are used or

operated in such a fashion so as not to emit noise in excess of the state-specified limits. This

type of regulation may be applied to marly dlff_rent types of properties, ranging from
residential Iot_sto construction sites.

In such a case, state and local regulation of air compressors may take tl_.eform of, but
would not be limited to, the following examples:

• Quantitative limits oil eovironmerttal noise received in specific land use zones, as in

a quantitative noise ordinance.

• Nuisance laws amounting to operation or use restrictions.

1-2
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• Regnbltions limiting the amount of envirmnnenlal noise :it Ibe boundary of the
eonstrt_ction site,

• Olber similar regulations within file powers reserved Io tile states and localities by
Section 6(e)(2).

In tllis manner, local areas nlay balance tile issnes involved to ;irrive al a satisfactory
environmental noise regulation(s) that protect the public health and welf21re:is much as

deemed possible,

LAIIELING

Tile enforcement strategies ontlim_d in Section 2 of this doctanunt will be accompanied
by the requirement for labeling products distributed in commerce, The label will provide
notice to _tbuyer that a product is sold in conformity with applicable regulations. A label
will also make the bayer and user aware that the air compressor possesses noise attenuation
devices and that such items should not be removed or rendered inoperative. The label may
also indicate the associated liability for such remowd or tampering•

IMPORTS

i The determination of whether individu_d new products comply with the Federal regula-
r on w be made.by t re U S. Treasury Department (Cus ores), based on ground rules

: established through consultation with tl,a Set:rot_ "f the Treasury,

It is anticipated that enforcement of the actual noise standard by tile use of a standard
test procedure would be too cumbersome for Customs to bandle, especially in view of tile
tremendous bulk of merchandise they must pass on each day. A ease in point occurs with

imported automobiles, in which O'::.':.-'" :r,spee'._¢s preseatly assess compliance with
requirements of the Clean Air A¢; a,,, ,._on file basis of tile presence or absence of a label

in the engine compartment. A similar mechanism (labeling) appears viable for use to assess
compliance of portable air compressors with tbe proposed regulations.

_, 1-3

7

I



See/ion 2

RATIONALE FOR REGULATION OF THE I'ORTABLE
AIR COMPRESSOR

To develop an EPA criterion for identifying products ;is 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
as a whole as tile result of tile operation of a prodLlct or group of products, as opposed to that
exposure experienced by tile user(s) of tile 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 tlreir regulation. Air compressors rank wifil dump thinks and con-
crete trucks in producing the highest sound energy per day.

In terms of assessment, community noise exposure was 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 Ldn is an equivalent energy measure, it can be used to describe tile
noise in areas in which noise sources operate contlmlonsly or intermittently but are present
enough of the time to emit a great deal of sound energy in a 24-bour period.

Studies have been made of tile number of people exposed to various levels of community

noise [2, 3]. Table 2-1 summarizes the estimated number of people in residential areas sub-
jected to urban truffle 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 Ldn of 55 dB [ I 1 as the day/night equivalent sound
level requisite* to protect tile public from long-term adverse llealth and welt,are effects ill
residential areas. Table 2-1 indicates that it will be necessary to quiet the major sources con-
tributing to urban traffic noise, construction site noise, freeway traffic noise, and aircraft
noise if this level is to be achieved.

* With anadequate margin of safety and without considendion of tile cost and teebnohigy
involved to aellJeve an Ldn of 55 dB.

[



Table 2-1

ESTIMATED NUMBER (in hHllions) OF PEOPLE IN RESIDENTIAL
AREA ,_ SUBJECTED TO DIFFERENT KINDS AND LEVELS OF

OUTDOOR NOISE(12)

"'Outdoor Urban Traffic Aircraft Construction Freeway
LdnLevel Noise Noise SiteNoise Noise

70dB+ 4-12 4-7 i-3 i-4

65 dB+ 15-33 8-15 3-6 2-5

60 dB+ 40-70 1G-32 7-15 3-6

IDENTIFICATION OF MAJOR SOURCES

Section 6(a)(I)((7) of the Noise Con trol Act specifies four possible categories of products
that may be regulated by tim Administrator:

I. Construction equipment.

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

3. Any motor or e.giae {including any equipment of which ;in engine an integral

part).

4. Electrical or electronic equipment.

Pursuant to Section 3(3)(A) aircraft arc 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 tnlcks contribute the most souad energy to tile environment
of any highway vehicle and, as such, have been ideatified fro' 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 SOLUaih:vel of _ product aad tile level of background nols_ determine the ietrusive-

aess oJ'(Iproduct's smeld emission, which has been shown Io delefleine luleoyileco in SOllle
sitLJatloas. Table 2-2 iedicates/hat pile drivers and rock drills lzreperceived as the loudest
pieces of eonglrac:lioe ¢(]Ldpnlell[. bLztSotuld energy eIL_IS[IfeS]I_I][Siadicille ilia/ these products
dO lie[ ¢oatribtlte ;Is nlecb soead energy to Lh¢el]vironlaeat ilS oilier products oper;itJng oil
conslrtectJoa si{es. The flier []ell dealp Irtlcks. l?orl_lb[eair coelpressors. _eld coecre[¢ inixcrs
([rllgks) produce .qoued levels eqtlill to or lower t]lllll other (:oastrtl_tJoa eqaipnlellt aad yet

: produce Jdgher lot_ll soelld _tlergy cadssioes Cleans Ileff these are tile most widely used pieces
of ¢oaslrtlction equipelent.

Table 2-2

TYPICAL CONSTRUCTION SITE EQUIPMENT SOUND LEVELS (in dBA)
AND ASSOCIATED SOUND ENERGY (in K'W-hre,/day)

Typical Estimated Total
Construction Equipment Sound Level Sound Energy

at 50 Feet

l. Dump truck 88 29G
2. Portable air compressore 81 147
3. Concrete mixer (Truck) 85 lll
4. Paving Breaker 88 84
5. Scraper 88 79
6. Dozer 87 78
7. Paver 89 75
8. Generator 76 65
9, Pile driver 101 62

10o Rock drill 98 53

11. Pump 76 47
12. Pneumatic tools 85 36
13. Backhoe 85 33
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A control technology report [ 14] on dnmp tnlcks and concrete mixers indicates that
tbeir contribufion to construclion si_e noise is largely engine-related noise that will bc con-
trolled when these tracks meet the stalldards proposed for nledionI- and heavy-duty trucks.
This leaves portable air compressors as the major source of sound energy and the Inost widely-

used product among pieces of equipment contributing to construction site noise. This is
further confirmed by the data contained in Tables 2-3 and 2-4, wlrich show tbat portable air

compressors contribute significantly to construction sile noise.

Table 2-3 shows the contribution to construction site noise by individu',d pieces of con-
strucfion equipment, while Tabl_ 2.4 shows the ranking of the portable air compressor noise
contribution to constnmtion site noise. As shmvn by the tables, tile portable air compressor
ranks high on tile list of contributors to constmefion site noise.

2.4



Table 2-3

CONTRIBUTION TO CONSTRUCTION SITE NOISE BY INDIVIDUAL

PIECES OF CONSTRUCTION EQUIPMENT

Percent Coutrlbutloa* to Construction Site Noise
Construction Equipment _esldential Public Worksl Industrial Nonresidential

Backhoe 5.6 2.2 7.1 3.5

Dozer 10.0 6.8 8.9 4.8

Grader 2.0 1.9 0.3 0.2

Loader 6.3 3.0 4.4 2.5

Paver 2.5 10.8 1.7 0.8

Roller 0.5 1.7 0.2

Scraper 3.1 4.8 1.7 1.5

Shovel 2.2 1.0 2.5 1.2

Truck 6.3 21.5 11.3 7.7

Concrete mixer 28. 1 10.0 S. 9 6.1

Concrete pump - ** 2.1 2.2

Crane, derrick 1.9 1.6 3.1

Crane, mobile 8.6 0.7 1.0 1.9

; Air compressor 4.6 6.1 10.0 16.9

' Generator 1. S 2.8 1.1 2. S

Pump 1.3 2.7 - 3, S

Paving hammer O. 8 8.5 5.1 2. S

Pile driver - 20.6 24.6

• Pneumatic tool 11. S 1.4 6.3 3.1
:1

Rockdrill 2.2 13.8 5.1 4.S
:l

Concrete vibrator 4.4 - 0.6 0.4

Saw 0.2 0.9 3.1

. * Onan energy bases
• * A dash (-) indicates the equipment is not primarily used at the type of site

cited or the percent contribution is less than 0. 1 percent.

2-5
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Table 2-4

CONTRIBUTION OF PORTABLE AIR COMPRESSOR NOISE TO CONSTRUCTION

SITE NOISE

% Contribution to the
Site Construction Site Noise Rank st Site**

by the Portable Air Compressor*

Resldeatial d, 6 7th

:Public Works 6, 1 7th

Industrial 10.0 3rd

Nonresidential 16.9 2nd

* On an energy basis,

** On an energy basis relative to 20 typical pieces of equipment employed at
construction sites,

2_6
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Sect/ell 3

BACKGROUND INFORMATION

This section summarizes tile background information accrued by the Environmental
ProtectionAgency'sOfficeofNoiseAbatcmcntand Controlreiewmttotllenoiseemission

regulation for portable air compressors. The requisite rcgulalion is to protect the IIcalth
and welfare of the American public, taking into account tile degree of noise reduction
achievable through Ble applicatlou of best available technology and the cost of compliance.

The information has been derived from uunlcrous sources. The EPA contracted with

Bolt, Beranek and Newman (lIBN), an acoustical consultiug firm, and A. T, Kearney, Manage-
ment Consultants, and has utilized the data gathering and information colleclJng capabilities

of Informatics, Inc. The EPA l]as also developed an intcragency agreement with the National
Bureau of Standards (NBS) for technical assistance. BBN provided cost and technology

support [.5, 6, 7] ;A. T. Kcarney Management Consullants provided economic analysis
support [8] ; lnlbrmatics, Inc. submitted reports addressing domestic and foreign regulations
relating to construcBon equipment and portable air compressors [9, I0] ; and NBS provided
technical support in the developmcnt of methodology to test and measur¢ portable air
compressors [I 1 I,

The EPA and contractor personnel made several visits to compressor manufacturers,
distributors, and users to obtain thcmost accurate informatim_ available for use in the
development of tile proposed portable air compressor regulations. NBS personnel held two
meetings with industry teelmieal experts to discuss and exchange inlbrmation on measure-
ment methodology.

The EPA published a Notice of Proposed Ralemaking for Portable Air Compressors
on October 29, ] 974 (39 FR 38l 86). Tile docket, which afforded tile public an oppor-
tunity to comment on tile proposed rcgulatiom closed on December 30, 1974. Additionally,
two public hearings were held regarding the proposed rulcmaking. Public notice was pro-
vialed on January 22, 1975 (40 FR 3466) and hearings were held on February 18, 1975, in
Arlington, Va., and on February 25, 1975, in San Francisco, Calif. Tile following is u list
of individuals and organizations submitting comments to the various dockets. A summary
of the comments received and responses, thereto, is presented in Appendix A.
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Portable Air Coml_ressor NPRM Docket

Ridmrd Gimer Compressed Air & Gas Institute
W. S. Price Worlhinglon Compressor
John Y. Richards Joy MimuFacturing
E, A. Long Chicago Pneulnat/c Equipnlent Division
J. M. Ombrello LeRoi Division, Dresser Industries
Gerald H, Slulff Walker Manut_lcturing Coulllany
J. J. McNally Caterpilhlr Tractor Company
D. E. Kipley Gardnerq)enver Conlpany

BruceJ.Snfitb Bucynls-Erie
It. T. Larnlore ConstrlJelion Indnst/y Manufactnrers Assn.
Robert A. Ileath WalkerM;mufacturing

W, J, Cowan Barber-Greem_ Colnpinly

C. M. Copeland P.K. LindsayComfJany
Richard Ostwakl Smith Air Compressors
William W. Lang Institute of Noise Control Engineering
LawrenceIt. l-lodges J. 1.Case
R. D. Harlow Scltramm, lnc.
Maw Ann Zimmennan Cummins Engine

Dr. Robert W. Young Acoustical Society of America
N.J. E. ltartwell Perkins EnginesCoratxmy
R. W. Wiedow Northern Illinois Gas Coral, any
Walter L. Black Clark Equipment Company
M. E. Ruiiabaugh. Jr. Schwitzer Engineered Components
George J. Stradtner Grimmer-Schmidt Corp.
Hugh 1. Myers. Jr. Citizen

Thomas F. Seanhm Grossmont College
Robert F, Hand Clark Equlpnlent
A. J. Cox Constniction hldustry Manufacturers Assn.

American Road Builders' Association

Caterpillar Tractor Company
Don L. Kerstatter Penna. Dept. of Envlmnmental Resources
F, A. DelleCave Ingersoll-Rand
Joseph O'Neill Quincy Compressor (Colt lnduslries)
Charles Stewart Machinery and Allied Products Institute



Portable Air Compressor lreariI_gs - Arlington, V,a.

Richard Gimer Compressed Air & Gas Insritttte
,accomp,anied by:

George Diahl Ingersoll Rand
Robert H,arlow Schralnnl, lnc,

Richard Ostwald Gordon Smith and Company
Bill Heckenkamp Gardner-Denver Comp,any
William Price Worthington Conlpressors, Inc.
Richard Geney Atlas Copeo, Inc.
Jolln Riell,ards Joy Manuf,aet`adng

Lawrence H. Hodges J.I. Case Company

Max E. Rumbaugh, Jr. Scbwitzer Engineered Cmnponents
Andrew Kauders General Services Administration

David Staples District of Columbia
Don Gallay City of Cblc,ago
Jol|n A, Hilcken Arlington County, Virginia
Robert H,and Clark Equipment Company

Portable Air Compressor Hearings - S,an Francisco, Calif.

John MeN.ally Caterpillar Tractor Company
Robert Levy City of Son Fr,aneisco
Dr. Donna Dickman Washington llearing and Speech Society
H. T. l,,armore Construction lndustvg M,anufactorers Assn.
Alvin Greenwald Citizen
John W. Ross City nnd County of San Fmueisco

Robert L, Greivell Koehring Company
Vincent Salmon Industrial Services, lne:
J. A. Mills Industrial Services, Inc.
Richard Anderson General Acoustics

Paul Laesch Sullalr Corporation
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Section 4

THE INDUSTRY AND THE PRODUCT

GENERAL DESCRIPTION

Noise associated with construction has become a major problem in many cities and
towns. Tile trend toward urban renewal and more lilgh-rise structures has created an almost

perpetual din in city streets, Equipment associated with construction activities has become
more nnmerous, and the time span for construction at a given site has lengthened, Residents
in proximity to a hlgh-risc construction slte 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, whieli exists in both
space and time. The temporal dimension consists of various sequential phases tllat change
the character of the site's noise output as work progresses. These pliuses are discussed

further subsequently. In tile case of building construction, the spatial character of file site
is self-evident.

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

• Residential buildings:

One to lbur family
Five family and larger

• Nonresidential buildings:

Office, bank, professional
Hotel, motel, ere,
Hospitals and other institutions
Schools

Public works buildings
Industrial

Parking garages

_- 4-1
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Religious
Recreational

Store, mercantile
Service, repair slntion

• Municipal streets

• Public works (e.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 tile
cost of I:be average building in eaeh category, as well as by Ihe distribution of effort among

tile various construction phases. These font groups, ill order of decreasing average cost per
building, are [21 :

• Office buildings, hospitals, hotels

• Scbools. publla works buildings

• Industrial buildings, parkinggarages

• Stores. service stations, recreational buildings, and religious buildings

Construction is carried out in several reasonably discrete steps, each of which has its
own mix of equipmeut and. consequently, its own noise characteristics. The phases (some
of wlfieh can be subdivided) are:

• Building construction

1. a, Clearing

b. Demolition

c, Site preparation

2. Excavation

3, Placing foundations



4. a, Frame erection

b. Floorszmd roof

c, Skin and willdows

5. a, Finishing

b. Cleanup

• City streets

1. CI.earing

2. Removing old roadbed

3. Reconditioning old roadbed

4, Laying new subbase, paving

5. Finishing and cleanup

• Public works

1. Clearing

!
2. Excavation

3. Compacting trencit floor

4, Pipe installation filling trench

5. Finishing and cleanup

l

The roost prevalent t_oise source in construction equipment is the prime mover, e,g.,

tbe internal combustion engine (usually of the diesel type) used to provide motive and

operating power, Engine powered equipment may be categorized according to its rroobility

and operating characteristics, as:

I



• Earthmoving equipment (highly mobile).

• Handling equipment (partly mobile),

• Stationary equipment (The air compressor is in tile hitter category).

Typical average noise levels 121 at construction site boundaries are shown in Table 4-1
for each phase of construction activity.

it may be generally agreed that construction site ooise can be alleviated by reducing
the noise levels of individual pieces of equipment enlployed within the site [2, 31.
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 le_s noisy ones.

• Selecting the quietest of alternate operations to keep average noise levels low.

• Locating noisy equipment away from site boundaries, particularly near noise sensitive
land use areas.

• Providing enclosures for stationary iten|s of equipment and barriers around particularly
noisy areas on the site.

Table 4-1

TYPICAL AVERAGE NOISE LEVEL, dBA,
AT CONSTRUCTION SITE BOUNDAPJES(2)

Offlcs Building Industrial Illghways
Phases of Domestic tloteI, Itospltal R0ereatton, Store, Roads, Sewers

,Construction, Housing School, Public Work Sorvtcs Station Trenches

Groundeleartng 83 84 84 g4
Excavatlo_ 88 89 89 88
Foundatiml 81 '/8 77 88
Erections 81 -87 84 79
Finishing 88 89 89 84
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There is no doubt lhal tile consln_ction industry can take steps to recltlcC its noise

through cquipnlellt sclectivlty or operalional proce[hzrc noise conlrol _¢ileznes. llowcver_

rcguhltiOnS arc needed to assure ihal lhe biJsic steps are taken unifornlly by all coz|ll_m]cnts

of the industry,

THE INDUSTRY

The portable air compressor illduslry is a nnHnre and h[gJlly competitive Jndtlstry,
Manuihcturers of porlable air compressors vary significantl;.' in size, financial strength, manu-

facturing capability, applied technology, marketing ability, and cxlent of prodnct diversifi-

cation. Seventeen nnnnll_ictnrers, currenHy active ia til_ dolncslic lnarket, ha'co been identi-

fied. Two mantd'aCltlrers inlpor[ conlpoaelllS aud assenlb]c UllilS hl t)le United Slatt_s, and

one imports completely _tSSClubled units. Sales in 1974 of $ 150 ndllion resulted from ship-

taunts of more than 16,000 mdts, Table 4-2 presents a listing of z'_lannfacturers and an

estimated dollar value of their porlablu air compressor sales. Eight |nanufacturcrs have

over90 percentof tilemi_rket.

Nine of the 17 manufacturers are divisions or subsidiaries of large corporalions with

assets in cxceg_ of $100 million. These are: Atlas Copco (importer), Chicago Pnetunatic,

Davey, Garduer-Denver, Ingersoll-Rand, Joy, Le Roi, Quincy and Worthington. Sales of

these corporations (parent company) in 1972 ranged fi'om 5182 million to $906 million,

These corporations are not Ilighly specialized in tile construction eqnipntcnt industry 181,

bat are extensively diversified, producing a wide variety of products sold in other industries.

Three medium-sized manufacturers have assets ranging from $10 million to $30 million.

These are Jaeger, Schramm, and Snllalr. Sales of these corporalimls in 1974 rang,.:d from

$10 million to $40 ndllion, Five manufacturers are small companies with assets ranging

from $0.5 million to $3.0 million. They are An|eriean Jenback (importer), Grimmer-Sehmidt,

Kent Air Tool, Lindsay, and Gordon Smith [8]. The medium and small-sized manufacturers

typically specialize in portable aml stationary compressors and a tbw other products sold

primarily outside the construction eqnlpment market.

Portable air compressor manufacturing facilities are concentrated in the northeast and

nortl|-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. VChile some firms have efficient plants utilizing the most up-to-

date technology, others have old, exIremely inefficient plants utilizing technology and
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Table 4-2

ESTIMATED SALES OF PORTABLE AIR COMPRESSORS

BY MAJOR MANUFACTURERS, 1974

Manufacturer Millions of Dollars

AmericanJenback 0,5 - 2.0

AtlasCopco 1.0- 3.0
ChicagoPneumatic 6.0 - 8.0
Davoy 0.5- 2,0
Gardner-Denver 16, 0 - 18.0
Grimmer-Sohmidt 0.5 - 2.0

Ingersoll-Rand 37.0- 42.0
Jaeger 5.0 - 6, 0

Joy 19.0 - 23.0
Kent Air Tool i.0 - 2.0
Le Rol I0.0 - 12, 0

Llndsoy 1.8 - 2.0
Quincy 3.0 - 4.0
Schranun 2.5 - 4.5

Gordon Smith 4.0 - 5.5

Sullalr 23.0 - 25.0

Worthington 9.0 - 11.0

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

Most manufacturers utilize only one plant for the prodhcfios of portable air compressors.
Generally, lbese plants arc also used for the production of related products, including station-
ary nit compressors. Hownver_ each product is typically mnnufactsrcd on a separate production
line or is a separaie urea.

Approximately 9,000 people are employed in plants that manufacture portable air corn-

pressers. The u×aet employment attributable 1o tbe production of portable air compressors
is considered confidential. It has been estimated that the total portable air compressor pro-
duction employment is in tile range of 2,000 to 3,000 employees.

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

Tile industry has been constrained from filrther expansion by the difficulty in obtaining
deliveries of engines and otbnr components.
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Manufacturers obtain mw materials and components froln inlerdivJsinnal transfers,

companem suppliers, and raw material suppliers. Tile finished product is distributed thmagh
construction equipment distributors (dealers) who sell or lease the product to the primary end
users (such as the construction aud aduing industrk_s), other industries, and government
agencies. Table 4-3 indicates tile estimated distribtntiou of unit shipments by end-use market
during the years 1967 throngh 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

Public works and other non-building 50
constr|_ction

Commerolal_ institutional and industrial 20
building construction

Mining industry 8

Industrial users 7

Government agencies 12

Other users, 3

Total 100

The single largest user of portable air compressors is tile construction industry, which
currently aecotmts for an estimated 70 percent of total units shipped. Government agencies
account for about 15 percent of tile units, followed by" mining and industrial users, sharing
another 15 percent of total shipments.

Clmnnels of distribution traditionally" are through independent, authorized distributors

and faetnry..owned distributors or branches. In excess of 50 percent of manufacturer shipments
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of new portable compressors reach tile end user via rental/purchase ;Igreenlents. Intermittent
use reqnirenlents result in a large rental market. The trend to increased rented of compressors

is expected to eolltinue. Used equipment is also an ielport_mt factor in the portahle _lir
colnpres.sor nlarkct.

Fronl 6 to 13 percent of total annual shipments are exported e_leh year, imports have
been a minor factor in the market (less than 7 percent of the 1972 unit volume),

Most nlaollfacturers currently offer quieted portable air coelpressors due to cnstoaler
demand resulthlg from OSHA and local noise regulations. Domestic shipments of quieted
units wiry by compressor capacity and power sonrce type, as shown ill Table 4-4.

Table 4-4

ESTIMATED SIFIPMENTS OF QUIETED POI_TABLE AIR COMPRESSORS
AS A PERCENT OF TOTAL UNIT SNIPMENTS BY MARKET SEGMENT

Power Source Type Air Flow Capacity Estimated Percent
Range (CFM) of Total Shipments

Gasoline engine 75-124 20
124-250 20

Diesel engine 124-249 20
249-599 20
500-899 10
900 and over 10

THE PRODUCT

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

• Operating h,_ndtools

• Tunneling operations

• Mixing and _tomizing to shoot fine particle material into place
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• Pneumatic conveying of small pardcle materiaZ

• Air-operated centrifugal ptunps

• Air-powered hoist druuls or brakes

• Szlow production.

Compressors generally are rated according to ulax]]num 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 ttsed at construction sites generally range ill flow capacity from a low of 75
efm to : high well in excess of 2000 cfm,

Almost all large units are diesel-engillc driven, screw-type compressors. The intermediate
sized units are diesel and gasolille-cllgine driven, screw aud ]'otafy tyt:e compressors, while tile

smaller types are primarily gasol!ne-engiue driven, screw, rolrry, and reciprocating type
compressors.

Tile portable compressors of interest aM designed to be towed as trailers on two or
four ,'ubber-tired wheels. They have weights ranging from I to 14 tons, lengths ranging
from 5 to i 9 feet, and heigbts ranging from r little less than 6 feet to almost I0 feet.

Mounted on tile trailer are tile coulprcssor, an air receiver, tbe driving engine, cooling system,
fuel tanks, tool boxes, and an enclosure. Tile enclosure itself, when designed for noise insula-
tion, can comprise as mtJch rs I0 percent of the total weight,

Tile most widely manufactured compressor in the United States today is tile rotary
screw-type unit, The screw type compressor is a single-stage unit that provides a high
flow-rate-to-size ratio and offers bigh reliability due to its few moving parts. An engine

occupying 5 to 15 times tile vohumc occupied by tile basic compressor is needed along
with tile accompanying cooling and exhaust system to drive lhe compressor. In most
cases, tile engine is directly coupled to tile male screw element, which then drives tile
female element.

Tbe basic screw-type compressor 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 atttomobile automatic transmission, Likewise, the

compressor mechanism itself produces little of the noise generated durlug operations,

Most U.S. manufacturers are phasing 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
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this type oll tile market. As ill the casu of tile scrcwotype compressors, tile compressor
itselfis relatively snlall, but the necessary coacondtant cquipmeut is substantial. Some-
tinlcs the compressor is mottnted in the rcceivJug tanl¢.to save space.

Tile traditional reciprocating compressor is used today almost exclusively in portable

compressors deliveriug less than 250 cfm. Unlike the screw and rotary-vane types, it usually
requires several stages to aebleve the required pressure. Consequeutly, tim basic unit is a
larger fraction of the total weight and size of the complete compressor assembly.

Rotary-screw mauufacturers tend to compete by specializing in one or two types of
portable air compressors in eacl| market segment. Table 4-5 sununarlzes 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 Vane

AmericanJonbaek x x

Atlastopee x x
Chicago Pneumatic x x
Davcy Compressor x
Gardner Denver x
Grimmer Schmldt x

Inge real.l-Rand x x

Jaeger x x
Joy Manufacturing x x
Kent Air Tool x
Le Roi x x

Lindsay x
Quincy x
Sehramm x
Gordon Smith x
Sullatr x

Worthington x x

Tim 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.
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Thirteen manulhcturers, shown in Table 4-6, offer a completc line of portable air

compressor capacity while tile remaining four offer only the selal[cr cap_tcity UllitS.

Table 4-6

PORTABLE AIR COMPRESSOR CAPACITIES IN cfin
OFFERED BY MANUFACTURERS

Gasoline Engine Diesel Eagine
Manufacturer

75-124 125-250 125-249 250-599 600-899 900 & over

American ,lenbaek X

Atlas Copco X X X X X
ChicagoPneumatic X X X X X X

Davey Compressor X X X X X
Gardner-Denver X X X X X X
Grlmmer-Scb-midt X X X X X

ingersoll-Rand X X X X X X
Jaeger X X X X X X
Joy Manufacturing X X x X X X
Kent Air Tool X X X
Le Rol X X X X X X

Ltndsay X X X
Quincy X X X x X
Sshramm X X X X
Gordon Smith X

Sullalr X X X X X X

Worthington X X X X X X
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Section 5

EXISTING LOCAL, STATE, AND FOREIGN NOISE REGULATIONS

According to SeaLion 6 of tile Noise Control Act of 1972, tile proposed Federal
regulations for new portable air compressors will preempt new product standards for com-
pressors at the local and state level* unless those standards arc identical to the Federal
standard. Further, accordin/_ to Section 9 of the Act, regulations will be issued to carry out
tile provisions of the Act with respect to new products bnported or offered for importation.

EPA reviewed available literature and conducted a survey to determine the number of
existhig 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 tile review are summarized.

LOCAL AND STATE REGULATIONS

Information on state and local construction noise regulations was obtained from 123

cities with populations in excess of 100,000 and from 226 cities with populations of less
tllan 100,000. In addition, hiformation was received from 46 of tile 50 states surveyed [9J.

As indicated by Table 5-1,27 of the 123 cries with a population in excess of 100,00fi
and 21 of the 226 cities with a population less than 100,000 have some form of a eoostructi 3n

regulation at this time. Of the 43 cities with some form of construction equipment regula-
tion, 36 have operational limits and 7 l|ave new product standards as shown by Table 5-2.

Of tile 46 states that replied to the survey, 4 had specific regulations for the noise of
construction equipment, Colorado, Indiana, New York, and Alaska/lave performance
standards, while lndiana has new product standards currently in force.

*Local and state governments are not prohibited from "establishing or enforcing controls
on environmental noise tbrough 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 tile Federal Government.
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Table 5-1

TYPE OF LOCAL NOISE ORDINANCES FOR
CONSTRUCTION FOR SELECTED POPULATION,q

Ordinance

Population No LawSpeciflc NuisanceLnw under PerformancestandardsTotal
Development

Over 100,000 54 37 5 27 123

Under 100,000 157 48 0_ 21 226

TOTAL 211 85 5 48 349

Table 5-2

TYPE OF LOCAL ixIOISEPERFORMANCE STANDARDS

FOR CONSTRUCTION

New Product

Population Operational Limits Standards

Over100,000 18 5

Under I00,000 I_8 2

TOTAL 36 7

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

have new construction equipment noise standards. Also shown is that Grand Rapids,
Mich., and New York City, N.Y., have the most stringent st_mdard along with the shortest

time period for compliance.

These seven regulations then, is part, will he 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 standard 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 Ibnits for portable air compressors.
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-" Figure5-I. New Product NoiseStandards for Construction Equipment
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FOREIGN REGULATIONS

Over 300 inqHiries were sent to foreign nlanufacturers of portable air coulpressora and
representativesofforeignnationswho wereknowledgeableillthefieldofenvlromnentaI

noise [ 10], These inquiries solicited inlbrnlation and eommenls ill tile following five areas.

I, The technology available to reduce tile noise of portable air colnl_ressors and noise
level data for existing models of air compressm's,

2, Legislation set ling limits on the noise level of construction equipment, especially
portable air compressors,

3. The effects of goverilment regulations on the cost of producing or marketing

portable 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 areas other than regulations was requested, in most
instances the individuals and countries responding did not address anything but the
applicable regdations on construction equipment.

Gendrall¥, 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 Nois_ issued by the
National Federation of Building Trades Employers and the Ministry of Public
Works in the United Kingdom•

• Contract specilications between buyer and Imilder such as those in Norway or New
South Wales, Australkl.

• 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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• Regohition of the J_oise emission level of sp0cific types of equilnnent, such as
portable air cotnpr_ssors.

'File levels specified by tile cities ;rodnations reglfl;Jting portable air compr*2ssor noise
are summarized ill Figure 5-2.

100 •

_m

4.° o _ --7
• _Is _ _

°°0o=

It_ENI ill Som_ da¢4 corrected _o ? macer_
I_) _o_o t1_¢1 corrected fat" _t*nd lowl

_i [l) Lnvoll i_o for attv 4iF f|o_ curr*•ntl_ _v_il/ble ul_lu_ ottltlrwifle _[lgod

: Figure 5-2. Foreign Compressor Noise Regulations
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Section 6

MEASUREMENT METItODOLOGY

MEASUREMENT STANDARDS

• Numerous recommended practices, slandat'ds, and regulations for uoise measurement
have been proposed by national and international orgauizations113J to standardize the
measurement methodology used by industry, consumers, and government regulatory bodies.

Tile Society of Aa tomotive Engineers (SAE) has published recoulmended practices and stall-
dards or draft documents that staudardize Ibt noise measltrcnleUt methods lot construction

equipment aad construction sites [ 14, 15]. Tile Anlerican National Standards Institute (ANSI)
for the United States and tile hlternatiouai Standards Organization (ISO) have developed,
through their elenlber groups, nunleroas noise measurenleat standards. Of particular interest
to tile portable air compressor nlanufactnrers is the Cmnpressed Air and Gas Institute (CAGI)
test code for measurement of sound frmn paeunlatic equipnlent [ 16l. This sta0dard bas been
accepted for promulgation by ISO as ISO215 l-1972 and by ANSI as ANSI $5. I-1971, One
section is specifically devoted to portable air compressors and is widely used by portable air
compressor manufacturers to describe the sonad 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, metbods suitable for tbls type of description have
been investigated. Two methods investigated were:

1, The 10point hemisphericaimethod ofP, eference 17.

2. Tile National Bureau of Standards far and near field metbod of Reference I I.

In both methods, sound pressure levels are ineasored and sound power or sound
power level is computed. Furtber description of the sound pressure level and the sound

power/sound power level methods follows.

CAGI METHOD - SOUND PRESSURE LEVEL

Octave-band sotmd pressure levels from 63 to 8000 llz and A-weighted sound levels are
.... obtained during idle and fullpower conditions at I 0 locations around the compressor. Tile

locations are shown in Figaro 6-1.
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Figure 6-1. CAGI/PNEUROP Method Microphone Locations

Octave-band data are used to show the characteristics of portable air compressor noise
at the microphone location at which tile highest sound level 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 Variation of 5 dB or Less, If the maximum variation in corrected sound
pressure levels is 5 dB or less, average lhe sound pressure levels arithmetically.

2. Maximum Variation oi"5 to 10 dB. If the maximum variation in corrected sound

pressure levels is between 5 and 10 dB, averege the sound pressure level values
aritilmetically and add 1 dB.

3. Maximum Variation over I 0 dB, If the maximum variation exceeds IO dB, average

according to tire equation (6-1) below:

O

10 .. (6-1)= I0 LOglO -H"
i=l
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where

E = Average sound level (dB A) (or bafld average pressure levelin decibels),

Li = Souod level (dR A) (or band sound pressure level in decibels) at 0m ifil
position, and

n _ Nunlber o f nreastlring slations.

10-POINTHEMISPIIERE METHOD - SOUND POWER LEVEL

Tlleoreticuily,soundpressurelevelsmeasuredovertileeufiresurfaceofan huugioary

sphere surrounding the source should be used wbeu ealeuh|ting sound l)ower 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 hemisplrero) for the microphone positions. Sound power level is cal-
culated using Equation 6-2.

PWL = SP-L + 201ogl0r + 0.5 d/i ...(6-2)

where

PWL = sound power level in d/i relO'12 watts,

SPL = spatial average sonnd pressure level dB, and

r = radius of the hemisphere.

NATIONAL/IUREAU OF STANDARDS METHODOLOGY

The National/iureau of Standards (N/IS) investigated a measurement methodology
that would provide for the determination of A-weighted sound power level or the equivalent

A-weighted sound pressure level at u reference distance. The methodology makes use of
A-weighted 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 I meter from
the surface of the machine. A-weighted sound data acquired at the eight me_0surement
positions are used to first calculate the average sound level of the test specimen and are then
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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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con'_bJned with tile area of the |ucasurenlellt surl_a¢¢ to arrive ;it tile A-wei_llted sound power,

level of tile machine. Reference 11 provides an in-depth discussion of the steps and
requisite calculation employed to determine A-welgbted sound p_ver level using the NBS
methodology,

As slated above, a minimum of eighl measurement positious arc employed iu tile
methodology, with provisions for measurements at eight additioual positions slmuld the
range of the first eight sound level values exceed 8 dlL For conditious under whicll data
at the eight microphone positions suffice, one microphone is located near the center of
each of tile four sides of the source, and four microplloues are located above tile top of

the source near the corners o1"the measurelnent surface. Figure 6-4 shows the microphone
array for the minimum (eight) measurenrent requirements. Table 6-1 lists the microphone
position coordinates for the eight measurement points of Figure 6-4, For situations

requiring additional measurements, Table 6-2 prescribes the coordluates of eight additional
measurement positions.

EPA PORTABLE AIR COMPRESSOR NOISE TEST I_ROCEDURE

In arriving at a compressor test procedure, EPA recognized the need for a common,
well known descriptor of portable air compressor noise to avoid possible confusion over

units of measurement by industry, state/local governments, and tile public. Also recognized
was the need for a relatively simple method to accurately determine portable air compressor
noise that could be used barb for product verification a_ld euforcement,

Candidates for the proposed description of portable air cmnpressor noise were:

• A-weighted sound pressure in dllA

• Sound power level in dB

• Sound power in milliwatts.

A-weighted sound pressure level in dBA was selected l't_rseveral 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 to and widely used by
industry, the scientific community, state and local governn|ents, and the general public to
assess human response to noise, This is in contrast to sound power level and sound power,

. --, which cannot be measured but have to be calculated, typically from sound pressure level
data.
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Table 6-1

MICROPHONE POSITION COORDINATES - NBS METHODOLOGY*

Position Number X Y Z Distance From
Reference Surface

1 a 0 hI r

2 0 b hI r

3 -a 0 hI r

4 0 -b hI r

5 aI b I greater than h r

6 -a 1 b 1 greater than h r

7 ._-.a I -b 1 greater than h r

8 a1 -b I greater than h r

*See Figure 6-4.

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

L W
a = _ + r, b = _ + r, efH+r

hI = _ (n+b=2) -<II

1 r .c L
aI = _ (a÷_)--_

bl I (b + c= 2 _)-_b

Origin for the coordinate system is the point on the ground plane under the
geometric cents/" of the source.

5-8



Table 6-2

COORDINATES OF ADDITIONAL POSITIONS - NBS METHODOLOGY*

Distance from
Position number X Y Z

Reference Surfans

9 n2 0 r

ZO 0 bI r

II -a2 0 r

12 0 -b 1 r

13 a 1 b h1 r

14 -aI b hI r

15 -aI -b hI r

16 aI -b h1 r

!; " I e

i: a 2 _ (a + _) < n

*See Figure 6-4.
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By selecfion of the A-welghted sound level descriptor, the 10-pohLt hemisphere and
f_lr-ficld/ncar-I]eld measercinent Inelhods for the aclluisitiml of dalll to calcnl;ite sOLhLd
power level lind sound power, respectively, were efiminated ;is camfidates for the desired
test procedure, Their ellmiiL;Ifion restdted becattse lhe rigor involved hi tile melhods is not
needed fnr tile simple, direct mcasnrenlerl_ of A-weighled sound pressure level.

Tile remaining candidate for the desired test procedure w_ts lhe CAGI/PNiZ',UROP
meastlrenLent melhod, ill reviewing tills Lnelbod, coesidert_tion was given to wlLether dala
were needed at both tile I- ;rod 7-nLeter inicrophone Ioctlliolls, I_,PAconclLided Ill;it only
OILt" Set of data was needed, th[ll at 7 meters, Thls concbIsJon was b;tsed on tile fact that
lhe l-meter nLeasorenLent locafiorLs lie in Ihe iLear field (see Section 7 of this docnment).

Altlmugh tire near field data may be appropriate for regalatory use, they would not be
satisfimtory for far-field extrapolation, as is often Ihe ease when it is desired Io estimate

noise levels et residential positions some distmLee ]'rein the construction site (Section 7
discusses tile problem in iI'Loredot;all), in other words, tile 1-meter data are not as utilitariml
as ark the 7-meter data.

Consequently, EPA selected tile 7-nLeter microphone locations because:

• TILe aLJerophone locations ;Ire in the far field.

• TILedata sallsl:aetorily describe cmnpressor noise.

• Tile data could be used for extrapolation wJtiLsonLe degree of coni_denee.

Tile Agency also added an overhead nlicrophono location to guard against compressor
design that would direct m-jor :;eund energy npwards (tills would be of significance to
persons residing in high-rise buildings adjacent to conslruction sitesl. Furti_er, tile need to
search for and report tile nla×inLunLA-welghted sound pressure of the compressor was
eliminated, since data indicate tiLat the maximum occnrs _tt or oe;_r the four horizontal
points selected for measnrenLelli.

By selection era modified but mere simple CAGi/PNEUROP test method, little
education, if any, wonld be reqnired on tile part of hLdustry, since the nLembers of CAGi
are familiar witlL and currently use the CAGI/PNEURQP procedure.

Tile conditions and tile measurement proeedtlres requisite to n]ellsare the noise of
portable air compressors for tile purpose of compliance with a noise standard are presented
in tile following discussion.
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Test Site Description

Locations for measurhlg i__oiseduring noise colllpllanc_ testh|g lnnst consist of an opeu
site above a hard reflecting phme. The rcf/ccling plane nmst consist of a surface of sealed
conerele or scaled asplullt and innsI extend 1 motcr beyond each microphone location. No
reflecting surface such ;isa buiklblg, sign board, or hillside shafi he located within I 0 meters
of a nlicruphoue localion.

Measurement Eqnipmel_t

The following measurement eqtfipmeat or its equivalent lnust be used during noise
standard compllance testlng.

• A sound level meier and microphone system that conform to the requirements of
American National Standard Institute ANSI SI.4-1971, "Specification for Sound
Level Meters," as shown in tbe section concerning Type 1 sound level meter, and
the Interuational Eleetrotecbnicui Commission [IEC) Publication No. 179. "Precision"

Sound Level Meters" regarding the sections concerned with microphone and ampli-
fier characteristics.

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

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

• Tile entire acoustical instrumentation system, including the microphone and cable,
shdll be calibrated before and after each test series, A sound level calibrator

accurate within ± 0,5 dB shall be nsed. 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 SI.4-1971 and IEC 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 instrument electronic
noise.

• An anemometer or other device, accurate to within ± 10 percent, shall be used to
measure wind velocity.

• An indicator accurate to within ± 2 percent shall he used to measure portable air
compressor engine speed.
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• A gaklgeaccurate to wit]dn +5 percent sball be ttset] to nreasure portable conq_ressor
air presstlre.

• A metering device accurate to within ± 10 percefft shall be used It3 measure the
portable air compressor compressed air voblnretrlc [low rate.

Portable Air Cmnpressor Operation

During noise standard compliance testing, the portable air cmnpressor must be
operated at a design full speed with the compressor on load, delivering its rated output

Flowand pressure. Tile discharged cmnpressed air must be piped clear of the test site or
silenced.

Test Conditions

Noise standard compliance testing must be carried out under tile following conditions:

• No rain or otber preceipitation.

• No wind above 19 kin/hr.

• No observer located witldn 1 meter, in any direction, of any micropboue location,
or between the test unit and any microphone.

• Portable air compressor sound levels, at eacb micropbone location, sball be a
minimum of I0 dB greater than tile 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 position to the right-, left-, front- and back side of the test unit must be located
1.5 ±0.1 meters above the reflecting plane, Figure 6-5 shows the microphone array.
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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 to 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.

• Portable air compressor flow rate.
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Calculation of Average Smmd Levels

The average A-weighted sound levels from nleasuremcnls at tile specilled Inicrophone
locations must be calculated by tile following method.

n )1 10 (Li/lO) ., .(6-31L = 10 Ioglo i_l=

where:

L = average sound level, dBA, in decibels

Li = sound level, dBA, in decibels at tile i tb location,

and

n = number of measurement position.

Presentation of Information

The following information must be reported:

• Background ambient sound level in dBA.

• Portable air compressor sound levels in dBA at each microphone location.

• Average portable air compressor sound levels in dBA.

• Portable air compressor compressed gas pressure, in kg/em 2 or psig,

• Portable air compressor compressed gas flow in m3/min or efm,

• Portable air compressor manufacture, model and serial number,

• Acoustic instrumentation manufacturer, and model number.

Tile recommended data format is shown in Figure 6-6,
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Test Report Number

SUBJECT:

Manufacturer: Modeh Serial No. :

Rated Speed: 'rpm: __ l_atedCapacity: m_] rain
Configuration Identification: Category Identification:i
Portable Air Compressor IdentificationNo. : Build Date:

TEST CONDITIONS:

Manufacturers Test SiteIdentificationand Location:
ReflectingPlane Composition:

Operating Speed as Tested: Beginnh_g of Test rpm
End of Test rpm

' Air Pressure Supplied: kg_em . Ambient Wind Speed
Actual Elow Rate: m_rnin. Barometric Pressure

: Temperature: °F

INSTI%UMENTATION:

Microphone Manufacturer: Model No. : Serial No.
Sound Level Meter Manufacturer: Model No. : SerialNo,
Calibrator Manufacturer: -- Model No. : SerialNo.

Other and Manufacturer: Model No. : [ Serial No.___

DATA:

Background Sound Average
Sound Levels, Level at Location 1 Location Sound

Decibels in Decibels 1 2 3 4 5 Level

i A-weighted

, TESTED BY: DATE:

REPORTED BY: DATE:

SUPERVISORY PERSONNEL: TITLE:

, TITLE:_

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

I
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Section 7

PORTABLE AIR COMPRESSOR NOISE

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

Study of the portable air compressor as a sourca included evahultiot| of:

• Overhead noise levels of m_silenced anti silenced co_npressors.

• Noise. levels of unsilcnced andsilenced portable air compressors ranging from 85 to

1200 cfin capacity.

• Repeatability o['compressor noise measurements.

• Noise directivity of unsilenced and silenced compressors.

• Compressor sound power levels.

• Low frequency compressornoise.

• Identification of major noise sources associated wRh portable air compressors (see
Section 8).

• Degree of quieting with application of present technology (see Sectio!l 8).

Study of tile propagation path included the following considerations:

, • Ground reflections

• Path discontinuities

• Calculation of far field data from near fieki data.
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OVERHEAD NOISE

To increase the data base and to provide data to assess tile noise characteristics of

portable air compressors, noise measurements were made of 4 gasoline and 19 diesel
powered compressors ranging in capacity from 85 to 1200 cfm. Table 7-1 lists informatiou
about the units and the test method employed. As indicated ia the table, both silenced 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, tile CAGI/
PNEUROP method (see Section 6), does not presently include measurement of sound above
portable air compressors. Since engine exhaust often isdirected upward, aoise radiating in
this direction could be of significance, particularly m persotts in offices and apartments
located above operating comprossoi's. Consequently. nmasurements were made of noise
radiating upward and were compared with that radiated to the side of compressors.

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

For 4 of 26 compressors, the overhead noise level is greater than the horlzontal noise
level. All other models show the overhead direction to be quieter than, or equal to, horl-
_ntal 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 inchlding an overhead
measurement point. The spread in the data, however, results in a standard deviation of
2 dBA,

Of the four compressors tbat are significantly noisier overhead, two are for tile same
model (doors open and dosed) with a relatively inefficient exhaast muffler. The other two

are for silenced units similar to companion products with 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 t!le remaining 20 are computed.
The following values result:

• Mean: -1.5 dBA

• Standard deviation = 1.1 dBA

Thus, for this group of compressors, the ovedlead noise level is about 1.5 dBA less than in
other directions.
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Table 7-1

COMPRESSORS TESTED AND TEST METIIODOLOGY EMPLOYED

Te_t Melhf_l

SI]vlll_l "l'yl_ 'l_,,pv "l'e_l C!olxltllon _,.ofhmld ,> 10 I_1111
_,1_nurac_re_ _I_lul or,_landar(I E_ngllll_ Co_lpl_H_(_l • _ltrlal No, _fnl, I1_) C_'_f,_/ll_E_l!ltC)[ _ M_El_ul'erll_nl" FtvmlBl_lloflc_ll _ ilhl_nrlal ¸1

Atl_ C_o VS_-.]70 I_1 SIlunct_ l)lc_ul IIvch_'ocal 51-2:150_. 171_, _5_

_.tla_ Cop_o V_._-|_5 1_1 _llvn_l Die_el LIv_lpn_nl 51-_llS_fit_ 125,1_0 x

O_rdne_-Denvor Si_VD?_/2 Sll_llc_J l)l_el II_tal_..,_.l'l_ ¸ 1;_51 1_00_11111) x x

_;a_ln_l_D_nvllr SJV_DA]2 SlI_llt_l DI_] _Ii)t_ I_,- ._ r ew ¢;0h_27 75(I, 0_)11 [ x5

[ng e_,_ll'l_'_d 1L_LI20_ S_II_J_I_ Dic_ul I_t_Ll3.°_l'._, 74.1_0 _2(_,125 X
(d_or_ opon I

[ngerbo]_.l_l/.l D_L 9DOS SIIvllu_ DI,_s_L IIot_l_._l'_w 7405t _tl_o.125 x

I_ger_o1]-R_lll D._L900 _t_lanl I)ivu_E llu/_Liy._'uw 75_.17 _J1_1)_125
Ing_r_oll°P_ml D._L750 Sl_nl_nl DI_ol Ilar_-._rc_ 773_0 7511,12,_ × x

,favg_ I_, ,_h_ndan J Ga_ V_n._ bS, 10_ x

Worfld_mn 1(;_ G/2 QT H[le_ [ Ga_ '¢_n_ _21-47b l(10_t00 X × x x
Worlhlngton ?5_-¢YrEX Sl_r_e.l DI_©] livery-Servia, _.1_-II1_ 75D, 10_ x x x x

ISO _1151-1972 _Jelh_l ISe*_ _'l_ ro 6, I)
I_O 215_-_72 _ic i_,c-_ pl_s A 7 molar iivcrho_l point
Sea F[_r_ 6.9 a_ _, 10
_,lB_onmn_ _fu made a_ dtngonal ]_allo_ _t _ met_r_

5. M_urunmn_ w_ru m_iu /_' _hu _mllllrv_Hor _l_l'_llng at [dlo amJ _LII power



Table 7-2

COMPARISON OF CAGI/PNEUROP AVERAGE SIDE

WITII OVERHEAD NOISE LEVELS

(A)
CAO[/ (]3)

No. i%Ianufacturer Model PNELUIOP Overhead B-A

I AtlasCopco ST-48 84 83 -i

2 Atlas Copeo ST-95 80.5 79.5 -1
3 Atlas Copse VSS-170 Dd 71 68 -3
4 Atlas Copeo VT-85 Dd 82. 5 79 -0.5
5 Atlas Copeo VS-85 Dd 75.5 76 0.5
6 Atlas Copse VSS-125 Dd 70 72.5 2.5
7 Atlas Copeo STS-25 Dd 73 77 4
8 Atlas Copeo VSS-170 Dd 71 68.5 -2.5
9 Worthington 160 G/2 QT 75 72 -0

10 Worthington 750-QTEX 75 70.5 -1.5

11 Ingersoll-Rand DXL 1200 94.5
12 Ingersoll-Rand DXL 1200" 96.5

10  gorsoll-Ra DX 900s 77.5 I-2.5
14 Ingersoll-Rand DXL 9005 75.5 74.5 I 1-
15 Ingersoll-Rand DXL CU1050 91 89 -2
16 Ingersoll-Rand DXL 900S 76 73.5 -2.5
17 Ingersoll-Rand DXL 900S 75.5 74 -i.5

18 Ingersoll-Rand DXL 900 90.5 89 -i.5
10 ingersoll-Rand DXL 750 88 88 0
20 Gavdner-Denver SPWDA/2 74 73 -1

21 Gardner-Denver S_QDA/2 78.5 78 -0.5
22 Gardner-Denver SPHGC 77.5 75 -2.5
23 Jaeger !A 88.5 88 -0.5
24 Jaeger A* 89 89.5 0.5
25 Jaeger ; E 81.5 84 2.5
26 Jaeger E* 82 85 3

*Doors open
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Figure "]-1, Comparison Between Overhead Noise Level
and CAGI/PNEUROP Level

PORTABLE AIR COMPRESSOR NOISE LEVELS

New Data

As discussed previously, measurements were made o f a total of 23 portable air
compressor types. Tables 7-3 and 7..4 list noise levels of the standard and silenced nora-
pressers, respectively, while Figure 7-2 shows a plot of noise versus elm capacity. From
review of the data in the tables and figures, tile following may be concluded;

• Noise levels of both standard and silenced compressors increase with 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 rnnge in level from 70.1 to 78,2 dBA at 7 meters.

• Silenced compressors are on tile average 10 to 15 dBA quieter than standard units.

7-5



Table 7-3

NOISE LEVELS OF STANDAI',.D COMPRESSORS
USING THE CAGI/PNEUROP MEASUREMENT METIIOD

Average Noise Levol (dBA)
Manufacturer Model S/N Cfm 1 meter 7 meter*

Atlas Copeo VT85Dd ARP203140 85 04.8 81.4

Atlas Copco ST-48 51-232751 150 90.6 83,
Atlas Copco 8T-95 61-274977 330 91.9 80.2

Jaeger E RC32032 85 92.5 81.5
Jaeger A RS32189 175 98.9 88.2
Ingersoll-Itand DXL750 77380 750 98.6 87.7
Ingersoll-ILand DXI.900 75647 900 97.9 89, 9

--_ Ingersoll-P, and DXLCLrl050 75613 1050 100.8 90.2

Ingersoll-Rand DXL120O 74430 1200 103.0 92.6

*Includes overhead measuroment point



Table 7-,t

NOISE LEVELS OF SILENCED COMPRESSORS
USING THE CAG 'PNEUROP MEASUREMENT METHOD

Average Noise Level (dBA)

Manufacturer Models S/N Cfm 1 meter 7 metur*

Atlas Copes VS85 AR1_203903 35 89.0 75.5
Atlas Copes STS35Dd ARI_50924 125 85.5 73.5
Arias Copes VSSI25Dd 51-345060 125 81. O 70, 1
Atlas Copes VSS170Dd 51-235072 170 83.9 70.2
Worthington 160G/2QT 821478 160 84.5 74.2
Gardner-Denver SPIIGC 629717 185 87.0 77.i

Gardner-Denver S P_DA/2 608227 750 86. I 78.2
Worthington 756QTEX 848-019 750 84, 0 74, 7
Ingersoll-Rand DXL 900S 73693 900 82.4 76. O
Ingersoll-Rand DXL 9008 74050 900. 82.0 75.1

Ingersoll-Rand DXL 900S 74051 900 83.1 75.3
Ingersoll-Rand DXL 900S 740471 900 82.4 75.0
Gardner-Denver S PWDA/2 635851 1200 84.1 73.7

*Includes overhead measurement point
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Existing Data

Manufacturers supplied EPA (Contractor BBN) with noise data at 7 reelers Ibr 194
compressor models. Table %5 lists the data in terms of cmnpressor capacity, engine type,
and standard/quieted onlts. Also sbowJl in the table is the nunlber sad 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 dl_A with a mean value of 82,8 dBA.

• Silenced models of gas engine powered compressors range in noise level froln 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 noise level from 80.0 to 93,0 dBA with a mean value of 84.7 dBA,

• Silenced models of diesel engine powered compressors, of less titan 251 cfzn 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 elm
capacity, range in noise level from 84,0 to 102.0 dBA with a mean value of 91.7 dBA,

• Silenced models of diesel engine powered compressors of greater than 250 ehn
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 witb available
manufacturer's data. Figure %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, measure-
ments were made of four units of 900 cfm 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.

7-9



Table 7-5(a)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS
WITII NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE*

(Major Catego_:¢ of Portable Air Compressors by Capacity and Typeof Engine)

Gasoline Engine, All .... ,'"C_C_C_C_C_C_C_C_C__oa c 1t:te s .....
Quieted Models

Percent of Percent of
Cumulative Number of Cumulative Number of

dBA Level Units Below Units Below dBA Level Units Below Units Belofv

71.0 0.0 0
72.0 3.12 1 72.0 0.0 0
73.0 3.12 1 73.0 11.54 3
74.0 9.37 3 74.0 15.38 4
75.0 9.37 3 75.0 2G.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 2g. 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 90.62 29
90.0 93.75 30
91.0 96.87 31
92.0 100.O0 32

Mean: 82. dBA _,''I'_',_ Mean: 76.1dBA'_,'._,: ,
Standard Deviation: 4.92 dBA_:,,._ _ Standard Deviation: 2.40 dBAe¢':_

* Average souod pressure level in dBA at 7m according to the recommended
measurement practice of ISO 2151-1972. Manufacturers were sometimes

imprecise in defining the noise data submitted to BBN. BBN has treated this
data as an average of noise level for a model based on testing a number of
units.

** BBN did not document in its report the manufacturers whose model data is
included in the 194 data points reported.

*** The mean is a simple average of model noise data. Data is nat available to
weight by relative model unit volume sold. Partial weighting schemes by
capacity and/or manufacturer were not utilized.
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Table 7-5Co)

PERCENT AND ,N'U_IBER OF PORTABLE All% COMPRESSORS
WITH NOISE LEVELS NOT IN F_XCESS OF A PARTICULAR VALUE*

(_lajor Category of Portable Air Compressors by Capacity and Type of Engine)

Diesel eagine, below 251 elm capacity**

Pel'cent of Percent of
Cumulative Number of Cumulative Number of

dBA Lowl Units Below Units _qelow dBA Lovvl Units Below Units Below

69 0.O0 0
70 12. 12 4
71 12.12 4
72 12.12 4
73 18, IS 6
74 21.21 7
75 48.48 16
76 54.54 18
77 66.67 22
78 69.70 23

79 0.00 0 79 75.76 25
80 2.86 1 80 78, 79 26
81 2.86 1 81 81.82 27
82 20. O0 7 82 87, 88 29
83 28, 57 10 83 93.94 31
84 34.29 12 84 96, 97 32
85 54, 29 19 85 96, 97 32
86 62. 86 22 . 86 96. 97 32
87 74, 29 26 87 96.97 32
88 77, 14 27 88 100. O0 33
89 85, 7 30
90 88, 57 31
91 88,57 31
92 97, 17 34
93 lO0. 0 35

Mean: 84, BA*** 'Mean 75, n cl_]A_
Standard Deviation: 3.0 dBA*** Standard Deviation: 5.14 dBA***

Average sound pressure level in dBA at 7m according to the recom_ended
measurement practice of ISO 21.51-1972, Manufacturers were sometimes
imprecise in defining the noise data subn_Jtted to BBN', BBb_ has treated
this data as an average noise level for a model based on testinga number ;
of units.

BBN did not document in its report the manufacturers whose model data is
included in the 194 data points reported.
The mean is a simple average of model noise data. Dnta is not available to
weight by relative model unit volume sold. Partial weighting schemes by
capaclty'and/or manufacturer were not utilized, •
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Table 7-5{e)

PERCENT AND NUAIBER OF PORTABLE AIR COMPRESSORS
WITH NOISE LEVELS NOT LN F-_XCESS OF A PARTICULAR VALUE*

(hlajor Category of Portable Air Compressors by Capacity and Type of Engine)

Dieselengine, above 250 efm capacity**

Percent of Percent uf
Cumulative Number of Cumuhttlve Numl;er of

dBA Level Units l_..low Units Below dBA Level Units Below Units Below

73 0.00 O
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. O0 24

83 O.00 0 8"3 78.13 25
84 2.33 1 84 81.25 26
85 9.30 4 85 87.50 28
86 9.30 4 86 90.63 29
87 11.63 5 87 96.88 31
88 21. 21 7 88 I00. O0 32
89 23.26 i0
90 37.21 16
91 46.51 20
92 53.49 23
93 62.79 27
94 74.42 32
95 76.74 33
96 76.74 33
97 81.40 35
98 88.37 38
99 93.02 40

I00 97.67 42
101 97.67 42
102 100. OO 43

_lean: 91 dBA*_* iMean: 77. 7 dBA*,:,*
Standard Deviation: 4.02 dBA*** Standard Deviation: 3.87 dBA**_'

v,, Average' sound pressure level in dHA at 7m according to the recommended
measurement practice of ISO 2151-1972. Manufacturers were sometimes
imprecise in defining the noise data submitted to BDN. BBN has treated
this data as an average noise level for a model based on testing a number
of units.

=:'* BBN did not document in its report the manufacturers whose model data is
includedin the 194 data points reported.

'** The meah is a simple average of model noise data. Data is not available to
weight by relative model unit volume sold. Partial weighting schemes by
capacity and/or manufacturer were not utilized.
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Figtlre 7-3. Comparison of M_ulul_cturer Supplied Data with Survey Dala

NOISE DIRECTIVITY

Noise levels nleastlred dtlring eonlpressor openltion at rated power were analyzed to
assess noise direetivity around portable air compressors. Table 7-7 lists 2'3A levels, average
dBA levels, a_ld tbe maximum dlrectivity thetor associated with the six types of compressors.
Tile Jata ',vere acquired using tile I0-point hemisphere ineasurenlent nlelhod and show
little variance in noise level from position to position, indicating little directivity of noise.

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

PORTABLE AIR COMPRESSOR SOUND POWER LEVEL

Though portable air compressors ]lave been and are enrrently characterized in terms
of sound pressure level at a specified distance, thought WdSgiven to the possible ebaraeter-
izationin termsof sound power. Of prime conslderatiou wasa feasible measurement

methodology. Accordingly, portable air compressor sound power levels were calculdted

%13



Table 7-G

REPEATABILITY OF NOISE LEVELS OF FOUR I%_ODEIS
TIlE INGERSOLL RAND DXL 90OS COMPRESSOR

l%_easurementPositions** Average dBA Level

Serial No. 7 8 9 10 11"

73693 73 76.5 78.5 77 75 76. 0

74050 72.5 75.5 76.5 76.5 74.5 75.1

74041 73 76. 5 77 76.5 73.5 75.3

740471 72 76.6 77 75.5 74 75.0

4_

* Overhead Position
** See Figure 6-1



Table 7-7

AIR COI%IPRESSOR NOISE DIRECTIVITy

O

0 U O

0 _ _
_ C 0 O N

Microphone _ _ _ H

Location_ Soum Level dBA

A 77 71 72 92 77.5 81
B 77 75 72 94.5 76.5 80.5
C 77 72 73 93 80 77
D 77 72 73 94.5 75.5 78.5
E 78 72 71 94.5 78 79
F 77 71 71 93 80.5 79.5
G 78 71 72.5 91 81 80.5
H 77 72 72.5 91.5 81 81
I 77 71 72 92 79 80.5
J 76 70 72.5 89 78 77

Average dBA 77.1 71.7 72.2 92.5 78.9 79.5

Maximum Directivity
Factor *_ 1.23 2.14 1.22 1.58 1.62 1.43

* See Figure 6-2 and 6-3 max

** Maximum directlvt_y factor = anttlOgl0 ( 10 )
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_.lsingdata acquired by the CAGI/PNEUI_.OP method and by a method devdopcd by tile
Natimud Bureau of Standards. 'Fhese levels were then compared with levels calculated from
data acquired by nlom conventional means; i.e., by ndcropbones located at tile center of

surfaces ofeqllal area oil tbe surface of_ln imaginary henlJspllere about the sotlrt2e. "File
distinct differences between the measllrelnent nmthodologies evaluated are tile n|icropbone

placenlent in the far field (7 meters) for the CAGI/PNEUROI _nlethodology and in the near
field (l meter) for the NBS methodology.

CAG1/PNEUROP Measurement Methodology

The results presented in Table 7-8 show that power levels calculated from the CAGI/
PNEUROP 4- and 5-pohlt data colnpare well to those calculated front data obtained nslng the
more precise IO-point ]lemispberlcal measurement nlethod. An average difference of only 0.6 dB
was folmd Jneach case. These, results occurred primarily because the compressors lesled were
not very directive. In file extreme case era conlpletely nondlrectivc compressor, all methods would
yield exactly the same r_sults. In fact, only one sotmd level measurement would be required.

NBS Measurement Methodology

NBS performed an experimental study to assess the validity of using "near field" mea-
surements of sound pressure levels to predict tile sound power level of portable air compressors.

The experimental program consisted of the measurelnent of the sound pressure levels of 17
portable air compregsor models. Measurements were made on two bypotlmtleal surfaces, a
large and a small surface, surrounding the test units.

"l_helarger surface yielding the "far field" measurement data was a hemisphere of a
fixed 7-meter radius, Som;d pressure levels were measured at a total of 84 positions. This
was aceompllshed 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 measuren|ent surface, which yielded tbe "near field" data, consisted of a bypo-

tbetical rectangular box surrounding the source at a distance of I meter from the surfaces of each
of tile 17 portable air compressor models tested, Figure 7-6 shows the typical microphone array
employed. Further details regarding the microphone arrays appears in Reference 11.

Table 7-9 presents a comparison of portable air compressor sound power levels calelt-
lated from near and far field data for 17 modelsof compressors. Shown is the excellent
correlation between the data, with the average dlfferenee being 0.44 dB. Accordingly, it is
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Table 7-8

SOUND POWER LEVEL COMPARISONS

PWL* PWL* PWL* PWLIo PWLI0
(4 pt. ) (5pt.) (i0 pt.) minus minus

Compressor (dBA) (dBA) (dBA) PWL 4 PWL 5

Atlas Copeo 96.4 90.3 96.7 0.3 0.4
VSS 170

Worthington 100.9 100.5 102.1 1.2 I. 6
160 QT

WorLhlngton 99.9 99.9 100.2 0.3 0.3
750-QTEX

Ingersoll-Rand 117.4 117.2 117.5 0.1 0.3
DXLCU 1050

Ingersoll-Rand 102.2 102.1 105.9 1.7 1.8
DXL 900S

Gardner-Denver ' 105.0 105.1 104.5 -0.5 -0.6
SPQDA/2

(Full Power)

Gardner-Denver 96. 6 97.1 97.5 0.9 0.4

St_DA/2
(Idle)

*PWL = Sound power level
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MICRGPHONE ANGLE 0I _ ZI

NO, (d.gre©II [mevrgsl

14_2 8,79 1,73
35,1 5.71 4,03
65,5 2,Bg 6,33
90.0 0.00 7.00
47,G 4.71 G.IE

C_bles to POlD 24.2 6.38 2.88

Suppoll 4,7 6_8 .58

whJI_ ¢_In d¢0reet •
G, 30, _O, OO, 120, 150. 180
210, 240, 270, 300, 330

M[C 3

MIC 5

MIC

Figure %5. Far-Field Measurement Microphon_ Array (p: 1.5 cm = I m)
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Table 7-9

COMP_iRISON OF PORTABLE A]]lCOMPI_ESSOR SOUND POWER LEVELS

CALCULATED FROM NEAR AND FAll FIELD DATA

Characteristic Far Field Sound Near Field Sound* Difference t dBA
Compressor

elm Size (Length, Width, Power Level, dBA Power Level, dBA Far Field Minus
Height) Meters Re 10 Watts Re 10 Watts Near Field

185 1.97xl. 20xl. 40 105.1 103.9 1.2
150 1.7Sx0.77xl. 47 110.0 110.8 0
160 2.07xl. 14xl. 77 106.8 106.5 O. 3
150 1.71×1.24xi. 77 113.1 113.8 O. 7
200 I.8Sx0.96xi.50 100.9 107.5 1.4
100 1.52x0.67xl. 42 109.0 108.4 0.6
160 2.10xl.20xi.78 106.9 107.0 0.1

125 1.78xl. 30xl. 85 103.1 103.0 0.1
365 3.66xl. 82x2.1,t 98.7 97.1 I. 6
900 4.29x2.19x2.51 104.8 105.B 1.0 .

100 1.78xl. 22xl. $7 107.7 108.2 -0.5
175 2.7Oxl.29xl.43 101.1 100.6 0.5

175 2.70xl.29xl.4S 101.4 99.1 2.3

185 2.7Oxl. 29xl. 43 99.3 98.7 0.6
175 I.99xi.27xi.45 108.7 II0.1 -I.4

85 1.96xi. I0_I. 34 I01. I I01.8 -O. 7
I_0 I.93xI.24_I.36 103.0 103.fi -0.6

* One of eight calculations using near field data (see reference 11 for additional calculations/comparisons).
This particular listing uses data at points corresponding (approximately) to tim eight point measurement
array of ISO draft standard DIS 3744 and DIS 9740.



concluded that port_d_le ;dr compressor souud power levels may be accurately calcubded
fronl data measured on a sltrl_lce I meter froal the conlpressor enclosure nsblg the NBS
measurenlenl lnetbodology c;llcolatiou Sellenle.

LOW FREQUENCY NOISE

The A-weightblg network of sound level meters attenuated low-frequency noise; e.g.,
-39.4 dB, -26.2 dB, -I 6.1 till, and -8.6 dlt at frequencies of 31.5 I Iz, 63 llz, 12511z, and
250 Hz, respectively [ 181, As such, great differences c;m result between A-weighted levels
nnd tile unweighted (relatively speaking) C-weighted levels. The significance of this is tile
possibility that while noise suppression methods nuly reduce a comprcssor's A-weigbted noise
rating, the C-weighted level could concelwlbly renudn the same or Coldd, in fact, increase.
Though A-welghted sound level decreases might adequately reduce health and welfare
impact, C-weighted noise control may be desirable as well to preclude tile escalation of
overall unweighted compressor noise.

Tables 7-10 and 7-I I sbnw 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 8-1 and 8-2 give insight into file cause for tile greater dBC/dBA difference for
the silenced models. In tile figures it is shown that a lower dBA level for the silenced unit

has been achieved by a shift of peak sound levels to the low-frequency range. Note that
while the A-weighted sound level of _ compressor has been reduced by 5 dB (standard to
silenced) the C-weighted value has been reduced by only I dB as a result of tile different
weighting characteristics of the A and C networks.

Since (I) an A-weighted noise reduction does not necess_lrily imply an attendant C-
weighted reduction and (2) there may arise a need to control tile C-weighted level of com-
pressor noise, Figure 7-7 was prepared fi'om the data of Tables 7-10 and 7-1 I to give insight
into achievable C-weighted levels. The line in Figure 7-7 represents a best-fit curve through
the 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' misgnided intent of 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 tile major source of noise), an escalation of portable air com-
pressor noise is expected to occttr when the doors ate left open.
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Table 7-10

COMPARISON OFdBA LEVELS WITII dBC LEVEIS OF

STANDARD PORTABLE AIR COMPRESSORS

dBC Level Minus
Manufacturer Model S/N ¢&ll dBA Level_dB

Atlas Copco VTS5Dd ARP203149 85 n
Atlas Copco ST-48 51-232751 160 8.5

,b"_ Atlas Copeo ST-95 51-274977 _00 9.5
Ingersoll-Rand DXL700 77380 \ 750 5
Ingersoll-Rand DXL900 75847 900 3
Ingersoll-Rand DXLCU1050 75613 1050 7
Ingersoll-Rand DXLI200 74430 1200 3

Jaeger E R(232002 85 12.5
Jaeger A RS02189 175 13.5

*Average levels at 7 meters



Table 7-11

COMPARISON OF dBA LEVELS WITH dBC LEVELS
OF SILENCED PORTABLE AIR COMPRESSORS

dBC Level
Minus dBA Level*

ManufacLuror l_Iodel S/N cfm dB

Atlas Copco VS85 AR1>203903 85 16, O
At]as Copco STS35Dd AR1='550924 125 23.5
Atlas Copco VSS125Dd 51-345060 125 28.0
Atlas ColX_O VSS170Dd 51-235072 170 21.0
Worthington 16OG/2QT 821478 100 15.0
Gardner-Denver SPHGC 029717 185 12, 0
Gardnez_-Denver SPQDA/2 008227 750 7. 5
Worthington 750QTEX 848-019 750 10.5
Ingersoll-Rand DXL 900S 73693 900 7. 7
Ingersoll-Rand DXL900S 74050 900 6.9
Ingersoll-Rand DXL 900S 74051 900 7.8
Ingersoll-Rand DXL 900S 740471 900 7.5
Gardner-Denver S pWDA/2 035851 1200 10. O

*Average levels at 7 meters
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Six tests were conducted (three of tile standard enits and three of silenced units) to

;issess the magnitude of escubltion of portable air compressor noise due to opening tile access
doors. Table 7-12 presents the results of tile tests of the standard units. Shown is a noise
increase of up to 5 dl].

Tablo 7-12

EFFECT ON STANDARD PORTABLE AIR COMPRESSOR

NOISE OF OPENING TIIE EQUIPMENT COMPARTMENT
ACCESS DOORS

Manufacturer Model A-Weighted Increase, dBA*

Ingersoll-Rand DXL1200 5.0

Jaeger A 1.5

Jaeger E I.5

* Difference in level at the right side of the unit between door open and closed

posl_l0n.

• Table 7-13 lists tile results for tile silenced units. Shown is an increase up to 12 dBA
when the access door of tile 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 Copeo VSS170Dd 11.0

Worthington 750QTEX 12.0
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In view of tile data of Tables 7-12 aml 7-13, portable air compressor equipment com-

partment access doors must remain closed during compressor operation to prcchjde acoustic
degradation.

PORTABLE AIR COMPRESSOR NOISE PROPAGATION

If the propagation of sound from compressors to points nlore than several hundred .feet

distant is of concern, thee mclcorological factors, i.e,, wind, temperature, bulnidity, and

precipitation, may play a significant role. In addition, obstacles uud variations in ground
cover may also be important. For shorter distances, tile propagation may be complicated by
interference phenomena between the sound waves radiatiug directly fronl a source and tbose
reflected from nearby surhccs, especially tile ground [ 19, 20, 21 ].

Ground Reflections

Contributions arising from eonstroetlvc/dastructlve interference between direct sound

waves and sound waves reflected from the ground plane at measurement positions have been
evaloated. Figure 7-8 shows A-weighted noise measured 7 meters away from a compressor
at various heights above tile ground, Willie sound levels may vary in some 1[3 octuve-bands

as much as 7 dBA from one beight to another, tile variation in overall sound level is ± I dBA
from the central position.

The effect of ground reflections on the measured sound levels at tile 7-meter positions
appear to be "averaged out" by the 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 levels,

Path Discontinuities

; As compressor noise propagates away from tile source, propagation path discontinuities
can affect 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 u com-
pressor during testing per ISO-2151-1972 or when used during construction in residential or
light-industrial areas. Sound propagating in a lmlf space is subject to tile interference effects
discussed previously. When a compressor in a residential or light-lndustrial area is next to a
building, tile buildings usually are far enough apart to be described by the "L" space in
Figure 7-9, Anderson [22] reported thor sound propagates in an "L" cross section as ii does
in free space, The sound level at a point in an "L" space is expected to be on the order of
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•3 dB higher thau the.sound level measured at the same point in a free field over a reflecting
plane, because tile souml energy is concentrated in a snlaller vohune ill an "L" space tball in

a balfspace. Francoisand Flenry [19] measured a corresponding 2-dB increase in compressor
noise in an "L" space.

The "U" space in Figure 7-9 is representative of city "canyons," formed by a street or
alley and tile vertical walls of nearby bniklings. Appendix A of Reference I 0 discusses the

propagation of sound incity canyons in more detail and also includes tile restdts of calcubt-
tions carried out using all extension of tile theory of Weiner, e/al [23 ]. The theory shows
tlult a nondirectional source produces sound levels in a typical city canyon that are 6 dB
higher 100 feet from the source than tile levels present in a half space. Francois and
Fleury [ 19] measure a corresponding 4 dB increase for a "U" space of different dimensions
from the "U" space aualyzed in Appmulix A of Reference 6.

There is some concern that tile sound levels experienced in tile upper stories of city

buildings migbt be unusually Irigb if the observers are located above a compressor with pro-
nounced vertical directivity, particularly if the compressor sound is confined within a city
canyon. However, Appendix A of Reference 6 shows that an air compressor radinting sound
four times as efficiently (in terms of intensity) in tile vertical direction than it does ill tile
horizontaI direction woukl expose people in city buildings to less tbau 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 umler a bridge or overpass can be described in terms of tile vault

space in Figure 7-9, Tile sound levels generated in such a space can be more than 10 dB
higher than tile sound levels generated in a ludf space.

Tile barrier and pit configurations depicted in Figure 7-9 are typical of construction sites
in cities. Usually the construction of a building in a city center begins with tile erection of a
tall broad fence, During tile initial ground breaking, compressors operate at ground level
behind tile fence. As excavation proceeds, compressors operate within the pit dug for tile
basement fioo_, Calculations presented in Appendix B of Reference 24 show that pits and
barriers can reduce tile noise levels experienced by outdoor ground level observers by as
much as 20 dB below the levels experienced in an unobstructed half space. The benefits to
upper story observers in buildings across the street depend on tile construction stage, the
observer's elevation and on whether there are vertical reflecting surfaces in addition to those
shown in tile b:arrier configurations in Figure 7-9.
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Seclion 8

AVAILABLE NOISE CONTROL TECHNOLOGY

UNITED STATES TECHNOLOGY

hi 1968,a major nlallafacturer of portable air conlpressors demonstrated significant

noise reduction by the nse of mnff/ing devices and acoustic encIosures 125, 26]. Since
then, numerous mannl'ac[tlrers ill the United States and abroad have applied various degrees

of uoJsu control technology _pld have reduced portable air compressor noise. Figures 8-I
and 8-2 show two e×amples of eft'active noise control. In this section, tile current state-of-
tlzc-arI of compressor noise control Js discussed and noise control teclmiques are
summarized.

Most large air compressors are diesel.engine ddvcn, screw-type con|pressers. Tile lurer-

mediate sizes are diesel and gasoline-engi01e driven, screw- and rotary- type compressors,
while tile smaller types are primarily gasoline-cngiue driven, screw-, rotary-, and recipro-
cating- type compressors. For all standard types, the major noise sources are the driving
engine and tile fan associated with tize engine and compressor cooling air system. A
descriptiou o[' tile various types of compressors is contained in References 5 and 6.

Application of acoustic instdatlon, effective mufflers, shock mounts, damping material,
and some fan, cowling, and duct hardware modil_cations/improvements generally describe
tile technology used to quiet compressors. Use of this technology has produced the menu

.. noise reductions listed in '/'able 8-1.

_' TlJe wdues listed in Table 8-1 may be compared with the potential for noise reduction
discussed in Reference 3. As iudicated in Reference 3, the potenti_d noise rednction was
5 dB and 10 dB by tile use of imf, roved intake silencers and engine um fflers, respectively.
Note that the 5 dB and l0 dB noise reduetious are not additive, because tile total noise
reduction is dependent upon individually redtleing the noise level of all tile major sources
of noise, To determine more accurate potential noise reduction capabilities for com-
pressors, a study was conducted of the tl|rce quieted units:

1. A gas engine powered air compressor.

2. A diesel engine powered air compressor of less than 500 cfm capacity,

3. A diesel engine powered air compressor o f gre,_ter than 500 elm capacity.

8-1
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Table S-I

MEAN NORSE REDUCTION BETWEEN "STANDARD," "QUIETED,"

AND "QUIETEST" UNITS

Diesel Diesel
Gasoline Below 500 elm Above 500 cfm

i ii • ==i

Standard to

quieted units 6.'/ dB 9.7 dB 14.1 d)3

Quieted to
quietest units 3.8 dB 6.4 dB 5.2 d/3

Tile purposes of tile study were to determine the m_jor sources contributing to com-
pressor noise, the effectiveness of the noise control teclmiques currently used by manufac-
turers, and the evaluation of additional noise control required to reduce each unit's noise
to 65 dBA, measured at 7 meters from tile trait.

GasPoweredEngineCompressor

A Worthington 160 QT was selected for analysis. Significant noise sources of this

unit are the compressor, tbe engine and its cooling fan, tile exhaust and muffler shells, and
the air intake 171.

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

Tile engine cooling fan can produce considerable broadband noise as tile result of fan

design practices that would cease excessive turbulence of the air surrounding tile fan, In
addition to generating noise, such practice would also reduce efficiency of botb the fan and
tile overall cooling system.
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The onghle exhaust and UlLifNerarrangement radiate noise via all alrbonle path
through tim mtfffler exhaust gas-flow path and via tile structure (shell) surrounding tile
mufner. Tile air-intake system supplies air for the enghle and compressor through a
CCUllnonair filter and silencer. The two eJr-indsctlnu-pressures combine to form a
separate noise source,

The noise level at 7 meters to the right side of tile "as sohl" unit was 76 dBA. The

contributlon of the principal noise sources to this level are tabulated in Table 8-2.

• Table 8-2

WO'RTHINGTO_ COMPRESSOR 160 QT COMPONENT NOIS E LEVELS

Ccxnponent dBA

Engine and comprossor easing 74
Engine coolingfan 69
Muffler shell 66
Exhaust. 62
Intake 61

Tim individual noise sources were carefully studied to determine the nlethodology to
further rcduce the unit's noise level to the 6'5 dBA study level, Table 8-3 lists one com-
bination 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 air compressor with a noise level of 65 dBA at 7 meters.

Diesel Powered Compressor, Less Than 500 cfin

The quieted Atlas Copes Super Silensair VSS 170 Dd was selected for analysis [7 ].
This unit produces approximately 72 dBA at u distance of 7 meters from the unit. The
analysis of the units's noise signature indicates that the principal noise sources are tim
engine casing, engine exhaust, engine air intake, compressor casing, and compressor cooling
fan, each of whicl| produce the sound levels at 7 meters listed in Table 8-4.

Midfrcqt_eney 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
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_able8-3

PORTABLE AIR COMPRESSOR NOISE REDUCTION

Source Noise Control Technique Noise Reduction

Engine and Vibration isolationplus increased 14 dB
compressor transnlission loss through
easing sidedoors

Engine cooling Shroud redesign, blade twist IIdB
fan and reduced fan speed

Muffler shell Lagging with acoustic insulation i0 dB

Exhaust Additional muffling 5 dB

Intake Improved silencer 4 dB

Table 8-4

ATLAS COPCO COMPRESSOR VSS170 Dd) COMPONENT NOISE LEVELS

"''Cornponerl% " dBA

Engine casing G3
Engine exhaust , 60
Engine int-ke 61
Compressor casing 64
Compressor cooling fan 63,m .
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dueling for the ell_lle and compressor air intake and ¢oolhl_. Cooling _lire×h;Rlstcd
from the diesel engine, the ¢onlprcssor and intercooler, is dueled tllrotlgh another part of
the ¢nclosllre prior to dlsclnlr_e. These tltJ¢l_iare primarily el'fcctivc in blocking direct,

line-of-sigilt, intcrlml noise r;idiation fi-t_nlthe engiEle and conlpressor to Ihe anll_ient. An
additit_nal rcduclion of 5 to 7 dl_ in radiated soniid ¢ouhl f_robably be obhdned by employ-

Jng tile following noise reduction techlliqtlcs:

• Application of danlping nlnterlal to the enclosure pnnels; danlping will reduce
p;nlel vibration levels and Jnll_rOve panel transmisshnl loss due to the: added laass,

• h_ereasing the Jntcnlnl sottnd _d_sorption by (a) trcatlng ;i l_lr_er_llllotltlt of the
int_nlal surhlce area and (b) using _ tldcker absorptive tnnterial.

NOTE: The ._bsorptiv_: m_lerial shouhl be treated to prevent dcgradatlon due to
oil/libel contamination,

I U_ of a more cffectlve vibration isolation inoun[ to dccouple tlre engine and conl-

presser froln tile chassis.

• Use era nlore effective diesel exhaust nltfffler.

By rising tile preceding noise control tcchnitltles, a 7 dB overall redaction ill a conlpressor
noise level of 65 dBA at 7 meters may result.

Diesel Engine Powered Air Compressor Greater'lllan 500 cfin Capacity

The "Blue Brtlte" 750-QTEX single stage, portable, rotary screw compressor manu-

factured by Worthington CEI was selecled for study [7]. The 750-QTEX is a unit silenced
Io produce 75 dBA at 7 meters. Anlong diesel powered compressors delivering greater than
500 of m, tile 750-QTEX is one of the quietest; it is only 1.5 dB noisier than the nlean for
Ihe lowest docile.

The technology by which the 750-QTEX has been quieted is also characteristic
of the quietest compressors ill its category. It has rubber engine nlounts, nonrigid hose
coupling, sealed doors, damped panels, interior sound absorption, silenced fan louvers
for cooling air intake and exhaust, two-stage custom designed muffler, bottom pan, and

a special cooling fan. Principal sources of the noise are listed in Table 8-5 along with
their individtml noise levels.

!
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Table 8-5

WORTHINGTON COMPRESSOR 750 QTF_X COMPONENT NOISE LEVELS

Component dBA

Engine andcompressor casing 69
Engine cooling fan 62.5
Mufilershell 70
Exhaust outlet 67

The 750-QTEX enclosure presently provides adequate noise reduction of engine
and conlpressor airborne sound, except at the cooling air bltake and exhaust ducts.
Additional noise redaction is possible with design improvement of both the ducts antl
file material used for acoustic absorPtion [7].

EUROPEAN TECHNOLOGY

Atlas Copco and Con+pAir compressors use a double-wall re|closure that serves as an air
duct and silencer as well as a barrier to engine and compressor radiated noise. All the "Super

Silenced" Atlas Copco air cmnpressors are of the reciprocating type. Discussions with Atlas
Copeo indicate that reciprocating air compressors arc nlore efficient, with less heat rejection.
Atlas Copco.uses air cooled engines with cooling fans built in, widch demonstrate a much
better performance than the fans measured on domestic air compressors. CompAir com-
pressors use a sliding wine or rotary screw type compressor with a water cooled Perkins diesel

engine. The pusher type fan is well shrouded. Proper air flow through either 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 nml uses +Inintegrated approach rather than

merely adding on quieting components. Foreign "super silenced" air compressors tend to
Ilavca boxy look.

To achieve low noise levels, enclosures should be absolutely sealed under operatiou
in order to avoid noise leaking out through even small openings, It has been reported that

large compressors emitting less than 65 dBA under full power are already on the market[27].

8-8
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Sectlon 9

ECONOMICSTUDY

Section 6 of tile Noise Control Act of 1972 provides that the Administrator of the
Environraental Protection Agency (EPA) shall establish noise emission standards (when
feasible) for products that are found to be nu0or sources of noise and which fail inlo specific
product categories. Construction equipmant is one such category and the portable air
compressor is a piece of equipment in that category.

Section 6 further states tlrat the regulation:

shall include a noise emission standard wtdeh 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 sucll product.., the degree
of noise reduction achievable through the application of the best

: available technology, and the cost of compliance... Any such noise
i emission standards shall be a performance standard. In addition,

any regulation,., nlay contain testing procedures neeess.ary to as._ure
compliance with the emission staudard in such regulation, and may
contain provisions respecting instructions of tile manufacturer for
tile maintenance, use, or repair of the product,

To address the potential economic impact of nolse emission regulations upon the
various affected societal units (industry, user_suppliers), EPA acquired data on tile pricing
chasaeteristies, dollar sales, and unit sales of the portable air compressor manufacturing
industry. Additional information was developed on the costs of quieting portable air com-

pressors using tlse current prod action technology and on the best available quieting tech.
nology, The major conclusions of the economic impact analysis performed with these data ar_
presented in this section,

The objective of tile analysis was to assess the economic impact of tile adoption of

alternate noise emission standards for tile portable air compressor industry. This assessment
included consideration of the impact on raw material and component suppliers, distributors,
manufacturers, and users, and the geuesal public, The impact on key governmental policy
concerns such as employment and tile balanee of trade was also assessed.
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INDUSTRY BACKGROUND

Dollar Sales

Salesor por[ill)[e _lirconlpressors;ire SellSJtiyeto govurnlncat and priv_lte conslrllctlon
activity. Sales of large units have bistorlcally followed trends ill the COllStnlction industry,
while snlaller tin[Is have followed the getlera] ecosonly, l)ollur wlhle of portal)It air com-
pressorshipments ]HisJ]tzcttlatedbetween $58.7 inillion and $89.7 nlillion durblg Ih¢ yeurs
1967 tbrougb 1972.

'Table 9-1 presents tile value of total portable air coalprcssor shipments during 1967
through 1972. Tile data of'bible 9-2 were derived from b|tbrnlatlon made available by tile
Compressed Air alld Gas lastitu te and the Depurtn|eal of' Commerce. The derivation of
these data is discussed in Reference 8.

Table 9-1

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

Year Value of Shipments
{millions)

1967 $58.7

1969 59.9
1969 75.3

1970 70.3

1971 74.1
1972 89.7

Portable Air Compressor Prices

Tim Bureau of Labor Statistics maintains wholesale price indices on two capacity

classes el' portable air compressors, 109 to 300 clhl and 600 chn. Tile price indices for
both classes fell between February 1968 and February 1972 (13 aad 11 percent, respectively)

By May 1975, prices for both classes had risen substantially, 22 percent for tbc smaller com-
pressors and 35 percent for the larger cues. Table 9-2 presents average list prices of portable
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Tablv 9-2

ESTEWATES OF PORTABLE AIR COMPRESSOR

AVERAGE 1975 LIST PRICES

Capacity(inohn) and Estimated Average List
Power Source Type Price

75 - 124 Gas $ 5,667
124 - 250 Gas 7,867

Z24 - 250 Diesel 9,614
251 - 750 Diesel 35,661
600 - 899 Diesel 60p493
900 and over Diesel 87,388

air compressors by power source and rated air flow capacity compoted from data collected
by EPA in the spring of 1975.*

Percent Distribution by Type Compressor

Tile portable air compressors currently masufactm'ed are primarily powered by gasoline
or diesel engines. Three basic types of compressors are used in portable air compressors:

rotary screw, sliding vane, and reciprocating. Table 9-3 illustrates tim distribution of engine
and compressor type according to engine capacity.

Unit Sales

Data on total unit shipments tabtdated in Table 9-4 presents another picture of tim por-

table air compressor market. From 1967 through 1972, portable air compressors experienced
moderate by cyclical growth, averaging approximately 3 percent annually. Sales surged dramati-

cally from 1972 to 1973, increasing by approximately one tblrd. Altbough recent sales data are
not available, it is m|derstood that the surge conthmed into 1974.

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

9-3
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Table 9-3

DISTIll BU'I']ON 0 F i!NG IN}: TYp ]!S AN/) COMPIIESSO[I ¢IESlSN TYPES

ACCOIIDING TO RATE[] F.NCdNE CAPACITY IN CFM AT If}0 PSIG

75-200 ¢tm 20I-5u0 efnt Alive 50t} elm

e°nl[Ip°H _°r T_Io (]_BoLIn(1 DL©ncl _nll G_sollnc DIV_I gall (]118olnhe DIesel I_(1
Dlu_oI DleSIII Diet's]

noolll_eNLlng I6.fl_ 10.3¢_ 2_, 9¢_ 0_ 30. t4_ 30, _¢_ O_ 6, Hr,_ fl*g_[

Vane _5,6_ 19,27 44. xrT 111.3:; 3.3• :ld)r t3,6_ Og I?. Ol_r, 17.0_1

Nrow 15, 4_* 12,8_ 29o_ 2,6r_ 23, Ir_ 25,7_ _ 7t], _¢_ 7G, 3_

Table 0.-4

UNIT SALES OF PORTABLE A]T_COMPRESSORS,
1967 - 1973

Rated Air Flow Capacity
Year Total

Below251 Above 280

1967 8,313 1,656 9,969
1968 8,156 1,563 9,719
1969 9,506 1,691 11,277
1970 9,233 1,740 10,973
1971 8,138 1,763 9,901
1972 10,183 1,971 12,154
1973 13,286 2,697 15,983
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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 cfm Unit Sillpments Total

75 - 124 gasoline 3,082 25.4
125 - 250 gasoline 4,827 39.7
125 - 249 diesel 2,101 17.3
250 - 599 diesel' 570 4.7

g00 - 099 diesel 1,095 9.0

900 and over diesel 473 3.9

Total 12,11]4 100.0
i i ii

Price Per CFM

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

Table 9-6 presents a summary of tile state of noise emissions and price of portable air

compressors in 1973, sbowlng, for each category, tlre mean price per efm and sound levels
at 7 meters (measured according to ISO 215 I-I 972).

Tire pri,Je differential between standard and quieted compressors is greatest for the
larger (i.o., above 250 elm) compressors. Tire sound levels of both standard and quieted

versions of tire large compressors are presented in the table.
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Table 9-6

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

Diesel Driven
Gasoline Driven

Below 251 cfm Above 250 cfm

Standard Quieted Standard Quieted Standard Quieted

NumberofUnits 23 23 21 22* 24 24

Mean Price Per cfm $38.83 $42.51 $49.91 $49.51 $44.20 $49.83

Mean SPL at 7m (dBA) 84.1 76.5 84.3 76.6 92.2 78.3&

Price Increase,
Standard to Quiet:

Ameant $3.76 $3.60 $5.33

Percent 9.5 7.8 12. 1

*Includes one model that had two quieted versions.



REGULATORY OPTIONS INVESTIGATED

In an initial ,qnaJysis, noise Icve]s as_;ociatcd wit]l three broad categories el"portab]e air
compressor cap;tel/its were evalualed to assess the attendant islpacis associated with tile

application ofquietisg technology. Tile levels selected lbr study were based on noise
emission data of 194 portable air ¢onlpressors, w]liC]l represented about 55 to 65 percent
of the models offered lbr sale. Tile levels selected for stmly tire listed in Table 9-7 along
witil underlying rationale Ibr their selection.

Tnble 9-7

INITIAL SOUND LEVEL LIMITS SELECTED FOR STUDY

GasolineDriven DieselDriven Diesel Driven

All efm Below .501 Above .500

Ratings efmt elm

Level One 76 dBA 76 dBA 76 dBA
Level Two 73 dBA 70 dBA 73 dBA
Level Three 6.5 dBA 65 dBA 65 dBA

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

Suhsequent analysis considered tile cost alld economic bllpacts of several regubltoty

options, the primary dimensions of which were the maximum allowable sound pressltre level
(76 dBA or 78 dBA) and tile time allowed for compliance. These options are listed in Table

9-8 and include lead times to compliance nslging front 12 to 30 months, Available data arc
not sufficient to allow as analysis of tile seasitlvity of the direct cost of compliance to
variation in the le_d time (e.g., file addition to cosls ofacbicvit|g compliance ia 18 months

instead of 30 months).

Consideration of tbe adjustments required for maet*faettlrers to achieve compliance and
estimates provided by BBN [71 suggest a lower bmmd on the time required for orderly adjust-
ment of 12 to 15 months and an tipper betmd of 24 to 30 montbs, Tile manufacturer adjust:-
meats referred to include the aeqtdsltion of such new components as quieter engines, better
mufflers, and new acoustical esclosures in addition to tile design modifications required to
incorporate these new components into tile air compressors,

9-7
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TaCHs 9-8

REGULATORY OPTIONS

Sound Pressure
Air Flow Timeto

Reg'nlatory Level Complimlco
Option Capacity (elBA at

(cfm) 7 meters) (months)

1 All 76 12

2 All 76 18

3 All 78 I8

Under251 76 18
4

Above250 76 24

Under 251 76 12
5

Above 250 76 24

Under 251 76 12
6

Above 250 78 18

Under 251 76 12
7

Above 250 76 18

Under 251 76 18
8

Above 250 78 24

9 All 76 24

I0 All 78 24

Under 251 24
11

Above250 76 30

Under251 76 24
12

Above 250 78 30
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In the spring of 1975, EPA conducted a survey of the porlable air compressor industry
to obtain cslimales of tile time required to achieve coml_liance with tile 76 dBA ;rod 78 dBA
slaty.lards. Tile resulthlg data, presellted hi Table 9-9, shows tbe percent noise inlpact reduc-
tiou, tile average percent lisl price inere[ise, tile annual aggregate increase ill purchase cost,
and the first year allnu_dized user costs that would accrue as Zlresult of each regtllatory optlon.

The table also f_l'esents the percenlage of tnlils ill each nlajor capacily class, that would
be brought iuto compliance fll Ilia tinm frame specified for e;icll regulatory option. Tile
major finding of tile imlustry survey was that a significant nulnber (59 percent) of portable
air compressors could not be nulde to comply with a 76-dBA standard in the 12 months

(option I) specified ill Ihe proposgd rulenulking for portable air conlpressors (FederalReglster,
October 29, 1974). The additional analysis performed was limited to regulatory options
afiowing, at a nlJllinmnl, 18 luonths' lead time for conlpli;UlCe.

IMPACTS ON LIST PRICES OF ALTERNATIVE NOISE EMISSION STANDARDS

Two procedures were used to evaluate tile inlpaet of possible increases in llst prlees

resulting from the adoption of noise emission standards. For the first procedure, data
presented ill Table 9-6 were used to estimate the percent iacrease ill prices resulting from
quieting standard portable air compressors to the average sound level of quieted
(76 or 77 dBA for most engine/capacity classes). Tile second procedure (based on a
regression analysis of the data listed in Table 9-6) was used to estimate the price effects
of additiollal quieting down to a sound pressure level o f 73 dBA.* Each evaluation is
based on an analysis of matched pairs, i.e., pairs of portable air compressor models in
which the first model of each pair is a standard unquieted version and the second model
is a quieted versiom**

The estimates of prlce impacts given in this report should be interpreted as applying to
a lead time that allows orderly adjustments, corresponding to the conditions presumably
reflected in the list price/sound level data used for the estinmtes. The term orderly adjust-
ment, as used here, implies that sufficient lead time to compliance has been allowed so that
there are no serious adverse impacts on manufacturers, suppliers, or users that could be
avoided by a reasonable 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 a more complete description of the methodology.
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shuros that restllt from 11severe increase in adjustment costs to a nmntdhcttlror and that coultl

be substantially reduced if the maanf_emrer In_dadditloaal lead time to bring his product
line into compliance.

Estimates were nlildc usstulling not-to-exceed sOtald level 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 fottr production sound level targets:

I. 76 dBA = 78 dBA stmldard witb u 2 dBA tolerance

2. 75 dBA = 78 dBA st_mdard with a 3 dBA tolerance

3. 74 dBA = 76 ;.IBAstandard with a 2 dBA tolerance

4. 73 dBA = 76 dBA standard with u 3 dBA tolerance

The resulting estimated percent increases in list price associated with the sound level targets
are listed in Table 9-10.

Table 9-10

ESTIMATED PORTABLE AIR COblPRESSOR LIST PRICE INCREASES

BY MAJOR ENGINE/CAPACITY CLASS AND ALL MODELS

Percent Increase In Price

SIaL Dlese] Diesel
All

Target Gasoline Below Above Models
251 cfm 250 elm

76 dBA* 8.5% 7.0% 11.4_ 10.0%

75 dBA** 10.3 8.2 12.1 11.1

74 dBA* 12.1 9.0 13.0 12.3

73 dBA** 14.2 10.9 13.9 13.6

*2 dBA tolerance
*'3 dBA tolerance

9-11
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For compressors with rated capacity above 250 alia, tile estimates given in Table 9-I0
used data that excluded 600 cfm compressors, Tile reason for this exclusion is that com-
pressors with 600 cfin and 750 cfm rated alr flow appear to be relatively close performance
substitutes for each other, and tile data suggest substantially more quiethlg experience and
lower incremental costs ef quieting for tile 750 afro nlachines. Should tile cost differential
persist, one may anticipate a substantial shift of market shares away from 600 efm com-
pressors in favor of the 750 efin machines. Tile estimates are made under tile assumption
that 600 efm machines either adopt tile cost"of-qaieting characterlstics of or are rephlced
in the market by tile 750 cfm machines.

An additional set of estimates was computed to test tile sensitivity of tile results to tile

use of less optimistic assumptions; that is, the 600 cfin con|pressers retain their share of the
market and remain relatively expensive to quiet. Table 9-11 lists tire estimated list price

increases resulting from the less optimistic assmuption, For comparative fnlrposes, llst
price increases associated with tile 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 cfm

dBA
Assumption 1" Assumption 2**

73 13.9 19.4

75 12. 1 10.4

*600 cfm compressors replaced by 750 cfm units.
**600 cfm compressors retain their market share.

As was mentioned earlier, 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, tile estimates shoukl be based on actual transaction
prices, Also, tile sound level and price data 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 l|ave not always coincided. Additionally, the industry has 2
years of quieting experience not reflected in tile data.
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It is not now posslble to assess tile effect that bnproved thlto would have on these
estimates; however, there is no reason to believe that better data would show a sigaificant
iucrease in tile estimated price impacts given.

ECONOMIC IMPACTS OF ALTERNATIVE REGULATORY OPTIONS

Tile econonlic impact analysis that Ibllows is built upon Ibe price in tile preceding
impact analysis. Tile economic Jlllpact analysis study was separated into six segments:

1. Price and Sales lmpacts, TI]issegmentincludestbeaualysisofpriceimpactsand
results and changes in industry sales that occur relative to a baseline forecast.

2, Cost of Compll_/nce. This segment includes the cost of tile resources used to
acbieve compliance with tile regulatory options and reflects the increased costs of
producing quieted equipment and the cost associated with changes in perfornlanee
and maintenance.

3. Market hnpacts. This segment irmludes an analysis of broad changes in industry and
market conditions fllat migllt accompany the adoption of alternative noise emission
standards,

4. Foreign Trade. Tbis segment covers an assassment of the impacts on exports, imports,
aml balance of trade.

5. hldividual hnpacts. Thissegmentgivesanassessmentofmarketimpactsthat fafl
differentially on speeifle companies or industry segments, such as unemployment,
lowered sales and profits, or changes in market shares.

6. Dlsrupti_e lmpacts. This segment considers changes that may occur in response to
•carious shutdowns, unemployment, etc,, that may be caused by the regulation of
portable air compressors.

Two approaches were used to assess economic impact: (I) 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 wb.ich to base the estimated impacts were obtained from several sources

including manufacturers of portable air compressors.
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The assunled portable air compressor industr_,/inarkct reactions to ooise regulations
are:

I. The total costs to nlatltlf:lctttre the equipment will increase.

2. "File nlaotlfacttlrers will pass tiffs cost on hi the fornl of an increase [o tile distributor
price (list price).

3, The distributor will pass its cost increase Oll Jn the form of an increase in the nego-
tiated ctlslonler price,

4. Tile portable air eonlpressor end user will pass the blcrease io his equipnlent purchase
costs on to his customers as an increase ill the price of products and services provided.

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

6. Ultlmately, the consumer will pay a higher prlce 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 all up
tile economic chain to tile consumer ill tile form of lower prices.

The scenario under which the economic impacts were esthnated 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 tbe actual
technology adopted and costs to be incurred in the future. It is likely that new technologies
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

It is assumed that purchasers of portable air compressors will be presented with a price
increase associated with each noise emission standard selected for study. Estimated price
increases attributable to compliance with various regulatory options were presented in
Table 9-10, Tile list price was selected as tile basis for the economic impact analysis because
it is conservatively constructed aod is based on the broadest sample of cost and noise sup-
pression data available.
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Tulde 9-12 presents estJlmtles of avcr;_ge list price perceulage increases and resulting
decrease.,; in s;des associated with inauul,Jcturer compli_Juce with the regulatory options,
assundEIg a price elasticity of demand of-O.35.

Rising prices can be expected to result in reduced sales as deumnd _llls off becatlse

users will eitiler find more eft]cleat ways to use gasolble or diesel-engine driven _ir com-
pressors, in an effort to cut costs, or will switch to stlbstitute products tllat provide a lower
cost alternative methotl of perlorming the sanle work. The degree to which sales will fall

depends on the ease with which I_ltyers can change their compressor use habits in different
applications in order to cut costs.

With price increases below 20 perceut (constant doll;u's) air compressor users will

probably refrain from widespread immediate substitution because:

I. Portable air compressors are a COllVcnien[ power source for lually applications.

2. Users currently have a high investment in tools that operate on compressed air
E

(eostiug IO to 200 pe_eut as much as the cmnpressor).

3. Costsof using compressors eau be lowered sonlewhat without substitution through
; more renting of equipment and other practices.

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

Decreased industry sales for all options range between 3 aud 5 percent, The largest sales
impact generally falls on the diesel-driven compressors with more thua 250 cfin capacity. These
impacts are equivalent to 1or 2 years of sales growth at the rates experienced by the industry
from 1967 to 1972, but are less than one-fifth of the industry sales growth from 1972 to
1973. (Sales data for 1974 are not available.

*Tile response to price increases in this discussion is considered under tile assumption that
tbe prices of snbstitutes remain constant. To the extent that substitutes for portable air
COUlpmssors experience comparable price increases, e.g., due to oilier government regula-
tions, the demaml response to increasing air compressor prices will be dampened.
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Table 9-12

ESTIMATES OF INCREASED PRICES AND DECI1EASED SALES

ASSOCIATED wl'ru THE ItEGULATORY OPTIONS

Sound Percent Decrease

Regulatory Air How Pressure Time to l'ereent PriceIncrease In 8alas

Cption Cnpnoity Level Compliance (elasticity of -0..q5)
(efm) (dBA at (months) 2 dBA 3 dBA 2 dUA 3 dBA

7 meters) Tolerance Tolerance Tolerance Tolerance

2 All 76 18 12.3 13.6 4.3 .i,8

3 All 78 I8 I0.0 11.1 3.5 3.9

Under 251 7G 18.i

,_o Above 250 76 2.1 12.3 13.6 -L 8 d. 8

Under 251 76 188
Above 250 78 2.1 l 1.2 12. S 4.0 4.3

9 All 76 2-1 12.3 13.6 d, 3 4* 8

I0 All 78 24 10.0 11.1 3.5 3.9

11 Under .°51 - 24 - -
Above 250 7G 30 12.3 13.6 4.3 4.8

12 Under 251 76 24 - .
Above 250 78 .q0 11.2 12. 5 4.0 ,t. 3



|mpoct _}ll|ndostry Employment

L)ecr_lsed indtlstry salesIviII lend to lower employment ill the illdoslry, l_oweveF,the
I_llmrrequired per nnlmd'actured conlpressor ,,viii tend to increase,due to lbe quieting require-
olents. D;lt_larc lint a_dlable to determine the net effect or' thes_ two couuterocting forces.

A portiml of any net decrez_se in employment could be accomplished by normal _lttri-
lion. It has been colnlnon ill f_Cellt yeilrs for between 2 and 3 percent ofthe labor lbree ill
_dlnlonuhlctorblg to leave their job voholt_rily. Data oil labor turnover in tile portable air

compressor bldustry _lrenot zlv_lilabiu.

Based on tile estimated impllets on industry sales, indostrywlde elnploynlent inlp_lcts of

any of the regulatory options would not oppear severe, provided sufficient compliance titan
is Mlownd.

COST OF COMPLIANCE

The total cost of achleving compliance with any of tile regtdatory options is composed
of uumy p:trts. Additional resources - labor, materiMs, mld capital - most be used in the
production of the quletercompressors.* To the extent that the users of portable :Jlr cool-
pressers go to substitute teclnlologies (e.g., dectrie and hydraulic equipment) or m_ke
oilier sdjust|ne_ts to ovoid purchasing the lligher priced compressors, they msF adopt
altere_tive methods of production that presumably would have been more costly than the
lower priced unquleted compressors. Users are therefore avoiding tile cost of higher priced
compressors [_yincurring the cost of previously less favored methods of production, And
to the extent that new air ¢olnpressor sales are reduced, l_bor in tile industry may be usual*
ployed while moving their present employment to alterilatives - a third type of resource
COSt.

Dsta ore out available to assess the value of eoch of tl_ese componen!s of the costs of
complying with tile regolstory options and the distribution of these costs smong differ-
eat segments of society (e.g,, labor, tile construction industry, the purchasers of new con-
struction, and the compressor manufacturing iudustry). As an alternative, an assessment has
been made under the assumption that the only societal adjustment to the new regu]otions is
to resll0eate the required resources to tbe oir compressor industry to produce quieter equip-
ment, This ossmnption implies that there is no decreose in industry sales in response to
higher prices ,and, consequently, no associated unemploynlent. Tile assumption is also made

*lncreesed user operatiug sod maintenance costs are assumed to be negligible. See Reference 8.
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tb[It the illcrease in llst price inchi0es a _lormal profit or return oil c;ipilal resources t£tilizcd
in the quietlug of compressors.

With these assuluptions, the tt_l;ll cost of colnpli;irlce with a regulatory option may be
approxinlated by tile doll_tr v_do¢ irlcrcas_ in coolpressor _les under tile _lsstnnption tlnlt
prices increase by lbc perccnt_lg_s glvcn in Table 9-10 and that unit sales are lint cllanged i_
response to the iligber prices. "]]ds assesstnent lnakes nn slatelneot as to tile inanner ill
which these costs are distributed among tile different segments of society,

USitlg these assunlptions, all _nnloal aggregate incrc_lse ill pltrcbase cost was C_llCtli_tted
for tile first year of fldl colnpliauce for each regtdatory option. Tile base ye_lr.,;ales used in
tile calculation is for the 12 Illon_hs beginnblg on tile date ;ill ucw ¢OOlpressors (regardless

of capacity) are coveted by the regukll]on, _lsstmllng Ihc regnhltion is promulgated ill Jnly
1975. EPA h;ts estinlated lllat [ot_llportable air compressor retails_desil'_ 1977--1978
will be npproxbnatcly $206 million.

Tile results of the calculations _lrepresented in Table 9-13, where it is shown thilt tile

anllual aggregate increase in purclnlse cOSt rclatirlg to tile rcgtdatory optiolls range froln $20

to $28 million.

User Costs

If u user purchases a new quieter and more expensive portable air colnpressor, tile ]figher
price paid represents an iucrease h} Irisinvestmellt expenditures. The book value of his equip-
nleut (carried at cost) will be increased by the amount of tile higher price. This amount will
be depreci_ltcd over the accounting life* of the equipment iu order to allocate the cost of
equipnlellt over tile revenue received through its operation.

If the user borrows the funds required to fiuanee the purchase, be bears an tldditlooal
interest cost attributable to the higher purch_lse price of the equipment. If he uses eqttity
financing, he foregoes t he opportunity of investing tbe';idditlonal funds in other income
generating activities _md thus incurs an opportunity cost just as real as the interest cost of
debt financing, In eifher c_ise, tile user bears an increased cost of financlng the equipment

purchase that may be associated with tile hlgber price.

It is usstnned depreciation is 10 percent of the origin;d cost of the equipment and that

10 percent of the purchase price gives ;_nappropriate cost of the increased purchase price to

*Accounting life and true useful life need not coillcidc.
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Table 9-13

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

Sound Annual Aggregate Increase
Air Flow Pressure Time to In Purchase Cost

Regulatory Capacity Level Compli,'moe ($ millions)
Option (cfm) (dBA at (months) 2 dBA 3 dBA

7 meters) Tolerance Tolcraneo

2 All 76 lS 25.0 27.6

3 All 78 lS 20.3 22. 6

'_ Under251 76 18
"_ 4

Above 250 79 24 25.4 27. 9

Under 251 76 18 - -
8

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 76

Above 250 30 25.4 27.9

Under 251 76 24
12

Above 250 78 30 23.4 25.7



hls operating ct_sts e;ich year. II is also us:amled Ibat all oilier costs incurred by the user as a
_sull of the nois_ regtdati_n_ are itegligible,*

For the first full year of compliance, the increased cost In appear iu Ihe inconle state-
inents of tim risers of the new quieted cqniplnenl is, with the assanq_tions given above, equal
to 20 percent oflbe amlnal aggregate incre;ise in l_urcb;Ise cosl given in Table 9-13. These
first year user an]lualized costs are presented in Table 9-14 and range between $4 and $6
ndllioa.**

To calculate tile corresponcling user annualized cost for tile first year ofa lO0-percent

quletedportableaireolnilr_ssorpopubltion,thefol]owlngassmnptionswere111_de:

• Allnew quietedequipmentsurvivesatleast]0years.

• No existing ullquieted eqUil)Ulentsurvivcsmore tball lOyears,

• Portable air compressor sales grow at a constant rste over the first l0 years of tile
regulation.

Two sets of growth rates are used. The first set is the average .qnnoal 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 front
1967 through 1973 (i,e., 6.0 percent for small compressors and 7.0 percent lbr large com-

pressors),***

These growth rates result in 100-percent qtdetcd popubttions at tbe end of 10 years equal
to I 1.61 and 13.56 times tile number of new compressors purchased during the firs! full year
of compliance. These 100-percent quieted user aunualized 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 compressor industry. The 100-percent quieted user annualized
cost of $76 million, for example, is only 0.06 percent of tile $135 billion value of new con-
struotion in 1973.

*See Reference 8.

**These costs may be considered a component of tile annual aggregate increase ill purchase
cost and shoukl not be added to the values given in Table 9-13.

***It is not anticipated that the higher (i.e., 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 quieted estimates.
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Table 9-14

FI!qSTYEAR USER ANNUALIZED COSTS OF ALTERNATIVE REGULATORY OPTIONS

Sound First Year User
Air Flow Pressure Tbno to Aanualized Costs

Regulatory Capacity Level Compliance ($ millions)
Optlon (elm) (dBA at (months} 2 dBA 3 dBA

7 meters) Tolerance Tolerance

2 All 76 18 5.0 5.5

3 All 78 18 4.1 4.5

Under 251 76 18
4

Above 250 76 24 5.1 5.6
m

Under 251 76 18
8

Above 250 78 24 4.7 5.1

9 All 76 24 5.0 5.5

10 All" 78 24 4.1 4.5

Under 251 24
11

Above 250 76 30 5.1 5.5

Under 251 76 24 - -
12

Above 250 78 30 4.7 5.1



'rnble 9- ]5

100 PERCENT QUIETED POPULATION USER ANNUALIZED COSTS

O1'_ALTERNATIVE IIEGULATORY OPTIONS

Sound User Annuallzcd Cost_ 100tX_Population ($ million)

Air Flow Prussure Time to 19(i7-1972 1967-1973

Roglllalory Capacity Level Complizmce Growth Rate* Growth Rate" •

ObtiOn (c fro) (dI]A at (months) 2 dBA 3 dBA 2 dBA 3 dBA

7 meters) 'roloralteo Tolcr_oo Tolerance ToT_raflcc

._ All 76 t S 58.1 6.'], 9 67.8 74.6

3 All 78 18 .17.6 52. 2 55.6 61.0

.t Under 251 76 ] 8 ....
Above 250 24 59.0 65.0 68.9 75.9

Ululer 251 76 18 - - -
8

_.a Above 250 78 2-1 54.6 59, 2 63.7 69.2

9 All 76 24 58.1 63,9 67, S 74.6

l0 All 78 24 47.6 52.2 55.6 61.0

Under 251 21 ....

11 Above 250 76 30 58.1 63.9 67,8 74,G

12 Under 251 76 24 - -
Above 250 78 _0 54.6 59.2 63, 7 69.2

'2.8 percent for small compressors and 3,6 )orcent for largo.

• *G. 0 percent for small compressors and 7, 0 3erecnt for largo.



This implies that ;lily regulation that does not cause significant disruptions ill the supply
of portable air compressors will probably have relatively little aggregate hnpact oatsitle the
portable air compressor indnstry.

Market hupact

The bnpact of pronmlgating noise emission levels for portable air compressors on Ihe
market and industry as a whole is discussed in greater detail in Reference 8. However, lids
discussion treats in a sumlnllry form those impacts on tile nlarket that can be expected from
the adoption of noise control technology, lnchlded in this summary are the impacts on

upstream components suppliers, downstream distribtttors, and end users,

Suppliers

Tile suppliers of components to (I) engine nlanufactarers, (2) muffler manufacturers,
(3) fan manufacturers, and (4) enclosure and vibration isolator u|anufacturers will generally
experience ]dgber dollar sales. Genend suppliers to portable air compressor manufacturers
will not be adversely affected by tile adoption of noise control technology primarily because
most suppliers to tile industry derive only a small portion of their business from manufac-
turers of portable air compressors.

Distribtttion

Channel_ of distribution anti portable air compressor operations are not expected to
materially change due to tile uoise emission standards.

£nd Users

It has been estimated that tile increased costs to be incurred by portable air compressor
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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Foreign Trade

This discussion addresses tile impact of the adoption of noise standards on export and
import patterns for portable air compressors. Noise regnlations do not apply to export

products but do apply to products imported for use in the United States.

Exports

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

hnports

Imports currently account for between 5 and 10 percent of tile total domestic portable
air compressor unit consumption, hnported portable air compressor prices are generally
competitive with or lower than domestic manufacturer prices. However, imports have not
significantly penetrated the United States market because of lack of effective distribution
networks, poor product quality in some instances, poor service and parts delivery, and

intensive competition by domestic prodneers, Quieted imported portable air compressors
are not expected to make significant inroads into the dmnestie market since the costs asso-

ciated with quieting, plus import costs would exceed the costs hlcurred by domestic
producers.

Balance of Trade

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

IndividualImlmcts

This discussion addresses differential impacts that may develop affecting a single firm or
set of firms.
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Stnall Portable, Air Colnpressor Manttfacturers

Small mantffacturers may not have sufficient manpower nod/or funds to in|mediately
allocate to the required development programs, llowever, costs and qtdeting technology
are not expected to create a problelu for small, mauufimtt_rers provided they are givell
adequate time to adjust,

Firtlts I_xperlenced #t Noise Technology

Those firms b,'lving already attained experience in quieling technology and currently
having quieted products on the market are mt|eh better prepared to meet Federal noise
emission levels. Thus, they are expected to bold an advantage in the |uarket for a limited
period of time.

Disruptive hnpacts

Given adequate lead time and appropriate planning, no significant disruptive economic
impacts are predicted due to the establishnlent 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 portable air compressor industry would be expected to

continue its normal growth pattern. Some small unemployment (measured in tens) may
occur in specific communities.
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SUMMARY

l, Conlprcssor list i_riccs m;W increase as shown hl Table 9.16.

Table 9-16

SUMMARY OF ESTIMATED PRICE INCREASES

(in percent, with 2 dBA tolerances)

Option OptionEngtno/Cnpneity Class Option Option Option Option option Option2 3 '1 8 9 10 11 12

Gasoline (All) 12.1 8.5 12. 1 12.1 12, 1 8. ,5 12.1 12. 1

Diesel (.<2,50elm) 9.6 7.0 9.6 9.6 ,5,6 7,0 9,,5 9.0

Diesel (>2,50 cfm) 13.0 11.4 13.0 11.4 13.0 11,4 13.0 11.4

Average 12.3 [0.0 12.3 11,2 12,3 10.0 12.3 11.2

The price increases will be passed on to end users.

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

Table 9-17

SUMMARY OF ESTI_IATED SALES REDUCTIONS

(in percent, with 2 dBA tolerances)

Engine/Capacity Class Option Option Option Option Option Option Option Option
2 3 4 8 9 10 11 12

Gasoltno (All) 4.2 3.0 4.2 ,I. 2 4, 2 2,0 4.2 4.2

Diesel (-¢250 elm) ,5.4 2.,1 3.4 3.4 3,4 4,0 3.4 2.4

Diesel(>2`50efm) 4.6 2.5 4.3 I 4.0 4.6 2,`5 4,`5 4.0

Average ,1.3 3.5 4.3 .t.0 4.2 3.5 4.3 4.0
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3. Tile esihnated anllLla] aggregalc increase in purchase price for noise abatement for

portable air conlpressors is presented in Table 9-18.

Table 0-18

SUMMARY OF ESTIMATED ANNUAL AGGREGATE TNCREASE

IN PURCHASE PRICE

(in $ million, with 2 dBA toler,'moos)

Option Option Option Option Option Option Option Option
2 3 4 8 9 10 11 12

$25.0 $20.3 $25,4 $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 ill that alternative air sources and competitive systems will

become a more inlportant factor in working on or moving material.

5. There will be no significant effect on factory operations.

6. No significant unemployment is expected to occur.

7. No changes in export or import patterns should occur becatuge of noise regulatlons.

8. No significant impact will be transmitted to the national or a regional economy,

provided adequate lead time to compliance is allowed.
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Section10

EVALUATION OF EFFECTS OF PORTABLE AIR COMPRESSOR NOISE ON
PUBLIC HEALTII AND WELFARE OF TIlE U.S. POPULATION

Pursuant to tile NoiseControl Act of 1972, rPA hasselecled alld pnblisbed noise
nleflSL/resbelieved to be HieS[ useful for describing unvironnlenta] uoise anti ils effects on

people, indepeudent of the source(s) of noise, hi addition, information has also been pub-
fished on the noise levels "requisite Io protect tile health and welfare" i/Icltttllng personal
comfort and well being, as well as file absence of clinical symptoms (e.g., hearing loss). Using
information published hi Rel_'rences I and 2, ;nntlyses were performed to evahmte tile cfl_:cts
of the air con|presser regtdation ou the health and welfi_re of the U.S. population exposed
to construction site noise.

: The apl'_ruach taken lbr the analyses w_ls to evaluate the effects, in terms of percent
changes, in the iml_act of co_strnctiou site noise on LI,S. po'puIation resulting from tile reduc-
tion of portable air compressor noise alone and then in combination with tile reduction of
truck noise. Truck noise is a major contributor to conslrucfion site noise aud is currently the

subject of noise emission control The methodology presented in Appendix l] has beert
applied to file specific case of construclion t_oise to evaluate potential public health and
we/fare benefits derived from portab]e air compressor and truck noise regtdations.

i The analyses considered construction of residential aud nonresidential buildings, cityi
streets, m|d public works that normally occur ill places where population deusily is high.

; Heavy construction, s.uch as highways and civil works, has been omitled from the study since
the bulk of tbis activity genendly occurs in thinly popu)aled areas where the exlensiveuess
of potential noise effects on people is minor. In the framework of the analysis, constrnction

is viewed as a process that can be categorized accordin,g to the type of construction, as well
as to the separate and distinct activity phases that occur.

The basic unit of conslrucfion activity is the construction site. A construction site

exists in both time and space. Four different types of construction sites were ewduated in
the analysis:

1. Domestic housing and residential.

2. Nonresidential, office buildings, hotels, hospitals, schools, goverumeut buildings,
including bighrise.

t
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3. lndLis{rial, parkblg garage, ru]J_iOLiS nloauinents, _nna_elllen { ;lad 3'L_cr_atJon, stores,

service st_ltlOllS, bat no Ilib_ilI'iSe.

4. Public works, municipal streels, and sewers,

Constrnc_ion activity is generally carried Olll in sever_lldiscrete stepst each of which
Jlasits own mix of equipment and att_ndaat noiseoutput. 'file ph_tsesof COllStruetJon
studied were those of Reference 2. Tile d_ltapresented in Reference 2, adopted lbr lhe
present analysis, provide all the necessary iapttl for deriving the variatior) in noise outpu{
with time. Basically. tile process involved in derMng the noise history at each site consists
of identifying the eqtlipment found at each site ill each construction activity phase ill
terms of:

• Tile nnnlber of eqttipnlellt types typlcuily present at tile site in _ given phase.

• Tile duty cycle of each type of equilmleat,

• Tile average noise level of each equlpmenl lyp¢ during the construction ;ictivity
operation.

The original information given in Reference 2 has been reviewed and revised to include

data that has since beeonle available in Reference 32. The revisions appear ill Tables I 0-1 a,
b, c and d.

The usage factors presented in Tables 10-1 a through d, were combined with typical

periods of use (hours) of equipment operated for a particular task, to yield a site Leq as
measured 50 feet from tile site. For tile purpose of this analysis, a construction site is

viewed as a complex source in wldch equipment iscentered at a point 50 feet from an
observer. This consideration provides a model with whicll to establish a base set of data.

The Leq obtained using this model was converted to an Ldn Ibr a 24-hour day and then
converted to an annual Ldn. TJlns_each construction site was viewed as a complex noise
source with a fixed annual value of Ldn. The analysis was repeated for each type of site.

Tile hun|an impact of construction noise was brought into tile analysis by use of the
data presented in Reference 2 with regard to the number of construction sites of various
types in a number of geographical regions, as well as tile popnlation densities within tile
regions. The number of sltes per year w;is taken from Table IV of Reference 32, aad the
population density data was taken from Table XI of Reference 2. For Ihe nonresklenti_d
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"I'able[0-i a

USAGE FACTORS OF EQUIPMENT IN DOMESTIC IlOUSING CONSTRUCTION

Construction phase _ ;_

"N ID "_

EcNlpmeu£

"-'o

Air compressor (81)* 0.1 - 0, 25 GS.7
Backhoe (35) .0.02 0.2 - 0.02 69.5
Concrete mixer (85) - 0.4 0.08 0. ltl 70.5
Concrete pump 482) -
Concrete vibrator (76)

Crane, derrick (88) -
Crane, mobile (88) - 0.10 0.04 69.5

Dozer (fiT) 0.10 0.I 0.04 72.0

Generator 478) 0.4 84.S

Grader (85) 0.05 - 0.02 65.0

PavingBreaker (88) - - 0.01 61.0

Loader (84) 0.2 0.I - 0.04 70.0

Paver (89) - - 0.025 66.0

Pile driver (101)
Pnoumatle tool (851 0.04 0, 1 0.04 72.5
Pump 476) 0. i 0.2 63.0
Rook drill (98) 0. 005 65.5
Roller (80) - - 0.04 59.0

saw 47s) o.o4123.*o.1123 o.o4[_ _s.5
Scraper (88) 0, 0,5 0.01 07. O
Shovel (82) 0.2 - - 65. ,5
True& (88) 0.04 0.1 - 0.04 70.0

Loq (50') per site during work periods = 82.0 dBA

Hours atsite 24 24 40 80 40_ = 208 hrs.

-- 26 days

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

* Numbers in parentheses 4 ) 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 tncUente zero or very rare usage.
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Table i0-Ib

USAGE FACTORS OF EQUIPMENT IN NONRESIDENTIAL CONSTRUCTION
($190K-'tO00K)

Construction phase _ _2=

Equipment ._ _ ._

" t.q

cr_

mreomprassor (81)* 1.0[2]**1.012] 1.012] 0.4[2] 83.8
Backhoe (85) 0,04 0.16 0,4 - 0,04 76.5
Concrete mixer (85) - 0.4 0.4 0.16 79.0
Concrete pump (82) - 0.06 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) - - 0.1612] 0.04[2] 74.0
Dozer (87) 0.16 0.4 - 0.16 78.0

Generator (78) 0.4[2] 1.0[2] - 75.0
Grader (88) 0, 08 - 0.02 63.5
Paving breaker (88) 0.1 0.04 0.04 0.04 75.0
Loader (84) 0.16 O. 4 - 0.16 75.0
Paver (89) - - 0.1 70.0

Pile driver (101) 0.04 0.1612] 0,04[22 85.0
Pneumatic tool (85) 0.04 0.1612] O.04[2] 76.0
romp (76) 1"o[2] 1.o[2]0.4 70.8
Reek drill (98) 0.04 0.005 78.0

Roller (80) 0°1 00.5

Saw (78) 0.0413] 1.013] 76.5
Scraper (88) 0.88 73.0
Shovel (82) - 0.4 72.0

Truck (88) 0.1612] 0.4 0.10 80.0

Lcq(50, ) per site during work perlods = 91.0 dBA

Hours at site 80 320 820 480 160 E = 1360 hrs,
170 days

Total number of sites = 12,710 (Tables IV(b) of reference 82)

* Numbers in parentheses ( ) represent average noise levels (dBA) at 80 ft.

** Numbers in brackets [ ] represent average number of items if number is
greater than one, Blanks indicate zero or very rare usage.
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_Tnb[e lO-t e

USAGE FACTORS OF EQUIPMENT IN INDUSTRIAL CONSTRUCTION

($30K-820i<, no high-rise)

Construedoa phase _ '_

Equipment o_ _ ,__=u u

_ ° o
o

Air compresser (81)* 1.0 0.4 O.4 0.4 78.0
Backhoe (85) 0.04 O.16 0,4 0.04 76.8

Concrete mixer (85) 0.4 O.10 0.16 77.5
Concrete pump (82) 0.05 O. 16 0.08 71.0
Concrete vibrator (76) 0.2 0.1 0.04 60. 5
Crane, derrick (88) 0.04 0.02 70, 0
Crane, mobile (83) O.08 0.04 68,0

Dozer (87) O. 2 0.4 0.04 77.5
Generator (78) 0.4 0.4 69.5
Grader (85) O.08 - - 0.02 62.5
Paving breaker (88) 0.1 0.04 O. 04 0.04 75.0
Loader (84) 0.10 O.4 - 0.04 74.5
Paver (89) - - - 0.12 70.5

Pile driver (101) - - 0.04 - 81.0

Pneumatic tool (88) - - O.04 O.1133'* 0.04 76.0
Pump (76) - 0.4 1.012] 0.4 - 83.0
Rock drill (08) - O. 02 - - 0. 003 75.0
Roller (80) - - - 0.1 60.8

saw (78) - o 04[2] 0.112] - 67.9
Scraper (88) O.14 - 0.08 70.5

Shovel (82) - 0.4 - O.06 72.0

Tru (s8) 0.161230.z8[2] - - 0.16 78.9

Leq(80, ) per site during work periods = 88. O dBA

Hours at site 80 320 320 480 160_ = 1360 hrs.
= 170 days

Total number of sites = 80,839 (Tables IV(c) 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 ene. Bla_ce indicate zero or very rare usage.
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Table 10-1 d

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS CONSTRUCTION

(Municipal streets and sewers)

Construction phase
O _

Equipment _ _ _ e_ _

Air compressor (81)* 1.0 1.0 0.4 0.4 0.4[2]** 79.0

Backhoe (85) 0.04 0.4 - 0.16 74.5
ConcretemLxer (85) 0.16123 0.4[23 0.10123 81.0
Concrete pump (82)
Concrete vibrator (76) - -
Crmle, derrick (88) 0.1 0.04 0.04 74.0
Crane,mobile (83) - - 0.10 09.8
Dozer (87) 0.3 0.4 0.2 - 0.16 79.8
Generator (78) 1.0 0.4 0.4 0.4 0.4 75.0
Grader (85) 0.08 - - 0.2 0.08 74.0
Paving brealeer (88) 0.5 0.0 0.04 0.112] 80, 8
Loader (84) 0.3 0.3 0.2 - 0.16 76, 0
Paver (89) O.1 O. 8 - 81.5
Pile driver (101) - - - -
Pneumatic tool (85) - 0.04[2] o. 1 o. 04 72.5

(78)- 0.4[2]1.012]0.4E2]- 78.8
Rockdrill (98) - 0.02 - 82,8
Roller (80) - 0.01 0.0 0.5 72, 8
Saw (78) - 0.04[2] 0.04 63.5
Scraper (88) 0.08 0,2 "" 0.08 0.08 78.0
Shovel (82) O.04 O.4 O,04 - O.04 71.0

Trud, (88) 0.1_2J 0.16 0.4[2] 0.2[2] 0.1012] 84.8

Leq(50, ) per site during work periods = 91.0 dBA

tIours at site: 12 12 24 24 12_ = 84 hrs.
= 10 ½ days

Total number of sites = 488,224 (_able 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, ff that
number is greater than one. Blanks indicate zero or very rare usage.
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building category, the transl_:r of people from die std)urbs to the eeJltml city dnrblg Ib,-'
average workblg day w:_sconsidered by adjusting Ibe population data, consislent with tile
model presented ill Rcfi:r_:ncc 2, wblch is sunnaarized in Table XI of the relbrenec. This
adjustment was necessary to account for the l.lct Ihat inosl constrtlclion ill ClIics occnrs
during lhe working day. Thus, poptdation estimates were obtabwd for 20 differcnl cases
corresponding to tile fotlr construction types (residenlial, nonrcsldeotial, mnnicipal streels
and pnblic works) and fivt_c;Jlegories of regions.

I. Large high-density central city

2. Large Iow-denslty ccnlnd city

3. Other Standard Metropolitan Statistical Areas central cities

4. Urban fringe

5. Metropolitan areas outside the urban frblge.

Two models were used for the propag_llioll of site noise into tile ¢onlnlanlty, Ill
residential areas and other llgbtly btdlt up areas, noise was assLnlled lo be attenuated at the

rate of 6 dB per doubling of distance away from the source. Accordingly, around each site there
exists a series of annulations, each of which represent stlccessive 3 dr] areas of greater attenuation.

A mean noise level Ldn (annual Ldn) was associated with each anmdus, as well as the area in
square miles, The latter figure, wllcn multiplied by tile population density typical of tile region,
yielded the average number of people, (P), living within that annulus. It was assumed tbat
on tile average, only half of these people are affected by tile noise because it is reasoned
that only half of tile rooms in a structure in proximity to the site face the site, This assump-
tion appears reasonable but must be recognized us being somewhat arbitrary.

In the case of the no|lresidenthd (office) htdldlng category, a different model was
considered. For tbis situation it was assumed tllat noise confined in a built up area is
attenlJatcd by only 3 dB per donbling of distance for tile first 400 feel, title to the canyml
effect, and then attenuates at 6 dl] per doubling of distance, since at that point noise is
free to decrease by classical spherical divergence, Ft_rthcr, it was assumed that only 25

percent of tile people in each annldus were affected by the construction noise since in
moat office boildings not all the rooms have outside exposure. Thls assomption appears
reasonable, but it is also somewhat arbitrary.

CONSTRUCTION SITE NOISE II_IPACT

Tile impact ofan environmental noise has two basic dimensions: cxterlsiveness and bllea-

sity. L:xtensivencss of impact is n'4easurcd in terms of tile total numbers of people impacted
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regardless of the severity of individual bopact, Intensity, or severity, of an imlividual's
impact is measured bl terms of the level of the eovironolenlal noise.

For ana]ytle porposes, it is desirable to have a sint_le ntmlber representing the magiii-
rude of the total noise ilnpact irl terlns of both uxlensiveness and intensity hi a specific
environmeota] sitaMion. With a single number descriptor of noise impact, rclatlve changes
ill impact Call be described in terms of simple perceo [age changes of relief froal an initial
wdue, In tbls inethod, prostrated ill Appendix It, file inlensity of all enviroaoletltal noise
hllp_lct al a specific ]ucatJorl is characterized by Ihe Fractional hllpaet ([:l).

In tile oomputafinn o1:Ihe fractional impact (F[) ;issociatud wit]l each anrullus arouad
a construction site for office buildhlgs alld iodustrial facilities, computations were performed
relative to an exterior Ldn of 65 dB raffler than tile 55 dB assumed for residential areas
and public work areas. Tile rationale for this assumption was that in office buildings
adjobllng emlstreclion sites, windows :ire uormally closed, which increases the noise
reduction between outside and inside (Rcl_rence 30). "file window-dosed condition
provides at least l0 dB more atteooatlon tilan does the window-open condition. Accord-
ingly, exterior levels of 65 dB in the wimlow-closed condition and 55 dB with windows
open will generally produce idcntlcal interior noise levels.

From knowledge of tile various fractional inlpacts aad the nunlber of people con-

tained in each anaallJS, tile equivalent poptdatlml inlpacted in each annu|as was obtained

and then summed to obtaill the total impact (Peq).*

CompLit_ltloaswere performed to assess the change in tile equivalent popolation

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 fron'Jth_ conlpressor houshlg. Since new-truck noise regulations cnrrently being
formublted will, ill lime, produce lower truck noise levels at construction'sites, tile effect
of tile ¢oillbincd rel]ltCt_onOf portable air compressors and new-truck noise were addi-
tionally evaluated. Tile benefits of reducing portable air compressor and new truck noise

levels are sunrmarized in Table 10-2 ill terms of both Peq and the percent reduction of im-
pact upon tile change on U.S, population exposed to constro¢lloo site noise.

To further illustrate the significant benefits and relief afforded the population by
reducing new porttd_leair compressor noise levels, Figure 10-1 has been prepared from the
data of Table 10-2. As shown in Figure 10-1, a sizeable reduction (approximately 15
percent) ill tile magnitude of tile impact by construction site noise is achieved by regulating

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

SUM_ARY OF BENEFITS TO THE POPULATION IMPACTED

BY CONSTRUCTION SITE NOISE RESULTING FROM REGULATION

OF PORTABLE AIR COI%£PRESSOR AND TRUCK NOISE

Percent

Peq Reduction

Baseline data I, 245. 622 0

Only air compressors reduced:

a) 76 dBA ...... -- 1,062,800 14.7
b) 73 dBA 1,053,810 15.4
c) 70dBA 1,049,266 15.8
d) 55 dBA I, 046, 133 16.0

Trucks reduced 83 dBA

a) Air compressors @ 76 dBA 781,000 37.3

Trucks reduced 75 dBA

a) Air compressors @ 76 dBA 677,660 45.6.

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

The results, shown in Figure 10-1 and Table 10-2, derived from tile regulation of new

portable air compressors and new trucks arc time dependent; Ihat is, tile benefits accrued
occur in time as tile current unregukltcd compressor and truck population is replaced by
quiet regulated units. Figure 10-2 ilhlstrates file mag,nituda by wlfich the health and welfare
benefits accrue in time using file assumption that quiet portable air compressors and trucks
replace unquleted units at the rate of i 0 percent per year.

Tile data clearly demonstrates that the reduction of portable air cmnpressor 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, Table 10-3 slmws that the reduction of porto bin 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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Table 10-3

CONTRIBUTION OF PORTABLE AIR COMPRESSOR NOISE
TO CONSTRUCTION SITE NOISE

Percent* of site noise Rank* at site

Site Cmnprossor Compressor Compressor Compressor
Noise Noise Noise Noise

at 88 dBA** at 76 dBA at 88 dBA** at 76 dBA

Residential 4.6 .3 7th 16th
Publicworks 6.1 .4 7th 16th
Industrial 10.0 .G 3rd 17th
Nonresidential 16.9 1.1 2nd 17th

* On an energy basis
** Current average level at 7 meters of all compressors.

The data show the decreasing importance of portable air compressors (in terms of total
emitted acoustic cnergy) from tha seColld inost prcdos|inaat construction siic noise source
after trucks (at present) to tim 15th noisiest piece of equipmcat comprising the hardware

mix of 20 pieces of equlpnlent typically esed at construction sites.

Further public hcslth and welfare analyses were psrfonncd to assess the benefits
derived by splitting tile portable air compressor population at 250 elm and reducing noise
of compressors larger than 250 cfm to a different level. Table 10-4 lists the case studied.

Table 10-4

PORTABLE AIR COMPRESSOR NOISE REDUCED BY CATEGORY

Air fl0w capacity Reduced noise level
(ofm) (dBA)

250 76

>250 78

I0-12
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Tile rutiomde fro' tbls case study is as follows:

I. Eighty-two percent of the portable air couq_ressors sold (by 1972 so}as figures)
have air flow capacity of less than 250 afro.

2. _dany of the portable air coulpressors in the 18 percent greater than 250 cfm
category are ased iB renlot¢ areas where tile impact on public hcafih cud well:are
is minimah

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

4. The mean noise level of the population of qtdet portable air coulpressors in tile
markelplacc today, with flow capacity greater fun1250 cfm, is 77.9 dltA.

Tile analysis demonstrates a resultant 0. I percentage point toss of effectiveness; that
is, a 14,6-peruent impact relief from coostruelion site noise as con]pared witll tile 14.7-
percent relief when all porlable air cmnprcssors are reduced Io 76 dBA.

ACTUAL POPULATION EXPOSED TO CONSTRUCTION SITE NOISE

To furrier assess tile benefits of reducing portable air conlpressor and truck noise in
terms of the reduction in actual population exposed to cmlstmclion site ooise, tile cumula-
tive number of people exposed to eonstrucfiou site noise levels above Ldn 55, 60. 65, 70,
and 75 was detemlined for:

• No construction eqaipment rJoise reduction, i.e., today's eqoipment noise levels,

• Portable air eomprussors reduced to 76 dBA.

• Portable air compressors reduced to 76 dBA and trucks Cconcrete mixers and dump
trucks) reduced to 83 dBA,

".l'heestimated cumulative ntm'_ber of people currently exposed to construction site
noise and tile attendant reduction in tile number of people exposed to reduced portable
air compressor and truck noise levels is tabulated in Table 10-5, As shown, tile reduction of
portable air compressor noise alone reduces the number of people exposed to levels above
Ldn 55 (the noise level identified as protective of health and welfilre with an adequate
margin of safety) by 4.2 million, while reduction of both portable air compressor and

truck noise reduces tile number of people exposed by 7.4 million. Witl'_portable air
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Table 10-5

EFFECT OF PORTABLE AI]_. COMPRESSOR AND TRUCK NOISE

EMISSION REGULATIONS ON THE U.S. POPULATION
EXPOSED TO CONSTRUCTION SITE NOISE

NO Construction Equipment
Regulation Regulated Portable Air Compressors
Cumulative Portable Air Compressors and Trucks Regulated**

Ldn Population Regulated*
exposed to Cumulative Cumulative
Construction Population t, Population A
Site Noise Exposed Exposed

53 27,4fi7,000 23,242_050 4,215_000 20,045,000 7,412,600

60 7,723,000 6_56,000 1,2fi7p600 5,569p000 2,154,000

65 2,079,000 1,714,000 365,000 1,029,000 553,000

70 587,000 472,00O 115, O00 412,OO0 175,000

70 9S_0O0 61j00O 32_O0O 50_OO0 43,000

* 76 dBA @ 7m (23ft,)

** Portable air compressors regulated at 76 dBA @ 7m (23 ft.) and trucks
regulated at 83 dBA @ 10.2m (00 ft.)

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

ENFORCEMENT

Enforcement of new product IloJse ertliSSlOnslandards applicable to new portable air
cmupressors will be accomplished thrm_gh:

• Production verification testing of compressor configaratious,

• Assembly process testing using selective enforcement auditing of production com-
pressors and

• In-use compliance programs.

The predominant portion of any production verification testing and assembly process
testing will be carried out I)_¢the manufacturer and audited or confirmed by EPA

personnel, as necessary,

Any test used for production verification testing and any test used for assembly pro-
cess testing of productiou compressors should be the same lest as that specified in tbe regu-
lations or correlative so that compliance may be accurately determined. Tile standard
measurement metbodology, which'can be used both for production verification testing and
assembly process testing of portable air cmnpressors, is a modified version of tile CAGI/
PNEUROP test method tbat appears in Section 6.

Analyses have been perlbrlned to assess potential product verification and selective
enforcement auditing testiug costs. Appendix C presents the estimates and lists the under-
lying assumptions used in tbe analyses.

PROD UCI_ION VERIFICATION

Production verification is the testing of early production models by a mauufaeturer or
by EPA to verify that a manufacturer has developed tile uecessary technology and is capable
of applying the technology in a manufacturing process.
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Production verification does not involve any forntal EPA approval or issmmce of certifi-
cates subsequeut to manufacturer testing, nor is any extensive testing _'tluired by EPA. A
compressor configuration nmst mldergo prodnetlon verification prior to or soon after its

distribution in commerce, Like configurations nlay be grouped into_a category, as defined
in the regulations. A compressor model would be considered to have been production verified
after the manufacturer Ires shown, based on tbe application of the noise n|easurenlent testing
methodology, that a configuration or configuratious of that model conform to the standard,
Production verification testing of ell configurations produced hy a manufacturer may not be
required if a mamlfiictucer can shaw that the noise levels of sonra coufiguratlons bl a category
are consistently higher than others in a category. In such a case, the noisiest configuration
would be the only configuration reqairing verification. Manufacturers must reverlfy when-
ever they implement engbmering ebanges to their products that ;ire 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 nonconforming compressors will be
distributed in commerce, If the possibility exists that subsequent models may not conform

to the stmlda_rd, selective 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 based on an audit of production emnpressors
(Selective 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 cmnproasors
conform to the standard and to provide the basis for further action in the case of nonconform-
ity. SEA testing is performed pursuant to an administrative request in accordance with the
proposed test procedure.

The sampling strategy adopted by EPA does uot attempt to impose a quality control or
quality assurance scheme upon a manufacturer but merely audits the conformity of bis
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. Tile
test request will require the manufacturer to test a sample of compressors of tile specified
category or eoufiguratiun produced at a specified plant.
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.AllJmport_lutiJdlncncblgl_JctorregardinglifeducisJuosoftheAdudnistr_Hortoissuea

teslrcquesliswbelberthemanufucttlrerisccntlu¢IblgnoiseemissionIcslingofprolhlctloll
¢olnprcssorstlnderhisown qualitycontrolscheme,If;IInanu1_tcltlrur_inprovideuvideac_

thathiscompressorsaremcelingst_Jndardsb_isedolitest_mds_onl)fln_methods_icccpt_d)leto

I_PA,issualleeoflltestrequestmay llolbonecessary,

The gencr_ltypeofsalnpiingslmtegydevelopedbyEPA employsatlrlbtdes-typesanlpllng

plansappliedtoa spccil'Jcntnnberofbatchesofconiprcssors.Ullderinspectionby altribatcs,

itemsareinspectedorlestedtodefcrnliacwhethertheymeet theprescribedspecifiealion.

Tim basicdecisioncriterionisthentlmbcrofcompressorsll_ivingparanleterstllatmeetIbe

• specJ_eationrathertllant_leavengeyahleofsome paranlc[c|-.The parlicublrspcclflealion

for compressors is tile noise emission st;mdard established by mgulatiom

Two types of s;impliug pl;ms for inspection of balchcs ;ire employed, single and

multiple samplblg. For single _nnp]Jug, only one test S_llnlllc of conlpressors is selected
from the batch snbjcci to testing. Single sampling is used when lhe batch size ranges
from 4 to 15; while multiple sampling is llsed for batch sizes over 15 conlf_ressors. Multiple
sampling differs from single sampling in that small consecutive test s:,mples are dmwrl from a
batch ndber than one large sample. /_,lolllple sampling offers the advant_lgc of keeping the
/lumber of colnprcssors tested to a mleinlnnl when tile compressol_s arc nleeting the standard.

The samples required under the sin_glesampling plan range from 3 to 4 per batch, depending
on tile batch size. Under tile multiple plan sanlple size ranges from 2 to 14.

The sampling plans are art, raged according to tile size of the batch from which a sample
or samples are to be drawn. Each plan specifies the sample size and acceptance and rejection
numbers associated witil an acceptablequality level (AQL) of 10 percent. As applied to
compressor noise emissions, the AQL is the maximum percentage of compressors that fail to
meet tile noise 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

r_mdom production errors.

The sampling plans provide for audit of a mamffactnrer's product noise emission stan-
dard conformance as based on tests perlbrmcd on a sequence of production batches of his
products. As a result of tile acceptance or rejection of tile prescribed nun_ber of batches,
tile determinntion is made as to whether the manufacturer is producing compressors within

the prescribed aeeeptablo quality level of 10 percent.

13atches tested arc accepted or rejected based on tests performed on samples of com-

pressors. Tile number of noncolnp]yiug conlpressors in a sample is compared to tile accep-
tance and rejection numbers for the apl:,ropriate sampling phms. If tile number of failures is
less than or equal to the acceptance number, tile batch is said to be accepted. On tile other
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band, if the umld_er of fai]itlg eonlprcssors in lhe sanlpl¢ is greater than or cq aa] Io the rejec-
lion manbcr, then the batch is said to he rejected. Tile probability that a batch will be
accepted if the perceulage of nonconlplyillg cmnpressors is less than tile AQL is lligh, The

probability that a Ntlch ',viii be rejected if the actual munber of uouconlp]ying compressors
is greater thao tile AQL hlcreases as tile percentage of aonconlplyblg compressors increases,

Wbetl the sanlpling strategy involves a lnalliple salupiing pblu, them amy be some

i]lstanees in wllich tile nlUllber of fililUl'eSin a lest salnpie may uo[ allow acceptauce or
rejection era batch. WIlcu this occurs continued testhlg nluy be required until a decision
can be nlad¢ to either accept or reject a bate]l,

Regardless of whether a biltcll is accel_ted or rejected, noncomplying compressors will
have to be repaired or adjusted and will have to pass a retest belbre they can be distributed
in commerce.

The fact timt one batch of compressors is accepted or rejected does not provide suffi-
cient information as to whether tffe partlcublr category or configuration(s) selected for testing

is in compliance with the standard. This is because the number of compressors tested in
inspecting one butch is not era large enough sample to determine production quality on an
extended basis. To provide a large enough sample or_ which to base production quality, the
manufacturer must inspect a sequence of batches. As in the case for the sampling pbms for
inspecting batches, the sequences of batclles that must be b|spected are arranged according to
the size of the batch. Associated with each batch size is the number of consecutive .batches

required to be inspected and batcb sequence acceptance aud rejection numbers. Pairs of
consecutive batches arc inspected and the number of rejected balches are compared to tile
batch sequence acceptance and rejection nambe_. If the number of accepted batches is less

than or equal to rile hatch sequence acceptance/lumber, file manufacturer will not be required,
at that time, to conduct further san'_pling and testing of Ibe category or configuration selected

pursuant to the initial test request. If tl_e number of rejected ba!ches is greater titan the batch
sequence acceptance oumber but less tbaa tile rejection nuulber, tile manufacturer must con-
tinue to inspect consecutive b,_tchcs. If the nun|bet of rejected batches is equal to or greater
than the batch sequence rejection number, the aumufaeturer may be required to institute
I00 percent testing for all con|pressers identified in the request.

The samplirig and batch sequence inspectioll plans in this regulation were designed so
that the maximum mamff_cturer's risk is 5 percet|t. That is, if the percentage of noncomply-
ing compressors a manufacturer produces is 10 percent or less, there is a maximum probability
of 0.05 that he will be requested to institute 100 percent testing.

Siftce the tlumber of compressors tested in respouse to a 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 _h¢ time limit for ¢omplyhlg with an SEA request on tile b_lsisofa ma×imum

specified test time per compressor, taking tr;ulsportatlon requirements, if any, into ¢onsidcr-
iltlorl. T]ic In;lll!i_'ilCtlltgt WOil]d b_ ;l]]owcd il reasonable amotillt of time for trlU'h_pOtt Of

compressors to ;= test facility if on_ w_re not avai]tlble ;It th¢_assemllly plaint.

Th_ samplJllg plaIls developed by EPA for use ill the regl/l;itious calf bc cllarllcltrizcO [)y

operating cha_lcicristle (OC) curves. The OC curves for tile EPA phns ;_rc presented in

Figure 11 -I, which graphically demonslnites how tile probability of zlccepting a batch sequence

w_rieswitl_tile percentage of llOncotllpiyiltg Compressor's, Tile t_aximtm_ mmlttfact_.trer'a risk

1.0 -- Batch Size
A= 4to8
El _ gt015
C = 1flto25

D = 28and greater

E
o

"6

!'\\a- .2 B

o,,
.1

Ol I I -'l i
0 10 20 3D 40 50 60 70 80 90 100

PercentageNoncomplying

Figure ] l-I. Operating Characteristic Curves for Sampling Plans
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previously referred to c;m be rediddirectly from tile OC curves. For each batch size, th_

manufacturer's risk is one minus tile probability of accepting tile hatch sequence wbea tile
percentage nonconforming is 10 percent. Tbe consumer's risk, which is tile prob;d_ility of
a batch sequence being accepted wben tile percentage uongolt_'orulillg exceeds tile AQL, can
also be read directly from the OC carves.

If a manufucturer can provide evidence tbet llis compressors arc meeting the stalldilrd
using tests and sanlpliug methods acceptable to EPA, issuance of a test request may not be
necessary, For batch-type sampling Idans, EPA will judge tile acceptability of a manaf_lc-

tutor's sampling plan in terms of tbe OC curve or curves characterizing the plait. The OC
CHIVeor curves for a ITUUtl.lfIlgtLlrCr_s sampling plan nlnst be uolnparable to tile OC curves for
the EPA plans,

If a manufaetnrer COlploys a contintloos-lype sanlpiJug plan (such as Departulelll of
Defense Handbook H 106, "Multi-level Continuous Sampling Procedure and Table for
Inspection by Attributes"), tber_ the _Jverugeoutgoing qonlity Ibnit (AOQL) must not exceed

10 percent, where the AOQL is the worst average oulgoing quality tlmt will result from
employing a given sampling plan, regardless of the incoming quality.

Both attributes _uld vari_tble type sampling pkms will be cousldered by EPA for use by
a manufacturer in bis quality control scllnme. In the event a nmuufacturer elects to use a

variables-type plan, ire must dentonstntte to EPA that tile sampling plan is appropri_fle for
the type of distribution that noise emissions from compressors manufactured by him exhibit.

To demonstrate suitability of either an attribute- or variable-type sampling plan, the mamt-
facturer must provide data to EPA on test results from a sufficiently large sample of coln-
pressors to enable statistically valkl conclusions to be drawn regarding the underlying dlstri-
button. He must also include the analysis of the dat;i.

It is tile manufacturer's responsibility to derive tile OC curves or AOQL for Ids plnn or
plans for presentation to EPA before EPA will make a judgment relative to the ncceptr_bility
of both the plea and test results, on file basis of sucb tDplan, as ;in alternative to issuance of
a test request

ENFORCEMENT ACTION

The prohibitions in tile Act would be viol;ited ill the following instances:

1, If the manufacturer fails to properly verify the conformance of production coal.
pressors,
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2. If it is determined, on the basis ol's_l¢ctive enforccnleat audlt tcstlng or olher
infornlaliOrl, tlult noncon_brming production conlprcssors are knowingly being
distributed into commerce.

3. [f the inanufilcturer lhils to comply with an Adnlinistnltor's order spaeifying appro-
priate relief wilcre nonconformity isdeternlinad.

4, lf the uoise control system of a cmnpressor is "tampered with," as defined in tba
Act.

Remedies

In addition to the crimiual penalties, fines and imprisonment, associated with violations
of the prohibitions of the Act, the Administrator has the option of issuing an order specify-
lug sucb relief as he determines necessary to protect tile public I|ealth and welfare. Such
orders could require that a manufacturer recall products distributed into commerce not in
conformity with the regulations, whether or not tim |uanufaoturer had knowledge of tile
nonconforlnlty. Recall ardors will be issued ill situations in wldcb selective enforcement
testing demonstrates that compressors of a parlicufar configuration ti_at do not conform
witb the applicable emission standard have been distributed in commerce.

'/'he Administrator may also issue an order requiring the manufacturer to ceosa distri-
bution in commerce of compmsaors when the requirements of production veri_cation have
not been met.

Any orders would be issued only after manufacturers had been afforded notice and aa
opportunity for a bearing.

L'lbeling

The/abel will provide notice to buyers and osars that the product is sold in eonforndty
with the regldations and that the compressor is equipped with noise attenuation devices,
which should not be removed or rendered inopel'ative, us prohibited under Federal law. The
label also states that tha use of a product that has been tampered with is prohibited.
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In-Use Cmllplianee

Tile intent behind this requirenlent is to ¢nstlre that tile public health and wnll,Lr¢
benefits derived from tile portable air ctnnprcssor staudat'd ;ire fully achieved over tie'in.

Tile Agency nudnlaJns Ihat product noise ctnission standm'ds developed In protect public
health and welfare nmsl 11ol dcgnlde durhlg tile product's life. llowcver, where degradation
carlnnt be reasonably prevented through periodic preventive Inaloteoauce and repair,
standards may ilmludc a degradation allowance.

Currently, on data are available to detcrlnine whether and Io what degree the noise
from a properly inalntubled and repaired portable air compressor wottld degrade ill time.
Accordingly, the Agency is reservillg a section for useful lil_ requirmnents in tile regulation
and will detbr action on setting a useftd life standard until necessary and sufficient data are
collected on which to base _Jstandard. The tinkly in pronlulgating a useful life shtndurd
should not be construed as a decmpbasis of this reqtdrement, but merely ;is a mt2ans to

assure that an accurate aud fair usefnl life requirmnuot nlay be Jmposed.

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

Recall is generally tile appropriate remedy (under Section I I (d) (I)) to require the
manufaetorer to repair or replace a class of compressors that fails to confornl to Federal
standards at 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 sale that would cause
noncompliance.

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

Finally, manufacturers are required (pursuant to regulations under Section 6 (c) (1)) to
provide instructions to purchasers specifying tile maintenance, use, and repair necesmlry to
minimize or eliminate any possible degradation from the initial noise emission levels.

11-8
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Section 12

ENVIRONMENTAL EFFECTS OF NOISE EMISSION REGULATION
OF PORTABLE AIR COMPRESSORS

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT

Tile regulation will lhnB file 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 track noise regulations, 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 abateff_ent effort aimed at reducing the tolal environmental noise to which the popu-

lation is subjected. The composite impact of all Federal noise emission regulations will be
aimed at a level ofenviromnental noise conslstent with protecting human healtb and welfare.

IMPACT RELATED TO LAND

Portable air compressor regnlafions will have no adverse effects relative to land.

IMPACf RELATED TO WATER

Portable air compressor regulations will have no adverse effects on water qtmlity or
supply.

IMPACT RELATED TO AIR

These regulations will bare rio adverse impact on air quality.

There exists a possibility of market shifts from gasoline-powered to diesel-powered

portable air compressors. If these sblfts occur in filvor of diesel-engine powered compressors,
total air emissions might be reduced since diesel engines produce less pollutants as the

byproduct of combustion Blan do gasoline engines.
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IMPACT RELATED TO ENERGY

Portable tllr con|presser reg_lafio_s will h_ve little, if _lny, J)_)p;icton fu_l co;}su)))plior),

There exists considerable tlis_greeme¢_t an_otag tile indt_stry regarding any potential
increase in rtl_l usa by quiete¢. 9nrtable air eomprezsoTs. It is EPA's belief that fuel con,

sumption izlareases th_l may result from increased cooling, requirements will be offst_,l
throttgl_,tire use of n_ore effiaient fans it_ tt|e quieted eolnpressors.
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Appendix A

DOCKET ANALYSIS

INTRODUCTION

Th_ Envirenmonta]ProtectionAgency iscemmltted by statuteand policyto
In-depth public participation in tim decision m_dng process for its environmental
regulations. This policy encourages and solicits contributions from the public
on technole_5,, costs, health and welfare and economic impact or benefits and any
otimr attributes of tim particular subject. Contributions arc desired from as

many diverse views as are possible, and whoa snell information, efter therougil
analysis by the Agency, indicates a need for ebange, appropriate action Is taken
to insure tlmt the regulation being premuh,mted ineo_'poratns such ehueges.

Pursuant to the Agency's policy, three opportnaities were provided for the
public to comment on tim proposed noise emission regulation for portebin _tir
compressors. On October 29, 1974, concomitant with publication of the Notice
ef Proposed fiulem_dng (NPRM) for portable air compressors (39 F.It. 38186),
a docket was opened to receive written public comments regarding the N:PRM.
The period for public comment extended from October 29, 1974, to December 31,
1974, to allow intnrcstod persons 2 manti|s to formulate comments and respond.

On February 18, 1975, n public hearing on the proposed regul_ien was imld
In Arlingten, Virginia, to provide additional opportunities for the public to com-
ment on the proposed rulemaldng. Tids wan followed by a second public heaning
on February 25, 1975_ in San :Francisco, Caltfernin. A public hearing docket was
opened to accommodate written materials submitted to the Agency pursuant to
the hearings. This decker closed on March 10, 197.q.

All public comments received by EPA/ONAC in tim form of written docket

submissions, as well as from public hearing tosttmony, have been reviewed and
analyzed by the Agency. Where the analysis indicated ehangan were appropriate,
the Agency incorporated these into the regulation being promulgated.

Summarized in this section are tile comments received by the Agency result-
ing from public participation in the portable air compressor rulema]cing. Also
included ave the Agency's responses te tlm comments. Tile docket analysts is
organized into two see_ons. Section 1 identifies and summarizes tim major

issues raised by tim various commenters. Tbc issues have been separated into
five categories: (1) Technical, (2) Health and Wclfaret (3) Economic, (4) Legal,

A-I



and (5) Mlscel 'laneous. Each issue is identified by number and is followed
by a list of those who raised the Issue. Opposite the name of each
individual is a descriptor referring to tile location of the comment in the
Agency's records. Comments received as submissions to the NPRM
docket are Identified by a number preceded by the letter C, while those
arising from publlo 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/ONAC

Room i105, CrystalMall #2

1921 JeffersonDavis Highway
Arlington,Virginia
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I. TECHNOLOGY

Issue Docket No. Originator

I,I COMMENT: A 76 dBA limit does not represent cur-
rently available technology.

C036 Richard Gimer
Compressed Air and Gas Institute

Transcript Richard Gimer
Compressed Air and Gas Institute

I.2 COMMENT: The teelmology to quiet portable air com-
pressors is available.

Transcript J.A. Mills
Director ofResearch
IndustrialNoise Services, Inc.

Transcript Richard S, Anderson
Vice President

General Acoustics Corporation

I. 3 COMMENT: Data relating to degradation of noise
emission characteristics is insufficientto

predict degradation patterns for air com-
pressors.

C039 F.A. Deliecave

Ingersoll-Rand Corporation

C036 Richard Gimar

Compressed Air and Gas Institute

Transcrlpt Richard Gimer
Compressed Air and Gas Institute

Transcript Richard Ostwald
Engineer
Gordon Smith and Company

Transcript Richard Geney
Arias Copco

Transcript Lawrence H. Hodges
J. I. Case Co,
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Issue DocketNo, OriGinator

1.4 COMMENT: Fuel consumpLion can be expected to increase
as a result of the regulation.

C033 R.D. Harrow
Schramm, Inc,

Transcript Robert Ilarlow
Sehramrn, Inc.

Transcript H, T. Larmore
CIMA

i.5 COMMENT: Fuel consumption may be expected to remain
the same or decrease as a result of the usage
of high efficiency funs.

Transcript Paul Laesch
Sullair Corporation

I. 6 COMMENT: Quieting technology is not the same for all
sizes and configurations of air compressors.

Transcript Paul Laesch
Sullair Corporation

Transcript Richard Gimer
CAGI

Transcript William Heckenkamp
Gardner-Denver Company

Transcript Richard Gcney
Atlas Copeo

i.7 COMMENT: The availabilityof quiet engines is a problem
found by manufacturers in their effortsto com-
ply with the regulation.

C015 C.M. Copeland
P. N. Lindsay Co.

C036 Richard Ghner
CAGI

Transcript Richard Gimer
CAGI
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Issue Docket No. Originator

Transcript William Price
WorthingtonCompressors, Inc.

Transcript William Heckenkamp
Gardner-Denver Company

Transcript Paul Laesch
Sullair Corpration

1.8 COMMENT: "Band aid" measures for controlling noise
emissions arc more expensive than integrated
design changes,

Transcript Lawrence H. Hodges
J. I. Case Company

C032 D, E, Kipley
Gardner-Denver Company

l.9 COMMENT: Portable air compressor noiseshouldbe
measured in terms of C-weighted decibels.

C038 Don L. Kerstetter
Pennsylvania Dept, of Environmental

Resources

I, 10 COMMENT: Portable air compressors should be required
to have cut off devices for shutdown when access

doors a{'e opened,

Transcript Alvin Greenwald
Private Citizen

1, i1 COMMENT: Problems with component parts availability
may affect manufacturers' abilities to comply
with the effective date of the regulation.

C036 Richard Gimer
CAGI

Transcript Richard Gimer
CAGI

Transcript William Price
Worthington Compressorsa Inc,

Transcript Richard Ostwald
Gordon Smith and Company
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Issue Docket No. Originator

Transcript Paul Laesoh
SullairCorporation

i. 12 COMMENT: EPA measurement methodology should be
...... compatible wit]: proposed international

methodology.

C017 William W, Lung
instituteotNoise ControlEngineering

C023 N, J. E. Hartwell
Perkins _gine Company

C036 Richard Gimer
CAGI

Transcript George Diehl
Ingerso11-Rand Company

1.13 C_OMMENT: The test specification for a fifth microphone
above the compressor shouldbe reconsidered

C023 N, J. E. Rartwell
Perkins Engkne Company

i.14 COMMENT: There is no separatelyidentifiable"noise
controlsystem" per se forportableair com-
pressors

C031 A.J. Cox
CIMA

C036 -Richard 'Glmer
CAGI

I, 15 COMMENT: The regulation should provide for a simpli- i
tied manufacturer pre-produetion testing !
procedure

C032 D.E. Klpley
Gardner-Denver Company

C040 Joseph O'Neill
Quincy Compressor

C03fi l_chard Gimer
CAGI
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Issue Docket No. Ori_inator

i.16 COMMENT: The present method for classificationof
portable air compressors should be simpli-
fied to accommodate small volume production

C037 William Price

Worthington Compressors, Inc.

C039 F.A. DelleCave

Ingersoll Rand

C036 Richard Gimsr
CAGI

Transcript William Price
Worthington Compressors, Inc.

Transcript Lawrence IL Hedges
J. L Case Company

Transcript t:tobert L. Grievell
Keehring Company

1.17 COMMENT: In order to comply with the regulation.
manufacturers must design for well below
the standard.

C009 D.E. Kipley
Gardner-Denver Company

C010 Richard Gimer
CAGI

C016 l%ichard Ostwald
Gordon Smith and Company

C032 D.E. Kipley
Gardner-Denver Company

C033 : '1%.D Harlow
Schramm, Inc.

C037 W.S. Price
Worthington Compressors, Inc,

C039 F.D. Dellecave
Ingersoll- Rand
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IB,,SUO Docket No. Ori_nator

C040 Bruce J. Smith
Bucyrus-Erie

C036 Richard Oimer
CAGI

Transcript Richard Gimer
CAGI

Transcrlp_ R/chard Ostwa/d
Gordon Smith and Company

Transcript William Heckenkamp
Gardner-Denver Company

Transcript William Price
WorthingtonCompressors, Znc.

Transcript Richard Genoy
Atlas Copco

I.18 COMMENT: A singleincidentmaximum dB(C) level
shouldbe includedin the regulation

Transcript Alvin Greenwald
PrivateCitizen

1.19 CO.MMENT: The EPJkmeasurement methodology is not
suitablefor in-usetestingat a construction
site

Transcript Robert Levy
City ofSan Francisco

Transcript John W. Ross, Jr,
City and Countyof San Francisco

I,20 COMMENT: The Agency neglectedinitsbackground
studiestoinvestigateo_-testmachines
larger than1200cfm

Transcript Richard Geney
Atlas-Copco

Transcript Paul Laesch
SullairCorporation

, I.21 COMMENT: A conflictbetween noise suppressiontechnologyand
safetyconsiderationsmay existregardingthe flame
retardantpropertiesof acousticalinsulationlaggings
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Issue Docket No. Originator

Transcript Paul Laesch
Sullalr Corporation

I.22 C.OMMENT: The regulation should include controls of
pure tone noise from portable air com-
pressors

Transcript Alvin Greenwald
private Citizen

I.28 .COMMENT: A tolerance in the standard should be allowed
on fieldtests to account for environmental

and instrumentation variance likely to occur
when portable air compressors are tested in
environments differentfrom the controlled

environment of the manufacturer's facility

Transcript Richard Girner
CAGI
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2. HEALTH AND WELFARE

Iss,ue Docket No. Originator

2.1 COMMENT: Consideration should he given tousage conditions
and amount of exposure to the public for different
types of machines in setting the regulation.

C032 D.E. K/pley
Gardner-Denver Company

C03S Richard Gimer
CAGI

Transcript Richard Gimer
CAGI

Transcript William Heekenkarnp
Gardner-Denver Company

Transcript Paul Laeseh
Sallair Corporation

2.2 COMMENT: Benefits to public health and welfare do not
justifythe economic impact of the regulation.

C024 R.W. Wiedow

Northern IllinoisGas Company

C028 Hugh I. Myers
Private Citizen

C030 Robert F. Hand

Clark Equipment

C034 American Road Builders Association

Transcript William Heckenkamp
Gardner-Denver Company

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

C029 Thomas F. Scanlan

Grossmont College

Transcript 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
Waslfington Hearing and Speech Society

Transcript Alvin Gre enwald
Private Citizen

2, 4 COMMENT: EPA should undertake a more thorough
cost/benefit study.

C024 R. W, Wiedow
Northern Illinois Gas Company

C034 American Road Builders Association
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3. ECONOMICS

Issue Docket No. Originator

3.1 COMMENT: The portable air compressor regulation is
inflationary.

C011 Bruce J. Smith
Bu cyrus - Erie

C014 W.J. Cowan
Barber-Greene Company

C018 Lawrence H, Hodges
J. I. Case

C022 Lawrence H. Hodges
J. I. Case

COS0 Robert F. Hand
Clark Equipment

C031 A.J. Cox
CIMA

S. 2 COMMENT: Smaller manufacturers in the industry will
be those most severely impacted by the regu-
lation.

C016 Richard Ostwald
Gordon Smith and Company

C028 Hugh I. Myers, Jr.
]Private Citizen

C030 Robert F. Hand
Clark Equipment

C036 Richard Gimer
CAGI

Transcript Robert L. Grievell
Koehring Company

Transcript Paul Laesch
Sullair Corporation

Transcript Richard Gimer
CAGI
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Transcript George Diehl
Ingersoll-Rand

TranscripL Richard Ostwald
Gordon Smith and Company

S.S COMMENT: The economic impacts of the useful lifepro-
vision were not included in the cost of com-
pliance studies.

C006 J.M. Ombrello
LeRoi Division, Dresser Industries

C009 D.E. Kipley
Gardner-Denver Company

C010 Richard Gimer
CAGI

C022 Lawrence H. Hedges
J, I. Case

C027 George J, Shadtner
Grimmer -Schrnidt Corporation

C030 Robert F. Hand

Clark Equipment

C031 A.J. Cox
CIMA

C033 1-%. D. Harlow
Sehramm. Inc.

C035 Caterpillar Tractor Co.

C036 Richard Gimer
CAGI

i

C037 _Villiam S. Price

Worthington Compressors. Inc.

C039 F.A. Delleeave

Ingersoll-Rand

Transcript Richard Girner
CAGI
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Transcript Robert Harlow
Schramm, Inc.

Transcript Richard Ostwald
Gordon Smith and Company

Transcript William Heckenkamp
Gardner-Denver Company

Transcript William Price
Worthington Compressors, Inc.

Transcript Richard Geney
Aflas-Copco

Transcript Lawrence H. Hodges
J. L Case Co.

Transcript H. T, Larmore
CIMA

3.4 COMMENT: Tile cost of constructing a test facility at
a manufacturerJs plant location is economically
infeasible.

C008 J.M. Ombrello
Le Roi Division,Dresser Industries

C027 George J. Stradtner
Grimmer -Schmidt Corporation

C036 Richard Gimer
CAGI

C040 Bruce J. Smith
Eucyrus Erie

3.5 COMMENT: The 167o estimated per unit price increase
is an underestimation of the true cost to com-
ply with the regulation due to the compliance
and enforcement provisions.

C006 J.M. Ombrello
Le Roi Division°Dresser Industries

C009 D.E. Klpley
Gardner-Denver Company
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C010 Richard Gimer
CAG[

C018 FAchard Ostwald
Gordon Smith and Company

C022 Lawrence H. Hodges
J. L Case

C0g7 George J. Stradtner
Grimmer-Schmidt Corp.

C081 A.J. Cox
CLMA

C032 D. E, Kipley
Gardner-Denver

C033 R, D. Harlow
Sehramm, Inc.

C035 Caterpillar Tractor Co.

C039 F.A. DellsCave
Ingersoll-Rand

C040 Joseph O'Neill
Quincy Compressor

C036 Richard Gimer
CAGI

Transcript Richard Gimer
CAGI

Tr ans.cript Robert Harlow
Schramm, Inc.

Transcript William Heekenkamp
Gardner-Denver Co.

Transcript Lawrence Hodges
J. I, Case Co.

Transcript H.T. Larmore
.....' CIMA

Transcript Paul L_esch
Sullair Corporation
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S. 6 COMMENT: There is no need for a Federal noise rcgu_
latinnfor portableair compressors because
marketplace pressures willforce production
ofquietedmachines withouta regulation

CO30 Robert F. Hand
Clark Equipment

3,7 COMMENT: Maintenance of dB(C) levelsiscostlyand
unnecessary

C023 N.J.E. Hartwell
Perkins Engines

C036 Richard Gimer
CAGI

3.'8 CO.MMENT: The regulation will have a harmful impact
on foreigntrade patterns in the industry

C022 Lawrence H. Hodges
J. I. Case Company

C030 Robert F. Hand
Clark Equipment

C023 N.J.E. Hartwel_
Perkins _En.gLues

C036 Richard Gimer
CAGI

S.9 CO.M.MENT: .The re&n/laden will have the effect of in-
creasing air compressor rentals, to the
detriment of industry sales volume

Transbript Paul Laeseh
SullafrCorporation

3.i0 COMMENT: A board ofreview shouldbe established
to ensure thatmanufacturer costsare not
prohibitive

C0032 D.E. Ktpley
Gardner - Denver
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3. ;.1 COMMENT: Large manufacturers can be expected to
stockpile standard machines before the
effective date of the regulation

Transcript Paul Laesch
Sullair Corporation

S. 12 COMMENT, The cost of sound attenuation for a small
manufacturer will be higher per unit than for
a larger company

COl 6 Richard Ostwald

Gordon Smith and Company

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

C0O2 Richard Gimer

: CAGI

C015 C.M. Copeland
P. K. Lindsay Company

C016 Richard Ostwald

Gordon Smith and Company

C027 George J. Stradtner
Grimrner -Schmidt Corporation

i

C032 D.E. I_pley
Gardner -Danver Company

C033 Robert Harlow
Schramm, Inc.

C037 W.S. Price
Worthington Compressors, Inc.

C039 F.A. DelleCave

Ingersoll-Rand

C040 Joseph O'Neill
Quincy Compressors

C036 Richard Girner
CAGI
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Transcript Richard Gimer
CAGI

Transcript Robert Harlow
Scbramm, Inc.

Transcript William I-lecke r_am p
Gardner-Denver Company

Transcript William Price
Worthington Compressors, Inc.

Transcript Paul Laesch
Stfilair Corporation

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

C032 D.E. Kipley
Gardner-Denver Company

C033 Robert Harlow
Schramm. Inc.

C037 Williara Price
Worthington Compressors. Inc.

C039 F.A. DelleCave
Ingersoll- Rand

C036 Richard Gimer
CAGI

Transcript Richard Gimcr
CAGI

Transcript Robert Harlow
Schrarnm. Inc.

Transcript William Heckenkam p
Gardner-Denver Company

Transcript William Price
Worthington Compressors, Inc,

Transcript Richard Geney
Aflas-Copco
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3.15 COMMENT: The regulation will cause the non-productlve
expenditure of labor and materials.

C028 Hugh I. Myers
Private Citizen

Transcript Richard Geney
Arias Copeo

Transcript John McNally
Caterpillar Tractor Company
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4. 1 COMMENT,: The compliance and enforcement aspects
of the regulation were derived from unrelated
industriesand could not realisticallyor practi-
callybe 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 controlof airpollutionfrom new motor
vehicles and new motor vehicle engines, have
been applied.

C018 Lawrence H. Hodges
J. I. Case

C036 Richard Gimer
CAGI

4.2 COMMENT: The regulationmanifests a basicdistrustof
American industryaccompanied by a desire
for EPA to keep its responsibRities to a minimum.

C030 Robert F. Hand
Clark Equipment

4. 3 COMMENT: 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.

C025 Walter L. Black
Clark Equipment Co.

C037 William S. Price
Worthington Compressors, Inc.

C040 Joseph O'Neill
Quincy Compressor

Transcript George Diehl
Ingersoll-Rand
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4.4 COMMENT: The number of configurationsshould be mini-
raisedand only thoseparameters for config-
urationsthatdirectlyaffectnoiseemissions should
be used. The defh_tionofconfigurationshould
be revised, based on cfrn engine type and RPM,
with category being defined by cfm only,

C037 William Price
Worthington Compressors, Inc.

C039 F.A. DelleCave
Ingersoll-Rand

C036 Richard Gtmer
CAGI

Transcript William. Price
Worthington Compressors, Inc.

Transcript Lawrence H. Hodges
J, I. Case Company

Transcript Robert L. Grievell
Koehring Company

4.5 COMMENT: 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

C037 William Price
Worthington Compressors, Inc.

Transcript William Price
Worthington Compressors, Inc.

Transcript Lawrence H, Hodges
J, I. CaseCo.

Transcript Robert L. Grtevell
Koehring Company

4.6 COMMENT: The Selective Enforcement Auditing strategy
which has a proposed AQL of 6, 5a/ccontradicts
the requirement that every new compressor
conform to the applicable noise emission stand-
ard, since inherent in such a strategy is the
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assumption that some non-conformlng products
will be distributed into comrneree.

C036 Ricbard Gimer
CAGI

4.7 COMMENT: The SelectiveEnforcement 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 thatthey conform to the
regulation.

C025 Walter L, Black

Clark Equipment

4.8 COMMENT: The SelectiveEnforcement Audit should

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

C036 Richard Gimer
CAGI

4.9 COMMENT: The production verification and Selective
Enforcement Auditing Scheme will provide
a high assurance of product conformity and
further that a 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.

C020 Mary Ann Zimmerman
Ct_nmius Engine

4.10 COMMENT: The Administrator's discretion to refuse to
grant a hearing in situations where Section
ll(d) orders are issued is a matter of concern,

C035 Caterpillar Tractor Company

C036 Richard Gimer
CAGI

A-23



Issue Docket No. Ori_iniator,

C037 William S. Price

Worthington Compressors° Inc.

4.11 COMMENT: The limitation of th'eright to counsel in the
regulation should be stricken.

C035 Caterpillar Tractor Co.

C036 P/chard Gimer
CAGI

4.12 COMMENT: 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 F-,PAand far in
excess of any Agency needs.

C013 Robert A. Heath

Walker Manufacturing

C035 Caterpillar Tractor Co.

C036 Richard Gimer
CAGI

C037 William S. Price

Worthington Compressor, Inc.

4.13 COMMENT: The information recording and reporting
requirements are burdensome and costly.

C032 D.E., Klpley
Gardner-Denver Co.

C013 Robert A. Heath
Walker Manufacturing

C030 Robert F. Hmld

Clark Equipment

C038 Richard Gimer
CAGI

4.14 COMMENT: The proposed regulation in some instances
requires the repetitive submission of infor-
mation.
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C022 Lawrence H. Hodges
J. I. Case Co.

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

C036 Richard Gimer
CAGI

4,16 COMMENT: 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.

C013 Robert A. Heath
Walker Manufacturing

4.17 COMMENT: 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.

C010 Richard Gimer
CAGI

C015 C.M. Copeland
P.K. Lindsay Co.

CO16 Richard Ostwald
Gordon Smith and Co.

C019 R.D. Harlow
Sehramm, [nc,

C022 Lawrence H. Hodges
J. I. Case Co.

C027 George J. Stradtner
Grimmer -Schmidt Co.

_- C030 Robert F. Hand
Clark Equipment
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C031 A.J. Cox
CIMA

C033 R.D. Harlow
Schramm_ Inc.

C035 Caterpillar Tractor Co.

C036 Richard Gimer
CAGI

C039 F.A. DelleCave

Ingersoll-Rand

C040 Joseph O'Neill
Quincy Compressor

Transcript R.T. Larmore
CIMA

Transcript Richard Gimer
CAOI

Transcript Robert Harlow
Sehramm, Inc.

Transcript Willaim Heckenkamp
Gardner- Denver

Transcript Lawrence H. Hodges
J. I. CaseCo.

4.18 COMMENT: "The warranty required by §204.58-1 is a
useful lifeperformance warranty.

C015 Robert A. Heath

Walker Manufacturing

C002 Richard Gimer
CAGI

C016 Richard Ostwald
Gordon Smith and Co.

C018 Lawrence H. Hodges
J. I. Case Co.

I C025 Walter L. Black
Clark Equipment Co.
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C036 Richard Gimer
CAGI

C030 RobertF. Hand
Clark Equiplment

C031 A, J. Cox
CIMA

C037 W.S. Price

Worthington Compressors, Inc.

C035 CaterpillarTractor Co.

4.19 COMMENT: Which "manufacturer" must issue the noise

emission warranty requires clarification.

C022 Lawrence H. Hodges
J. I, Case Co.

4.20 COMMENT: That which constitutestampering should be
defined, and whether or not the nse of after-
market parts (partsnot manufactured or
authorized by the original equipment manu-
facturer)would constitute tampering should
be clarified.

C030 Robert P. Hand

Clark Equipment

C035 Caterpillar Tractor Co.

4.21 COMMENT: In the tampering requirements submissions of
information 90 days before introduction into
commerce of the compressor represents an
excessively long time period for the manufac-
turer.

C036 Richard Gimcr
CAGI

4.22 COMMENT: The requirements for lists of noise control
devices, performance specifications for such
device, and acts which constitute tampering are
unfair, vohmlinous, and unduly costly.

_, C031 A.J. Cox
CIMA
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C037 William S. Price
Worthington Compressors, Inc.

C036 Richard Gtmer
CAGI
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S. M'/SCELLA NEOUS

[S,Sue Docket No. OriGinator

5.I COMMENT: Noise regulations directed at fileend prod-
uct are preferable to fl_osefor ind[vidual
component parts.

C020 Mary Ann Zinlmerman
C_nmins Engines

5.2 COMMENT: The regulation should be rewritten to improve
the prose relating to numerical descriptors of
noise.

C021 Dr. Robert W. Young
Acoustical Society ofAm erica

5,3 COMMENT: The definitionof a portable air compressor
should be clarifiedso as to exclude any prod-
ucts not intended to be subject to the regu-
lation.

C026 M.E. l%umbaugh, Jr.
Sehwitzer Engineered Components
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RESPONSE _0 ISSUES

The EPA has carefully considered all of the comments received re-

garding the proposed noise emission regulation for portable air compres-

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

follows:

i, Technology

I.I, 1.2 One coat,enter stated that the 76 dBA limit does not represent

currently available technology.

The "Background Document for Proposed Portable Air Compressor Noise

Emission Regulations" presents data from several compressors that emit noise

levels of 76 dBA and lower at 7 meters. Technological availability is,

EPA believes, adequately met when mass produced commercially available

products are in commerce today which 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 data were not available at this time, since in the past there was

not a need for the assessment.
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Accordingly EPA has undertaken studies to develop these data.

Industry representatives have also agreed to begin to collect and to make

available to the Agency such noise emission degradation data so that

proper analysis and decisions regarding useful llfe standards, ineJudlng

degradation effects, can be made at a later date.

1.4p 1.5 Several industry conmenters stated that fuel consumption can he

expected to increase as a result of the regulation, 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 dndieate that it will be due primarily

to an increase in static pressure within the portable air compressor

enclosure due to added noise control components. This, in turn, would

cause increased fan loading and a concomitant imcrease in fuel consump-

tion on the order of 3 - 8 percent. Another industry commenter stated

that there would be no fuel consumption i_erease 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.
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Tbe Agency, in the course of its technology studies, 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 is not the

same for all sizes and configurations of air compressors.

The Agency assessed the quieting technology applied to several model_

of compressors on the market t_day. The assessment revealed tha=_ while

the large, high air flow capacity compressors generally required greater

silencing effort than did the smaller, lower air flow capacity unlts_

similar techniques were applied to achieve the silencing. Accordingly,

the effective date of the regulation has been modified to provide msllu-

lecturers with a longer lead time to integrate noise control features into

the design and manufacture o_ larger portable air compressors.

1.7, l.ll Several commenters were concerned about th_ problems they may

encounter regarding availability of component parts, especially quieter

engines, necessary 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 period. In assessing the impact of this

action, the Agency questioned the portable air compressor manufacturers

about the problems they anticipated as a result of this action by engine

manufacturers, All who responded to the questions indicated that the

actlbn would have a dramatic adverse impact on the engineeri*ig design

A42



and manufacturing time required to develop compressors meeting the standard

and further indicated that component delivery problems could he bandled

if the effective date of the regulation were extended. The Agency con-

sidered 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 he derived from the regulation. It is the Agency's belief

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 "hand aid" 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 design changes to produce quiet

machines. The effective date of the regulatlon is based to a substan-

tial degree on the data supplied by the respondent manufacturers. It

is the Agency's opinion that the time span before the regulation becomes

effective provides menufactnrers with the requisite lead time to accom-

plish the necessary deslgn changes, if they so desire, to preclude the

"band aid" approach.

1.9, 1.18 Two eommenters responded to the solicitation, in the preamble

of the proposed regulatlon, for views as to whether a standard should he

imposed on portable air compressors measured in C-welghted sound pressure

level.
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The intent of the solicitation was to elicit information in regard to

imposing a C-weighted noise emission standard to guard against design

practice that would shift the major spectral components' of portable air

compressor noise to low frequencies discriminated against by the A-

weighted sound pressure, at the possible expense of escalated low fre-

quency noise, which in turn could cause vibration problems in structures

located in proxlmlty, to construction sites.

At the time the proposed regulation was developed, the Agency had

limited 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 being promulgated.

I. 10 One eommenter suggested that devices be installed that would shut-

down a compressor if the access doors were opened.

The Agency considered the validity and practicality of such a

requirement and decided not to require the installation of such devices

for the following reasons: i) 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 circumvent automatic shutdo_zn devices if 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 slr

compressors may be an element of design incorporated into the product to

achieve compliance with the regulation. Accordingly, and as stated in
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the tampering section of the regulation, the removal or rendering in-

operative, for purposes other than nullntenance, repair or replacement,

of such a device is prohibited.

1.12 Several communists responded to the solicitation in the Pre-

amble of the Notice of Proposed Rulemaklng, for comments in regard to

the proposed measurement methodology and/or the advisability of express-

ing the portable air compressor standard in terms of sound power rather

than average sound pressure level,

During the development of the preposed regulation, EPA carefully

considered the various measurement methodologle8 and sound descriptions

suitable for the assessment end eharacterlzatlom of portable air com-

pressor noise. As a result of these studies, it is EPA_s op_nlon that the

methodology as proposed will provide data to accurately characterize

portable air compressor nmlse with the simplicity that is requisite to

facilitate product verification at the manufaeturerls plant and enferee-

ment in che field. The following private and public proclamation by

portable air compressor manufacturers is significant in this regard:

"Hemhers of CAGI have carefully studied the measurement

methodology and at the January 19, 1975, meeting of the Compressed

Air and Gas InstICutej Portable Air Compressor Sectlon_

it was resolved the physical measuremest procedures contained

dn the proposed EPA measurement methodology be accepted

by CAGI,"
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_n_ile the Agency has opted for a measurement methodology with which

industry is most familiar at this time, and which supports its compliance

requirements, and has opted to use A-welghted sound pressure level as the

descriptor of portable air compressor noise, it recognizes that situatlons

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 in-

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 Co_mlttee A3 of the International Organization for Standardization

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

viahle_ and EPA would recommend thelr use for the dstermination of portable

air compressor sound power in situations requiring such assessment,

1.13 One eommenter stated that the test specification for a fifth micro-

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

he of signlflsance to persons working or residing in high rise buildings

• adjacent to construction sites and/or where portable air compressors are
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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 tileoverhead micro-

phone position and concluded that its imposition is indeed requisite to

control upward radiated compressor noise, for without it there is no

practicable way to assure that upward radiated noise will not exceed the

stipulated level.

1.17 Several commencers stated that, in order to comply with the reg-

ulation, manufacturers must design for levels well below the standsrd.

In developing the regulation, the Agency recognized that a class

of compressors, for that matter a single compressor, may emit noise

levels tbat vary by as much as 4_ 2 dBA as tbe 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 that the EPA measurement methodology

is not suitable for in-use _esLi:_g at a construction site, with reasons

such as anticipated difficulty in measuring 7 meters above e com-

pressor, difficulty in teaching noise 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 Agencyts intent to arrive at e test method that could facilitate

both noise emission testing in the controlled environment st the manu-

facturer's test site as well as noise emission level assessment in the

uncontrolled environment of construction sites. What hss evolved is a
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simple, practleable test method which, while not patently idea], for both

test environments, provides manufacturers of portable air compressors a

method to assure compliance with the noise emission standard. It also

provides State and local noise inspectors with a metbodology or, at a

minimum, a methodology base o_ which to build or modify as local conditions

may dictate, for their development of equivalent test procedures for in-

use noise 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

air compressors larger than 1200 cfm, 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 Boise 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 ell and thus create a potentially

hazardous condition should the oil/fuel flash point temperature he

exceeded. As most acoustical materials may he chemically treated with a
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flame retardant'to prevent combustion, 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 noise supprssslon technology.

1.22 One eommenter responded to the preamble solicitation for comment

on whether the regulation should address portable slr compressor pure

tones,

Currently, major pure tone spectral components generated by todayts

i portable air compressors occur at low frequencles_ less than 500 hertz,

and are not _artlcularly annoying as the frequencies are below the races

of acute ear sensitivity. However, the Agency recognizes that as port-

able air compressor designs change, so too may the spectral character of

=he pure tone generating components Co cause annoying pure tones. Accord-

ingly, Che Agency will contlnue to address the potential problems of pure

tone noise with respect to portable air compressors_ 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 such control measures as may be necessary,

1,23 Several aommenters felt that some tolerance on the standard should

be allowed on field tests to account for environmental and instrumenta-

tion variances likely to occur when portable air compressors are tested in

environments different from the controlled environment of the manu-

faeturerls facility.
_..- .
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The Agency recognizes that, due to environmental and instrumentation

differences, noise emission data measured at State and local test sites may

differ fram that measured during SEA and PV testing, and Lhe Agency will take

this into account when reviewing _est data,

2, Health and 14elfare

2.1 Several conunenters stated that in setting tile regulation, consldera-

tlon should be 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-

ditions and amoun_ of exposure to the public for different types of

machines. In the analysis, the Agency employed portable air compressor

[ usage factors and noise levels to investigate health and welfare benefits

derived from the regulation of the total population of portable air com-

pressors. A second analysis was conducted for the population of com-

pressors split into units typically used in urban areas and those typi-

cally used in rural areas. The studies considered the usage of compres-

sors in five phases of construction: domestic }lousing, non-residentlal,

industrlsl, and public work construction. The "Background Document for

Portable Air Compressor Noise Emission Regulations" presents further

details of the analysis,

2,2, 2.3 Several commenters stated that the benefits to public health and

welfare do not lustlfy the economic impact of the regulation.

It must be kept in mind that society is now paying billions of

dollars for noise pollution associated with lost productivity, higher

J
medical bills and health insurance premiums, payments in successful noise

, i
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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-

duets and their customers and hence will provide society 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 site noise levels that Jeopardize their health and welfare.

Since construction site noise is typically comprised of contributions

from more than twenty different types of construction equipment, regu-

lation of the majority of the pieces of equipment will be required to

appreciably and effectively reduce this type of noise, The portable air

compressor has been identified as the first pleue of construction equip-

ment requiring noise emission control to foster, in the long term, less

construction site nols_. While portable air compressors may not provide

the highest sound level at construction sites, they do contribute

significantly to community noise exposure. Air compressors rank with

dump trucks and concrete 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 2_erican public.

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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with an estimated attendant 12.3 percent increase in the llst price of

portable air compressors. Upon regulation of noise emissions from dump

trucks and concrete trucks, a reduction in total impact by approximately

45 percent is anticipated when the current population of compressors and

trucks is replaced by quiet units. Further reduction in total impact is

contingent upon effective noise emission regulations of other construction

equipment. Considering the health and welfare benefit obtained from the

regulation, the Agency believes that the added cost of compressors is a

productlve expenditure.

2.4 Several commenters suggested that EPA undertake a more thorough cost/

benefit study.

The Agency conducted additional economic impact and health and wel-

fare impact analyses employing data and information made available Co 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 being promulgated is

basedj in part. os the results of thsse analyses.

3, Economics

3,1 Several commenters indicated that they felt that the Portable Air

Compressor Regulation is 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 healch and welfare, The Agency has carefully weighed
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the potential adverse economic impacts associated with the promulgation

of the regulation and compared them to the benefits thst would accrue to

the population affected by the reduction in noise emitted by portable air

compressors, The conclusion is that the 12.3 percent llst price increase

is 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.

3.2j 3.12 Several ¢ommenters indicated that they felt tbat the smaller

manufacturers will he more severely impacted and their costs per unit will

be higher than those for larger portable air compressor manufacturers.

The Envlronmental Protection Agency pursued this issue through

visits and communications with large, medium, and small portable air

compresser manufacturers in an effort to determine the validity of the
!

comment. As a result of the Agency's investigations and data surfaced in
i'

pursuit of the issue, it became apparent that the effective date of the

regulation was the single major factor coetrolllng the degree of economic

impact on the portable air compressor industry of the proposed standard,

particularly on the smaller manufacturer• Aceordlng to the data, a

smaller manufacturer faced a greater potential for serious economic

impact from the 12-month effective date because of limited resources

snd manpower to accomplish the requisite redesign of his product llne

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

smaller manufacturer could he constrained by the regulation from intro-

ducing his units into commeroe and thereby accrue a severe economic

::_ I impact. Accordingly, after 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 derived, the Agency has extended the effective date

of the regulation to 24 months for compressors with elf-flow capacity less

than or equal to 250 cfm, and 30 months for compressors with elf-flow

capacity greater than 250 cfm. It is the Agency's belief that this

extension allows ade.quate lead time for an orderly readjustment by all

maeufacturers to preclude potential economic hardships associated with

time constraints imposed by tbe proposed effective date.

3.3 Many commencers indicated that the economic impacts of the useful llfe

provls_on contained in the proposed regulation were not included in the

cost of compliance studies that were undertaken.

The Agency reviewed the useful llfe provision contalned.ln the

proposed regulation in light of the comments made in the various dockets.

The Agency has elected not to specify at this time a specific require-

ment'for portable air compressor useful llfe noise emission standard. The

Agency has chosen, however, to defer a useful llfe provision in the

Portable Air Compressor Regulation until further studlea regarding the

degradation of noise emissions of portable air compressors and the as-

soclated costs of compliance have been completed and assessed against the

health and welfare benefits whleh could result from the imposltlon of

such a useful llfe standard.

3.4 Several commentate stated that the cost of constructing a test

facility at a manufacturer's location is economlcally infeasible.
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The Agency does not feel that the required measurement/testlng

procedure will necessitate the construction of elaborate, expensive test

facilities for portable air compresso: manufacturers. Accordingly, the

test procedure, including the description of the test site, as it appeared

in the proposed regulation stands as the EPA test procedure which will he

utilized to determine compliance with the standard, floweret, as now

stated in the regulation, alternate test procedures whlch are approved by

EPA by virtue of demonstrated correlation with the prescribed procedure,

may be employed by the manufacturers,

3.5 Many tom.enters stated that the estimated 16 percent per unit price

increase underestimates the true cost to comply with the regulation due

to the enforcement provisions.

The 16 percent preliminary estlmaKe of list price increase included

in the preamble to the proposed regulation did not include costs for

enforcement and useful life provisions. In the final analysis performed

by the Agency, the deferment of a useful llfe standard and further con-

slderation of the enforcement scenario led to the following estimated

llst price increases for newly manufactured portable air compressors:

1. ii.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 elm.

3, An additional estimated 0.4 percent list price increase

may accrue through the costs of the revised enforcement

scenario of the regulaglon,
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3.6 One commenter indicated that there was no need fo_ Federal regula-

tlon of portable air compressors because marketplace pressures will force

the production of quieted machines without a regulation.

This assertion has, in fact. not been demons6rated. Although there

are models of aompressors that are quieted, the noise emissions of the

compressor population as a whole 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 nomprosso_ fleet to levels that are considered to he pro-

restive of the public health and welfare.

3.8 Several commenters indicated that the regulation will have a

harmful impact on the foreign trade patterns in the industry.

The Agency assessed 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 solely for export there will

be no changes in portable air compressor export patterns resultlng from

this rulemaklng.

3.9 One manufacturer indicated that the regulation will have the

effect of increasing air compressor rentals, to _he 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 regulation.

approximately 50 percent of portable air compressor unit shipments reach the end
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user through rental or rental/purchase agreements, Tllereason 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 e

finite period of time than to tie up capital in a unit not receiving full

usage,

14bile 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 regulation, The

Agency has, however, estimated Lhat imposition of the regulation would

cause no more than a 4.3 percent decrease in total unit sales.

3,10 One manufacturer suggested chat a hoard of review be established to

ensure that manufacturers' costs are not excessive.

The Noise Control Act of 1972 does not contain any provision for

the establishment of such a panel. The EPA has, however, made every

attempt to estimate the economic impact on the portable air compressor

manufacturing industry. The regulation does not in EPAts Judgment impose

any unreasonable or excessive costs on the industry.

3.11 One commenter stated that large manufacturers can be expected =o

stockpile standard machines before the effective date of the regulation.

The Noise Control Act prohibits distribution in commerce of

products manufactured after the effective date which do not meet the

standard. Thus, under the Act, Congress imtended that products menu-

facKured earlier shall be exempt and may be distributed in commerce ati

any time even _f they do not meet the standards. The nature of portable

air compressor manufacturing and marketing is such that dlscributors are
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expected to have several pre-regulation compressors available for sale

at the time the regulation becomes effective, and thls probability was

considered in the assessment of health and welfare impact of the

regulation,

The analysis of this issue focused on industry prod.arian capacity,

i.e,, basic ability to stockpile. On an average across the industry

current production capacity is such that limited stockpiling is possible,

if the assumption is made tbnt the compressor market will remain rela-

tively stable until the regulation is effective. Combined in this analysis

is the historical flexibility of the portable air compressor industry in

responding to market demand fluctuations. Consideration of these factors

and the general expense of stockpiling inventory led to the Agency con-

clusion that the stockpiling possibility will he evenly assessed by in-

dustry and that individual manufacturers will be able to avert market

dlsruptions in that event.

3.13 Several manufacturers stated that the l-year effective date of

the regulstlon is 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 successful

compressor redesign. The presence in the industry of several manufacturers

who have little or no quieting experience, and additional information

which showed that quieting is more difficult to achieve in the larger

compressors, led us to extend the time for compliance. In addition, our

I 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 models.

This issue was considered in further economic impact studies follow-

ing the public comment period, Obviously, for those manufacturers who

now market both standard and quiet compressors in identical cfm cate-

gories, it would be implied that they would discontinue the so-called

standard model as a result of the regulation. The more critical poss-

ibllity is the unforeseen, forced temporary or permanent discontinua-

tion of a compressor model because 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 this nature, However, some manufacturers now market

marginally profitable models, and the possibility of discontinuation

of these models because of this regulation exists. In instances of

discontinuance of marginally profitable models, it is the Agency's
[

position that this is not necessarily a detrimental effect of the regu-

, lotion; the Agency has no specific information indicating the likelihood

I of this occurring.
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3.15 Three commenders 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 margin of safety, taking into

account the magnitude and conditions of use of portable air compressors,

the degree of noise reduction achievable through the application of best

available technology, and the cost of compliance. The standard that has

evolved, 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

materials.

4. Enforcement

4.1 Two of the commencers felt the compliance and enforcement aspects of

the proposed portable air compressor regulation, which is derived from

air pollution control regulations, could not realistically or practically

be applied to air compressor manufacturing industry.

The regulation helng 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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process. In essence, the Clean Air Act certification process is merely

used to allow _hs manufacturer to demonstrate that he has The requisite

technology in hand to produce conforming products. The production verl-

flcatlon process is based on the assumption that the manufacturer has

the technology available to quiet compressors and must demonstrate that

he Is able to apply that technology in practice to produce compressors

complying with the standard.

The selective enforcement auditing scheme is very similar to that

which EPA has proposed for use under the Clean Air Act to vcrlfy compliance

of production vehicles with the standard. It is a noncontinuous scheme,

wherein samples of products are tested to determine whether they conform

to the standards, 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 thls testing will only be done

on the specific request of the Agency.

4.2 One eommenter felt the regulation manifested a basic distrust of

American industry aecompanled by a desire for EPA to keep its responsl-

bilities to a minimum,

The basic EFA enforcement strategy under the Noise Control AcT of

1972 places a major share of the responsibility on the manufacturer for

testing to determlne compliance of new portable air compressors with

the regulation and emission standards. This does not relieve EPA of

its responslbili_les but merely allows a manufacturer to have his

jl
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personnel in control of many aspects of the compliance program, thereby

minimising the burden of this regulation on his business. Such manu-

facturer responsibility and control results from the fact that EPA has

faith in the integrity of manufacturers to comply with this re_ulatlon,

EPA, however, does reserve the right to verify that the manufacturer is in

fact complying with the regulation. It is for this reason that EPA pro-

vides 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 info_matlon he is receiving is accurate to enable

him to make the proper determination that compressors being distributed

in commerce by a manufacturer are, in fact, in compliance with this

regulation.

4.3 Some manufacturers commented that production verification would

delay and unnecessarily burden the manufacturer's distribution process

since distribution in commerce could not take place until production

verification has been completed.

The regulation has been modified to permit manufacturers to dis-

tribute compressors in commerce as soon as production begins. The

requirement still remains that the manufacturer must test certain models

of his early production units, 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 period,

during which production 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 conditions. In addition, the requirement

that the mamufacturer provide a 10-day notice of his intent to test has

been removed.

4.4 Some manufacturers suggested that the number of =onflguratlons be

minimized and only =hose parameters for configurations that directly

affect noise emissions be used. One manufacturer endorsed a revision

of the definition of configuration to 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

configuration has been changed, with the defining parameters significantly

reduced. The Agency has calculated, based on available information, the

total number of categories that would require testing based on production

verlflea=ion if tattled 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
J

requiring testing is now realistic.

4.5 Some manufacturers commented that the sampling plass are based on
i

high volume production and that the concede of using a sodlflcatlon of a

well-known attribnte plan is inconslst_nt 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 volume is small. Addltlonally, the revised sampling plan

significantly reduces the number of products requ_rlng tsstlng.
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4.6 One commenter suggested that the selective enforcement auditing

(SEA) strategy, which had a proposed acceptable quality level (AQL) of

6.5 percent contradicts the requirement that every new compressor con-

form to the appllcable noise emission standard, since inherent in such

a strategy is the assumption that some nonconforming products will be

distributed in commerce.

The regulation being promulgated now contains an AQL of I0 percent

and, although this AQL may result in some nonconforming products being

distributed in commerce, the basic requirements still remain that a manu-

facturer is prohibited from distributing into commerce any products.

which do not conform with the standard. The basic innent is 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 nonconformity is

remedied. Furthermore, every compressor is 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 tileprocess average as

determined by SEA testing exceeds the AQL of i0 percent. That is not to

say the EPA permits the distrlbution 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 i0 percent is exceeded. A batch which

meets the AQL of lO percent is considered to indicate compliance by

virtually 100 percent of the compressor population. The i0 percent allow-

ance provides for test variability and random human error.

4.7 One nommenter 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 tha= tle has tested a number of units and that they

conform to the regulaclon.

The selective enforcement auditing scheme is not a continuing re-

quirement. 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 gathering information in order to make a deter-

mination regarding the conformity of products being distributed in com-

merce 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 promulgated plan, that

his process average is below the AQL of 10 percent. This amounts to the

"certification" procedure suggested by the commenter.

4,8 One commester suggested that SEA should be invoked only when the

Administrator had cause to believe a configuration is being sold in com-

merce which fails to comply with the regulation.

Although EPA agrees with the spirit of that comment, the Admlnistra-

tot prefers to maintain =he discretion that Congress intended by not

having placed any such limitations on his testing authority. It is the

EPAts intent, however, that such test requests be issued when the need

arises and that such need he clearly demonstrated.

4.9 One eommenter felt that production verification and the selective

enforcement auditing scheme would provide a high assurance of product con-

formity and further, that a major sav_ngs in admlnlstra=ive costs for both
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the manufacturer and EPA should be realized because this particular en-

forcement scheme has definite benefits over the enforcement scheme

employed in certification of nutomobiles pursuant to the Clean Air Act

of 1970.

4,10 Several eommenters were concerned with the Administrator's discre-

tion to refuse to grant a hesrlng in situations where Section if(d)

orders were issued.

The regulation has been modified to provide that in situations

where Sectlo, ll(d) orders are issued, notification and an opportunity

for a hearing are afforded.

4.11 Several commen_ers criticized the attempt by the regulation to

limit the right of coonsel and recommended that such limitation he

stricken from the regulation.

As a result of those comments, portions of the regulation which

would, in fact, limit the right of counsel have been deleted.

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 inspections and acquisi-

tion of data to information necessary for the Adminls=rator to make a

determinatlon that the manufacturer is distributing conforming products

in commerce. The authority of EPA personnel is limited to examining
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records of tests conducted on production verification products or pro-

ducts tested pursuant to SEA, inspecting areas where testing Is 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

isterost in forced entry into davelopmental 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-

! loss of the fact chat developmental labs or test sites are near by. If

i a manufactt|rer wishes to prseludo EPA Enforcement Officers from visiting

i or inspecting their development testlng or laboratory areas, they must

be separated from areas where compliance testing is performed.

4.13 Several commenters stated that the information recording and re-

porting requirements aro burdensome and costly.

The regulation has been revised so that information needed to

; describe a'product may be satisfied by the submittal of sales literature
J

i and data needed to demonstrate compliance; may be satisfied by submlttsl of

information accrued during manufacturer self-ilnposed diagnostic testing to

assure themselves that conforn/ng products are being distributed in commerce.

The regulation has also been revised so that all data may be mailed to EPA

in lleu of the proposed telephone reporting requirements.

4.14 Several commenters indicated that the proposed regulations in

i some 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 reports need

only refer to the previous submisslons.

The regulation has been revised so as to permit exetution by an

authorized sompany representative in lleu of a Corporate Vice President

of reports required to be filed by a manufacturer.

4.15 One csmmenter felt that the cease to distribute orders went beyond

the statute and should be modified.

The Agency has interpreted Section ll(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 consenter felt that the statement contained in the proposed

regulation, "all costs associated with recall and remedy of noncomplying

compressors shall be borne hy the manufacturer" could be interpreted

very broadly.

The costs normally associated with a recall are the costs of con_

dusting the campaign itself, as w_ll 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 he significant because of the large number of products

that would be required to be tested as a result of the productlon verifi-

cation and audit tests, the record keeping and reporting requirements,
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and the costs of constructing added test facilities to accomplish ell the

required testing,

EPA has reexamined the cost impacts of the administrative enforcement

provisions of production verification and selective enforcement audltlng

and has found them to be reasonable. As a result of information gathered

during the rulemaklng process, which included a public heorlng and many

written submloslons to the docket, modifications were mode to the regu-

latlon 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 tailored 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.

Significant capital expenditures can be eliminated by those manu-

facturers who avail themselves of the BPA Enforcement Test Facility st

Sandusky, Ohio, in lleu of constructing additional facilities.

4.18 Several eommenters were concerned that the warranty required by

Section 204.58-I of the proposed regulation was a useful life performance

warranty.

The warranty required of _he manufacturer is a performance warranty

that the air compressor met the noise emission standards on the date of

sale to the ultimate purchaser. Because performance is warranted for the

date of sale onlyj warranty claims must relate back to a nonconformity
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on that day. To make the best cas@ 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

elalmmay be made against the manufacturer at any time during the

life of the compressor, such claim must relate hack to noncompliance

on the date of sale.

4.19 One commenter wished clarification regarding which "manufacturer"

must issue the noise e_sslon warranty.

The manufacturer who is required to issue and honor the noise emis-

sion warranty is the manufacturer who is required to production verify.

The fact that a defective part, component, or system was purchased from

another manufacturer does not alter this warranty. _lanufacturers who

production varify may seek indemnification from suppliers for liability

which is attributable to the supplier.

4.20 Some commanters asked for a definition of what constitutes tamper- i

lag and whether the use of aftermarket parts (parts not manufactured or i
I

authorized hy the original equipment manufacturer) would constitute i

tampering.

A list of acts which could adversely affect the noise control

system of a compressor and would constitute tampering, as determined

by EPA, will be published in the owner's manual. _nls will give spe-

ciflc indications of those acts which will be considered tampering by
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the Agency unless it can be shown that noise emissions are not adversely

affected by the sot.

In general, in terms of noise-related aftermarket parts, any non-

original equipment aftermarket part (including a rebuilt part) may be

installed in or on a compressor subject to these regulatlons if the

installer has s reasonable basis for knowing that it will not adversely

affect noise emissions. For nolse-related replacement aftermarket parts,

a reasonable basis exists if (a) the installer reasonably believes that

the replacement part or rebuilt part is designed to perform the same

function with respect to noise control as the replaced part, or (b) the

replacement part or rebuilt part is represented in writing by the part

manufacturer or rebuildsr to perform the same function with respect to

noise control as the replaced part.

For holes-related add-on, auxiliary, augmenting, or secondary

parts or systems, a reasonable basis exists if (a) the installer knows

of noise emissions tests which show that the part does not cause noise

emissions to exceed the tlme-of-sale standards, or to increase emls-

slons, if the noise am/salons already exceed the tlme-of-sale standards;

or (b) =he part or system manufacturer represents in writing that tests

have been performed with similar resalts (to (a) above); or (c) a Fed-

eral_ State or local environmental control agency with appropriate

Jurisdiction e_ressly represents that a reasonable basis exists.

4.21 Some tormenters indicated that in the tampering requirement, sub-

mission 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 allow EPA sufficient time to evaluate the tampering data, prepare a

list of the acts which tampering enforcement would focus on, and then

forward this llst 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

period 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 return

a tampering llst to the manufacturer for printing in the owner's mattual.

If the Administrator fails to provide the llst to tilemanufacturer within

30 days of the date the information was submltged, the manufacturer is

not precluded from distributing the compressors into commerce. In this

case, the llst of tampering acts required in the owner's manual shall

be omitted until the llst is provided and the owner's manual is other-

wise reprinted.

4.22 Several commenters considered unreasonable and burdensome the

requirements for the submission of llstdngs of noise control devices

and elements of design (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 manufanturQr is not to be considered as

a final Judgment of what constitutes tampering, but will only provide
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the basic information for determination by the Administrator. The final

regulation has been modified so that no separate submission of the list

of noise control devices and elements of design is required; this is

part of _he information required to be provided _n the product verifica-

tion report. The requirement for submission of nolse-related performance

specifications has been deleted. The generation of the required infor-

{ matlon by the manufacturer can be performed concurrently _rlth the

. development of appropriate noise control systems. The testing that will

normally be performed in the development of the noise control systems

and the manufacturer's engineering experience should provide a substantial

basis from which the required information can be generated.

5. Miscellaneous

5.1 One commenter stated that noise _egulatlons directed at the end

product are preferable to those for individual component parts.

The Agency has carefully reviewed the possfbillty 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 is indeed preferable to regulate end products. This is so

because in the synthesis of a final product from various regulated

components, there is no guarantee that the noise emissions of the final

product will be wlthl, acceptable limits. Accordingly, there probably

et_ll 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 advisement, 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 he clarified to exclude any products not intended to be

subject to the regulation.

The suggested changes presented by =his eommenter were studied

and the definitions of portable air compressors now appearing in the

regulation incorporates language which the Agency feels adequately

defines the product, intended for regulation.
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Appendix B

METHOD TO EVALUATE THE IMPACT OF PORTABLE AIR COMPIqESSOn
NOISE ON PUBLIC IIEALTH AND WELFARE

SPECIFICATION OF NOISE ENVIRONMENT

Environmental noise is defined in the Noise Control Act of 1972 as the

"intensity, duration, and the character of sounds from all soerces". A

measure for quantifying environmental noise must evaluate not only these

factors,' but must also correlate well with the various raodss of response of

humans to noise and be simple to measure (or estimate),

EPA has chosen the equivalent A-weighted sound pressure level in decibels

as its basic measure for environmental noise. The general symbol equivalent

level Is Leq, and its basic definition is:

' where' t2 - tt Is the interval of tiros'over which th_ I'evele are evaulated, p{t) is

the time varying.sound pressure of the noise, and Po is a reference pressure,
standardized at 20 mieropascaL .

When expressedintermsofA-welghtedsoundlevel(LA), Leq may be defined
as:

t2 10 _ 10 / d 03-2)
Leq n 10 logl0 tl I
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The primary lntorv,'_l o[ interest for residential _md similar land uses is a

twenty-four hoar period, with weighting applied to nighttime noise levels to

account for the increased sensitivity of people associated with the decrease in

background noise levels at night. This 24-hour weighted equivalent

level is called the Day-Night Equivalent Level, and is symbolized as Ldn. The

basin definition of Ldn in terms of A-weighted sound level is:

[ 5 Ln+10]Ldn"101ogl0 _4 [ (15x1010)+(9x10 10 ) (B-3)

where Ld is the "daytime" equivalent level, obtained between 7 a.m. and

10 p.m. and L n is the "nighttime" equivalent level obtained between 10 p.m.

and 7 a.m. of the followmg 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 that will result in the acoustical environment as a

result of the proposed action. Three fundamental components are involved In the

•-nalys_=

1. Definition of the initial acoustical environment,

2. Definition of final acoustical environment, and

3. Relationship between noise environment and human impact.
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The first two components of the assessment are entirely site or system

specific, relating to either estimates or measurement of the environmental

noise before and after an action is taken. The same approach is used concep-

tually whether one is examining one house near a highway, a house near a con-

struction site, the transportation system in general, or whatever noise source

Is involved. The methodology for estimating the noise environment in each

case w_ll vary widely, but the concept rmn,"dns the same.

In contrast to the large number of met21o_ologies tilat 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 occupied

places exposed to noise of a specified magnitude. This is not to say that

Individuals have the same susceptibility to noise; they do sot. Even groups of

people may vary in response depending upon previous exposure, age, socio-

economic status, political cohesiveness and other social variables. In the

aggregate, however, for residential location the average response of groups of

people is quite stably related to cumulative noise exposure as expressed ia

measures such as Ldn. The response considered Is the general adverse

reaction of people to noise. This response is a combinatloa of such factors

as speech Interference, sleep interference, desire for a tr_qutl environment,

and the ability to use telephones, radio and TV satisfactorily. The measure of this

response is related to the percent of people in a population that would be

expected to indicate a hJ[gh annoyance to noise for a specified level of noise

exposure.

For schools, offices, and similar spaces where criterlafor speech com-

munication or a posslbilI_ of damage to hearing is of primary concern, the

same averaging process is used to estimate the potential response of people

as a group, again ignortag the individual variation ot one person as compared



Hence, in both residential sad non-residential areas alike, the variation of tim

average response of people as a function of environmental noise exposure is

considered.

A detailed discussion of tile relstionship between noise and human response

is provided in EPA documents [1, 28] in wbich hearing damagej speech and other

activity interference and annoyance ere related to Leq and Ldn. For the purposes

of this study_ criteria presented io the "EPA Levels Document" [1] are used.

Further, it is considered that if the levels identified in the document are

met, then no impact exists on the public health and welfare. Thus, wo define

that if tlle levels identified in the "Levels Document" are met, a zero percent

impact exists. That is, if tul Ldn of 55 measured outdoor exists, than there is

no impact in terms of annoyanan and general community response from noise.

Similarly, if ,'m Ldn of 45 exists indoors, which translates to an Ldn of 55 out-

doors {assuming a 10 dB transmission loss with windows partially opened) then no

interference exists with respect to speech.

Observation of the data presented in Appendix D of Heferunco 1 allows the

specification of an upper limit, that is a bound corresponding to 100% impact.

It may be observed in Figure D-7 of the "Levels'Document" [17 that community

reaction data show that the expected reaction to an identifiable source of intruding

noise 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, B dB above the pro-intrusion level. When the combined values of the intruding

noise and tile pro-intrusion noise levels are consideredt tile changing community

reaction from "none" to "vigorous" occurs when tile level increases by 19.7 above

the pro-intrusion level, rot simplicity s,'flce, it is reasonable to associate 100

percent impact corresponding to u vigorous community reaction with a change of 20
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dB above tile Ldn valae identified as a zero impact level. Thus, for the purpose

of this analysis, Ldn = 75 is considered to be a 100 percent impact.

Furthermore, the data in Appendix D of Reference 1 suggest that within

those upper and lower bounds the relationship between impact and level varies

linearly, that Is, a 5 rIB excess constitutes a 25 pm'ecz_t impact, while a 19 dB excess

constitutes a 50 percent impact.

The data presented in the "Levels Document" with respect to activity inter-

ference (e.g., speech interference) suggests that if the day-night sound level

indoors is 45 dB, no impact exists on speech communication since a noise

level intelligibility for all types of speech material and would have a calculated

articulation index of I. 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 bo argued that for most conversation, the material the listener nor-

really listens to is in the form of sentences containing a mixture of some known

material and some unlmown material. Thus, for this an,'flysis it is reasonable

to average the data on known and unknown sentences. Observation of Figure 15

of the ANSI Standard [29]'reveals that when the noise enviromnent is increased by

approximately 19 dB above the level identified in the "Levels Document," [1] the

tntelltglblllty of sentences of unknown material drops 90 percent. Slmilarlly, the

intelligibility for sentences of known material drops to 90 percent when the level ts

increased hy 22 dB above the level identified by EPA and 50 percent when the level is

increased by approximately 26 dB. Thus, if the values are averaged, it is not

unreasonable to assume that a 20 dB increase in the noise level above the level

identified by EPA In the "Levels Document" will result in conversational speech.



detorioraiing rapidly with eeeh deelbel of increase. For this reason, it is assumed

that 100 percent impact will occur on speech intelligibility when tim level of the

eulvronment_ noise increases 20 dB above the identified level in the "Levels

Document." Furthermore, observation of Figure 15 of the ANSI Standard [29]

suggests that it is reasonable ,to assume that speech varies approximately linearly

with tha level for the range between 0 and 100% impact, That is, with each ,_dB

excess of noise above the level identified in Reference 1, a 20 percent reduction

of speech intelligibility occurs while a 10 dB excess results in a 50 percent

degradation,

The previous paragraphs presented information to show that increases in

noise levels above a certain base level would cause annoyance, adverse com-

munity reaction and/or adverse effects, on speech interference. With 0 percent

impact associated with the base level and 100 percent impact associated with a

level 20 dB above the base level, one is able to calculate the percentage impact

resulting from any noise level, For convenience of calculation, the percentage

impact may be expressed in terms of a Fractional Impact (F1), where FI Is

calculated in accordance with the following formula:

FI= 0.05 x(L-Lc}for L >L C

FI = 0 for L "_L C

where L is the environmental noise level, expressed either in Ldn or Leq, and

L C is the base level identified in the "Levels Document."

The appropriate level for the computation of FI is Ldn = 55 dB for residential

area measured outdoors. For those analyses concerned with office bufldingn and

other type of spaces in which speech communication is the principal factor of concern!
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tileidentifiedlevelisLdn .... doors,wl_ichCanbe translatedtoanoutdoor

loyalbyusingsoundlevelrcduotl.onappropriatetothctypeofstructure.

Dataon thereductionofaircraftsalsaaffordedbya rangeofresidential

structuresare available.Thesedataindicatethathousescanbe approximately

categorizedinto"warm climate"and"coldclimate"types.Additionally,data

are availablefortypicalopen-windowand closed-windowconditions.Thesedata

indicatethatthesaundlevelreductionprovidedbybuildingswithinagiven

communityinnstiwide rangeduo todifferences!atlmuseofmaterials,building

techniques,and individualbuildingplans. Nevertheless,forplanningpurposes,'

thetypicalreductioninsoundlevelfrom outsidetoinsideahousecanbe sum-

marizedms followsinTable]3-1.The approximatenationalaverage"window-

open"conditioncorrespondstoan openingof2squarefeetand a room absorption

of300 sabins(typicalaverageofbedrooms andlivingrooms). This"window-

O tmpan conditionhas beanassumed thoughoutthischapterinestimatingconser-

vativevaluesofthesoundlevelsinsidedwellingunitsthatresultsfrom outdoor

no|so.'

The finalnotiontobe consideredisthemannerinwhichthenumber of

peopleaffectedby envlronmenttdnoiseisintroducedintotheanalysis.The

magnitudeofthetotalimpactassociatedwitha definedleveliscalculatedby

formulaB-5, I.e.,theproductofthenumber ofpeopleandthefractionalimpact

associatedwiththeleveloftheenvironmentalnoise:

P = (FDP (B-s)
eq

where P is themagnitudeofthetotalimpactonthepopulationandisnumerically
eq

equaltotheequivalentnumber ofpeoplehavingafractionalimpactequaltounity

(100% impacted); FI is the fractional impact for the level and P is tha population

affected by the noise.
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TABLE B-1

TYPICAL ATTENUATION OF OUTDOOR NORSE BY THE

EXTERIOR SHELL OF HOUSES

Windows Windows

Open Closed

Warm climate 12 dB 24 dB

Cold climate 17 dB 27 dB

Approximate nationalaverage 15 dB 25 dB
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Since the levels of enviroamestal noise associated with the source(s) decrease

as the distance between the source and reuelver increases, the magnitude of tile

total impact may be computed by determining the cumber of people exposed at

each level, and summing the resulting impact. The total impact is given by the

following formula:

Peq = l_ PiFli (B-6)

where FI i is the fractional impact associated with the Ith level and Pt is the

popalst|on associated with the ith level.

The percentage change in impact associated with an action leading to noise

reduction, oz' change in population through a change in land use, may be asanssud,

as shown by formula B-7, by comparing tile magnitude of the impacts for the

"before" and "after" conditions.

(Peq (before) - (after))A m 100 -' Peq

Peq (before) (B-.7)

Note thst the percentage change (A) may be positive or negative depending

upon whether the impact decreases (positive pereeningo reduction) or the impact

increases (negative percentage reduction). Thus, a 100 percent positive change in
in impact means that the environmental noise has been reduced such that none

of the population is exposed to noise levels to excess of the levels Identified in

the "Levels Document."

In the recent EPA study on "Population Distribution of the United States as a

Function of Outdoor Noise Level," [34] an estimate is provided for the number of

I
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people in the United States exposed to various levels of urban noise. Data in the

study are used to illustrate the impact assessment procedure, to show the current

impact resulting from urban noise end to assess the change in impact if urban

noise were reduced 5, 10, or 15 dB. For this example, the base level (outdoors)

is an Ldn of 55 dB.

The results, provided in Table B-2, show that a 5 dB noise reduction

results in a 55 percent reduction in impact, a 10 dB noise reduction results in an

85 percent reduction in impact, and a 15 dB noise reduction results in a

96 percent reduction in impact.

The impact assessment procedure may be summarized by the following

steps:

1. Estimate the Leq or Ldn produced by the noise source system as a
function of space over the area of interest.

2. Define subnreas of equal Lcq or Ldn, in increments of 5 dB, for all
laud use areas.

3. Define the population, P_, associated with each of the subareas of

step 2.

4. Calculate the FIi values for eeeh Ldu or Le obtained in step 2.

5. Calculate FI i x Pi for each subarea in step 2.

6. Obtain the equivalent impacted population for the condition existing

before the change being evaluated, by summing the individual contributions of

step G.

P _ _l (FIi x l_i)eq B
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7, Repent stops I-6 for the noise environment o)dsting over tile area of

interestafterthechange beingevaluatedtakesplace,thusobtaining

PeqA •

8. Obtaintho percentreductioninimpact from

_eq B " p )
m 100 P ' eqA

cqB
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TABLE B-2

ESTIMATE OF THE U_PACT OF SUCCESSIVE REDUCTION OF

ALL URBAN NO/SE SOURCES IN 5 DECIBEL INCREMENTS

Current Conditions Noise reduction in decibels

Population 0 5 10 15
I

exposed to FlIP I F[[ Flip i F][i FlIP lLdn higher Lda P[ FIi FllPi FIi

-dB -millions milEons -millions -millions -m!_llons -millions

344 o12 43 o, o olo el o
60 59.0 34.7 0.375 I 13.0 0.125 ] 4.3 _ ' 70 ] 0 0 | 0

65 24.3 17.4 0.625 10.9 0.375 6.5 0.125 _ 2.2 0 [ 0

,= I 0,3_5 112.1 I_9 6.9 s._ o.s_s I 4.0 0.625 3.5 0.12s 9.7I I I
75 1.3 1.2 1.125 I 1.4 0.875 I 1.1 _0_625 ] 0.8 0.375 i 0.5

I 0.1 1.125 J 0.i "0.875 _0. I 0.625 [ 0.180 0.1 0. I 1.375
I I '

Total equivalent
people impacted 34.6 15.5 5.2 I.3

Percent redaction

impact 0 55 85 96



APPENDIX C

COST ANALYSIS OF PRODUCTION VERIFICATION
AND SELECTIVE ENFORCEMENT AUDITING FOR THE

PORTABLE AIR COMPRESSOR INDUSTRY



APPENDIX C

COST ANALYSIS OF PRODUCTION VERIFICATION

AND SELECTIVE ENFORCEMENT AUDITING FOR

THE PORTABLE AIR COMPRESSOR INDUSTRY

An analysis has beeu performed to estimate the costs associated with typical manu-
fileturer production verification testing and selective enforcement audit testing,

For tile analysis, it was assumed that most of tile testing would be done at the manu-
facturer's facility, ttowcver, because some manufacturers may prefer not to construct a
test facility, an EPA facility will be available for their use for a fee, which will cover actual
costs incurred by tile Government. Data from Reference 8 and the assumptions listed in
Table C-I served as tile basis for the analysis.

PRODUCT VERIFICATION TESTING COSTS

Eased on results from the analysis, it has been estimated that tile total cost to tile in-
dustry for production verification testing during the first year of compliance might range
from $76,000 to $107,117. Tile S76,000 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 somewhere
between these two values. In subsequent years, product verification testing costs can be
expected to decrease due to manufacturers' ability to utilize the initial production verifi-
cation report for compressor models for which no change has been made in tile compre.lsor
for tile next model year,

Estimates of production verification testing costs at individual manufacturer facilities
range from a high of $14,000 for tile largest manufacturer to a low of $300 for the smallest
manufacturer, the mean value being $4471. Estimates of production verification testing
conducted at thelEPA test facility on an individual company basis range from $19,800 for
the largest manufacturer to $354 for tbe 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



Table C-1

ASSUMPTIONS USED TO ESTIMATE
POI_TABLE AIR COMPRESSOR TESTING COSTS

Repert Preparation Costs

All report costs are based en $100/test (ene day at $25K per man
year)

Trmlspertation Costs

(For Two Products)

Fixed

$30.00 (Basic eest of short baul)

Variable

10 cents/mile Driver ($8.00/hr er $16.00/100 miles)
20 cents/mile Truck (12 cents/mi, for fuel, 8 cents/mi, maintenance

+ depreciation)
36 cents/mile = Total variable cost

Summary

$30.00 + $.36/mi. (Transport 2 Products)
$15.00 + $. 18/mi. (Transport 1 Product)

Total Transpertatien Cost = Number ef Categeries X ($15 + $.18 X route miles)

Cost ef Testing

The costof conducting tile measurement methodology is estimated to be
approximately $200. However° if a manufacturer supplied an estimate which
reflects his actual costs, then his estimate was used for the analysis.

Total Number of Categories

The total number of categories for the industry requiring production
veriflcatiea is estimated to be 230.
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by EPA and conduclcd al file nnlnLil"zlcturer'sfacility _lroestimated to total $149,000 for

the industry asa whole. Included in the $149,000 figure is ;m estimale of $42,000 for
the l_lrgestnl;nlUl'_lctm'cr_lod;in estimate o1"$.3000 for tile smallest ntantd'actnrer, l'bc
industry aver;ige cost Ibr SEA testing is estimated to be $8,765.

Mamffactarers may be expected to request use of Ibo EPA test facility to conduct
selective audit testing to prJnlarily detoralble tile level of performance of their products.
Costs assocktted with this testin/J, ir_cluding mmsportatim_ of the test compressors to the
facility, are estimated to total $206,522 for tile industry durirtg the first year of compliance.
The cost breakdown within tbe indttstry ranges from a Illgh of $57,628 to low of $3,540,
the average wdue being $12,148. These costs can be expected to decrease following the first
year tbe regulations are effective as manufacturers become more familiar with the Compliance
scheme, the prod uction variance of their products, and the correlation of results at their
facility with those at the EPA facility.

Finally, based on the assu'mption that SEA testing will be conducted at the EPA test
facility upon EPA request, it is estimated tlmt a $72,332 cost per year might accrue to 1110
industry for such testing. This figure represents the cost of transportation rally, since EPA
would condnt:t the testing at its own expense, lit lerlns of b'idividnal Inanufactumr tr,ms-
portrtion costs, it is estimated that a $21,628 cost might accrue for the largest manufacturer
and a $540 cost for the smallest manufacturer. Tile mean transportation cost for the
industry is estimated to be $4,255.

Table (2-2summarizes the estimates discussed above.

i
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Table C-2

SUMMARY OF ENFORCEMENT COSTS

PRODUCTION VERIFICATION

Manufacturer EPA*

TOTAL $76,000 $107,117
AVERAGE $ 4,471 $ 6,361

HIGH $14,000 $ 19,800

LOW $ 800 $ 354
MEDIAN $ 3,300 $ 4,422

*Manufacturer_ request

SELECTIVE ENFORCEMENT AUDITING

Manufacturer EPA* EPA**

TOTAL $149, O0O $206,522 $72,332
AVERAGE 8,765 $ 12,148 $ 4,255

I_GH $ 42,000 $ 57,628 $21,628
LOW $ 3, O0O $ 3,540 $ 540

MEDIAN $ 3,000 $ 5,094 $ 1,920

* Manufacturer's request
** "EPA's request
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