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Section1

PROLOGUE

STATUTORY BASIS FOR ACTION

Through theNoise ControlAct of1972 (86Star.1234),Congress established

n nationalpolicy"to promote an environmentforallAmericans freefrom noise

thatjeopardizestheirhealthand wolfarn." Inpursuitofthatpolicy,Congress

statedinSection2 of theAct '_vhileprimary responsibilityforcontrolofnoise

restswithStateand localgovernments, FederalActionisessentialtodealwith

major noisesourcesincommerce, controlofwhich requiresNationalun_orm-

ityof treatment."As partofthisessentialFederalnotion,subsection5(b)(1)

requiresthattheAdministratoroftheU.S. EnvironmentalProtectionAgency,

afterconsultationwith theappropriateFederalagencies,publisha reportor

seriesofreports"identifyingproducts(or classesofproducts)which inhis

Judgmentare major sourcesofnoise." Section6 oftheAct requirestheAd-

mlnistratortopublishproposedregulationsforeach productidentifiedas a

major sourceofnoiseand forwhich inhisJudgmentnoisestandardsare fea-

sible,Such productsfallthtevariouscategories,ofwhichconstructionequip-

ment isone. Pursuant toSubsectionS(b)(1),theAdministratorhas published

a reportidentifyIngportableaircompressors as a nmJor source ofnoise,

PREEMPTION

Section 6(o)(1) states that after the effective date of s Federal regulation

"no stateor politicalsubdivisionthereofmay adoptor enforce..,any law or

regulationwhich setsa limiton noiseemissionsfrom such new productand

whichisnot identicaltosuch regulationoftheAdministrator." Section6(e)(2),

however, statesthat"nothinginthissectionprecludesor deniestherightof nny

Stateor politicalsubdivision_herooftoestablishand enforcecontrolson envi-

"I--'I
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rosmental noise (or one or more sources thereof) through the licensing, regula-

tiont or restriction of use. operation or movement of any product or combination

of products." The central point to be developed in this section is the distinction

between noise emission standards on products, which may be preempted by

Federal regulations, and standards on the use, operation, or movement of pro-

ducts, which are reserved to the states and localities by Section 6(e)(2).

Section 6(o)(1) forbids state and local municipalities from controlling noise

from productsthroughlaws or regulationsthatprohibitthesale(orofferingfor

sale)ofnew productsforwhich differentFederalnoiseemission standardshave

already been promulgated. States and localities may augment the enforcement

duties of the EPA by enacting a regulation identical to the Federal regulation,

sincesuch actionon thestateor locallevelwould assistinaccomplishingthe

purposes of the Act. Further, state and local areas may regulate noise emis-

sions for all new products for which Federal regulations have become effective

but that were manufactured before the effective date of the regulations.

Section 6(e)(2) explicitly reserves to the states and their political subdivi-

sions a much broader authority: the right to "establish and enforce controls on

cnviranmeotalnoise(orone or more sources thereof)throughtheItcenstngp

regulationor restrictionoftheuse, operation,ormovement ofany productor

combination of products." Environmental noise is defined as the 'Tintenstty,

duration,and characterofsoundsfrom allsources(Section2 [II])". Limits

may beproposed on thetotalcharacterand intensityofsounds thatmay be

emittedfrom allnoisesources- "productsand combinationsofproducts".

The stateand localguvernment_may more effectivelyand equitablyregulate

suchcommunity noiselevelsthantheFederalgovernmentdue totheirperspec-

tiveon and knowledge of state and local situations. The Federal Government

easyassume thedutiesInvolvedinregulatingproductsdistributednationwide

becauseitisrequiredandequippedtodo so. Congressdividedthenoisestats-
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sion regulation power in this manner to allow each level of government to fulfill

that function for which it is best suited. Through the coordination of these divided

powers, a comprehensive regulatory program can be effectively designed and en-

forced.

One example of the type of regulation left open to the localities Is the property

line regulation. This type of regulation would lhnit the level of environmental

noise reaching the boundary of a particular piece of property. Noise emitters

would be free, insofar as the state regulations are concerned, to use any pro-

duets whatsoever, as 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 regulation may

be applied to many different types of properties, ranging from residential lots

toconstructionsites.

Insuch a case,stateand localregulationofaircompressors may take

theform of,but wouldnotbe limitedto,thefollowingexamples:

• Quantitativelimitson environmentalnoiserceelvedinspecificlanduse

zones, as ina quantltatlvonoiseordinance.

• Nuisance laws amountingtooperationoruse restrictions.

• Regulationslimitingthe amount ofenvironmentalnoiseattheboundary

oftheconstructionsite.

• Other similarregulationswithinthepowers reservedtothestatesand

localitiesby Settles6(0)(2).

Inthismanner, thelocalareas may balancetheissuesInvolvedand san

arriveat a satisfactoryenvironmentalnoiseregulationthatprotectsthepuhllc

healthand welfareas much as deemed possible.

LABELING

The enforcementstrategiesoutlinedinSectionIIofthisdoanment willbe

accompanied by therequirementfor labelingproductsdistributedincommerce.

i-3



The labelwillprovidenoticetoa buyer thata productissoldinconformitywith

applicableregulations.A labelwillalsomake thebayer and user aware thatthe

aircompressor possessesnolseattontuationdevicesand thatsuch itemsshould

notbe removed or renderedinoperative.The labelmay alsoindicatetheas-

sociatedliabilityfor suchremoval or tampering.

LOW NOISE EMISSION PRODUCTS (LNEP)

Section15 ofthe NoiseControlAct of;.972establisheda processunder

which the FederalGovernment willgivepreferenceinitspurchasingtoproducts

havingnoiseomissionsslgqlfic_mtlylower thanthoserequiredby theFederal

noisesource emissionsstandardspromulgatedpursuanttoSection6 oftheAct.

A now part203 ofTitle40of theCode ofFederalRegulations(40 CFR 203.1

through203,8)was establishedIntheFederalRe_isteron February 21, 1974.

The EnvironmentalProtectionAgency willestablishand issuetheLNEF

criteriaforportableaircompressors priortopromulgationofa regulationfor

ease.

IMPORTS

,I The determination of whether individual new products complying with the

Federal regulation will be accomplished by the U.S. Treasury Dept. (Customs),

i based on ground rulesestablishedthroughconsultationwith theSecretaryofthe

, Treasury.
,

It is anticipated that enforcement of the actual noise standard by the use of
i

a standard testprocedurewould be teecumbersome forCustoms tohandle,

I[ especially in view of the _remondeus bulk of merchandiee they must pass on each

!: day, A case inpointoccurswith importedautomobiles,inwhich Customs th-
;, specters presently assess nomplinnsa with requirements of the Clean Air Act

i: solely on the basis of presence or absence of o label in the engine compartment,
!. A similarmechanism (labslthg)appearsviableforuse toassess complianceef

portable air eomprensors with the proposed regulations.

1-4
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Seetlon 2

RATIONALE [,'OR REGULATION OF TIIE POIVPABLE
AIR COMPRESSOR

To developan EPA criterionforidentifyingproductsas major sources

of noise, firstpriority was given to those products that contribute most to

overallcommunity noiseexposure. Community noiseexposureindefinedas

thatexposureoxperlenasdby tilecommunity as awhole as theresultofthe

operation of a product or group of products, as opposed to that exposure

experienced by the users of the product(s).

in this section, it is shown that while portable air compressors may

notprovidethehighestsound levelatconstructlonsites,theydo contribute

significantlytocommunity noiseexposure,thusJustifyingtheirregulation.

Air compressors rank withdump trucksand concretetrucksinproducing

thehighestsoundenergyper day.

Interms ofassasmont, community noiseexposurewas evaluatedin

terms ofthe day/nlghtequivalentsoundlevel{L,dn}[t]thatwas developed

especially as a measure of community noise exposure. Since L da is as

equivalent energy measure, it can be used to describe the noise in areas

in which noise sources operate continuously or in which sources operate

intermittently but are present enough of the time to emit a great deal of

sound energy in a 24-hour period.

Studies have been made of the cumber of people exposed to variousr

levels of community noise. ""/2'31Table 2-1 summarlzas the estimated number

of people in residential areas subjected to urban traffic noise, aircraft

noise,constructionsitenoise,asd freewaytrafficnoiseator abovean

outdoorLdn of60, 65, and 70dB, respectively.
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[ 1]

Since EPA has identified anoutdoor Ldn of 55 dI_ as the day/night
equivalent sound level roqulelts to protect the public from long-term ad-

verse health and welfare effects in residential areas, Table 2-1 indicates

that It will be necessary to quiet the major sourcns contributing to urbun

traffic noise, construction site noise, freeway traffic noise, and aJrcrMt

noise if this level is to be achieved.

Table 2-1

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

OUTDOOfi NOISE

Outdoor Urban TrafRe Aircraft Construction Freeway
Ldn Level Noise Noise Site Noise Noise

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

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

60 dB+ 40-70 16-32 7-15 3-6

IDENTIFICATION OF MAJOR SOURCES

Section6(a)(1)(C)oftheNoise ControlAct specifiesfourpossible

categories of products that may be regulated by the Administrator:

I. Constructionequipment•

2. Transportationequipment(includingrecreationalvehiclesand

relatedequipment).

3• Any motor or engine(includingany equipmentofwhichan engine

isan integralpart)•

4. Electricalor electronicequipment,

Aircraftares pursuanttoSection3(3)(A),excludedas productsunder
f:

*Withoutconsiderationofthecostand technolo_srinvolvedtoachieveon

•.i 'i LdaofdB

; !
!
i b

I iI
: I

I:
t .
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Section 6 of the Act. Aircraft noise regulations will be proposed to the FAA

as delineated in Section 7 of tbe Act. Medium and heavy d._ trucks contri-

bute the most sound energy to the environment of any highway vehicle, and

as such, have been identified as major noise sources for regulation. Con-

sequently, in view of the foregoing and data contained in Table 2-], attention

is focused on construction site noise.

CONSTBUOTION EQUIPMENT

The sound level of a product and the level of background noise determine

no intrusiveness of n productts sound emission, which has been shown

determine annoyance In some situations. Table 2-2 Indicates that pile drivers

and rock drills are perceived as the loudest pieces of construction equipment

when they are operating, but the sound energy measure indicates tha_ these

Table 2-2

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

Typical Estimated Total
Sound Level Sound Energy

Construction Eclulpment " at 50 Feet

L Dump Truck 88 298
2. Portable Air Compressors 81 147
3. Concrete ]Wtxer (Truck) 85 111
4. Jack Itammer 88 B4
5. Scraper 88 79
6. Dozer 87 78
7. Paver 89 75
8. Generator 76 65
S. Pile Driver 101 62

I0. Rock Drill 98 53
11. Pump 76 47
12. Pneumatic Tools 85 36
13. Backhoe 85 33

[ 2-3
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productsdonot contribute,today,as much soundenergy totheenvironment

as otherproductsoperatingon constrocttonsites.The factthatdump trucks,

portableaircompressors, and concretemixers (trucks)producesoundlevels

equaltoor lower thanotherconstructionequipmentand yetproducehigher

totalsoundenergyemissionsmeans thattheseare the most widelyused

piecesofconstructionequipment.

A controltechnologyrepor_r14tonl dump truckstoldconcretemixers

indicatesthattheircontributiontoconstructionsitenoiseislargelyengine

relatednoisethatwillbe controlledwhen thesetrucksmeet the standards

tobe proposedformedium and heavydutytrucks. This leavesportableair

compressors as themajor sourceo£sound energyand themost widelyused

productamong piecesofequipment contributingtoconstructionsitenoise.

_! This Isfurtherconfirmedbythe datacontainedinTables2-3 and 2-4, which

show thatportableaircompressors contributesignificantlytoconstruction

sitenoise.

_. Table2-3 shows the contributiontoconstructionsiteLdn by Indivldusl

piecesofconstructionequipment,whileTable 2-4 shows the rankingof

portable air compressor noise to construction site noise relative to otherI

] piecesofequipment. As shown by thetables,theportableaircompressor

ranks highon thelistofcontributerstoconstructionsiteLdn.

_' 2-4



l'nble 2-3

CONTRIBUTION TO CONSTRUCTION SITE L,dn BY INDIVID!,]AL

PIECES OF CONSTRUCTION EQUIP/_ENT

P_orCent Contribution to Construction Site Ldn

Construction Equipment Residential pub_£c Works Industria_ l N°n-R_s_id-qJl_
I

Backhoe 6.2 2.1 7.1 3.6
Dozer i0.5 7.0 9.1 5.0
Grader 2.1 2.0 0.3 0.2
Loader 2.3 l.l 1.4 0.8
Paner 2.6 10.6 1.8 0.8

Roller 0.I 0.4 - -
Scraper 3.3 5.1 1.8 1.8
Shovel 2.5 1.0 2.6 1.2
Truck . 7.3 22.2 I1.5 6.8
Concrete Mixer 29.7 9.0 9.6 6.6
Concrete pump - * 2.0 2.2
Crane,Derrick - 1.8 1.8 3.2
Crane, Sobile 6.2 0.7 i.i 2.0
Air Compressor 5.0 6.1 10.7 17.8
Generator 2.0 2.7 1.2 2.7
_ump 1.4 2.9 3.6
Jack Hammer 0.8 9.0 5.4 2.7
Pilo Driver - - 19.4 24.6
Pneumatic Tool 11.5 1.4 6.5 3.4
Rock Drill 2.5 14.0 5.3 5.1
Concrete Vibrator 4.6 0.6 0.4

Saw - j 0.2 0.9 5.6
I

J

• A dash (-) indicates the equipment is not primarily used at tho type of site cited.



TABLE 2-4

CONTRrBUTrON OF PORTABLE AIR CONIPRESSOR NOISE TO CONSTRUCTION

SITE NOISE

% Contribution to the

Construction Site Noise

Site by the _ortable Air Compressor Rank at Site

Residential 5.0 7th

public Works 6.1 7th

Industrial i0.7 3rd

Non-Residential 17.8 2nd



Section 3

BACKGROUND INFORMATION

The sections of this report that follow summarize the background infor-

mation accrued to date by the Environmental Protection Agency's Office of

Noise Abatement and Control in regard to the proposed noise emission regu-

lation for portable air compressors, The regulation will be requisite to pro-

tect the health and welfare of the American public, taking into account the

degree of noise reduction achievable through the best available technology

and the cost of compliance.

The information has been derived from numerous sources. EPA con-

tracted with Bolt, Beraosk and Newman (BBN), an acoustical consulting

firm; and A. T° Kearnoy, ]_,Iausgomant Consultants; utilized the data

gathering and information collecting capabilities of Informattcsp Inc° ; and

developed an inierngency agreement with the National Bureau of Standards

(NBS) for technical assistance. BBN provided cost and technology

support;J5, 6,7] A.T. Kearney Management Consultants provided economic

r '[8] a canalysis suppo t, Inform ti s, Inc. submitted reports addressing United

States and foreign regulations relating to construction equipment and

portable air compressors, [9,10] and NBS provided technical support in

the development of methodology to test and measure portable air

compressors, [ 11]

EPA and contractor personnel made several v!sits to compressor

manufacturers, distributors, and users is obtain the most accurate infor-

mation available for use in the development of the proposed portable air

compressor regulation. NBS personnel held twomestings with industry

technical experts to discuss and exchange informs_tlan on maset_rvment

methodology.
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The EPA also published an ._dvauee Notice of Proposed Rulemaktng

(ANPRM) in the Federal Register on February 27, 1974. [ 12] The ANPRM

notifledthepublicthatEPA plannedtosetnoiseemissionstandardsfor

portableaircompressors undertheauthoritycontainedinSections5 and 6

oftheNoise ControlAct of1972. As a resultofthepublicationofthe ANPRM,

a docketwas established{DocketNo. ONAC 74-1)toreceivecomments and

datafrom interestedparties. EPA suggested23 areasofinformationthai

thoserespondingmightwant toaddress.

The docketclosedonMarch 29,1974. By the closingdeadline,comments

were receivedfrom the followingindividualsor organizations.

1. Alabama Tire Dealersand RetreaderSAssociations.

2. Bureau ofNoiseAbatement, Department ofAir Resources, Envl-

ronmentafProtectionAdministration,The Cityof New York.

3..P.K. LindsnyCompany, Inc.

4. Department ofEnvironmentalConservation,StateofNew York.

5. World ConstructionMagazine.

6. Robert Beggs,

7. EnvironmentalActivitiesStaff,GeneralMotors Corporation.

9. Cummins Engine Compasy, Inc.

9. PortableCompressor Division,Ingersoll-RandCompany.

10. Compressed Air And Gas Institute(CAGI).

The docketresponsesappearinAppendixA.
i
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Section 4

TIIE INDUSTRY AND THE PRODUCT

GENERAL DESCRIPTION

Noiseassociatedwithconstructionhas become a major problem inmany

citiesand towns. The trendtowardurban renewal and more highrlsostructures

has createdan almost psrpetualdinIncitystreets.Equipment assoolatedwith

constructionsiteshas become more nan_anous,and the time span forconstruction

ata givensitehas lengthened.Residentsinproxlmitytoa hlgh--rlseconstruction

site may well plan on 2 years of Intolerable noise levels as the structure is

built.

Thebasio unitofconstructionactivityIstheconstructionsite,which exists

inbothspace and time, The temporaldimension consistsofvarioussequential

phasesthatchange thecharacterofthesite'snoiseoutputas work progresses.

These phases are discussedfurtherbelow. Inthecase ofbuildingconstruction,

the spatial character of the site Is self-evident.

Construction sites are typically classified th the 15 categories In which con-

structten data is reported by the U.S. Bureau of the Census and various state

and municipal bodies. The categories are:

• Residential buildings:

One to four family

Five family and larger

• Nonresidentialbuildings:

Office,banl% professional

Hotel,motel,etc.

Hospitalsand otherinstitutions.

Schools.

Publicworks buildings.
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Industrial.

Parking garages.

Reltginus.

Recreational.

Stars, mercantile.

Service, repair statism

• 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 the cost of the average building in each category, as well as by

the distribution of effort among the various construction phases. These four
P

2]
groups, in order of decreasing average cost per building, are: l

• Office buildings, hospitals, hotels

e 8chnslsjpublicworks buildings

• Industrialbuildings, parkinggarages

• Stores, service stations, recrnstionalhalldings, arai religious buildings

Cermtructlon is carried out in several reasonably discrete steps, each of

which has its own mix of equipment and, consequently, its own noise character-

leties. The phases (some of width can he subdLvlded) are:

• BuildingConstruction

i. a. Clearing

b. Demolition

c. Site preparation

2. Excavation

3. Placing foundations

4* U_ Frame erection

b. Floors and roof
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Co Skin and windows

5. a. Finishing

b. Cleanup

• City Streets

1. Clearnlng

2. Removing old roadbed

3. Reconditioningoldroadbed

4. Layingnow subbasc t paving

5. Finishing and cleanup

• Public Works

I. Clearing

2. Excavation

I _ 3. Conpactlng trench floor
E

i_ 4. Pipe installation,fillingtrench

: _ 5. Finishing and cleanup
i

The most prevalent noise source in construction equipment Is the prime

mover, e.g., the internal combustion engine (usually of the diesel type) used to

provide motive and operating power. Engine powered equipment may be catego-

rized according to its mobility and operating characteristics, as

1. Earthmoving equipment (highly mobile)

2. Handling equipment(partlymobile)
I

3. Stationary equipmenL The air compressor is in the latter category.

Typicalaveragenoiselevelst_2] atconstructionsiteboundariesare shown in

Table 4-I for each ph_tseofconstructionactivityby constructiontypecategory.

Itmay be generallyagreedthatconstructionsitenoisecan be alleviatedby

reducing the noise levels of the individual pieces of equipment employed within

the site. [2, 3).] Other methods also e_st that by themselves or in a complementary

nature may be used to control construction site noise, for example:
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• Replacement of individual operations and techniques by less noisy ones.

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

• Locating noisy equipment away from site boundaries, particularly near

noise sensitive land use areas.

• Providing enclosures for stationary items of equipment and barriers

around particularly aclsy areas on the site.

Table 4-1

TYPICAL ENERGY AVERAGE NOISE LEVEL, dBA,
AT CONSTRUCTION SiTE BOUNDARIES

Office Building Industrial Highways
Domestic Itotcl, Hospital Recreation, Store Roads, Sewers
Housin_ School, Public Work Service Stattou Trenches

Ground Clearing 83 84 84 84
Excavation 88 89 89 88
Foundation 81 78 77 88
Erections 81 87 84 79
Finishing 88 89 89 84

There is no doubt that the construction industry can take steps to reduce its

noise; however, regulations are needed to assure that the basis steps are taken
t

uniformly by all components of the industry. Further, while sprier.el equipment

selectivity or operational procedure noise control schemes may be effectively

employed, it remains that regulation ofindividual pieces of construction site

equipment Is needed at the Federal state, and loom levels.

THE INDUSTRY

The portable air compressor industry Is a mature and highly competitive

industry, Manufacturers of portable air compressors vary significantly in size,

financial strength, manufacturing capability, applied technology, marlmttog

ability,and extent of product diversification. Seventeen manufacturers currently

active in the domestic market have been identified, Two of these import corn-
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ponenteand assemble unitsintheUnitedStates,and one importscompletelyas-

sembled units. Their salesin1972 of$90 miUlon resultedfrom shipmentsof

more than12,0OO units. Table4-2 presentsa listingofmanufanturoreRed the

estimateddollarvalueoftheirsalesofporthbloaircompressors. Eightman-

ufacturershave over 90 percentofthe mcrket. Of those)IngersollRand and

Gardnsr-Dcnver togeth,_raccountforabout59 percentofthe market, withJoy

rankingthirdwithabout10percentofthemarket.

Table 4-2

F-,STIMATED SALES OF PORTABLE AIR COMPRESORS
BY MAJOR MANUFACTURERS, 1972

Mmmfacturer Millions of,Dollars

._..nerfcanJenback $ .5 - 2.0
Atlas Copco .5 - 2.0
Chicago Pneumatic 2.5 - 4.5
Davey .5 - 2.0
Gas,deer-Denver 18.O - 21.0
Grin'uner-Schmidt •5 - 2.O

Ingersoll-Rand 25.0 - 28.0
Jaeger 6.5 - 8.5
Joy 9.0- ll.O
Kent Air Tool .5 - 2.0
LeRoi 2.5 - 4.5
Lindsey .5 - 2.0
Quincy .5 - 2.0
Schramm 5.5 - 7.5
Gordon Smith .5 - 2.9
Sunair .5 - 2.0

Worthington 2.5 - 4.5

Nine of _e 17 manufacturers are divisions or subsidiaries of large corpor-

ations wRh assetsinexcessof$100 million,These are AtlasCopco (importer),

Chicago Pneumatic,Davey, Gardner-Denver, Ingereoll-lland,Joy, Le Sol,

Quincy and Worthington, Sales of flman corporations (parent company) in 1972
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ranged from $182 to$906 million. These corporations are not highly specialized

in the construction equipment industry. [ 8] They are extensively diversified,

producing a wLdc variety of products sold in other industries.

Three medium-sized manufacturers have assets ranging from $9 to $15

million. These are Jaeger, Schramm, and SuUalr (importer). Sales of these

corporations in 1972 ranged from $10 million to 18 million. Five manufacturers

are small companies with assets ranging from $0.3 million to $1.5 milling.

They are American Jenbank (importer), Grlmmer-Schmidt, Kent Air Tool, Lind-

say, and Gordon BmtthL.8]" The medium and small-sized manufacturers typlaally

specialise in portsblo and atstionary compressors and a few other products sold

J prLmarily outside the conBtruction equipment market.

Portable air compressor manufacturing facilities are concentrated In the

Northeast and North Central United States. Plants vary considerably In terms of

size, efficiency, technology, and employman6 Detailed plant location, employ-

ment, and factory production infer]nation is presented in Reference B. W'nlle

some firms have efficient plants utilizing the most up-to-date technology, others

have old, extremely inefficient plants utilizing technology and production methods

that arc nearly obsolete. Generally, the larger manufacturers have the efficient

plants and the smaller manufacturers have the more inefficient plants,

Most manufacturers utilize only one plant for the production of portable air

compressors. Gensrally, these plants might also be used for the production of

related products, including stationary air compressors. Although each plant

ustmlly manufactures more than one product, each product is typically manufac-

tured on a separate production line or in a separate area.

Approximately 9, O0Opeople are employed in plants that v_n_faoturs portable

air comprnseors. The e_ct employment attributable to the production of portable

air compressors was considered confidential. It has been estimated that the total

portable air compressor production employment Is in the range of 2, O0Oto 3,000

employees.
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The portable air compressor industry was operating in 1973 In excess of 85

percent of capacity. The industry has been constrained from further expansion

by the difficulty in obtaining deliveries of engines and other componsnts. The

industry generally operates at lower capacity rates of 65 percent to 75 percent.

Manufacterers obtain raw materials and components used in the manufnstur-.

ing process from interdivlslonal transfers, component suppliers, and raw

material suppliers. The finished product is ,itatrlbutnd through construction

equipment distributers (dealers) who sell or lease the product to the primary end

users t who are the construction and mining industries, other industries, govern-

ment agencies, and others, Table 4.-3 indicates the estimated distribution of

unit shipments by end-use market during the years 1967 through 1972.

Table 4-3

ESTIMATED PERCENTAGE OF
TOTAL PORTABLE AIR COMPRESSOR UNIT

SHIPMENTS BY END USE MARKET, 1967-1972

End Use Market Percentage of Units Sl'Lipped

Construction Industry

Public Works and Other Non-building 50
Construction

Commercial, Institutional and industrial 20
Building Construction

I_iinin g Industry 8

Industrial Users 7

Government Agencies 12

Other Users 3

Total 100%
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The single largest user of portable air compressors is the eenetruo/:ion in-.

dnstry,which currentlyaccountsforan estimated70 percentoftotalunitsshipped.

Government agenciesaccountfor about15percentefthe units,followedby mining

nedindustrialusers,sharinganother15percentoftotalshipments.

Channels efdistributiontraditionallyare threughindependent,authorized

distributorsand factory-owneddistributorsorbranches. Inexcessof50percent

efmanufacturershipmentsofnew portablecompressors reachtheend user via

renial/purehase agreements, Intermittent use requirements result ina large

rental market. The trend to increased ranLal of compressors is expected to

continue. Used equipment is also an important Inetor in the portable air com-

pressor market,

From 6 to 13 percent of fetal annual sMpments are exported each year/imports

have been a miner factor in the market (less than 7 percent of the 1972 u_t relume).

Mant nmnufactorers currently offer quieted portable air compressors due

to customer demand resulting from OStIA and local noise regulations. Domestic

shipments of quieted units vary by compressor capacity and power source type

us shown in Table 4-4, The compressors range in noise levels from V0 to 88

dBA at7 meters forunitsInthe85 to2_0 cubicItper rain.(cfm)rangeand

from 70to93 d_ at7 meters inthe251 to1200 cfm range.

Table4-4

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

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

Gasoline Engine 75- 124 20
Gasullne Engine 124- 250 20
DieBel Engine 124- 2,t9 20
Diesel Engine 240- 599 20
Diesel Enffine 600- 899 10
Diesel Engine . 900 and over i0
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The quieted units as a percent of total domestic shipments are greater in the

small capacity units, because a substaattally larger investment is required to

obtain quieting in the larger capacity units.

THE PRODUCT

Portable air compressors are designed mainly to power pneumatic tools and

equipment at a construction Job site. Primary applications include the generation

of air power for:

1. Operating hand tools

2. 'Funneling operations

3. Mixing and atomizing to shoot fine particle material into place

4. Pneumatic conveying of small particle material

5. Air-.operuted centrifugal pomps

6. Air-powered hoist drums or brakes

7. Snow produatiom

Compressors generally are rated according to maximum flow rate a a pres-

sure of I00 lbs per sq. in. (psi) (although some firms have units rated up to 150

psi). The maximum flow rate ranges as high as 2000 cfm.

Almost all the larger units are diesel engine driven, screw-type compressors;

the intermediates are diesel and gasoline engine driven, screw and rotary type

compressors; and the smaller types are primarily gasoline engine driven, screw,

rotary, and reciprocating type compressors. _*

The portable compressors of interest are designed to bo towed as trailers

on two or four rubber-tired wheels. They have weights ranging from 1 to 14

tons, lengths from. 5 to 19 feet, and heights from a little less thnn 6 feet to

almost 10 feet. Mounted on the trailer are the compressor, an air receiver, the

driving engine, the cooling system, the fuel tanks, the tool bones, and an enclosure.

The enclosure itaclf, when designed for noise lnatLlaticn, can comprise as much

as 10 percent of the total weight.

4-9



The most wldelymanufacturedcompressor intheU.S, todayistherotary

screw typeunLt,The screw typecompressor isa singlestagsunitthatprovides

a highflowrate-to-slzeratioRed offershighreliabilitydue toitsfew moving

parts. An engineoccupying5 to15 timesthevolume occapiedby thebasiccom-

pressor itselftsneeded alongwith theaccompanyingcoolingand exhaustsystem

todrivethecompressor. Inmost cases,theengineisdirectlycoupledtothe

male screw element, which then drives the female element.

The basic screw type compressor unit accounts for only s small fraction of

the weight and sLze of an opemttag portable compressor. TypLcally, rotary

screw units used in portable compressors are smaller in size than an autcmobLle

automatic transmLsston. Likewise, the compressor mechanism Ltself produces

littleof thcnoisegeneratedduringoperations.

Most U,S,manufacturersare phasingout theirIineofeliding-vanerotary

compresaors_ probablybecausetheyare reputedtorequiremore maintenanceand

are lesseconomicaltooperatethanothertypedinuse. Nevertheless,thereare

stillseveralportablecompressor setsofthistypeon themarket. As inthecase

of thescrew typecompresanrs_ thecompressor itselfisrelsttvelyamall_bat

thenecensaryconcomitantequipmentissubstantial.SomstLmss thecompressor

is mounted in the receiving tank to save space.

The trndRionalreciprocatingcompressor isused todayalmostexaluslvely

inportablecompressorsdellvaringlessthan250 cfrR, Unlikethe screw and

rotary-vanetypes,itusuallyrequiresseveralstagestoachLsvsthe raquLrod

pressure, Consequently_thebaste unitisa largerfractionofthe totalweight

and size of the complete compressor assembly.

rtotary-eorew manufacturers tend to compete by apectallzing in one or two

types of portable aLr compressnrs in each market segment. Table 4-5 summarizes

the types of compressors offered by each portable air compressor manafsctarsr,
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Table 4-5

TYPE OF COMPRESSOR OFFERED BY MANUFACTURER

Manufacturer Rotary Screw Reciprocating Rotar_, Vane

AmericanJenbask x
AtlasCopco x x
ChicagoPneumatic x x
DaveyCompressor x
Gardner Denver x x
Grimmer Schmldt x
Ingersoll-Rand x x
Jaeger x x
Joy Manufacturing x x
Kent Air Tool x
LeRoi x
Lindsay x
Quincy x
Sehramm x
Gordon Smith x
_llair x

WorthIngton x x

The basic unite used to gauge productive capacity and performance or portable

compressors are th0 engine type (diesel or gasoline) and air flow rating in cfm
!

: at I00 psi.

!:. Thirteen manufacturers, shown in Table 4-6, offer n complete Ilns of port°

able air comressor capacity while the other four offer only the smaller capacity
t

i i units.

_] Examination of the noise emissions of present-day compressors suggests

i that dividing compressors into six categories provides the most meaningful

_ baste for evaluation. One division is into types of drive: gasoline vs. diesel

engines. A second is into "standard units" vs. those offered as "quieted units",

_i The two alternatives for the two characteristics, gasoline vs. diesel and "stand.

ii ard" vs. "quieted", define four catagorieso The diesel driven units are further
!,
f' eabdlvldedintounitsprovidingratedairflowbelow 501 cfm and unitehavinga
l

!i rated air flow above 500 cfm.
II

i_
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Table 4-6

PORTABLE AIR COMPRESSOR CAPACITIES IN CFM
OFFERED BY MANUFACTURERS

Gasoline Engine Diesel EnE_[ne

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

American Jenbaek x x
Atlas Copco x x x x x
Chicago Pneumatic x x x x x x
Davey Compressor x _x x x x
GaPdner-Denver x x x x x x
Ingersoli-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 Roi x x x x x x

Lindsay x x x
Quincy x x x x x
Schramm x x x x
Gordon Smith x
SuUalr x x x x x x

Worthington x x x x x x i
Grimer-Schmidt x x x x x x i

i
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Section ,5

EXISTING LOCAL, STATE, AND FOREIGN NOISE REGULATIONS

According to Section 6 of the Noise Control Ant of 1972, the proposed

Federal regulations for new portable air compressors will preempt new
*

product standards for compressors at the local and State level unless

those standards are identical to the Federal standard, Further, according

to Section 9 of the Act, regulations will be issued to carry out the provistona

of the Act with respect to new products imported or offered for importation.

Aecordh|gly, EPA reviewed available literature and conducted a survey to

determine the number of existing regulations that are applicable to con-

struction equipment and portable air compressors and that may be affected

by proposed Federal regulations. In the following sub-sections, the

findings of the review are summarized.

LOCAL AND STATE REGULATIONS

Informationon stateand localconstructionnoiseregulationswas ob-

tainedfor 123 cities with populations tn excess of lO0, 000 and from 226 cities

with populations of less than 100, 000. In addition, information was received

d [91from 46 of the 50 states eurveye

As indicated by Table 5-1, 27 of the 123 cities wRh a population In ex-

cess of 100, 000 and 21 of the 226 cities with a population leas than 100, 000

have some form of a construction regulation at this time.

*Local and Sta_e governments are not prohibited from "establishing or en-
forcing controls on environmental noise through licensing, regulation or
restriction of the use, operation or movement of any product" of from
establishing or enforcing now product noise standards for types of con-

struetton equll_ment not regulated by the Federal Government.
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Table5-I

LOCAL NOISE ORDINANCES ON CONSTRUCTION BY TYPE

Ordinance
No Specific Nuisance .Under Performance

Population• _ . Law ..... Law De__.velopmcnt . Standards Total

over 100, 000 54 37 5 27 123
under i00, 000 157 48 0 21 226

TOTALS 211 85 5 48 349

Of the 48 cities with some form of construction equipment reguluUon, 36

have operattnnul limits and 7 hays new product standards as shown by

Table 5-2.
Table 5-2

LOCAL NOISE PERFORMANCE STANDARDS FOR CONSTRUCTION
BY TYPE

New Product

population . .0Parntional Ll.mita Standards

over I00, 000 18 5
under iO0,OOO 18 2

TOTAL_ 36 7

Of the 46 statesthatrepliedtothesurvey,4 bad specificregula_ons

, for the noise of construction equipment: Colorado, hidiann, Now York, and

Alaska have performance standards, while Indiana has new product standards

i currentlyinforce.

• i
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Since the proposed Federal portable air compressor regulation will

preempt existing or contemplated local and state portable air compressor

regulations, cities and states that will be affected have been identified,

Figure 5-ishows that seven cities and no states have new construction

equipment noise standards. Also shown is that Grand Rapids, Michigan.

and New York City, New York_ have the most stringent standard along with

the shortest time period for compliance.

These seven regulations thent in part, will be preempted by the new

Federal law on portable air compressors. The _ew 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 estnblishieg or licensing operational limits for

portable air compressors.

FOREIGN REGULATIONS

Over 300 inqairles were sent to foreign manufacturers of portable air

compressors and representativesofforeignnationswho wereJmowledganble

inthefieldofenvironmentalnoise.[_!0]These Inquiriessolicitedinformation

and comments in thefollowingfiveareas.

I. The technologyavailabletoreducethe noiseofportableair

compressors and noiseleveldataforexistingmodels ofair

compressors.

2. Legislationsettinglimitson thenoiselevelofconstruction

equipment, especially portable air compressors.

3. The effects of government regulations on the cost of producing

or marketingportablenip compressors thatmust be quieted.

4. Specificationsforthe noiselevelsproduced byportableair

compressors used ingovernment contracts.

o 5-3
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5. Standards for measuring the noise level of air compressors.

Although information In areas other than regulations was requested,

iu most instances the individuals and countries responding did not address

anything but the applicable regulations on construction equipment.

Generally, it was found that foreign countries have regulations that

deal specifically with construction noise in the following ways:

1. Standards of recommended practice such an the Guidelines for

Noise issued by the National Federation of Building Trades

Employers m_d the Ministry of Public Works in the United Kingdom.

2. Contract specifications between buyer and builder such an those

in Norway or New South Wales, Australia.

3. General nuisance laws such as those in the various municipali-

ties in Canada and in Paris, France.

4. Regulation of the noise level in various laud use areas. These

laws frequently differentiate between daytime and nighttime

levelS. Examples include Oalo, Norway; Zurich, Switzerland,

Sweden and Vienna, Austria.

5. Regulation of the noise emission level of specific types of equip-

ment, such as portable air compressors.

The levels specified by the cities and nations regulating portable air

compressor noise are smnmarized in Figure 5-2.

!q
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Section 6

MEASUREMENT METHODOLOGY

MEASUREMENT STANDARDS

Numerous noise measurement recommended practices, standards, and

regulations have been promulgated by national and tnteranttoual organiza-

ttonsL13ltor • stasdurdize meaanranmnt methodology for use by industry, con-

sumers, and guvernment regalaiory bodies. The Society of Automotive Engi-

neers (SAE) has published recommended practices and staadards or draft dec--

umeats that standardize tbe noise measurement methods for construction equip-

ment and consiructtun sites!r 14, 15]The' American National Standards Institute

(ANSI) for the United states and the International Standards Organisation (ISO)

have developed, through their member groups, numerous noise measurement

standards. Of particular interest to the portable air compressor manufactur-

ers Is the Compressed Air and Gas institute (CAOI) test code for measurement

e ui meat [16]of sound from pneumatic q p , • This standard has been accepted for

promulgation by the ISO as ISO2151-1972und by the ANSI as ANSI $5.1-1971.

One section is specifically devoted to portable air compressors and is widely

used by portable air compressor manufacturers to describe the sound pressure

level of their products.

With consideration given to the possible use of sound power or sound

power level to describe portable air compressor noise, methods suitable for

this type of descripfion have been investigated. Two methods investigated or

under investigation are:

1, The 10 point hemispherical method of Reference 17.

2, The far and near field method of Reference 1i,

In both methods, sound pressure levels are measured and.sound power

' or sound power level is computed. Further description of the sound pressure

_', level and the sound power/sound power level methods follow.
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CAGI METHOD- SOUND PRESSURE LEVEL t

Octave band sound pressure levels [rom 63 Hz to 8,000 l:[z and A-weighted

sound levels are obtained during compressor idle and fullpower conditions at

10 locations around the compressor. The loeailuns are shown in Figure 6-1.

Octave band data are used to show the oatave band characteristics of por-

table air compressor noise at the mtorophone location at which the highest

sound level was recorded.

A-weighted sound levels aroused to calculate the average sound level at

the 1,.meter and 7-meter microphone locations. The avernge level is calcula-

ted by one of the following three methods.

M.axi,mum V,artatian of 5 dB or Less

If the maximum variation in corrected sound pressure levels is 5 dB or

less, average the sound pressure levels arithmetically.

_|axfmum Varintion cf 5 to 10 dB

If the maximum variation in corrected sound pressure levels is between

5 and 10 dB. avernge the sound pressure level values arithmetically and add

1 dB.

Maximum Variatton over I0 dB

If the ma_mum variation exceeds 10 dB, average according to the equa-

tion below:

Where L = Average sound level (dB A ) (or band average pressure level in
deslbels).

Li = Sound level (dB A) (or band sound pressure level In decibels) at
_he lth position.

n = Number of measurtc_ stations.;i

I;
, 6-2
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10--POINT HEMISPHERE METHOD-- SOUND POWER LEVEL

Tbearetlcally,soundpressurelevelsmeasured over theentiresurfaceof

an imaginaryspheresurroundingthesource shouldbeused when calculating

sound power levels.The practicalprocedure forapproximatingthe entire

sphere explorationistoselectanumber ofpointslocatedatthe centerofele-

ments ofequalareathatare situatedon thesurthceofan imaginaryhemisphere

aboutthesource. Figure6-2 isn schematicofthe microphonepointsused for

thel0-polnthemif,phoremethod, whileFigure6-3 shows the coordinates(rela-

tiveto theradiusofthehemisphere)forthe microphonepositions.Sound power

levaliscalculatedusingEquation6-1.

PWL = S_L + 20logl0r + 0.5dB

(6-I)

where

PWL = sound power level in dB rel0 "12 watts
S_L - spatial average sound pressure level dB
r = radius of the hemisphere

FAR-Fr_.LD METHOD h SOUND POWER

The far-field measurements are made on a surface of fixed radius (r) from

the geometric center of the source. The radius (r) may be any convenient dis-

tance subject to the conditions that r is greater than three major source dimen-

sions, but thatr neednot be greater,inany ease,thanl0 meters. The major

source dimensionisthelargerofthelength,width,or heightabove theground

plansofthe source. The minimum number ofmeasurement positionsshallbe

six (subjectto changeby the NationalBureau ofStandardstoachievedesired

accuracy),includingone each inthe fourprincipaldlrectlonafrom thesource

(Le., perpendiculartothe fourverticalsurfacesofthemachine) atn height
#, *

of I.5_4_.i meter abovethe groundplane. The fifthmeasurement positionshall
be above thegeometriccenterofthesourceat aheightr above theground!

! plane. [11)
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Figure 6-2. Schematic Diagram of 10 Microphone Locations
at _he Center of Elements of Equal Area on the

Surfane of u tiomisphere about a Sound Source
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POSITION X/R YIR Z/R

A 0.158 0.89E 0.410

9 0.775 0.55¢ 0.313

I C 0.738 - 0.06_ 0.671

" - X D D.775 - 0.603 0.193

E _,158 -0.961 0.224
0=

I F ),257 - 0.652 0.713

® t -- o ,+0,-0.309o.3,1
H 1.834 0.315 0.462

I ).257 0.408 0.028

| D_ J 1.100 - 0,090 0,990

°1
®

Figure 6-3, l_L_ttve Coordtn_tea for 10 Points of Hemisphere of Radius It.



NEAR-FIELD MEASUREMENTS

Determination of Measurement Locations

The near field measurement locations are on five sides of a parallelepiped

surfacethatextendstothe groundplaneandis.I.0 + O.Ol meter sway from the

major surfaces of the unit. [11] For the purposes of this measurement, the

major surfaces are defined as including the four sides and top of the source

and the exhaust system, if it is mounted on one of these surfaces.

A minimum of six microphone positions is used, one on each of the four

verticalsides,one on the topofthemeasurement surface,andone attheIo-
i

cationofthemaximum A-welghtedsoundlevelat a heightofI.5 meters above

. the ground plane. The survey position shall be established separatsly for

each measurement. The principal measurements on the four aides are at the
A

horizontal centers, 1.5 meters above the ground plane. The principal measure-

ment position on the top of the measurement surface shall be above the geome-

tric center.

Using the calculation procedures of Section 7 of Reference 11, the A-weighted

sound power is calculated for the near-and far-field measurement locations as

previously defined.

EPA RECOMMENDED PORTABLE AIR COMPRESSOR TEST PROCEDURE

In arriving at the recommended test procedure, EPA recognized the need

fora common, wellknown descriptorofportableair compressor noisetoavoid

possible confuston over units of measurement by Industry, Stste/local govern-

ments, and the public. Also recognized was the need for a relatively simple

mnthod to accurately acquire portabl0 air compressor noise that could be used

both for product certification and enforcement,

6-7
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Candidatesfor theproposeddescriptionofportableaircompressor were:

1. A-weightedsoundpressure indBA

2. Soundpower levelindB

3. Soundpower inmtiliwatts.

A-welghtedsolmd pressurelevelIndBA was salectedforseveralreasons,

includingitsutilityandease ofacquisition.A-wslghtedsoundpressure level

canbe measured directlyusingcomnme, readilyavailableequipment. Thus

itiscommon toand wldolyusedby industry,the scientificcommunity,State

andlocalgovernments,and thegeneralpublictoassessbureauresponseto

noise. This isincontrasttosound power leveland soundpower, which cannot

bemeasured and have tobe calculated,typicallyfrom soundpressure level

data.

By selectionoftheA-weightedsoundleveldescriptor,the10-polathemis-

phereand Inr-.fleld/nasr-fleldmeasurement methods, forthencquislttenof

data to calculate sound power level and sound power, respectively, were ell-

minathd as candidates for the desired test procedure. Their elimination re-

sulted because the rigor involved in the methods is not needed for the simple,

direct measurement of A-weighted sound pressure level.

The remaining candidate for the desired test procedure was the CAGI/

!_NEUROP measurement method. In reviewing this method, consideration was

given to whether data was needed at both thetl-meter and 7-meter microphone

locations. The EI_A conchided that only one set of data was needed, that at

7 meters. This conclusion was based on the fact that the 1-meter measurement

locations lie in the near field (see Section 7 of this document). Although the

near field data for regulation use, it would not be salisfsctory for far-field

extrnpolattns, as is often the case when it Is desired to estimate noise levels

at residential positions some distance from the construction site (Section 7

discussestheproblem inmore detail).Inotherwords, thel-meterdatais

not as utllitarias as ors the 7-meter data.
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Consequently, EPA selected the 7-metar microphone locations because:

1, Tbe microphone locations are in the far field.

2. The data satisfactorily and adequately describe compressor noise.

3. The data could be used for extrapolation with some degree of confidence.

The Agency also added an overhead microphone location to guard against

compressor design that would direct major sound energy upwards (this would

be of significance to parsons residing in high rise buildings adjacent to construc-

tion sites). Furthar_ the need to search for and report the maximum A-weighted

sound pressure of the compressor was eliminated. Stnce data indicates that

the maximum occurs at or near the four horizontal points selected for mensure-

meat.

By selection of a modified but more simple CAGI/PNEUROP test method,

little education_ if any, would be required on the part of industry as the mem-

bers of CAGIaro familiar with and currently use the CAGI/PNEUROP procedure.

The conditions and the |nsanurement procedures requisite to measure the

noise of portable air compressors for the purpose of compliance with a noise

standard are presented below.

a. Test Site Description. Locations, for measuring noise, employed

daring noise compliance testing, must consist of an open site above a hard re-

flecting plane. The refleetingplanemnst consistofa surfaceofsealedcon-

crate!sealedasphaltor theequivalentand must axtondlmater beyond each

microphonelocation.No reflectingsurfacesuch as a building,signboard,bill=

side, etc. shall be located wlthinlO meters of a microphone location.

b. , Measurement Equipment. The measurement equipment must be used

during noise standard compliance testing and must consist of the equivalent of

the following:
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(i) A sound level meter and microphone system that conform to the i

requirements of American National Standard (ANS) Sl.4-1971, "Specifleatton

for Sound Level Meters," with regard to the section concerning Type I sotmd

level meter and International Eleutrotechnical Commission (IEC) Publication

No. 179. "Precision Sound Level Meters" with regard to the sections concern-

ing microphone and amplifier characteristics.

(fi) A windscreen must be employed with the ralernphons during all

measurements of portable air compressor noise when the wind speed exceeds

11 kin/hr. The windscreen shall not effect sonnd levels from the portable air

compressor in excess of + O.5 dB.

(ill) The entire acoustical lnairnmentailon system including the micro-

phone and cable shall be calibrated before and after each test series. A sound

level calibrator accurate within-+ 0.5 dB shall be used. A complete frequency

response calibration of the thstrumeata_ton over the entire range of 25 Hz to

11.2 kHz shall be performed at least annually using the methodology of suffl-

: slant precision emd accuracy to determine compliance with ANS Sl-4-1'971 and

IEC 179. This calibration shall consist, at a minimum of an overall frequency

response calibration and an attennaior (gain control) calibration plus a measure-

ment of dynamic range and instrument noise floor.

(iv) An anemometer or other device accurate to within+ 10% shall be

used to measure wind velocity.

(v) An indicator accurate to within + 2% shall be used to measure por-

table air compressor engine speed.

(vl) A gauge accurate to within + 5_o shall be used to measure por-

table compressor air pressure.

(vii) A metering device accurate to within +10% shall be used to

measure the portable air compressor compressed air volumetric flow rate.

6-10
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(el, Portable Air Compressor Operation. The portable air compressor

must be operated at the design full speed with the compressor on loud, deliver-

ing its rated output flow and pressure, during noise standard compliance testing.

The disabnrged compressed air must be piped clear of the test site or silenced.

(d I Test Conditions. Noise standard tempi.lance testing must be carried

out under the following conditions:

(i) No rain or other precipitation

(it) No wind above 19 km/hr

(iii) No observer located within 1 meter, in any direction of any mi-

crophone location, nor between the test unit and any microphone.

(iv) Portable air compressor sound levels, at each microphone loca-

tion, 10 dB or greater than the baskground sound level.

(e) Microphone locations. Five microphone locations must be employed

to acquire portable air compressor sound levels to test for noise standard

complthnee. A microphone must belocated 7 + 0.1 meters from the right--,

left-_ front-, back side and top of the test unit. The microphone position to

the right-, left-, front- and back side of the test unit must Im located 1, 5+0,1

meters above the reflecting plane. Figure 6-4 shows the microphone array.

{f} Data Required. The following data must be acquired during noise

standard compliance testing:

(i) A-weighted and C-weighted sound levels at one microphone loca-

tion prior to operation of the test unit and at all microphone locations during

test unit operations as defined in section (e).

(it) Portable nir compressor engine speed.

(tit) Portable air compressor compressed gas pressure.

r (iv) Portable air compressor flow rate.
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(g) Calculation of average sound levels. The average A-weighted and

C-weighted antmd levels from measurements at the specified microphone loca-

tions must be calculated by the following method.

n

_, = 10 log _ 10 '
10

l=l

whore:

-_ average sound level, dBA or dBC as appropriate, in decibels
L= sound level, dBA or dBC as appropriate, in decibels at the

i th location

n = number of measurement position

{11)Presentailonofinformation. The followinginformationmust be re-

ported:

(1) Background ambientsoundlevelindBA and dBC.

(li) Portableaircompressor sound levelsindBA and dBC ateach micro-

phone locaUon.

(Ill)Average portablealr compressor soundlevelsIndBA anddBC.

(iv) Portableaircompressor compressvd gas pressure,inkg./orn2.

(v) Portableaircompressor compressed gas flowInm 3/mln.

(el) Portableaircompressor manufacture,model asd serialno.

{vii)Acousticinstrumentationmanufacturer,and model numb,,r

The racorr_nvndeddataformatisshown inFigure6-5.

• i
f
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Test Report Number

SUBJECT:

Manufacturer: Model: Serial No. :

 atedSpeed: rpm: •
Confi&n/ratinn_dentification: C_.tegory[dentiflcatoi'6_:

TE_T CONDITIONS:

Manufacturers Test Site Identificationand Location:

ReflectingPlane Composition:
Operating Speed as Tested: Beginning 0f Test rpm

End of Test rpm
2

Air Pressure Supplied: kE/cm . (psi) Ambient wind Speed k_/hr (ml/hr I
Actual Flew Rate: m'-'_/mln (cfm) Barometric Pressure__.k_'cm _ (psi)

INSTRUMENTATION:

Microphone Manufacturer: l_lodelNo. : SerialNo.
Soand Level l%leterManufae'1_rer: - Model No. : SerialNo.
Calibrator Manufacturer: Model No. : ' Serial No. "

DATA:

dB Ref: Background _ound LOCATION Average
2 X 10"5 Level at Location Sound

Pas eals 'at Location 1 2 _ 4 5 Level

dBC

dBA

TESTED BY DATE:

REPORTED BY: DATE:

SUPERVISORY PERSONNEL: TITLE:

TITLE:

Figure 6-5. Portable Air Compressor Norse Data Sheet

m
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Section7
PORTABLE AIR COMPRESSOR NOISE

The basic elements of all noise problems are o (1)source (2) path and

(3) receiver. Studies have been conducted on atl three of these elements;

the first two are discussed in this and the following section and the third

diecassedinSeetionlO. Study ofihsportable air compressor an aeource

includedevaluationof:

• Overhead noise levels of uasilenced and silenced compressors.

• Noise levels of unsileneed and silenced portable air compressors

ranging from 85 to 1200 cfm capacity.

• Repeatabilityof compressor noise measurements.

• Noise directivity of unsilanced and silenced compressors.

• Compressor sound power levels.

• Low frequencycompressor noise.

• Identificationofmajor noisesourcesassociatedwithportable

air compressors (seeSection8).

• Degree of quieting with application of present technology (see

Section 8).

Study of the propagation path included the following considerations:

• Grotmd reflections.

¢ Path discontinuities.

• CalculsUon of far field data from near field data.

OVERHEAD NOISE

To increase the data base and to provide data to assess the noise

characteristics ofportable air compressors, noise meaearaments worn

made of 4 gasoline and 19 diesel powered compressors ranging in capacity

from 85 to 1200 cfm. Table 7-1 list information about the units and the test
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method employed. As indicatedinthetable,bothsilencedand standard

versionsofsome compressors were evaluated,end, insome cases,the

compressor housingdoors were purposelyleftopen.

The most commonly used portableair compressor measurement scheme,

the CAGI/PNEUROP method (sea Section 6), does not presently include

meusuromsnt ofsoundaboveportableair compressors. Sinceengineex-

haustoftenisdirectedupward, noiseradintlnginthisdirectioncouldbe of

significance, particularly to persons in offices, apartments, etc., located

above operating compressors. As such, measurements wore made uf noise

radiating upward and were compared with that radiated to the side of com-

pressors.

Table %2 liststhemeasured CAGI/PNEUROI _averageand overhead

noiselevelsforthe20 compressor tests. The lastcolumn inthistableIs

the difference between these two levels, and figure 7-1 shows a histogram of

these differences.

For 4 of 26 compressors, the overhead noise level is greater than the

horizontal noise level. AII other models show the overhead direction to be

quieter than, or equal to, horizontal noise. Tim mean difference in Figure

7-1 shows the upward-directed noise to be 0o 6 dBA less than the CAGI/

PNEUROP figure.The spread inthedate.,however, createsa standard

deviation of 2 dBA.

Of the four compressors that are significantly noisier overhead, two

results are for the same model (doors open and closed) with a relatively

inefficient exhaust muffler. The other two results are for silenced units

similiar 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 the remaining 20 are computed. The followiag values result:
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• Mean: -1.5dBA

: • Standard Deviation= 1.1 dBA

, Thus, for this group of compressors, the overhead noise level is about l. 5

dBA less than in other directions.

PORTABLE AIR COMPRESSOR NOISE LEVELS
New Data

AS discussed prsviously, measurements were made of a total of 23

portable air compressor types. Tables 7-3 and 7-4 list noise levels of the

standard and silenced compressors, respectively, while Figure 7-2 shows

a plot of noise versus elm capacity. From review of the data in tables and

in the figures the following may be concluded:

$ Noise levels of both s_andard and silenced compressors increase

with increasing compressor capacity, with noise of the standard

units increasing at a more rspid rate.

• Noise levels of standard compressors range in level from 81.4

to 92.6 dBA at 7 meters.

• Noise levels of silenced compressors range in level from 70.1

to 78.2 dBA a_ 7 meters.

• Silenced compressors are on the average 10 and 1S dBA quieter

than standard units.
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Table 7-2

COMPARISON OF CAG_/PNEUROP AVERAGE SIDE
WITH OVEI_iEAD NOISE LEVELS

(A)
CAGI/ (B)

No. Manufactmrer l_iodel PNEU. Overhead B-A

1 Atlas Copso ST-48 84 03 -1
2 Atlas Copco ST-95 80.5 79.5 -1
3 Atlas Copso VSS-170 Dd 71 68 -3
4 Atlas Copse VT-85 Dd 02.5 79 -3.5
5 Atlas Copes VS-85 Dd 75.5 76 0.5
6 Atlas Copes VSS-125 Dd 70 72.5 2.5

7 Atlas Copco STS-35 Dd 73 77 4
0 Atlas Copes VSS-170 Dd 71 68, 5 -2.5
9 Worthington 160 G/2 QT 75 72 -3

10 Worthington 750-QTEX 75 73.5 I -1.5

11 Ingersoll-Rand DXL 1200 doors 94.5
12 Ingersoll-Rand DXL 1200 96.5
13 Ingersoll-Rand DXL 900S open 77.5 75 -2.5
14 Ingersoll-Rand DXL 900S 75.0 74.5 -1
15 Ingersoll-Rand DXL CU10B0 91 89 -2
10 Ingorsoll-Ramd DXL 900S 76 73.5 -2.5
17 Ingsraoll-Rand DXL 900S 75.0 74 -1.5
10 Ingersoll-Rand DXL 900 90.5 89 -1.5
19 Ingersoll-Rand DXL 750 88 88 0
20 Gardner-Denver 81_VDA/2 74 73 -1

21 Gardner-Denver SI_QDA/2 70.5 78 -0.5
22 Gardne_Deaver SI_HGC 77.5 75 -2.5

23 Jaeger A doors 08.5 88 -0.5
24 Jaeger A 89 89.5 0.5
25 Jaeger E open 01.5 84 2.5doors
26 Jaeger E open 82 85 3
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Table 7-3

NOISE LEVELS OF STANDARD COMPRESSORS

USING THE CAGI/PNEUROP MEASUREMENT _ETIIOD

Average Nolsu Level (dBA)
Manufacturer Model S/N Cfm 1 meter 7 meter*

Atlas Copeo VT85Dd ARI>203149 85 94.8 81.4
Atlas Copco 8T-43 51-232751 160 96.6 83.5
Atlas Copco 8'12-95 51-274977 330 91.9 80.2
Jaeger E RC32032 85 92.5 81.5
Jaeger A RS32189 175 98.9 88.2
Ingersoll-Rand DXL750 77350 750 98.6 87.7
Ingersoll-Rand DXLg00 75847 900 97. 9 89.0

Ingersoll-Rand DXLCU1050 75613 1050 100. 8 90.2
"_ Ingersoll-l_.nd DXL1200 74430 1200 103.0 92. g

*Includes overhead measurement potnt



Table 7-4

NOISE LEVELS OF SILENCED COMPRESSORS

USING TIIECAG]/PNEUROP MEASUREMENT METHOD

Average NoiseLevel (dBA)

Manufacturer Models S/N Cfm 1 meter 7 meter*

Atlas Copeo VS88 ARP203903 85 89.0 75.5
Atlas Copco STS39Dd AltP580924 125 85.5 78.5
Atlas Copco VSS125Dd 51-348060 125 81.0 70.1
Atlas Copco VSS170Dd 51-235072 170 83.9 70,2
Worthington 160G/2QT 821478 160 84.5 74.2
Gardner-Denver SPIiGC 629717 185 87.0 77.1
Gardner-Denver SPQDA/2 608227 750 86.1 78.2

Worthington 750QTEX 848-019 750 84.0 74.7
i Ingersoll-Rand DXL 9OOS 73693 900 82.4 76. OQO

IngersoU-Raod DXL 900S 74050 900 82.0 75.1
Ingersoll-Rand DXL 9OOS 74051 900 83.1 75.3
Ingersoll-Rand DXL 9008 740471 900 82.4 75. O
Gardasr-Deaver SPWDA/2 635851 1200 84.1 73.7

*Includes overhead measurement point
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Existing Da_a

Manufacturers supplied EPA (Contractor BBN) with noise data at 7

meters for 19,t compressor models, Table 7-5 lists the data in terms of

compressor capacity, engine type, and standard/quieted units. Also shown

in the table is the number and percent of units below n particular noise

level.

In summary, the data shows:

• Standard models of gas engine powered compressors range in noise

level from 71.0 to 92, 0 dBA with a mean value of 82.8 dBA.

• Silenced models of gas engine powered compressors range in noise

level from 72 to 81 dBA with a mean value of 76. I dBA.

• Standard models of diesel engine powered compressors of less than

_, 501 cfm capanity_ range in noise level from 79.5 to 93.4 dBA with

a mean value of 86.1 dBA.

• Silenced model A of diesel engine powered compressors, of less

than 501 cfm capacity, range in noise from 70.0 to 88.0 dBA with

s mean value of 76.4 dBA,

• Standard models of diesel engine powered compressors, of greater

than 500 cfm capacity, range in noise level from 88.8 tol01.SdBA

with a mean value of 92.8 dBA.

e Silenced models of diesel engine powered compressors of greater

than 500 cfm capacity, range in noise level from 73.0 to 82.0 dBA

with a mean value of 78.7 dBA.

di
p_

J
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Table 7-5(a)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS

WITH NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE*

(Major Category of Portable Air Compressors by CapaciLy and Typeof E_gine)

Gasoline Eag'me, AI_'1 Capacities **

Fercent el Percent of
Cumulative Number of Cumulative Number of

dBA Level Unite Below Units Below dBA Level Units Below 1nits Bele_

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 26.92 7
76.0 12. 50 4 76. 0 50.00 13
77.0 12. 50 4 77.0 65.38 17
78.0 18.75 5 78.0 89.23 18
79.0 18.75 8 79.0 84.62 22
80,0 21,87 7 80.0 92. 31 24
81.0 28.12 9 81.0 100.00 25
82.0 28.12 9
83.0 34.37 11
84.0 50.O0 16
85.0 62.50 20
86. 0 75. O0 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: 82.8 dBA_ _ Mean: 78.1 dBA*_'_
Standard Deviation: 4. 92 dBA**$ Standard Deviation: 2.40 dBA_'_'$

* Average sound pressure level in dBA at 7m according to the recemmacded
measurement practise of ISO 2151-1972. Manufacturers wore semetimes
imp_ctde lndefining _hs noise data submitted to BBN, BBN has treated this

da m a8 an average of noise level for • model based on testing a number of
units.

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

*** The moan is a simple average ofmodel noise dala. Data is not available to
weight by relative model unit volume sold, Partial waighting sohomes by
capacity and/or manufacturer were not utilized.
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Table 7-5(b)

PERCENT AND NtrMBER OF PORTABLE AIR COMPRESSORS

WITH NOISE LEVELS NOT INEXCESS OF A PARTICULAR VALUE*

(Major category of Portable Air Compressors by Capacity and Type ofEngine)

_501 cfmCa_
Percent of Percent of

Cumulatlve Number of Cumulative Number of
dBA Level Units Below Units Below dBA Level Units Below Units BeIow

70.0 0.0 0
71.0 11.43 4
72.0 11.43 4
72.0 14.29 5
74.0 17.14 6
75.0 22.86 8
76.0 57.14 20
77.0 68.57 24
78.0 7 i. 43 25

79.5 O. 0 0 79. O 77.14 27
80.5 2.22 I 80.0 77.14 27
81.5 2.22 I 81.0 82.86 29
82.5 17.78 8 82.0 88.57 31
83.5 24.44 ii 83.0 88.57 31
84.5 31.11 14 84.0 97.14 34
85.5 48.89 22 85.0 07.14 34
80.5 62.22 28 80.0 97.14 34
07.5 71. Ii 32 07.0 97.14 34
88.5 73.33 33 88.0 I00. O0 35
89.5 77.78 35
90. 5 86.67 39
91.5 88.89 40
92.5 97.78 44
93.5 _OO.O0 45, I

Mean: 86.1 dBA_** Mean: 76,4 dBA***

Standard. Dcvi_,tioa: 3 35 dBA*** Standard Deviations_ 4.07 dBA***
* Average sound pressure level le.dBA at 7m aocor_ing to the recommended

measurement practice of ISO 2151-1972, Manufacturers were sometimes
imprecise in defining thenolss 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.

** BEN did not document in its report the nmnufacmrere whose model data ta
included in the 194 data poinia reported°

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

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS

WITH NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE*

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

In_ eve a c m ape _--Standard IVIodo)_S Duleted Models
Fercellt of Percent of

Cumulative Number of Cumulative Number of
dBA Level Units Below Units Below dBA Level Units Below .;nits Below

73._) 0.0 0
74.0 4, 17 l
75.0 8.33 2
76.0 16.67 4
77.0 45.83 II
78.0 58.33 14
79_0 62.50 15
80,0 66.67 15
81.0 70.83 17
82.0 75.00 18
83.0 70.47 19
84.0 79. 17 19
85.0 67.50 21

86.8 O.O 0 88.0 91.67 22
87.8 6.25 2 87.0 iO0. O0 2.1
88.8 15, 82 5
89.8 28. 12 9
90.8 37.50 12
91. B 46.87 15
92.8 53.12 17
03.8 65.62 21
94.8 60.75 22
05.8 88.75 82
96.5 75.08 24
97.8 84, 87 27
98.8 87.50 28
99.8 03,75 30 ,

IO0.8 66.87 34
101,5 IOO.OO 32

Mean: 92.8 BA _'_,'_' Mean: 78.7 dBA':'_'_
Standard Dvvlatlon_ 4.08 dBA_'_':' Standard Devlatton: 3.90 dBA;',_,

* Average sound pressure level in dBA at 7m according to the recommended
measurement practice of ISO 215i-1972. Manufacturers wore sometimes

improvise in defining the noise data submitted to BBN. BBN has treated this

data as an average of noise level for a model baaed on testing a number of
units.

** BaN did not document in its report the mamtfacturers whose model data Is
includedin the 194 data points reported.

*** The mean is a simple average of model noise data. Data is not available to
weight by relative model unit volume sold. Partial wnightlng schemes by
capacity and/or manufacturer were not utilized.
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REPEATABILITY OF DATA

Data acquiredusingtheCAGI/PNEUROP method were compared with

available manufacturer's data. Figure 7-3 present a histogram of the com-

pressor Jn which good repeatability is shown, I.e., both mean and median

ratios are approximately zero. Further comparisons are made in Table

7-8, in which noise levels associated with four models of the same com-

pressor arc presented. As shown by the data, noise levels repeat to within

1.5 dB at individual measurement positions and to withinl. 0 dB on the

avore_a,

..... 7-14
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T_]e 7-6

REPEATABILITY OF NOISE LEVELS OF FO[_ MODELS

THE INGEI_SOLL RAND DXL 909S COMPRESSOR

• I',_easurement Positions** 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 79.1

74041 73 76, 5 '77 76.5 73.5 73.3

740471 72 76.5 77 75.5 74 75.0
?

* Overhead 1_usition
** See Figure 6-1



NOISE DII_ECTIVITY

Noise levelsmeasured duringcompressor operationatratedpower were

; analyzedtoassessnoisedirectivityaroundportablealrcompressors. Table

7-6 listsdBA levels,averagedBA levels,and them_xilnum directlvltyfactor

aneociatedwiththes.lxtypesofcompressors. The datawere acquiredusing

the10-pointhemispheremeasurement method. The datashow littlevariance

Innoiselevelfrompositiontoposition,Indlcatlnglittledirectivityofnoise.

Figure7-4 show spolarplotofnoisestvariousnzlmuthallocations,

every30 degreesinthehorizontalplane,arounda compressor. Again,little-

directlvltyisshown.

I
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Tnbls 7-7

AIR COMPRESSOR NOISE DIRECT[VITY

O

0 _ 0

0 0 0 U

_ 0 _ _ _
_ U _ 0 0

0 _ 0 _ _ _

Microphone _ N _ H _ _

Location* Sold _vel 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
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 1.55 1.82 1.43

I * See Figure 0-2 and 6-3 max
I ,* Maximum direot[vityfactor = antilOglo( i0 )

. I.
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SOUND POWER CALCULATION

Because portable air compressor nolac may, in part, be defined in terms

of sound power, sound power levels calculated using data acquired by the CAG//

PNEUROP method, with and without the overhead microphone position point,

were compared with levels calculated from data acquired by more conventional

means, i, e., by microphones located at the center of surfaces of equal area on

the surface of an Imaginary hemisphere about the sound source.

The results presented in Table 7-7 show that power levels calculated from

the CAGI/PNEUROP 4 asd 5-polntdatacompare welltothosecalculatedusing

1 the more precise10-polnthemisphericalmeasurement method. An avernge

i difference of only 0.6 dB was found in each case. These results occurred pi'l-

inertly because the compressors tested ware not very directive. In the extreme

i case of a completely nondlrective compressor, all methods would yield exactly
i the same results. In fact, only one sound level measurement would be ro-r

i quired,

i
i
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Table 7-8

SOUND PO_,VER LEVEL COMPARISONS

PWL* PWL* PWL* PWL10 PWL10
(4 pt. ) (5pt.) (i0pt,) mtnus minus

Compressor (dBA) (dBA) (dBA) PWL 4 PWL5
AfIRe Copso 00.4 90.3 96, 7 0.3 0, 4

VSS 170

Worthington 100.9 1O0.0 102.1 1.2 1.0
100 QT

Worthington 99.9 09.9 100.2 0, 3 0.3
750-QTEX

Ingersoll-Rand 117.4 117. 2 117. 5 0.1 0.3
DXLCU 1050

Ingersoll-Rand 102.2 102.1 103.9 1.7 1.0
DXL 900S

G_,rdnor-Dsnver 105.0 105.1 104.5 -0.5 -0. 6
St_DA/2
(Pull Power)

Gandnor-Dsnver 06.0 97.1 97.5 0.9 0.4
S_DA/2
(Idle)

*PWL = Sound power level
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LOW FREQUENCY NOISE

The A-weighting network of sound level meters attenuates low-frequency

noise; e.g., -39.4 dB, -26.2 dR, -16.1dB, and-8.6 dB at frequencies of

[18]As eh31.5 HZ, 63 Hat 125 I-Iz and 250 llz, respectively, su , great differen-

ces can result between A-weighted levels and the unweighted (relatively

speaking} C-weighted levels. The significance of this is the possibility that

while a eompressor's A-weighted data may be danroased, the C-weighted level

could conceivably remain the same, or could in fact increase. Though A-

weighted sound level decreases might adequately reduce health and welfare

impact. C-weighted noise control is desirable as well to preclude the escala-

tion of overall unweighted compressor noise.

Tables 7-9 and 7-10 show dBC/dBA differences for standard and silenced

portable air compressors, respectively. As shown, dBC/dBA differences up

to 28 dB are noted for silenced models. Figure 7-5 gives insight into the

cause for the greater dBC/dBA difference for the silenced models. In the

figure, it is shown that a lower dBA level for the silenced unit has been a-

chieved by a shift of peak sound levels to the low frequency range. Nots that

while the A-weighted sound level of a compressor has been reduced by 6dB

(standard to silenced) the C-weighted value has been reduced by only 1rib as

a result of the different weighting characteristics of the A and C networks.

Inview of(i)thefactthata A-weightednoisereductiondoesnotneces-

sarilyimplyan attendantC-weightedreductionand (2)thedesiretocontrol

theC-welghtedlevelof compressor noiseaswell astheA-welghtedvalue,

Figure7-5 was prepared from thedataofTables 7-9 and 7-I0togiveinsight

into achievable C-weighted levels, The line In Figure 7-5 represents a best-

fit curve through the data points and indicates that a dBC minus dBA limit of

20dB would be a reasonable controllimit.
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Table 7-9

COMPARISON OFdBA LEVELS WITH dBC LEVELS OF

STANDARD PORTABLE AIR CO_|PRESSORS

dBC Level l_Iinus
Manufacturer Model S/N Cfm dBA Level* dB

Atlas Copce VT85Dd ARP203149 85 11
AtlasCopes ST-48 51-232751 160 8.5

-a
i AtlasCopse ST-90 51-274977 330 9.5

Ingersoll-Hand DXL780 77880 750 5
Iagersoll-Rand DXZS00 78847 900 3
In[_srsoll-Rand DXLCU1050 75613 1050 7
Ingersoll-Rand DXL1200 74430 1200 3
Jaeger E RC'32032 85 12.5
Jaeger A RS32189 175 13.5

*Average levels at 7 meters



Tsblo 7-10

COIvIPARISONOF dBA LEVELS WITH dBC LEVELS
OF SILENCED PORTABLE AIR COMPRESSORS

dBC Level
Minus dBA L_vol*

Manufacturer Model S/N Cfm dB

AtlasCopco VS05 ARP203903 85 16,0

Atlas Copeo STSOSDd ARPSS092d 125 23.5
AtlasCopco VSS125Dd 51-345060 125 28.0
AtlasCopco VSSITODd 51-235072 170 21.0-a
Worthington 1600/2QT 821478 160 15.0
Gardner-Denver SPHGC 629717 185 12.0
Gardner-Denver SPQDA/2 600227 750 7.5

Worthington 750QTEX 048-019 750 10.5
Ingersoll- iRand DXL 900S 73693 900 7.7
Ingersoll-Rand DXL 9OOS 74050 900 6.9
Ingersoll-Rand DXL 9O0S 74051 900 7.8
Ingersoll-Rand DXL 9O0S 740471 900 7.5
Gardner-Denver SPWDA/2 635851 1200 10,O

*Average levels at 7 meters
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ACOUSTIC VALUE OF PORTABLE AIR COMPRESSOR DOORS

At a construction Job site, portable air compressor equipment compart-

ment doors are often loft open because of the operators' misguided intent of

furnishing more engine and compressor cooling. Actually, portable air com-

pressors are designed to provide adequate cooling with the access doors

closed, Since the access doors, when closed, eliminate a direct line of sight

to the engine (which is the major source of noise) an escalation of portable air

compressor noise is expected to occur when the doors are left open.

Six tests were conduciedj three of the standard units and three of silenced

units, to assess the magnitude of escalation of portable air compressor noise

duo toopeningthe accessdoors. Tablef-11presantstheresultsofthetests

ofthestandardunits;shown is a noiseincreaseofup to5dB.

Table 7-ii

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

ACCESS DOORS

Manufaeture.r Model A-weighted Increase, dBA*

Ingersoll-Rand DXL 1200 5

Jaeger A i. 5

Jaeger E 1.5

%

* Difference in level at the right side of the unit between door open and
closed position,
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Table 7-12 list the results for tlle silenced units; shown is an increase up

to 12 dBA when the access door of the Worthington 7,50 QTEX was left open.

Table 7-12

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

Manufacturer Model A-wei_hted Increase. dBA

Worthington 1G0 QT 5

Atlas Copco VSSI70Dd it

Worthington 750 QTEX 12

In view of the data of tables 7-11 and 7--12, portable air compressor equip-

ment compartment access doors must remain closed during compressor oper-

ation to preclude acoustic degradation of the portable air compressor.

PORTABLE AIR COMPRESSOR NOISE PROPAGATION

If the propagation of sound away from compressors to points more than

several hundred feet in the community is of concern, than meteorological fac-

tors (wind, temperature, humidity, and precipitation} may be significant. In

addition, obstacles and variations in ground cover may be important. For

shorter distances, the propegatfon may be complicated by laierferance pheno-

mena between the soand waves radiating directly from a source and those re-
f

19, 20, 21]
fledied from nearby surfaces, especially the ground. [
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Ground Reflections

Contributions arising from constructivc/destroctive interference between

direct sound waves and sound waves reflected from the ground plune at measure-

ment positions have been evaluated. Figure 7-6 shows A-weighted compressor

noise measured 7 meters away from a compressor at various heights above the

ground. WMle it is shown that sound level variations in some 1/3 octave bands

of up to 7 dBA from one height to another, the variation in overall sound level

is _: 1 dBA from the central position.

The effects of ground reflections on the measured sound levels at the 7-

meter positions appear to be "averaged out" by the spatial distribution of the

individual noise generating components of the compressor. Thus, it is con-

cluded that at 7 meters ground reflections do not modify the measured sound

levels.

Path Discontinuities

As compressor noise propagates away from the source, propagation path

discontinuities can affect the sound waves. The six configurations in Figure 7-7

comprise those typical at construction sites. The half sapce shown in this figure

represents the area surrounding a compressor during testing per IS0-2151-1972

or when used during construction in a residential or light industrial area. Sound

propagating in a half space is subject to the interference effects discussed pre-

vinusly. When a compressor in a residential or light industrial area is next to a

building, the buildings usually are far enough apart to be described by the "L"

space in Figure 7-7. Anderson [22] reported that sound propagates in an "L" cross

section as it does in free space. The sound level at a point in an "L" space is

e_pected to be on the order of 3 dB higher than the sound level measured at the

same point in a free field over a reflecting plane, because the sound energy is con-

cantrated in a smaller volume in an "L" space than in a half space. Francois and

Fleury ilgj"" measured n corresponding 2 dB increase in compressor noise in an "L"
2

space.
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The "U" space in Figure 7-7 is representative of city "canyons" formed

bya streetor alleyand the vorticalwallsofnearbybaildlngs.Appendix A of

Reference10discussesthepropagationofsound incitycanyonsInmore detail

andalsoincludestheresultsofcalculationscarriedoutusingan extensionof

thetheoryofWether, etal.[23} Ti_stheoryshows thatn nondirectionalsource

produces sound levelsin n typicalcitycanyon thatare 6 dB higher100 feetfrom
r

19]
thesource thanthelevelspresentina halfspace. Francoisand Fleuryt

measure a corresponding4-dB increasefora "U" space ofdifferentdimensions

from the "U" space analyzed in Appendix A of Reference 6.

There is some concern that the sound levels experienced in the upper

storiesofcltybuildingsmight beunusuallyhighifthe observersare located

abovea compressor withpronounced verticaldirnctivity,particularlyifthe

compressor sound isconfinedwithina citycanyon° tiowe_nr,AppendixA of

Reference6 shows thatan aircompressor thatradiatedsound fourtlman as

efficiently(interms ofintensity)intheverticaldirectionas inthehorizontal

directionwillexposepeopleincitybuildingstolessthan4 dB highersound

levelsthannn air compressor thatuniformlyradiatesaa amount ofsound

energy. Thus, thisassertiondoes notappeartobevalid.

A compressor operatedundera bridgeor overpasscan be dsserlbedin

terms of thevaultspaceinFigure7-7. The sound levelsgeneratedinsuch a

space can be more than 10 dB higher than the sound levels generated in a half

space,

The barriar and pit configurations depicted in Figure 7-7 are typical of

, . construction sites in cities. Usually the construction of a building in a city

centerbeginswiththeerectionofa tallbroadfence, During theinitialground

brealdng, compressors operate at ground level behind the fence, AS excavation

proceeds, compressors operate within the pit dug for the banemant floors. Cat-
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culations presented in Appendix B of fieference 2,1 show that pits and barriers

can reduce the noise levels experienced by outdoor ground level observers by

as much as 20 dB below the levels experienced in an unobstructed half space.

The benefits to upper story observers in buildings across the street depend on

the construction stage, on the observer's elevation, and on if there are verti-

cal reflecting surfaces in addition to thase shown in the barrier configurations

in Figtzre 7-7.

Extrapolation of Data

The near and far field are described in terms of wave propagation. The

near field Is close to the source, though hew far it extends depends on the wave

length of the radiated sound, Normally, the acoustic near field extends a dis-

tance of about one quarter of a wave length. Sound pressure fluctuations with

the near field correspond to the hydrodynamic response of the fluid to the

motion of the adjacent surface. In the far fialdj the sound pressure fluctua-

tions are caused by the propagation of sound waves away from the source.

Typically, noise decreases 6 dB per doubling of distance away from the bound-

ary between the near and far field. Within the near field, no typical decay rate

is known, Thus, proJectlonof far flclfllevels fromnear fieldlevals ustegthe

6 dB doubling rule may not give accurate results. If the 1 meter CAGI/PNEUROP

points in the near field arc used for far field noise predictions, inaccurate

estimates may result.

One way to varify that the1 metsr data are taken in the near field Is to

compare 1- and 7- meter levels. A histogram of the difference in these levels

is presented in Figure 7-8 for the 26 compressors that were measured. This

figure clearly shows negligible correlation between the two sets of measure-

meats. Spherical spreading of the sound field between 1 and 7 meters would

yield about 17 dB difinrence between these two points. No compressor showed
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this large a decrease. Moreover, tile differences are randomly spread from

5 to 15 dB.

The preceding results indicate that it is erroeeous to ssc_l-motor levels

to calculate far-field noise levels and vice versa, for that matter. Farther.

inaccurate sound power estimates might also result from similiar predictions.

To see ifl-me_or data are ueefal in determining the noisiest side of the ma-

chine, the three dimensional histogram of Figure 7-6 was dsrived. The loud-

est side at 7 meters is plotted against the noisiest side at 1meter in this

figure. * Again, the 1-meter data show pegr correlation with the 7-meter data,

: in that in half the cases the noisiest direction is incorrectly indicated. Good

correlation weald place most on the measurements on the diagonal line in

Figure 7-9.

* The abscissa in Figure 7-8 use the following convention_ 0 degrees is the
forward direction, with angular position measured clockwise looking down on
the compressor. (See appendix C of Refarence 6).
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Figure 7-9, Histogram Comparing Maximum
Po[t_ at 7-M and 1-M DIstanQes
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Section8

AVAILABLE NOISE CONTROL TECIINOLOGY

UNITED STATES TECHNOLOGY

In1968,n major manufacturerofpol_nbleaircompressors demonstroted

significantnoisereductionby theuse of mufflingdevicesand acousticancio-
[25,26]

sures. Sincethen,numnrous manufacturersinthe UnitedStatesand

abroadhave appliedvariousdegreesofnoisecentraltechnologyand have re-

ducedportableaircompressor noise. Figures8-1and 8-2 show two examples

ofeffectivenoisecontrol.Inthissection,thecurrentstate-of-tim-artofcom-

pressornoisecontrolisdiscussedand noisecontroltechniquesissummarized.

Most largoaircompressors are dieselenginedriven,screw typecompres-

sors. The intermediatesizesare dieseland gasolineenginedriven,screw and

rotarytypecompressors whilethesmallertyposareprfnutrflygasolineengine

driven,screw, rotaryand reciprocatingtypecompressors. For allstandard

types,themajor noisesourcesare thedrivingengineitselfand the fanassocia-

tedwiththeengineand compressor coolingairsystem._ A descriptionofthe

varioustypesofcompressors iscontainedinReferences 5 and6.

Applicationofacoustleinsulation,effectivemufflers,shockmounts, damp-

ingmaterial,and some fan,cowling,and ducthardware modiflcatlons/Improve-

meats generallydescribethetechnologyusedtoquietcompressors. Use of

thistechnologyhas produced themean noisereductionslistodinTable 8-1.

i
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TahIe 8-1

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

Diesel Diesel
Gasoline Below 500 CFM Above 500 CFM

Standard to
quietedunits 6.7 dB 9.7 dB 14.1 dB

Quieted to
quietestunits 3.8 dB 6.4 dB .5.2 dB

The values listed In Table 87_ may be compared with the potential [or noise

reductiondiscussedinReference3. As indicatedinReference3, thepotential

noise reduction was 5... and I0 dB by the use of improved istalce silencers and

engine mufflers, respectively. Note that the 5 dB and 10 dB noise reductions

are not additive, because the total noise reduction is dependent upon individually

reducing the noise level of all the major sources of noise. To determine more

accurate potential noise reduction capabilities for compressors, a study was

conducted of the three 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 ungine powered air compressor of greater than 500 CFM

capacity

The purposes of the study were to determine the major sources contributing

to compressor noise, the effectiveness of the noise control techniques used by

the manufacturers, and the evaluation of additional noise nsotrol required to

reduce each unit's noise to 65 dBA, measured at 7 meters from the unit.

Gas Powered Engine Compressor

A Worthington 160 QT was selected for analysis. Significant noise sources
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of this unit are the compressor, the engine and its cooling fan, the sxhanst and

muffler shells, and the air intake. [7]

The engine and compressor assembly radiate noise directly, with tJ_e com-

pressor assembly somewhat attenuated by the surrounding air-oil task. In

addition, since they are rigidly attached to the chassis anti the shell of the ma-

ehlnn,englnaand compressor vibrationistransmitteddirectlytotheframe and

outersheetmetal,which alsovibrateand rndiatanoise.

The enginecoolingfancan produce considerablebroadband aolssas the re-

sultof destga practices that would cause the fan to excessively agitate the air

surrounding the fan. In addition to generating noise, such practice would also

reduce efficiency of both the fan and the overall cooling system.

The engine exhaust and muffler arrangement produces noise because of

the direct discharge; it can also radiate noise from the largo muffler shell vi-

brating with the internal pressure fluctuations, The air intake system supplies

the engine and compressor through a common air filter and silencer. The two

air induction pressures thus combine to form a separate noise source,

The noiselevelat7 meters tothe rightsideofthe unit(assold)was 76 dBA.

The contribution of the principal noise sources to this level are tabulated below

in Table 8-2.

Table 8-2

WORTItINGTON COMPRESSOR 160 QT COMPONENT NOISE LEVELS

Component dBA

Engine and Compressor Casing 74
Engine Cooling Fan 69
Muffler Shell 66
Exhaust 62
Intake 61
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The individual noise sources were carefully studied to determine the moth-

odology to further reduce the unit's noise level to the 65 dBA study level. By

use of the following noise control techniques with resulting attenuation of Table

8-3, u compressor noise level 0f65 dBA at 7 meters couh[ be achieved.

Table 8-3

PORTABLE AIR COMPRESSOR NOISE REDUCTION

Source Noise Control Technicluo NoJse Reduction

• Engine and Vibration isolation plus increased 14 dB
compressor trausmission loss through
casing side doors

• Engine cooling Shroud redesign, blade twist 11 dB
fan and reduced fan speed

• Muffler shell Lagging with acoustic insulation 10 dB

• Exhaust Additionalmuffling 5 dB

intake Improved silencer 4 dB

Diesel Powered Compreasor_ less than 500 CFM

The quieted Atlas Copco Super Silonsair VSSI70 Dd was selected for analy-

sis. [7J This unit produces approximately 72 dBA at 7 meters distance from the

unit. The analysis of the unit's noise signature indicates that the principal

noise sources are the engine easing, engine exhaust, engine intake, compres-

sor easing, and compressor cooling fan, each of which produce the sound levels

at 7 meters listed In Table 8-4.
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Table 8-4

ATLAS COPCO COMPRESSOR VSSIT0 Dd COMPONENT NOISE LEVELS

Component dBA

Engine Casing 63
Engine Exhaust 60
Engine Intake 61
Compressor Casing 64
Compressor Cooling Fan 63

Ivlid-frequency silencing is anhieved by use of an elmlosure having side

walls and end doors lined with a foam type acoustic absorption material. The

enclosure has built-in duoting for the engine and compressor air intake and

cooling, Cooling air exhausted from the diesel engine and the compressor and

intercoaler is dusted through another part of the enclosure prior to discharge.

These ducts arc primarily effective is blocking direct, line-of-sight, internal

noise radiation from the engine and compressor to the ambient. An additional

5 to 7 dB in radiated sound could probably be obtained by employment of the

foUowing noise reductions techniques.

1. Application of damping material to the enclosure panels; damping

will reduce panel vibration levels and improve panel transmission loss

due to the added mass.

2. Increasing the internal sound absorption by (o) treating a larger amount

of the internal surface area and (b) using n thicker absorptive material.

Note: the absorptive material should be treated to prevent degradalion

due to contamination.

3. Use of a morn effective vibration isolation mount to dccouple the engine

: and compressor from the chassis.
4. Use of a more effective diesel exhaust muffler.

By using the above noise control techniques, the attendant 7 dB overall

reduction could result in a compressor noise level of 65 dBA at 7 meters.

::
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Diesel Engine Powered Air Compressor Greater than 500 CFM Capacity

The "Blue Brute" 750-QTEX single stage, portable, rotary screw com-

pressor manufactured by Worthington CEI was selected for study. [7] The

750_QTEX is a quieted unit; it bas bean silenced to producL 7,5 dBA at 7 meters,

Among diesel powered compressors delivering greater than fi00 CFM, the

750-QTEX is one of the quietest. It is only 1.5 dB noisier than the mean for the

lowest docile.

The technology by which the 750-QTEX has been quieted is also characteris-

tic of the quietest compressors in its category. It has rubber engine mounts,

nonrigid hose coupling, sealed doors, damped panels, interior sound absorption,

silenced fan louvers for cooling air intake and exhaust, 2-stsge custom designed

muffler, bottom pan, and a special cooling fan. Principal sources of the noise

are listed in Table 8-5 along with their individual noise levels.

Table 8-_

WORTHINGTON COMPRESSOR 750 QTEX COMPONENT NOISE LEVELS

Component dBA

]_igineand compressor easing 69
Engine cooling fan 62.5
Muffler shell 70
Exhaust out/at 67

The 750-QTEX enclosure presently provides adequate noise reduction nf

engine and compressor airborne soand, except at the cooling air intake and

exhaust ducts. Additional noise reduction is possible with design improvement

of both the ducts and the material used for acoustic abserp!ion. [Tj Analysis
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showed that the 750-QTEX cooling fan is lightly loaded (aerodynamically). A

' noise reduction of 3 dB could be effectad by fan redesign to provide greater fan

loading (aerodynamic). The muffler shell radialod noise level can be reduced

by building an enclosure around the shell, whereas, exhaust outlet noise can be

reduced by employment of a manifold type muffler. Use of the noiso reduction

techniqncs discussed can result in achievement of a 65-dBA compressor.

EUROPEAN TECHNOLOGY

Atlas Copco and CompAir compressors use a double-wall construction,

with cooling air ductod between the walls. All the "Super Silenced" Atlas Copse

air compressors are the reciprocating type. Discussions with Atlas Copse

indicate that reciprocating air compressors are more efficient, with less heat

rejection. Atlas Copco uses air cooled engines with cooling fans built in,

whieh demonstrate a much bettor performance than the fans measured on

domestic aircompressors, CompAlr compressors use a slidingvane or

rotaryscrew typecompressor withn water cooledPerkinsdieselengine.The

pusher typefaniswen shrouded, Proper airflowthrougheitherunitrequires

door-shuttypeoperation.The noisecontroltechnologyused inEurope is

simlliartothatused intheUnitedStates,but a more systematicapproachis

appliedtoquietingair compressors. Noise controldesignismore from the

frame up and usesan integratedapproachratherthanmerely addingon quieting

silencers. Foreign"supersilenced"air compressors tendtohave a boxy look.

The outerenclosureisdoublewalledand servesas an airduct and silenceras

well as a barriertoenginensd compressor radiatednoise.

To achievelow noiselevels,enclosuresshouldbe absolutelysealedunder

operationinorderto avoidnoiseleakingout througheven smallopenings. It

has beenreportedthatlargecompressors emittinglessthan65 dBA underfull

power are alreadyon the market.[27]
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Section 9

ECONOMIC STUDY

Section 6 of the Noise Control Act of 1972 provides tlmt tile Administrator

of the Environmental Protection Agency (EPA) shall establish noise emission

standards (where feasible) on products that are found to be major sources of

noise or that are it* specific product categories named in the law. This regu-

latory program is applicable to construction equipment products in both instances.

Section 6 further states that the regulation:

shall Include a noise emission standard which shall sat limits on noise
emissions from such product and shall be a standard which.., is
requisite to protect the public health and welfare, taking Into account the
magnitude and conditions of use of such product.., the degree of noise
reduction achievable through the application of the best available technology,
and thecostofcompliance.. , Any such noiseemissionstandardsshall
be a performance standard. Innddltion_any regulation.., may contain
testingprocedures necessarytoassurecompliancewiththeemission

standardinsuch regulatton_and may containprovisionsrespectinginstruc-
tionsofthe manufacturerfor themaintenance,aset or repairoftheproduct.

The EPA, to adequainlyaddressthepotentialeconomic impactofnoise

emissionregulationsupon thevarious|fffeetedsocietalunits{industrytuser,

suppliers),acquireddatathatrelatedtopricingcharacteristics,doUar volume

and unitvolume of theportableair compressor market. Additionallytinforma-

tionwas developedthatrelatedtothe costs-to-quletportableaircompressors

usingthetechnologycurrentlybeingutillzedand alsothebestavailabletechnology,

whetheror notItwan actuallybeingapplied.The informationthatwas developed

andthairelatedtothemarket and thecosts-to-quietformed thebackgroundfor

theeconomic Impaot/amdysls reportthemajor conclusionsofthatreportare

containedinSection9 ofthisdocument.

The basicobjectiveofthestudywas toassess theeconomic impactofthe

adoptionofalternatenoiseemissionstandardson theportableaircompressor

industry.This assessment inoludedeansiderationoftheimpact on raw material

9-I

,



and component suppliers, distributors, manufacturers, end users, and the gen-

eral public. The industry-wide impact and the distribution of impacts on market

segmants and individual companies were determined. The impact on key govern-

mental policy concerns such as employment and the balance of trade was also

asscsssd.

i COST DATA

i The following discussion presents cost data for quieting portable air cora-
l
i pressers. The data addresses the costs to quiet compressors utilizing currently

ii _wntlnblo technology as well ns the best available technology. From the data the

cost and economic impact were developed.

TOTAL SALES VOLUME

Allportableaircompressor pricingisbasedon discountsfrom published

listprices. The manufacturerspublisheddiscountscheduletypicallyranges

from 20to26%, However, discountstodistributorscan vary from 15 to45%,

,i dependingon volume and othertransactionfactors.

i Accordingthethe UnitedStatesDepartmentof Commerce, pricesofi
:¢

i portableair compressors rose 24% between1967and 1972,or ata compound

! annual rate of 4.4%. This price trend is expected to continue because of the

general increases in labor and material costs. Table 9-1 presents the average

pricesof portableaircompressors by power source and capaeity-cfm,

Table9-I

ESTIMATES OF PORTABLE AIR COMPRESSOR
AVERAGE LIST PRICES - ALL MODELS

Capacity-elm and Estimated Average List Price,
Power Source Type

75 - 124 Gas $3,982
124 - 249 Gas 5,741
124 - 249 Gas 6,791

i 250 - 599 Diesel 17, 509
600 - 899 Diesel 29, 379
900 and over Diesel 48,918
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DOLLAR VOLUI_IE

Sales of portable air compressors are sensitive to government and private

funding of construction activity. Sales of large units have I_storically followed

trends in the construction industry, while smaller units have followed tile

general economy, Dollar value of portable air compressor shipments has

fluctuated between $58.7 million and $89,7 million during the years 1967-1972.

Portable air compressor sales are projected to reach approximately $93 million

during 1973.

Table 9-2 presents the value of total portable air compressor shipments

during 1967-1972. No adjustments have been made to account for inflation.

The data of Table 9-2 were derived from information made available by the

Compressed Air and Gas Institute and the Department of Commerce. The
i
i derivation of these data is discussed in Reference 8.
[

Table 9-2

ESTIMATED DOLLAR VALUE OF ANNUAL, SH[PMENTS OF
PORTABLE AIR COMPRESSSOF_S: 1967-1972

Year Value of Shipments

1967 $ 50, 700, 0O0
1968 59, 915, 000
1969 75, 295, 0O0
1970 70, 295,000
1971 74, 131,000
1972 89, 732, O00

PERCENT DISTRIBUTION BY TYPE COMPRESSOR

The portable air compressors currently manufactured are primarily powered

by gasoline or diesel engines. Three basic design typos of compressors are

used in portable air compressors: rotary screw, sliding vane, and reciprocating.

Table 9-3 illustrates the dtstrabtion of engine and compressor type according to

engine capacity.
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Table 9-3

DISTRIBUTION OF ENGINE TYPES AND COMPRESSOR DESIGN TYPES
ACCORDING TO RATED ENGINE CAPACITY IN CFM AT I00 PSIG

_,nl,'et$ov Ty_e ;S._O0 c¢¢ 201-50D cfr_ Above 5OO CrM

Gl$oItne Gasl)_ Ioe GJsol]ne
_lt011.u nr_,_el and G|$nl 1no DIc_el and Gasoline DIo_¢I t._d

Ole_el Otosel Ot esel

Reclproclt f,9 16.6g 10.3; 2G.9.* 0= 30 .[1:; 39.0:[ O_ 6.8Z 6.8!

Vane 25.5_ 3.9.2_ ; z_.8:; ]0.3'_ 33.3:_ _3.6_ O:l ]7:; 17._

Screw 15._. 1_.8:; _9.2:; _.6:; 23.1:; 25.7:; O_ 76.3g 76.3:[

A%1 types 57.6g 42.3J: 99.95 ]2.9:f 67._:; 100.1:; 0:; lno.lg] 10D.1|
I

UNIT VOLUME

Table 9-4 presents total trait shipments which presents a clearer picture of

the portable air compressor market than does dollar value. Dollar value is not

an accurate form of relative importance due to inflation and industry price

increases based on improved features and performance. Furthermore, dollar

sales by size category provides a distorted view of the market due to the high

purchase price of the larger units.

Table 9-4

TOTAL PORTABLE AIR COMPRESSOR UNIT SHIPMENTS, 1987-1972

Year Unit Shipments Yearly Chan_e (_)

1967 9, 969 I
1968 9, 719 -2.5
1969 12, 277 25.8
1970 9,,973 18.8
1971 9, 901 -. 7
1972 12, 154 22.8
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Table 9-5 concentrates on 1972 portable air compressor sales and breaks

it down 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 Shipments Total (%)

75 - 124 gasoline 3,082 25.4
125 - 250 gasoline 4,827 39.7
125 - 249 gasoline 2, 101 17.3
250 - 599 diesel 576 4.7
600 - 899 diesel 1,095 9.0
900 and over diesel 473 3.9

Total 12, 154 I00.0

COST PER CFM

Tho EPA In Its initial evaluation of the portable air compressor market

divided compressors into six eatcgorlee based on engine type and whether or

not they were "standard" or "quieted" units. This division was done to get as

clear a picture as possible as to the price differentials.

' Provided in the following table, for each category, is the mean and standard

deviation of price/cfm and sound levels at 7 meters (measured according to
i
! ISO 21_1-1972), Accordingly, Table 9-6 presents a summary of theprasent

state of noise emissions and price of portable air compressors.

i:
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Table 9-6

PRESENT STATUS OF PORTABLE COMPRESSORS
WITH RESPECT TO NOISE EMISSIONS AND PRICE PER RATED CFM

Dllsel Drive.
GiSO]I.e Drlveh "

Dolow 501 cfm Above 500 ¢¢n

Standard O_|etcd Standard Qu_ete_ Standard I _i**ted

_np)e_ 3_ 26 _5 35 3_ 2_

_rlce/c£n

_lean 139,2_ $k3,32 1_6,_6 $52.11 $k3.57 ¢_8,70

_lon $ _,_o $ 6.10 $ k,57 $ B.30 _ 3.56 $ 3,16

Noah B2,8 d_{A) 76._ d_(a} 86.1 aS(A) 76,4 dB{A) _2,8 dI_(X) 78.7 _(A)

_t_daP_ QOV_-

Quloto_t I_ae_[neo

I!ean SPL a_ ?m ?2,6 d_(A) 72,3 db(_) 82 d_(A) ?0 dB(A) 87,_ d0{A) 73,_ d_A)

Deviation _

l_wo_ dec_e

A I0.2 dB mean difference between "standard" and "quieted" compressors Is

offered at a mean pries difference of $5.05 per cfm. Of particular interest Is

the fact tha_ in the "standard" categories, the quietest machines are priced on

the average at only $2.05 above the mean price whereas the quietest of the

"quieted" machines is on the average 9,1 dB quieter than the quietest "standard"

machine but is priced about $5o 96 above the mean price of the "quieted" machines.

NOISE LEVELS FOR STUDY

Two studies have been performed to estimate the _ost to quiet portable air

compressors,
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In the initial study, noise levels associated with three broad categories of

portable ,_ir compressor capacities were evaluated. The levels seleetect for

study wore based on sound level data of I94 portable air compressors repro-

sonting about 5570 to 55% of the a/1 models offered for sale. The levels selected

are listed in Table 9-7 along with underlying rationale for their selection.

Table 9-7

INITIAL SOUND LEVEL LIMITS SELECTED FOR STUDY

Gasoline Driven Diesel Driven Diesel Driven
all cfm Below 501 Above 550

Eatin_,s elm elm

Level One 76 dBA 76 dBA 78 dBA
Level Two 73 dlgA 70 dBA 73 dBA
Level Three 65 dBA 65 dBA 65 dBA

Notes: (I) Levels constitutea "not toexceed" criteria

(2) Average sound pressure level in dBA at 7 m. according to
the recommended measurement practice of ISO 2151-1972
modified to include an overhead measurement.

(3) Level One corresponds to the average quieted portable air
compressor model currently on the market.

(4) Level Two corresponds to the lowest docileof the quieted
portable air compressor model currently on the market.

(5) Level Three corresponds to an analytical estimate of a
possible portable air compressor noise emission level
based on a number of assumptions.

(6) The value for Level One and Level Two are arithmetic
averages. The information required to weight the noise
levels by relative model sales is not available. Weighting
by estimates of capacity and/or manufacturer market share
was not utilized.
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Those datawere ased toassess thecostand economic impactassociatedwith

achieving the levels selected for study, The results of the study are presented

in Reference 8.

In the second stady, a single sound level value for all portable air com-

pressors, independent of capacity, was selected for each level. The selected

values arc listed in Table 9-8.

Table 9-8

SOUND LEVELS SELECTED FOR SUBSEQUENT STUDY OF
ALL PORTABLE AIR COMPRESSORS

LevelOne 76dBA

LevelTwo 73dBA

Notes: (I) Levels constitutea "not to exceed" criteria

(2) Average sound pressure level in dBA at 7 meters accord-
ing tothe recommended practice of ISO 2151-1972 modified
to include an overhead measurement.

The followingconsiderationsledtotheselectionofthesinglesound level

values:

1. They wouldenableErA tomake a more reasoned choiceas tothe

levels ultimately selected for the proposed regulation in that there

would be several additional data points around which the economic im-

pact analysiscouldbe constructed.

2. A single,uniformlevelforallcompressors would bringthe coststo

quietcompressors intoapproximntclythe same priceper efm range.

This would equalize costs and tend to mitigate any significant market

shifts from one compressor size category to another.
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3. It has been demonstrated that there is little difference in the noise

levels porduccd by quieted compressors regardless of cfm capacity.

Thus for this reason alone, it would make little sense to apply differing

noise regulatory levels.

4. A single noise le_el would create less confilston or uncertainty in

entorcoment at the Federal, state or local levels. The enforcement

official would have to keep only one level in mind. There would be no

necessity for extensive cross-ehocldng of model, elm capacity, or

production year. Additionally, it would not matter if the compressor

dataplatewhich wouid alsocontainthepermissiblenoiselevel,were

missingorobscured.

Missingfrom Table 9-8 isa level-threevalueof65 dBA. The 65 dBA value

representsanengineeringpredictionforan attainablenoiselevel,withthe

assumptionthatanalyticalestimatesof noisereductionwillbe achievedin

practice.Althoughestimatesofthecosttoquietportableaircompressors to

• , [5, 7]65 dBA wore mane, EPA is not satisfied with tlle estimates. In view of the

foregoing, evaluation of the economic impact associated with quieting portable

air compressors to 65 dBA was not made. Thus, the data reported in the dis-

cussions that follow reflect the economics of quieting all compressors to either

76 or 73 dBA.

ESTIMATED COSTS-TO-QUIET PER CFM

The costs of quieting portable air compressors were estimated in terms of

list price differentials per cfm of compressor capacity (References 5 and 7 pro-

rides details on the estimating procedure employed). Table 9-9 lists the estimated

costs to quiet for the sound levels of Table 9-8.
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Table 9-9

ESTIMATED COST OF QUIETING PER CFM
BASED ON ANALYSIS OF LiST PRICE DIFFEI:tENTIALS

Current Mean
To LevelOne Level One
Model Type * To Level Two ::'::'

Capacity/Engine Standard Quiet All Models
Category ($/cfrn} ($!efrn) ($]efnt)

Gasoline Engine
Below 251 elm (all) $ 6.11 2.45 6.43

Diesel ]Engine
Below 501 efrn 8.40 3.19 5.79

Diesel Engine
Above 500 cfm 7.30 2,50 i.60

These costs reflect quieting a typical average model to asch level on a

"not to exceed" basis incorporating a 2 dBA manufacturing tolerance based on

the A-weighted sound level reduction required from the msan noise levels.

From the data in the table it nan he noted that the costs required to reach Level

Two are significantly iower per cfm for the units above 500 cfm capacity.

Tlda indicates an increase in the economies of scale of larger machines.

METHODS TO ASSESS TOTAL COST

The cost to quiet portable air compressors was estimated using the cost

and technology data discussed previously. Estimates were developed on the

basis of full margin and incremental margin coats, which are defined below.

_' Currentmean dBA values of Table 7-5(a) to76 dBA

** 7G dBA to 73 dBA
f

[
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1. Full Margin Costs ~ Full margin method ts based on actual increase in

direct material purchased and direct labor of fabrication and assembly

as reflected In tile accounting system. It allocates the full margin of

other costs (nverhead, profit, etc, ) at tile s,-unc rnte to a quieted unit

as is currently allocated to a standard unit. This method can he

expected to overstate the actsal cost change.

2. Incremental Margin Costa - The incremental margin cost reflects an

adjustment to the full margin data. Full margins include overhead

accounts that will nat change with the introduction of quieting or

change less than the estimates based on application of margin dollars

at the same percentage rate as on a standurd machine. The incre-

mental margin rate that has been estimated reflects inclusion of

changed nests in overhead accounts and profit margins required to

fully reflect all incremental costs and profits an increased investments

(i.e., raw material inventories} as well as direct labor and matsrini

costs designed to leave the company in the same overall position as

with current production. This method attempts to reflect the actual

cost change incurred.

The basic findings using estimating techniques described above are as

follows:

1. Full Margin estimates are often above the list price estimates parti-

cularly without the 2 dBA tolerance cormidored,

i 2. Incremental Mar6_n estimates are below the list price estimates for

: the smaller air flow capacities and about the same as thn estimates

with tolerance for the larger air flow capacities.

Neither of those estimating techniques takes into account the marketing
r

discounts th_ t_'_oindustry typically gives, Those discounts may range from

15 to 40% of the list price.
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A detailed discussion of the methodology used and thd results obtained is

contained In Reference 8.

ECONOMIC IMPACT ANALYSIS

The economic impact analysis that follows is built upon the cost data pre-

sented in the discussion of Cost Data. The economic impact analysis study was

separated into the following six segments:

1o Volume Impact - This segment includes the analysis of changes in

industry volume that will occur relative to a baseline forecast.

2. llesource Coats - Thls segment includes the cost of the resources

used to achieve noise abatement and reflects the increased costs to

purchase the boise abated equipment and the cast associated with any

performanceandmaintenancechanges.

3. .MarketImpac!s- This segment includesan analysisofbroad changes

inindustryandmarket conditionsthatmight be attendantwiththe

adoptionofthaproposednoise emissionstandards.

4, .ForeignTrade- This segment coversan nsanasmentof theimpact

on exports,importsnsdthe balanceoftrade.

5. IndivldualImpacts- Thissegment considersassessmentofmarket

impactsthatfalldifferentiallyon specificcompanies or indastryseg-

ments. The impactshakedown mightincludeeconomic dislocations,

unemployment,lowered salesvolume and profits,and changuin market

eh_'tres.

6. DisruptiveImpacts- Thissegment considers changesthatmay occur

inan orderlyway withinthe marketinrospouse tovariousshutdowns,

unemploymanh etc., thatmay be causedby theregulationofportable

aircompressors.

Two npproachuswere used toassess economic impact- obtainingdirect

estimatesbased on fieldinterviewsand publishedinlbrmationand making indirect
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estimates by analyzing the impacts in a supply/demand model based on economic

theory. The actual measurement of impact was made by projecting mm'kci

conditionsfor 1976 to 1978,bothwithand withoutnoiseemission standards,

Specific impacts were considered in isolation and then the interrelationships

were developed.

It should be emphasized that the following economic impact analysis is based

on estimates. The data used to base the estimated impacts were obtained from

several sources including portable air compressor manufacturers themselves.

Obviously, precise figures as to the real impact of tile proposed regulations will

not be available until sometime after the effective date of the regulation.

ECONOMIC IMPACT

The portable air compressor industry/market reaction to adoption of the

noise emission levels that were suggested for study are as follows:

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

2. The manufacturers will pass this cost on in the form of an increase

in the distributor price (list price).

3. The distributor will pass its cost increase on in the form of an increase

in the negotiated customer price,

4. The portable air compressor end user will pass the increase in his

equipment purchase costs on to his customers as an increase in the

price of products and services provided.

5. Final changes in industry prices and volumes will reflect the changes

In portable air compressor purchase prices and operating costs.

6. Ultimately, the consumer will pay a higher price for products due to

the required Increased cost to reduce noise.

- If there are overall cost reductions_ as opposed to cost Increases, from the

adoption of noise control technology, competitive pressures will cause cost

• decreases to be passed on up the economic chain to the consumer to the form of

lower prices.



The scenario under which the economic impacts were estimated is based on

the technology and costs contained in References 5 and 7. It is assumed thai

the technology and costs provided would be the actual future technology adopted

and costs incurred. This approach is conservative. It is possible, if not likely,

that new technology at lower costs will be developed. Time, if the current costs

based on an assessment of on the shelf technology are reasonably accurate, they

are essentially an upper bound estimate. Noise standards can be attained at these

costs, but possibly they will be attained at less cost based on better future

technology.

Volume Impact

This discussionanalyzesthe impactofthenoiselevelssuggestedforstudy

on thevolume ofproductionofportableaircompressors,

Pricing

Purchasers of portable air compressors will be presented with a price

increase associated with each noise emission level selected for study. Price

increases attributable to sound attenuation and compliance and enforcement

costs were estimated using estimated marginal cost of quieting based on list

price differentials. The list prose was selected as the basis for the economic

impactanalysisbecauseitisa conservativelyconstructedestimateand isbased

on the broadest sample of cost and noise suppression data available. It is indi-

cative of tim upper bound on the expected economic impact.

Table 9-10 presents estimates for average list pric_ percentage increase

to bring existing models of portable air compressors into compliance with the

Lcvel One and Level Two study noise emission levels.

9-14
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Table D-IO

ESTIMATED AVEI_AGE LIST PlaiCE PF/ICENTAGE INCREASE
BY NOISE LEVEL AND CATEGORY

Power Source Type Level One
and Air.Flow Capacity Standard Quiet Level Two

Gasoline Engine, all efrnratings Is.2% 6.I% 33.2%
Diesel Engine, below 501 afro 18.4 6.3 47.2
Diesel Engine, above 500 elm 14.4 2.9 20.5

Price Elastfclty, Since it Is anticipated that the added coats of production

associated with quieting' portable air compressors will be passed on to consumers

(buyers of _r compressors), the price of air compressors is expected to in-

crease. _tsing prices can be expected to result in reduced sales as demand falls

off because users will either find more efficient ways to use gasoline or diesel

engine driven air compressors in an effort to ant coats or will switch to sub-

stitute preducts that provide a lower cost alternative method of performing _e

same work. The degree to which sales will fall depends on the ease with which

buyers can change their compressor use habits in different applications to cut

rising costs,

Contractor studies indicate that the decrease in demand due to price rises is

low until price increases exceed 20 percent of current levels (in constant dollars).

After prices rise in excess of 20 percent, demand falls off more rapidly as it be-

comes worthwhiletosubstitutehydraulicor electricsystems forcompressed

air systems.

When pricerisesarebelow 20percent(constantdollars),corrantaircom-

pressorusers willprobablyrefrainfrom widespread Immediate substitution

because:

1. Portable air compressors are n uonventont power source for many
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2. Users currentlyhave a high investmentintoolsthatoperateon com-

pressedair(costingi0to200 percentasmuch asthe compressor).

,q. Costsofusingcompressors can be loweredsomowbat withoutsubstitu-

tionthroughmore rentingof equipmentend otherpractices.

Industryestimatesofthepriceelasticityofdemand (percentdecrease in

demand due topercantrisotoprico,n= d__ arc about0,35 forpricerises
dp/p

under 20percent,whichisgenerallyconsideredtobe priceinalastle.

Contractorstudiesindicatethatthepriceelasticityofdemand ishigherwhen

thepriceincreasesarein the20 toSO percentrange. Priceincreasesofsuch

slgniflcmlcowould be expectedtohnva amajor impacton demand fornew and

usedportableair compressors. Industryestimatesofthepriceelasticityof

demand are O.9 forcompressorsbelow 500 efrnand O.55 forcompressors above

500 cfm. The increase in price elasticity when price increases exceed 20 percent,

occurs because:

1, The price increase is sufficient to cause users to consider replacing

thewhole compressed airsystem, includingtools,with a hydraulicor

electricallypowered system forsome applications,especiallywhen

lightertoolsare required. Thisassumes thatthework outputof

thesecompetingsystemsis comparableintimtofthecompressed air

system,

2. The priceincreaseissufficienttocauseusers toreplacepartsforas

longaspossihleon oldcompressors toavoidbuyingnew compressors.

3. The priceincreaseissufficienttocauseincreasinguse ofaircom-

pressors thatare notregulated,includinglargestationarycompressors,

self-propelledcompressors, andpower takeoffcompressors foruse

withengine-poweredconstructionequipment.
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When prices increase mere than 50 percent, the rate of substitution can be

expected to decline and tile demand should stabilize because there are a number

of applications in which the portable air compressor performs a l_uctlan that is

difficult to perform with an alternative power seurce, tlowever, at such high

prices t it can be expected that loss expensive alternatives would be developed

over time to replace the portable air compressor in more and more situations,

unless alternatives subsequently become more expensive due to Federal regulations.

Within the levels under consideration for the proposed standards, Level

One corresponds to the 0.re 20 percent price increase analysis, and Level Two

corresponds to the 20 to 50perannt price increase analysis.

Eaiiml_es ef required lead times for an erderly adoption of technology

necessary to mast Federal standards vary far each of the levels included tn the

proposed standards. BBN estimated a lead time of six months for compliance

for Level One, while the compressor industry estimated 12 te 24 menths. For

the purpese of this economic impact analysis, it Is assumed that the regulation

will take effect on January 1, 1976. The estimated reduction in sales ia shown

• in Table 9-11 based on previous elasticity estimates.

Table 9-11

LEVEL ONE - ESTIMATED FIRST YEAR
UNIT REDUCTION FROM BASELINE FOI{ECAST-1976

I Percent

Power Source and Capaeit_ Unit Reduction IReducti°n (_o)
r

Gasoline Engine (all) 358 I 4. 5
Diesel Engine, below 500 cfm 148 I 5.0
Diesel Engine,, above 500 cfm 121 4. 9

TOTAL _ 4.9
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BBN estimated a lead time of 18 mouths for compliance with Level Two,

while the industry estimated much longer periods. For tim purpose of this

analysis, it was assumed that the Level 'two regularise would take effect January

1, 1978. The reduction in sales is shown in Table 9-12 based on previous

elasticity estimates.

Table 9-12

LEVEL TWO -ESTIMATED FIRST YEAR
UNIT REDUCTION FROM BASELINE FORECAST-1978

Percent

Power Source and Capacity Unit Reduction Reduction (%)

Gasoline Fngine (all) 2. 100 25.6
IMesel Fagtne, below 500 cfm . 742 23.2
Diesel ]_gtne, above 500 cfm 244 9.3
TOTAL 3o O_b _2. O

These calculations are based on prices of quieted units currently on the

market. To the degree that prices arc less than current ones due to production

changeover making the quiet models tha standard models, actual redactions in

sales will be less than the estimates In the tables.

lqesource Costs

This disctmelon presents a summary of the resources that will be used to

meet the noise standard at each level. The resource costs are estimated in

threo ways,

1, The annual increase In capital cost required by end user industries in

the first year of enforcement.

2. The annual increased annual total costs 9[ the and user industries in

the first year of enforcement.

3. The annual increased total costs of operation for a 100 percent quieted

population of portable air compressors.
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nasourc• Cost Factors

The •sttmates of first-year c_pital cost• for •nd user lndustrl•s ar•

based on the increased purchase price paid and velum• of purchases •sit-

re•ted, Th• pricing is at the list price level. This measure represents

the additional capital that must b• financed by and user thduatrl•s du• to

the enf•rcem•nt of th• noise standard.

The re•curse cost factor• included in th• estimate of th• total annual

increased cost for end users are:

• d•preclati•n

• capital costs

• transpertation costs

• operating costs

• maintenance costs

These factors are discussed in greater depth in the Economic/Impact study

{Reference 8).

The aaalysl• has developed both upper bound and a lower bound resource

cost estimate to bracket the rung• of costs incurred from quieting portable air

compressors at each level.

Level Qoe, Table 9-13 presents the estimated end user capital cost Increases

for enforcing a Level One Noise Standard in 1976.

Table 9-13
TOTAL ESTIMATED FIRST YEAR INCREASED CAPITAL COSTS

FOR END USER INDUSTRIES-LEVEL ONE-1976

Increased Ca _ltal Costs *
Portable Air Compressor

Power Source Type and Capacity Lower Bound Upper Bound

Gasoline Engine, all cfm capacities $ 4,839 $ 8.113
Diesel Enghle, below 501 cfm _ 3, 579 3,809
Diesel Engine, above 500 cfm

Note: * Capital coats equal the adjusted forecast volume (lower bound)
and baseline forecast (upper bound) multiplied by the increased
capital cost per unit.
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Table 9-14 presents estimated total annual cost increased for end user

industries after the adoption of a Level One standard in 1976.

Tablc 9-14

TOTAL ESTIMATED FIRST YEAR INCREASED

ANNUAL COSTS (INTHOUSANDS)
FOIl END USER INDUSTRIES-LEVEL ONE-1976

Increased Annual Coats

Portable Air Compressor
Power Source T_e and Capacity Lower Bound } Upper Bound

Gasoline Engine, all cfm capacities 968 I 1,022

Diesel l_hlgtne, below 501 cfm 716 I 762
Diesel Engine, above 500 cfm 2, 280 2,418
TOTAL , _

Note: (I) Annual total costs include depreciation, capitalcosts, trans-
portation costm operating costs, and maintenance costs.
costa*

(2) Ten year. straightllnedepreciation of 10% per year is used.

(3) A return on investment or capital cost rate of 10% of the
capital investment is used.

(4) There are no increased transportation costs associated with
Level One.

(5) The analysis indicates that there will be only negligible in-
cresses inoperating costs.

(6) Maintenance costs associated with Level One are projected
to be negligible.
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Front the data tn the table it can bc _ean that the tvtol estimated increased

annualcostsfor thefirstyear ofenforcementare estimatedtobeinthe range

of$3.9 to$4,2 million.

Level Two. Ioereased _nd user c_plt_l cost estimates in the ttrst year of

enforcement after adoption of u Level T_ve noise standard in 1978 is presented

in Table 9-15.

Table 9-15

TOTAL ESTIMATED FIRST YEAR INCREASED CAPITAb COSTS

(INTHOUSANDS) FOR END USER INrDUSTRIES-LEVEL TW0-1978

fncreased Capital Costs '_
Portable Air Compressor

.P0wev Source Type and Capacity Lower _]ound Upper.Bound

Gasoline Engine, all cfm capantties 8, 378 _1, 749
Diesel _gine, below 501 cfm 5,489 7, 454
Dieuel ]_nginem above 500 ufm .13. 997 15. 718

Note: * Caplt_l costs equal the adjusted forecast volume (lower
bound) and the baseline forecast (upper bound) multiplied
by the increased capital cost per unit.

Estimated term annualcost increases in the first year of enforcement after

adoption of Level Two noise standard in 1978 are presented ie the following

table(Table9-16),
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Table 9-16

TOTAL ESTIMATED FIRST yEAR iNCREASED ANNUAL COSTS
FOR END USER INDUSTRIES-LEVEL TWO-1979

I/icreasedAnnual Costs
Portable Air Compressor

Power Source T_oe and Capacity Lower Bound Upper Bound

Gasoline Engine, all cfm capacities 1,723 2, 416
Diesel Engine, below 501 cfm 1,127 1, 538
Diesel Engine, above 500 cfm 2.943 3, 304
TOTAL $5,793

Notes: (1) Annual total costs include depreciation, capital costs, trans-
portation costs, operating costs, and maintenance costs.

(2) Ten year, straight line depreciation of 10go per year is used.

(3) A return on investment or capital cost rate of l0 percent
of the capital investment is used.

(4) An explanation of the method used to calculate the increased
transportation costs associated with Level Two appears in
Reference 8.

(5) The analysis indicate that there will be only negligible
increases in operating costs.

(6) Maintenance cost increased associated with Level Two are
projected to be minor.

From the data in the table it can be seen that the total estimated increased

annual costs for the first year of enforcement are estimated to ha in the range

of $5.8 to $7.2 million.

100 Percent Quieted Population. Based on an extrapolation of the 1976 to

1978 portable air compressor population baselioa, estimates were made using

a 2.2 percent annual growth rate to determine the estimated population of
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portable air compressors in 1990, It is estimated that using the 2, 2 percent

annual growth rate figure that the population would be 140,000 by 1990.

It has further been calculated that a Level One noise standard may result

in reducing the estimated 1990 portable air compressor population by about

5 percent. On this basis, it can be concluded that file Level One total 1990

population will be approximately 133, O00 units. A Level Two noise standard

may result in reducing the estimated 1990 population by 27.7 percent. Based

on that reduction, the Level Two total 1990 population would be approximately

1Ol_0OOunits.

Table 9-17 summarizes the increased annual operating cost of a 100-poreant

quieted portable air compressor in 1990.

Table 9-17

TOTAL ESTIMATED ANNUAL INCREASES IN COST (INTHOUSANDS)
FOR END USER INDUSTRIES BY LEVEL- 1990

Increased Annual Cost

• Upper Bound
Noise Standard Lower Bound

Level One 34.6 36, 6

Level Two 46.7 61.3

Of significance, it should be noted that:

L Estimated Level One annual Increased costs range closely from $34.6

to $39.6 million. Level Two coat estimates range more widely from

$46.7 to $61.3 million.

2. As the required noise emission level Is reduced, the coat of quieting

increases. Although the total number of units a_ Level TWo is leas

than at Level Onep estimated Level Two costs are increased over Level

One by over 59 percent for the upper bound estimate and slightly over

74 percent oft the lower bound estimate,
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Summary

The analysts of the cost of the resom, eos required to quiet psrtable

air compressors indicates that:

L The eupitul costs associated with sound'attonuation are sigalfiesnt.

Total portable air compressor sales wore approximately $90 million

in 1972. First year capital costs are projected to be approximately

$19.8 to $21 million for Level One and $27.8 to $34,9 million for

Loyal Two.

2. Total operational costs for u 100_ quieted population will also be

significant. These operational costs are projected to be $34, 6 to

$36.5 million annually for Level One and $46.7 to $61.3 million

annually for Level 'lhvo.

M..arket Impact

The impact of promulgating noise emission levels for portable air com-

pressors on the market and industry as u whole was discussed in greater detail

in Section 4 of this project report. However, this discussion treats in a summary

form those impacts on the market that can be expected from the adoption of noise

control technology. Included in this summary are the impacts on upstream

component suppliers, downstream distributors, and end users.

Suppliers

General supplies to portable air anmpresanr manufacturers will not

be adversely affected by the adoption of noise control teclmology primarily

because most suppliers to the industry derive only a small portion of their

brininess from manufacturers of portable air compressors. The portable air

compressor industry, due to its relatively small size when compared to its

component suppliers, will not have an appreciable effect on them without regard

to the level established for the emission regulation. The component suppliers

to the industry are: (I) engine manufacturers, (2) muffler manufacturers,

(3) fan m,nufacturers, and (4) enclosure and vibration isolator manufacturers.
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Distribution

At Level One_ ehannals of distribution nod portable air compressor

operations are not expected to maiorially abangc due to the noise omis-

sion standards.

Level Two will not canoe channels of distribution to change. However, it

will have s greater impact on distributor opera_tons. Many distributors will

add other air source lines and competitive systems to their present product

lines. The portable air compressor sales mix will change in the lower capacity

models reflecting a sldfttowardmore gasolineenginemodels.

End Users

It has been estimated that the increased costs to be incurred by portable

air compressor owners at Level One will be less than 0. 1 percent of total

operating costs of cad user Industries. Therefore, little, if any, changes in

portable air compressor end user industries f_re expected at Level One.

Capital and operational cost increases at Level Two are significant, Some

end users having a requirement to work on or,move material will purchase

alternative compressed air sources or competitive systems. Others will

switch to rentals as a method to fulfill their compressed air requirements,

There willbe a tendencytoextendportableaircompressor llfethroughpre-

ventivemaintenance programs.

Manufacturers

This discussion presents additional impacts that are anticipated from the

adoptionofnoisestandardson portableaircompressor manufacturing

operations.

Level One. The analysis/mdortnkan shows that there will be no need for

iesreaned factory floor space. There will be minor investments required for

production equipment. It ia not felt that employment will be significantly affected

because of {1) a slight reduction in employment due to decreased sales volume

and (2) the need to ldro additional personnel to incorporate modifications In the

portable air compressors required by the Level One regulations.
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LevelTwo. The analysisof theimpactofLevel 'l_voupon the manufacturers

isnot asclearaswouldbe desiredduo tothe uncertaintythatthemanufacturers

themselvesexpressed astowhat englnooringpproduction,and employment

changes'would be necessarytoensurethatthe recommended modification{con-

tnlnodinSection8)producesthelevelofquietingdasircd.

However, estimateshavebeen made as tothe requirementsforincreased

factoryfloorspace withinrange from 10to50 percent. Increasesinproduction

tlmewtllnlsobeneeessary. These estlmatesrasge from 15 to35 percent.

The estimated27.7% declineinunitvolume willhave a definiteimpacton

themarket. Howevert becausemanufacturersdo notknow theextentofthe

engineeringmodificationsthatLevel Two willnecessitate,a quantitativeanalysis

ofeitheremphiyment increasesor decreasescannotha made. However, a

generalemployment-forasantcan be made as follows:

I. Firms havingplantsprimarilyengagedinportableair compressor

productionmay be facedwlthsizablelayoffsdoeto reducedunit

volume. An order of mngnttede estimate of the extent of the employ-

ment decrease is ten to twenty-five percent.

2. Firms with plants in which portable air compressors represent a

modernte portion of total production may he able to transfer some

porduction workers to other functions, and only moderate employment

decline is anticipated. Some of these plants will be benefited by

increased sales of other air systems or hydrnalto systems. An order

of magnitude estimate of the extent of employment decrease Is five

percent to ten percent.

3° Firms with plants in which portable air compressor represent only n

small portion of total employment may be able to transfer all affected

production workers to other functions and no decline in employment is

anticipated.
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Forai_nTrade

This dlsoussioocovers theimpact ofthe ndeptlonofnoisestandardsen

exportand importpatternsforportableaircompressors. Noise rog'uiatinssdo

netapplytoexportproductsbutdo applytoproductsimportedforuse inthe

UnitedStates.

Experts

Domestic portableair compressor mar|ufnotarerswillbe ableteexport

quietedend unquietedproductstoforeigncountries,dependingonthecompeti-

tiverequirementsoftheforeignmarket with respecttothenoiseregulations.

To theextentthatsome foreignmarkets requirequietcompressors,domestic

manufacturerswillbe in an improved competitivepositionsincetheywillhave

made progress Intheuppllantionofnoisetechnologytetheirproductsunder

the impetusofnoiseregulation.

Studyinputsfrom portableaircompressor manufacturersindicatedthat

no changesinexpertpatternswere expecteddue tenoiseregulations.

Imports

Importscurrentlyaccountforfivetotenpercentoftotaldomestlcportable

alr compressor unitconsumption. Importedportableaircompressor prices

are generallycompetitiveer lower thandomestic m,'mufscturerprices. However,

importshave notsignificantlypenetratedthe UnitedStateportableaircompressor

market becauseoflackofeffectivedistributionnetworks,poor productquality.

in some instances, poor service and parts delivery, and intensive competition

by domestic producers.

At Level One, quieted imported portable air compressors are net expected

to make aignifiennt inroeds into the domestic market. The costs asanelatod

with quieting, plus the import costs would be more than the costs incurred by

domestic producers te meet Level One.

At Level Two_ significant inroads into the domestic market could be made

by foreign firms. The extent ef their market penetration will depend upon the

lend time given to meet the Level Two noise standard _mdprice inaransc required.
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Some foreignfirmscurrentlyproducesome modelsthnlhave naisoemission

levelsntor below LevelTwo standards. Itappearsthatifadequateleadtime is

notallowedfordomesticproducerstoengineerand manufactureportableair

compressors on n productionbusts,thoseforeignmanufacturersmay bepre-

senteda good opportunitytognlnan effectivedistributionsystem IntheUnited

States.Ifthisoccurs,and theirproductssellataprlc¢lessthanthe Level

Two domesticproduct,thentheircombined order ofmagnitudemarket penetra-

tioncouldrange nnywhere from 15 to40percent.

Estimatesofwhet constitutesanadequateleadtlmc vary, dependingon

the scarce, from two to six years. Estimates of what constitutes a aigalfieant

price differential vary from 1 to 40 percent.

H adequate lead time is allowed and domestic manufacturers remain price

competitive at Level TwO, no shifts in the domeetic/lmport market share are

expected,

Balance of Trade

Based on the factors reviewed:

1. No material impact on the balance of trade is anticipated from setting

Level One.

2. No material impact on the bnlacce of trade Is anticipated _rom setting

Level Two if an adequate lend time is given and domestic producers

remain cost competitive.

3. A moderate impact on the balance of trade is anticipated from setting

Level Two if adequate lend time is not provided and domestic producers

cannot remain price competitive.

Indivi_iual Impacts

Thia diseuselon addresses differential impacts that may develop affecting

a single firm or sot of firms.

0
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SmallPortableAir Compressor Manufacturers

Small mnnufanturersmay nothave sufficientmanpower and fundstoallocate

tothe largerand more costlydcvalopmantprograms thatwillhn required. How-

ever, at Level One, costs and quieting technology are not expected to create a

problem towhichsmall manufacturerscannotadjustwithadequatelead time.

At LevelTwo some ofthe smallerfirms inweaker financialpositionsmay

be forcedoutofthe portableaircompressor market. Ithas been estimatedthat

50 percent of the firms with under $5 million of sales, currently operating st

losses,or employinglessthan I00 personsintheirportableaircompressor

operationsarelikelytowithdraw from the market. These firms collectively

accountforlessthantenpercentofdollarsales. The exitofhalfofthese

companies from the market would not causea dramaticredistributionof market

share. However, itwouldcause a lossofJobs atthelocallevelinthisindustry.

Firms ExperiencedinNoise Technology

Those firmshavingattaineda degreeofnoisetechnologyand currentlyhaving

quietedproductson themarket are much bettorpreporadto meat thenoisemniaolon

le_'els suggested for study. This will give firms experienced in quieting technology

an advantage in the market for a ]l_nitad period.

Dintrnptiva Impacts

' , This discussion assesses the potcntial for disruptive eeonomlo impacts

due tothe establishmentofnoisestandardsper so. Itconcerns real.world

impacts as opposedtoimpactsthatare a change ina forecastedfuture, With

adequateleadtimeand appropriateplanning,businessmanagement isableto

adjust its plans to reflect changing conditions end to avoid adverse impacts on

its operations. Through adjustments in planning future over-capantty, unemploy-

ment, and other adverse condit_oas are avoided.

Assessment

The adoption of the noise emission levels suggested for study will have the

following probable e££sots,

1. Level One - 1976. No disruptive impacts are indicated at this level.

Cost cbnsges arc from ten to twenty percent. However, volume changes

J
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are minor from baseline conditions, The portable air compressor

industry would be expected to continue its normal growth pattern with

a Level One noisa standard. No unemployment would be anticipated.

2. Level Two- 1977. Adoption of a Level Two standard will result in

estimated higher costs reflected in substantial price increases (33.2

percent, 47, 2 percent, and 20. 5 percent for gasoline, diesel below

501 elm and diesel above 500 cfm units, respectively). It has been

estimatedthatthismay resultinan overall27.7 percentdecrease In

domesticportableaircompressor demand. Portableaircompressor

productionshiftsmay occur inthesmallcapacitiestomore gasoline

engineeomprasanro, A shiftmay occurtoalternativeairsources

and competitivesystems. Under LevelTwo, thegrowthpatternof

theportableair compressor industrymay be curtailed.Some

unemployment can be anticipated. A January 1, 1978 enforcement

date for Level Two is considered inadequate lead time by many m_nu-

fnctureru. If this estimate is correct, enforcement of the Level Two

time flame is likely to permit foreign manufacturers to establish

distribution systems and aibmlficantly increase their penetration of

the domestic market.

Given the size of the portable air compressor industry, no significant

economic disruption will be caused the national or regional economy from these

changes. Some small unemployment (measured in tens) may occur in specific

communities.

SUMMARY

In this section, the economic impact has been assessed based on technical

and cost estimates provided by EPA through its contract with BBN. A brief

summary of the results is presented as follows:
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1. Estimated compressor list prices may increase as shown below in

Table 9-18.
J

Table 9-18

SUMMARY OF ESTIMATED LIST FI%ICE INCREASES

List Price Increase (%)

Power Source T_pe and Capacity Level One Level Two

Gasoline Engine, all elm capacities 16.2 33.2
Diesel Engine, below 501 efrn 19.4 47.2
Diesel Engine, above 500 cfrn 14.4 20.5
Average Price Increase 18.3 33.6

The price increases wfll be passed on to end users.

2. Unit volume may be affected as lndto_ted fa Table 9-19.

Table 9-19

SUMMARY OF ESTIMATED FIRST YEAR UNIT REDUCTION
FROM BASELINE FORECAST

PowerSo r eTrpe '1 UnitRed eUan
and Capacity ILevet One (1976I Level Two (1978)

Gasoline Engine, all cfm capacities I 358 2, 100

Diesel Engine, below 501 cfm I 148 742

Diesel Engine, above 500 cfm 121 244
TOTAL 627 3,086

Level One may result in an overall 4.5 percent decline is unit volume.

Level 'I_vo may result in as much as as overvJl 25.0 percent decline In

unit volume.

3. The estimated cost of noise abatement for portable Mr compressors is

presented below in Table 9-20.

I
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Table9-20

SUMMARY OF THE ESTIMATED RESOURCE COSTS (INMILLIONS)
ASSOCIATED WITH NOISE ABATEMENT

First Year of Enforcement 100% Quieted

Noise Standard capitalcosts Annual Costs Population

Level One 1976

Lower Bound Estimates $ 19. S $ 3.9 $ 34.6
Upper Bound Estimates 21, 0 4. 2 36, 6

Level Two 1978

Lower Bound Estimates 27. 8 5.8 46.7
Upper Bound Estimates 34. 9 7.2 61o 3

4. There will be little effect on upstream component suppliers. Distri-

butors and end users will be affected in that alternative air sources

and competitive systems will become a more Important factor in working

ca or moving material.

5. There will be no effect on factory operations at Level One. Level Two

may require more floor space and assembly time and possibly some

production line changes.

6. .No unemployment ts expected to occur due to Level San. Moderate

unemployment in isolated localities may occur is Level Two is adopted.

7. No changes in export patterns will occur because of noise regulations.

Import patterns are not expected to change duo to Level One. Imports

may eignlflcastly penetrate the domestic market with a Level Two if

adequate lead times are not established and domestic manufacturers

cannotproducta unitthatIsprlce-competitivewithimportedunits,

8. IfLevelTwo Isadopted,some smallmanufacturerswithweak

flnascinlpositionsare likelytowithdraw from theportableaircom-

pressormarket,
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9. There is a potential for disruptive impacts from adoption of a Level

Two noise standard. However, no significant impact will be transmitted

to the national or a regional economy.

J
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Section 10

EVALUATION OF PORTABLE AIR COMPRESSOR NOISE ON PUBLIC
IIEALTHAND WELFARE OF TIIE U.S. POPULATION

PursuanttotheNoise ControlAcL of1972, EPA has selectedand published

noise measures believed to be most usefifl for describing environmental noise

and its effect on people, independent of the sources(s) of noise. In addition, In-

formation has also been published on the noise levels "requisite to protect the

health and welfare with an adequate margin of safety". The phrase "pablio hnclth

and welfare" includes personal comfort and well being, as well as the absence

of clinical symptoms (e. g., hearing loss). Using information published Is

References 1 and 20 an analysis has been conducted to assess the effects of the

proposed air compressor regslation on the public health and welfare of the

United States population.

The approach taken for the analysis was to first evaluate the effects of the

proposed air compressor regulation alone and then In combination with other

possible regulations for other pieces ofconstruction equipment, since air com-

pressors are often operated with other equipment.

The methodology presented in Appendix B has been applied to the specific

ease of construction noise to evaluate the potential effect of the portable air com-

pressor proposed noise on the public bealr.h and welfare. The basis of the

• analysis has been the model presented in EPA Report No. NTID 300.1. [2]

The -_alynis that follows considers construction associated with residential

and nonresidential buildings, city streets and public works that normally occur

in places whore the population density is high. Heavy construction, such as high-

ways and nivil works, has been omitted from the study since the bulk of this

activity generally occurs in thinly populated areas where the potential noise

affects on people are minor. In the framework of the analysis, construction is

viewed as a process that can be categorized acceding to the type of construc-

tion and the separate and distinct activity phases that occur.

10-1
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The basic unit of construction activity is the construction cite. A construction

site exists In both time and space. Four different types of construction cites were

evaluated in the analysis:

1. DoL'zectlc housing and residential

2, Office Buildings, hotels, hospitals, schools, government buildings, in-

cluding btghrtse

3. Industrial, parkLug garage, religious monuments, amusement and

recreation, stores, service stations, but co blghricn

4. Pablic works, municipal streets m_ sewers.

Construction activity is carried out in several discrete steps, each of which

has its own mix of equipment and attendant noise output. The phases of con-

struction studied were thoce of Reference 2. The data presented in Reference

2 have been adopted for the present nnnlycis, since they provide all the necessary

input for deriving the variation in noise output with time. Beainally, the process

involved in deriving the noise history at each site consists of identifying the

equlpmout found at each cite in each construction activity phase in terms of:

! • The number of equipment types typically present at the site in a given

phase

s The length of duty cycle of each type of equipment.

• The average noise level of each equipment type during the construction

activity operation.

The original information given in Reference 2 has been reviewed and re-

vised to include data that has since become available. The revisions appear in

Table 10-1 a, b_ e and d,

The usage factors presented in Table 10-1 were combined with the typical

number of hours, Hj the equipment operated for a particular task to yield a

value of L for the site as measured 50 feet from the site during an average
• eq
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Table 10-1(a)

USAGE FACTORS OF EQUIPMENT IN DOMESTIC HOUSING CONSTRUCTION ':_

Equipment** Construction Phase

'_ _.

o °
Air Compressor [81] -- .I .2.5 68.7
Backhoe [85] .02 .2 - - .02 89.8
Concrete Mixer [85] .4 .08 .16 76.4
Concrete Pump [82]
Concrete Vibrator [76]
Crane. Derrick [88] --
cr_e, MobUe [88] - - - . m .04 88.8
Dozer [87] .10 .1 - .04 71, 9
Generator [78] .4 - - 64.6
Grader [85] .05 - .02 64.8
Jack Hammer [88] - - - .01 60.8
Loader [79] .2 . l - .04 65.2
Paver [89] - .025 65.8
Pile Driver [I01] - - - -
Pneumatic Tool [85] - .04 .1 .04 72.3
Pump [76] .1 .2 63.0
Rock Drill [98] .005 - - 65.6
Roller [74] - .04 52.8
Saw [78] -- .04(2) . 1(2) .04(2) 68.3
Scraper [88] .05 - .Ol 66.8
Shovel [82] - .2 -- 65.6
Truck [88] .04 • 1 .04 70.3

................... L per site during work periods = 81.6 dBA
eq (50')

Hrs. at site 24 24 40 80 40E = 208 hrs.
26 days

Total number of oites = 514, 500 (Table X of reference 2)
• Numbers In parentheses repreSent'average number of items in use, if

that number if greater than one. Blanks indicate zero or very rare
usage.

• =*Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.
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Table 10-1(b)

USAGE FACTORS OF _UIPMENT IN NONI_ESIDENTIAL CONSTRUCTION_
($19OK-4000K)

EquipmenP_ _:¢ ConstructionPhase

!

Air Compressor [81] - 1.0(2) 1.0(2) 1.0(2) .4(2) 83.4
Backhoe [85] .04 .16 .4 .04 78.4
Concrete Mixer [85] .4 .4 ,16 78.1
Concrete Pump [82] ,- .08 .4 .08 74.3
Concrete Vibrator [76] .2 .2 .04 66.9
Crane, DErrick [88] .16 .04 75.9
Cranem Mobile [83] .16(2) .04(2) 73.9
Dozer (8 1 . 18 .4 ?%9.16
Generator [78] .4(2) 1.0(2) - 75.2
Grader [85] .08 .02 63.5
Jack Hammer [88] - . I .04 .04 .04 75.2
Loader [79] .16 .4 .16 69.9
Paver [89] - . I 69.7
Pile Driver [I01] .I - - 84.8
Pneumatic Tool [85] - •04 •16(2) .04(2) 76.2
Pump [761 1.0(2) 1.0(2) .4 76.4
Rock Drill [98] ,04 - .005 78.0
Roller [74] .1 54.7
saw [78] - "04(3)1.0(2) 78.4
Scraper [88] ,55 - 73. I
Shovel [82] - _4 - _1.8

Truck [88] .16(2) .4 - - .16 79.2
L per site during work periods = 90.9 dBA :

eq(5O')
Hrs. at site 80 320 320 480 180 E = 1360 hrs.

170 days
Total number of sites = 12,500 (Tables X and B-1 of reference 2)

Numbers in parentheses represent average number of items if number
is greater than one. Blanks indicate zero or very rare usa_ze.

I ** Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.

,: ! 10"4 i
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Tablo lO-l(o)

USAGE FACTORS OF EQUIPMENT IN INDUSTRIAL CONSTRUCTiON,_
($30K-820K, no high-rise)

Equipment >.'<':¢ Construction Phase

0 **,-i

o _ _

Air Compressor [81] 1.0 .4 .4 .4 78.2
Backhoe [85] .04 .18 .4 .04 76.4
Concrete Mixer [85] - ,4 .16 .16 77.3
Concrete Pump [82] - .05 .16 .08 70.9
Concrete Vibrator [76] .2 •1 .04 65.4
Crane, Derrick [88] .04 .02 70.2
Crane, Mobile [83] - - .08 .04 68.2
Dozer [87] .2 .4 .04 77.5
Generator [78] .4 .4 68.7
Grader [85] .05 - .02 62.3
Jack Hammer [88] - .1 .04 .04 .04 75.2
Loader [78] .16 .4 .04 69.4
Paver [88] - .12 70.5

Pile Driver [lOll .04 - 04 80.8Pneumatic Tool [85] - .04 .1(3) . 76.0
Pump [70] .4 1.0(2) .4 53.1
Rock Drill [88] .02 .003 75. I
Roller [74] - • i 54.7
Saw [78] - .04(2) .1(2) 67.5
Scraper [88] .14 .08 70.5

.! Shovel [82] _4 .06 72. I
i Truck [88] . [6(2) 78.5•26(2) - - .16

L per siteduring work periods = liT.U dBA
eq (50')

i

Hrs. at site 80 320 820 480 100 _ = 1360 hrs
170 days

Total Number of sites = 80,000 ('fables X and B-1 of Reference 2)

• Numbers in parentheses represent average number of items in use, if that
number is greater than one. Blanks indicate zero or very rare usage.

'_* Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.
..... _ lit _



Table 10-1(d)

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS CONSTRUCTION*
•(MunicipalStreets and Sewers)

Equipment _$ Construction Phase

. g

i

Air Compressor [81] 1.0 I. 0 .4 .4 • 412) 79.0
Backhoe [851 .04 .4 .16 74.4
Concrete Mixer [85] - .16(2) .4(2) .16(2) 80.7
Concrete Pump [82]
Concrete Vibrator [76] - - 04Crane, Derrick [88] .1 .04 . 73.8
Crane, 1VlobLle [83] - _ lS - 89.7
Dozer [87] .3 .4 .2 " .16 79.6

_ Generator [78] 1.0 .4 .4 .4 .4 74.9
Grader [85] .08 .2 .08 74.1
Jack Hammer [88] . S -5 - .04 .1(2) 80.7
Loader [79] • 3 .4 .2 . iS 71.6
Paver [89] O. 1 .5 8 I. 4
Pile Driver [101]
Pneumatic Tool [85] - • 04(2) .1" .04 72.8
Pump • [7B] ,4(2) 1.0(2) .4(2) 75.7
Rock Drill [98] .02 - 82.6
Roller [74] Ol .5 .5, - . 87.4
Saw [78] - .04(2) .04 63.4
Scraper [88] ,08 - .2 .08 .08 78.2
Shovel [82] .04 .4 .04 - .04 7 I.I
Truck [88] .16(2) .16 .4(2) .2(2) .16(2) , 84.6

L per siteduring work periods = _ 91. i dBA
......... eq(5O')

Hrs. at site: 12 12 24 24 12 E= 84 hours
' ,I0I/2 days

Tot_,number of sites - 338, 800 (Table XIR of Reference 2)

•Number_ inparentheses represent average number of items in use. ifthat

number is grenter than one. Blanks indicate zero or very rare usage.
• *Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.

I0-6
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work period. For the purpose of this analysis, a construction site is viewed as

a complex source in which equipment is centered at 50 feet from an observer.

This consideration provides a model with which to establiab a base set of data.

The Lq obtained using the model was converted to an Ldn for a 24-hour

day and then converted to an annual Ldn by adding 10 log (It/(8 x 365)). Thus,

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,

The human impact of construction noise was brought into the analysis by

use of the data presented in Reference 2 with regard to the number of coastruetioo

sites of various types tca number of geographical regions, as well as the density

of people in these geographical regions. The number of sites per year was

taken from Table 10 of Reference 2, and the population density data was taken

from Table 9 of the same reference. For the office building category, the

transfer of people from the suburbs to the central city during the averngo work-

tag day was considered by adjusting the population data, consistent with the

model presented In Reference 2, which is sumnmrtzed in Table XI of the Refer-

once. This adjustment was anceanary to account for thefact that mast construc-

tion in cities occurs during the worldng day. Thus, population estimates were

obtained for 20 different cases corresponding to the four construction types

(residential buildings, non-restdentlale, municipal streets and public works)

and five categories of regions:

I. Large high-denslty central city

2. Large low-density central city

3. Other Standard Metropolitan Statistical Areas central cities

4. Urban fringe

5. Metropolitan areas outside the urban fringe.

Two models were used for thepropagation of site noise into the community.

In residential ureas and other lightly built up areas, noise was assumed to be
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attenuated at the rate of 6 dB per doubling of distance. Accordingly, around

each site there exists a series of asnclt each of which represent successive 3 dB

areas of greater attenuation. A mean noise level Ldn (Annual Ldn ) was associated

with each annulus as well as the area in square miles. The latter figure when

multiplied by the population density typical of the region yielded the number of

people, P, on the average, living within thai annulus. I: was _._eumcd that on

the average, only half of those people wore affected by the noise bevaano it in

reasoned that only half of the rooms in etr_ctore in proximity to the site face

the site. This assumption appears reasonable but must be recognized as some-

what arbitrary.

In the case of office building category, a different model was considered.

For this situation, th was assumed that noise confined in a butltup area is at-

tenuated by only 3 dB per doubling of distance due to the canyon effect t6j for the

first 400 feet and then alternated by 6 dB beyond the 400 feet, slace at that point

notes is free to dncrsase by classical spherical dtvsrgsnce° Further, it was

assumed that only 25% of the people in each annulu_ were affected by the con-

struction notes since tn most office buildings not all the rooms have outside ex-

posure. This assumption appears reasonable, but it is somewhat arbitrary.

In the computation of the fractional tnlpact (FI) associated with each annulus

around the construction site for office buildings and for industrial sites, com-

putations wers performed relative to an exterior Ldn of 65 dB rather than the

55 dB aasumod fca" residential areas and public work areas. The rationale for

this assumption was that in office buildings adjoIning construction sites, windows

are normally closed rather th.. open, which increases the nolan reduction be-

twasn outside and inside from 15 dB to 25 dB (Reference 30). Thus, the additional

10 dB,

• From lmowledge of the various fractional impast_ and number of people as-

sociated with each annulus| the equivalent population impacted at 100% for each

annulas was obtained and then summed to obtain the total impact (Peq). *
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From knowledge of the various fractional impacts and number of people

a._soeiated with each annulus, the equivalent population impacted of 100% for

each annulus was obtained and then summed to obtain the total impact (Peq). *
Computations were performed for several conditions, with a baseline

condition established using tile noise levels of all construction site equipment

listed in Table 10-1, Also computed were conditions in which portable air

compressors were reduced to levels of 76 dBA, 73 dBA, 70 dBA, and 65 dBA

st seven meters from the compressor housing, Since amy truck noise regula-

tions currently being formulated will, in time, cause lower truck noise levels

atthe constructionsite,theeffectofthecombiasdreductionofportableair

compressors and new trucknoisewere addlttonallyevaluated.The effectof

reducingportableaircompressor and new trucknoiselevelsare summarized

in terms of Ldn and Peq in Table 10-2. The effects of the change on.the
United States population are summarized in terms of P in Table 10-3.

eq
Figures 10-1 and 10-2 have been prepared from the data of Table 10-3 to

better show the impact of reducing new portable air compressor and new truck

noise levels.

Figure 10-I shows that for portable air compressors, noise reduction at

the construction site, only, a sizable (approximately 11%) impact reduction Is

achieved for portable air compressor noise reduction to 76 dBA at 7 metarn_

while little (approximately 1_ additional relief is obtained for further noise

reduction to 65 dBh at 7 meters.

*P' tn numerically equal to the equivalent number of people which have a
fractional impact equal to unity (100% impacted). See Appendix B for further
details.
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Table 10-2

SUMMARY CONSTRUCTION ACTIVITY Ldn _ 50T _md Peg



Table 10-3

THE EFFECT OF CHANGE ON THE UNITED STATES POPULATION
DUE TO THE PROPOSED PORTABLE AIR COMPRESSOR

AND NEW TRUCI£ NOISE LEVELS

Percent

P Reduction
eq

Baseline date, 1074 1,042,000 0

Only Air Compressors Reduced

a) 72 dBA @ 50' 927, 484 10.99
b) 69 dBA @ 50 T 919, 635 i1.74
c) 66 dBA @ 50' 915, 670 12.12
d) 81 dBA @ 501 912,936 12.39

date, 1977: Trucks reduced 83 dEA

a) Air Comp @ 72 dBA @ 50' 730, 423 29.90
b) Air Comp @ 69 dBA @ 50' I 721,408 30.76

date, 1983: Trucks reduced 75 dBA

a) Air Comp @ present levels 696, 790 33.13
b) Air Comp @ 72 dBA 569, 554 45.34

@ 69 dBA 562, 501 46.02
@ 66 dBA 558, 903 46.38
@ 61 dBA 556, 033 46.64

Baseline date, 1983

Trucks at 75 dBA @ 50' 696, 700 O

a) Air Comp @ 72 dBA 569, 554 18.26
@ 69 dBA 562, 501 19.27
@ 66 dBA 558m 903 19.78
@ 61 dBA 556, 033 20.20
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In view of the results of Figure 10-1, Table ]0-.t shows that construction

site noise impact reltof, after portable air compressors are reduced to 76 dBA

st 7 meters, is obtained as the result of new truck noise reductions. Specifically,

shown by the data is:

1. When truck noise at the construction site ls reduced to 83 dBA, the

percent impact reduction of construction site noise Increases to

approximately 30%. This represents an approximate 19% additional

(over the compressor reduction alone ease) impact relief.

2. When track noise at the construction site is reduced to 75 dBA, the

percent impact reduction of construction site noise increases to

approximately 45%. This represents an approximate 34% additional

(over the compressor reduction alone ease) Impact relief.

The results of the public health and welfare study showed that portable air

compressor noise reduction to an average of 76 dBA at 7 meters produces a

siguiflcant and desirable impact relief. Table 10-4 has been prepared to show

the contribution of portable air comPressor noise to total construction site

noise for portable air compressor reduced to 76 dBA (from a current average

level of 88 dBA at 7 meters). Also shown in the table, for comparison, Is the

contribution to construction site by current compressor noise levels. Shown

by the data of Table 10-5 is that when portable air compressors are reduced to

•i 76 dBA, the percent contribution to the construction site is reduced approximately

i! one percent, down from 17.8 percent in the worst present case. This decreases

_i: the Importance of portable air compressor as a source of acousUn energy,

, from the 2ad noisiest source after trucks at present to the 16th noisiest piece

! of equipment comprising the haz'dware mix at a typical construction site.

10-13
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Table 10-4

i

I

EFFECT ON THE UNITED STATES PUBLIC DUE TO
PORTABLE AIR COMPRESSOR AND TRUCK NOISE
REDUCTIONS TO VARIOUS LEVELS OVER TIME

Noise Level dB A Percent.Impact. Reduction
Of Constr_ction Site

Noise

Portable Air Trucks

Compressor

88 88 0
i

76 88 ii

76 83 30

76' 75 45

?
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Table t0-5

CONTRIBUTION OF PORTABLE AIR COMPRESSSOR NOISE
TO CONSTRUCTION SITE NOISE

Percent of Site Noise Rank at Site

Compressor Comptessor Compressor Compressor
Noise Noise Noise Noise

Site at 88 dBA_ at 78 dBA_ at 88 dBA _._ at 76 dBA_ _

Residential 5.0 I. 0 7th 16th
Public Works 6.1 1.0 7th 16th
Industrial 10. 7 1.0 3rd 17th
Non-Residential 17.8 I. 0 2nd 17th

i * Current average level at ? meters of all compressors.
• * Proposed average level at 7 meters.



Sec$ton 11

ENFORCEMENT

Enforcement of now product noise emission standards npplicnblv to new

portable air compressors may be accomplishod through:

$ Certification or production verification testing of compressor config-

urations.

• Assembly line testing using continuous testing (sample testing or 100%

testing),

• Selective enforcement auditing of productteu compressors and In-use

compliance programs.

The predominant portian of any certification or production verification

testing and assembly line compressor testing can be carried out by the mauu-

fscturer and audited or confirmed by EPA personnel as necessary.

Any test used for certification or production verification testing and nay

test used for assembly line testing of production compressors should be the

same test or else should be correlative so that compliance may be accurately

determined. A measurement methodology that can be used both for certification

or production verification testing and any assembly line testing is a modified

version of the CAGI/PNEUROP tent code.

CERTIFICATION

CerUficatten is the testing of soleatod prototype products by a manufacturer

or by EPA to determine whether the products conform to a standard. Certifica-

tion serves the purpose of verifying that a manufacturer has the technology in

hand and, when required, it may be used to verify that the applied technology

will last for some period of use.

Certification may involve the testing of every configuration of a manufac-

turer's production to verify whether each conforms, or configurations may be

i ,i



grouped into catcgorics having similar emission characteristics and so that

only selected configurations are tested. The configurations tested are then

considered representative of the other untested configurations in u category.

The concept of certification has associated with it the issue of approval

certificates by EPA alter a manufacturer has demonstrated conformity through

testing.

Because certification normally deals with a few prototype models, it

does not give any indication of the conformance to standards of the manufaetorer's

product. The ability of a manufacturer to apply the technology to a prototype

model does not necessarily mean that actual production line models will also

conform. Verification that production models conform can only be made by

actual testing of production models.

PRODUCT VERIFICATION

Production verification is the testing of selected pilot line (first production

models) by a manufacturer or by EPA to verify whether a manufacturer has

the technology in hand and is capable of applying the technology in a manufac-

turing process. The tested pilot line models (or first production models) mast

c0alarm with the standard prior to any distribution of that model into commerce.

Production verification does not involve any formal EPA approval or

issuance of certificates subsequent to manufacturer testing, nor is any extensive

testing required of EPA. Any regulations would require that prior to distribu-

tion into commerce of any manufacturer con_igurntton, as defined within the
i

regulations, the configuration must undergo production verification. A com-

pressor model would be considered to have been production-verified after the

manufacturer ha_ shown, based on the application of the noise measurement

tests_ that a configuration or configurations of that model conform to the

standard, Production verification testing of all configurations produced by a

manufacturer may not be required when a manufacturer can establish that the
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sots_a levels of some configurations witbtn a model are consistently higher than

others or are always representative of other configurations. In such a case, the

]flgher omitter would be the only configuration requiring verification. Manafac-

tureas must revcrify whenever they implement engineering changes to their

products after initial verification that arc likely to adversely affect noise

omissions. Additionally, further testing on some continuing or other periodic

basis or production line products will still be necessary to assure, vdth some

confidence, thai all products being manufactured conform to the standards

prior to being distributed Into commerce.

Production verification provides EPA with confidence that production

models will conform to the standards and limits the possibility that nonconform-

ing compressors will be distributed in commerce because initial testing is

performed on pilot line or first production, models. Because the possibility

etfilexiststhatsubsequentmodels may not co_form, assembly llnecompressor

testingshouldbemnde a partof any enforcementstrategy,todeterminewhether

productioncompressorscentinuetoactuallyconform tothestandard.

ASSEMBLY LINE 'rESTING

Assembly line testing of a production compressor is a process by which

compressors, as they are completed on the assembly line, are tested to deter-.

mine whether they conform to applicable standards. This determination as to

whether production compressors comply with the standard can be made by the

use of either continuous 100_ testing of newly assembly compressors or by

testing of representative samples of newly produced compressors and drawing

inferences with regard to the conformity with the standard of other newly

assembled compressors. In the ease of the production of nominally identical

compressor configurations exhibiting the same or similar noise emission char-

acteristics through the application of the same or similar noise attenuation tech-

nology, the t_ee of sample testing Is a realistic way of determining compliance

by other untested compressors produced by a mamffaoturer.

11-3
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Contthuoust lO0-Percent Testing

In the absence of a shorl inexpensive test, lO0-percent testing can be

costly and time consuming and in most cases unnecessary in the absence of

some justification to the contrary since sample testing can yield the desired

result. At this time, lO0-pereent testing is not proposed as a primary enforce-

ment tool: however, lO0-percent testing may be required should a manufacturer

be discovered to be producing compressors in violation of the regulatthn.

Sample Testin_
i

Sample testing involves the testing of a percentage of compressors on anme

continuous basis, the auditing of production line compressors on some random

basis, or for specific cause. An auditing strategy would enable EPA to deter-

mine il produeUon compressors meet any promulgated emission standards and

would provide a deterrent to the distribution in commerce of nonconforming

products. An auditing strategy involves the random testing of a representative

number of production compressors. Because the number of compressors teated

under an aucllting strategy is nominal, the cost and effort associated with

implementation of such a strategy far a conforming manufacturer is only a

fraction of the cost of a program involving continuous testing because fewer

compressors are involved.

Any sampling atrathgy adopted by EPA would not attempt to impose a quality

control or quality assurance scheme upon a manufacturer but would merely

audit the conformity of his products mad would provide a deterrent to the dis-

tribution in commerce of non-conforming products.

ENFORCEMENT ACTION

The prohibitions in the Act would be violated when:

• The manufacturer falls to properly certify or verify the conformance

of production compressors.
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e Where it is determined on the basis of assembly line tasting or other

information that nonconforming production compressors arc k_owingly

being distributed into commerce.

$ When the manufacturer fails to comply with an Adnflnistrator's order

specifying appropriate roller when nonconformity is determined,

REMEDIES

In addition to the criminal penalties associated with violations of the pro-

hihitions of the Act, which include fines and imprisonment, the Administrator

has the option of issuing an order specifying such relief as he determines

necessary to protect the public health and welfare. Such an order could include

the requirement that a manufacturer recall products distributed into commerce

not in conformity with the regulations and that a manufacturer effect any remedies

whether or cot the manufacturer had knowledge of the nonconformity. Such

recall orders would be issued in situations in which assembly line testing

demonstrated that eomprosanrs of a particular configuration has been distributed

into commerce not in conformity with the applicable emission standards.

LABELING

Any enforcement strategies should be accompanied by the requirement for

labeling of products being distributed into commerce. The label will provide

notice to a buyer and user that the product Is sold in conformity with applicable

regulations,thatthe compressor possessesnoiseattenuationdevices,and thet

such itemsshouldnat be removed or renderedInoperative.The labelshould

alsoindicatetheassociatedliabilityforsuch removalor renderingInoperntlve.

nW- USE COMPLIANCE

If the goal of protecting the public health and welfare is to be fully achieved,

the noise levels of compressors must not degrade above the standards prescribed

for assembly line compressors. The standfa'ds should therefore extend over

11-5
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the lifeof the products, as authorized by the Act. Several compliance strategies

can be used to ensure the maintenance of standards, The manufacturer is

required (by Section 6 (d){1)) to warrant for the life of the compressor that it

conformed tostandardsatthetimeof initialsale. Recallisan appropriate

remedy (underSection11(d)(I))torequirethemanufacturerto remedy a class

ofcompressors thatfailstoconformwhileinactualuse. despiteproper main-

tens_neeand operation.The tamperingwithnoiseemissioncontroldevicesand

elements ofdesignisprohibitedby Section19(a){2).Finally.themanufacturer

can be required (bySection6(e)(1))toprovideinstructionstopurchasers

specifying the maintenance, use, and repair to keep the compressor within

standards.

t ¸
i
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Section12

ENVIRONMENTAL EFFECTS OF PROPOSED REGULATIONS ON
PORTABLE AIR COMPRESSORS

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT

The proposed regulailons will immcdiataly stop the noise emitted by portable

air compressors from increasing and will limit their output to a level that will

reduce the number of people impacted by construction site noise by 114,000

(approximately). When reviewed in concert with now truck .else regulations,

the number of people relieved of impact will be 474,000 (approximately). These

regulations are a first step in a comprehensive noise abatement effect aimed

at reducing the total environmentol noise to which the population is subjected.

The composite impact of all Federal noise emission regulations will be aimed

at a level of environmental noise consistent with protecting human health and

welfare.

Studies have been conducted to estimate the reduction in noise levels and the

number of people who will benefit as n result of noise.

IMPACT RELATED TO LAND

Portable air compressor regulations will have no adverse effects relative

to land.

IMPACT RELATED TO WATER

Portable air compressor regulations will have no adverse effect_ on water

quality or supply.

Ii IMPACT RELATED TO AIR
I/

These regulations, whas promulgated, will have only n slight impact on

air quality,

One of the engineering methods that Willbe utilized to quiet portably air

compressors is the Installation of u more efficient muffler to reduce noise

12-1
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emissions. Tic-iswill cause an increase in the back pressure and will rnducn the

efficiency of the power source from 1 to 9_. Sources differ concerning the

Increase in bank pressure and resulting increased fuel consumption. Additionally,

technology studies ha_,s been done that indicating thai with the appropriate

rsnngthsering of portable air compressors to enable them to comply with the

noise emission regulations, fuel economy and efficiency will improve rather

than deteriorate.

There also exists a pcssthility of market shifts from gasoline-powered to

diesel-powered portable air compressors, which dcpcnds to a large extent upon

the elasticity factors discussed in Section 9. If these shifts occur in favor of

diesel-powered compressors, total air emissions will be substantially reduced.

There also exists the possibility of a reduction of tothl unit volume after

promulgation of the regulation. This may amount to as much as 27_ of the

total unit volume projected depending upon the regulatory level chosen. If this

reduction occtu's, then there will be a corresponding decrease in pollutants

emitted.

At this time) based on the interrelationship of: (1) potential increase in

fuel consumption) (2) elasticity of the market, and (3) potential total unit volume

reduction, the possibility of the portable air compressors having an adverse

effect on air quality is negligible.
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Appendix A

DOCKET ANALYSIS

On February 27, 1974, an Advance Notice of Proposed Rule Making (ANPRM)

Inviting public participation in the development of a regulation for new portable

air compressors, which EPA might establish under See,too 6 of the Noise Con,re]

Ao_ was published tn the Federal Ru_ISteP. There were ten submissions to the

ANPRM docket, four of which required no response an the cemmcnter either mis-

Interpreted the purpose of the ANPlLM, requested aa extension of Lime to submit

commentep or provided no information. The remaining entrtes, with the excep-

tion of that submitted by Richard H. Gimer (the Washington Counsel for Lhe Com-

pressed Air and Gas Institute, whose members manufacture approximately 85%

of the air compressors sold in the United States), are not specifically addressed

to the 23 areas of Information solicited in the ANPRM.

Insofar as possible, an effor_ has been made in analyzing the docket to dis-

tinguish between information and Issues contained in tlm responses. The attached

docket analysis Is organized as follows:

1. Summary Index- (citing specific references to the docket entry in the
Information and Issues Section)

2. Information Section (pages 1-19)

3. Issues Section (pages 20- 36)

Docket entries are available for public inspection at the Office of Noise

Abathment and Control, Environmental Protection Agency, 1921 Jefferson

Davis Iffghway, Arlington, Virginia 20460.

INFORMATION CONTAINED IN DOCKET

Composition of Inchistr_, and Conditions of Product Use

_Ianufacterer Data (ANPRM #15)

P.K. Lindsey stated that while not one of the larger U.S. manufacturers,
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TABLE A-I

SUMNDIRY INDEX OF DOCKET I{ESPONSES

Docket

Analy_g.

Docket 0 Name of Respondent Type of gosponden_ Dl_est of Ccmm.ents References _

COO], Alaba_l Tire Dealers Trade Association Hlsinterprated ANPRM; addrased None (no commentu

and getreaders Asso- team;ants to nfr pumps used to_ _equlred
clarion inflacln_ tires.

C0O2 gnvlrsnl_en£al Pro- Local Coversment l) $ugmlt_ed espy of New York L Information

_ectios Agency, City Coda (included noise emls- A3, g2, el, 03
of NOW York sion sLandards for sale o_

air compressors).

2) suggested noise emlasden II. ls__sues
stssdards for nuw portable gS, _?

_ir ¢ompre_so¢8

i_ 3) Paco_ended ratrofgt pro
8 ra_'

C0O3 P.K. Lisdsay Company, Han_faeturer . L) Submitted _,formatlon o, I. _nformaelo,

Inc. Deerfi_Id, nolre levels and specif[- AI, BI, g_

New gampshlre Catlons of Companyls com-

pre580_ models.

2) Mai,talned _olse reduction ZZ. rssues

dependent on q_Lleter ant A2, g4. B7
glsea.

3) Questioned s'electdon O_ at_

compressors _ather than all

cun_tructLon equipment,

4) Advocated standard no low0r.
than 5_A at _ _e_ers and

reasonable lead ¢Imo for ¢om-
pllallce.

COO4 Department of Environ- Sta_e Government Dev_loplflg co.structlo_ _¢e _=' [sfo_mac_olt
medea] Conservatio_, _ol_e re_ulacdon _hie. Is antic- CI
S_ate of New York pored _o be a performance stand-

ard _ett_ag decibel Igm_ta ac
fi_ed distastes from cons¢r_c¢lon

use.
* P_ez _o s_ccio,s Of Appondlx A



TABLE A-I (continued)
SUMMARY INDEX OF DOCKET RESPONSES

Docket
Analysis

Docket _ Name of Respondon_ T}'pe of Respondent ginesE of Comment_ References

C005 World Construc£1on Construction Trade Publication Submitted copies of two
editorials:

a) arge|,_ for conslscescy l. Informaclnn

and local air ¢oalpressor A5, el, C2
noisa regulations,

b) including ch_rt on exis¢- If. _ssues

ing _ntvrnaEiun,ii and A2, B_

U.S. ¢_ties purmi:_slble
sound levels for com-

pressors.

COOg Rob@rtB_ggs Private citizen Misi_t_rprfltod A_JPI_MI (ra- NOn@ (no co_nt
I quested transcripts Of zaquired).

_o hearing proceedings).

CO07 C_noral Motors Manufacturer Asked for @xtenslon of NOne (no comment

C_pogatlon comment period r_qui=od),

CO0R Cretins RnRine Company, g.glne ManuPaccuet indicated had very limited t;o_c (no co_ent

I.e. laforma_lon on portable air requlr_d).

cosprusaors and addressed
co_nPents re now tr_c]i d0cke_.

C009 Portable Compressor Hanufac_urer i) Recommended _ax_m I. Informal|on

Divls_on, Ingersoll- silencln$ of 70 dBd RR, CR

Rand Company a_ 7 me_ers.

2) Con_es_ed nuIse levels [I. Issue.

of PACs and estimated SR, B7

av_rasa _oPts to achieve
levels con_alned in BRN

draft report.

R) Contested spec_Ple 3_a_-
men_ c_sta|ncd in draf_

A. T. g_arn)' Report.



TABLE A-_ (continued)
SUMMARY INDEX OF DOCKET RESP(Iq SES

Docket

Analysis

Dacke_ 0 Name of Respondent T,vpe of RospondcL1¢ DiRest of Comments gei_enoes

C010 R_chard A, Glmer Counsel fo_ Compressed Air LQIIg_hp entry divided into Z, Information

& gas Institute (CAGI mem- 2eneral issues and spocfflc AI, A2, A3,

bore manufacturer approxi- respooc, os to suggested areas Ad, A._l 21,

mately 85_ of compr_as0rs of information sO|tC:[l:od In b2, B3, Bd,

sold in U,S.) A.NPRN Proviso: CAGI and t_s 25, g6, CI,

m_mbern presume cr,._raotor, C2, DL, D2,

N2S repor£s etc. us_-d in O_

dev_loplng re_ul_fon xdill

he made avaflohle for i)wbllc
rovle_ and com_ent,

Coseral (ssiles :

I) No f_ndlng has ye_ been made

tbat portable air compressors
• . are nlajor .o_se sources and

sbou|d be subjected to manda-

tory noise emlsslon _tand_rd6-

appears EPA doterralned o_n_-

pressers are "major nolso

so_rcoo" orl an a_ [Lo_ basis.

2) EPA should p_ace primary _m-

ph0s_s on safety factors in

determining souse elr, l_si&_
standards ratb_r _ban let[daB

_ho bes_ availabl_ 1:ccbnolo_y
dictate the s_a.dards as EPA

appears to be do|n_,

3) Inzernal combustlo._ englnes shoul_

be subject to _o|so em|ssioa libido

Specific Responses to ,qu_2es:ed Areas of rather _han shl_([.g regulatory burden
Infocr_lon (O engine-powere_ macbines and equip-

Entry responded [0 15 of the 23 Sug2ested men_.

areas of information. _) Advocated retention of CAG_-P.NEU_OP

Test Code as EPA Heas_rem_iic _letbodology,

_) EPA sbou2d consider condition, of use of

product.



theCompnnyts 1973solesexceeded $2 million,The Company manufacturesn_r-

cooledcompressors oftheirown designand performs the machiningand fabrica-

tionof thecompressors, chassis,airtanksand housingintheirown plant.

Gimer statedflirt members oftheCompressed Air and Gas Institute's

PortableCompressor Air Sectionmanufactureapproximately85% ofthecompres-

sors soldinthe UnitedStates.The twelvemembers of thisnationaltradeasso-

ciationrepresentingportableaircompressor manufacturersare Atlas Copes0

Inc.;"ChicagoPneumatic ToolCo.;Darey Compressor Co.;Gardner-Denver

Co. (QuincyDivision);Gordon Smith & Co., Inc.;Ingersoll-RoodCo.;the

Jaeger Machine Co.;Joy "ManufacturingCo.;Le Rot Division--DresserIndustries,
i

Inc,;Quincy Compressor Division,ColtIndustriesOperatingCorp.;Schramm,

Inc.;and Worthingino-CEl.Inc.

Recommended Methods forClasslfyingPortableAir Compressors
(ANPRM #13)

Gimer commented thatportableaircompressbrs have historicallybeen

i classifiedby power source (dieselor gas)and by outputmeasured incfm,

Typicalcatagorinsare notedinTable A-2.

TableA-2

CAGI SUGGESTED CLASSIFICATION OF COMPRESSORS

! Gas Powered Machine (2) Diesel Powered Machines (4)

75-124 CFM 125-249 CFM 600-899 CFM

125-250 CFM 250-599 CFM 900 and over CFM

Number and T,tpn of Portable Air Compressors In-Service and sold
(ANPRM #9)

Oimsr submitted the following data compiled by the U.S. Department of

Commerce, CAGI nedEPA contractors:
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• For the seven-year period 19G6-1972, approximately 72, 000 portable

air compressors were shipped (approximately 51,000 were g_oline

engine powered, the remnfsder were diesel powered).

s Total sales during each of sevenyears ranged between 9,600 and

12,300 unite,

• Appro_male annualdollarvalueof shipments: 1970--ill5million;

1971--64.2 million; 1972--78.1 million.

The City of New York commented that it is estimated in New York City alone

thereare spprox/malely5_000 aircompressors availablefor use.

PortableAir Compressor TypicalDuty Cycles(ANPI_M #12)

Olmer pointedoutthata highpercentageofportablecompressors are used

for less than one day in any particular location and submitted following estimates

on dutycycles:

# On the average, l_rtableair compressors can he expectedtowork a

normal cycle of 60 to 75'_ on full load requirement and 20 to 40% on o

no-load requlremant;

s Smaller portable units (up to 501 CFM) normally accumulate an average

of 1,050 operating hours per year and larger unite (over 500 CFM)

1, 000 to I, 500 operating hours per year.

Types of Activities in Which Portable Air Compressors are Usedf Number
Used stOne Time and Contributionto..TotalNoiseof These Activities
(AN]?RM @16 and #17)

Olmer commented that, in most Instances, portable sir compressors are

used to power other devices that in turn perform s particular work application.

Depending upon the size of the unit, the task to be socomplisbed_ and the nature

of the Job site, anywhere from one to twelve portable air compressors might be

vltillzedinaslngleloeutienatonetime.IfaJob sltuationrequlrvdthreeor

more portable_r compressors, theywouldprobablybewidelydispersed.

J
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Gimor further stated that, in most cases, the equipment powered by the

compressor or the nature of the work itself being performed with that equipment

is noisier than the compressor itself. This point was else alluded to by World

Construction and Ingersoll-Rand.

Current Noise Levels, Abatement Techniques and Their Effects

Current Noise Levels of In-Use and Newly Manufactured Foreign and
..Domestic Portable Air Compressors (ANPRM #1)

P.K. Lindany submitted the follmvlng chart (Table A-3) of anise levels

produced by current production units of their _ight compressor models.

Table A-3
$

NOISE LEVELS OF P. K. LINDSAY COMPRESSORS
SOUND LEVEL READINGS IN dBA

COMPRESSOR

MODEL 1 meter 5 feet ? meter 50 feet

15-}IU 89 87 75 68

2S-_IU 98 88 77 71

T-4OHA 95 93 81 75

S5-I-I 94 92 79 73

80-H 96 93 81 75

125-H 98 95 82 76

150-A 99 96 84 78

75-D 100 97 85 79

Tests were taken on current production unitswith standard engine mufflers.
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These readings are in decibels on file "A" weighting network scale and are

thearithmeticaverageoffourreadingsatthecompass pointfor each distance

from thecompressor unit. Compressors are operatingatfulltoad (i00paig)

nnd the airisdischargedtoatmosphere beyond thetestarea.

Gimor anbmittedthefallowingtable(TableA-4) showings range ofnoise

emissionson currentlyavailabledomesticand foreignproduced portableair

compressors for standardmachines and silencedmachines.

Table A-4

RANGE OF NOISE LEVELS OF COMPRESSORS (suppliedb_,CAG_
'_tandardMachines

82-250 CFM 251:-1200CFM.

92.5 dBA tel05 dBAat Imeter 97.1 dBA to 112 dBA at 1 meter

80.5 dBA to 92 dBA at 7 meters 82 dBA to 103 dBA at 7 meters

Silenced Machines

82-250 CFM 25171200 CFM

82 dBA to104 dBAat lmeter 82 dBA to 104.5 dBA at 1 meter

70 dBA to 88 dBA at 7 meters 70 dBA to 93 dBA at 7 meters

This data wan collected on a confidential basis by the Compressed Air and

Gas Institute ever the past two years using the CAGI-PNEUROP test cos t

codified as a national consensus standard and an international standard in

ANSI S. 1-1971 and/SO 2151, respectively. Gimer placed two qualifications on

the analysis of this data.

1. The noise emission data reflects side emission measurements only,

and the precise impact on the dBA rating of any given compressor of

factoring in a measurement of upward radiating noise (under considers-
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tion by the appropriate ISO committees) usnnot be known.. Glmer

pointed out that Lasts which have been rnndu using various proposed

m_thods for measuring upward radiatednoiseindicatethatthe

additionofa top--levelmonsarnment willchmlgethedBA ratingfor

most compressors currentlyavailable;and

2. The datadoes notreflecttlleabilityoftheentireIndustrytomeet

any particularemission level.Based uponinformationaralhtbleto

CAGI thedBA ratingofthequietestcompressor availableon the

market isseveraldecibelsbelow thatwhichthe industryasa whole

iscurrently_npnbleofproducing.

CurrentlyAvailableNolsc Abatement Teehanloh-,y(ANPRM #2)

Gimer commented thatthemajor sourcesofnoisefrom portableaircom-

preasora are theareas ofengthnexhaust,coolingfan,airIntakes,and mls=

oellanvousmechanicalstructurenoisesarisingfromthe workingsoftheengine
J

and compressor air-end,withetheengineitselfbeingthe primary noise

source. Currentnolse-abatementtechnologyfocuseson enclosingand muffling

these englne/compressoroperatingcomponents. ThisIncurrentlybest

accomplishedby the applicationoflargonnd urea, expensivemuf_ars tothe

engineexhaust;complete enclosureofallworkingmschanlsms with acoustically-

linedair-fighthousings;and attenuationofthecoolingsystem fan-nolsethrough

acousticallytreatedairductsystems. The acousticalattenuationmaterials

used to line the housing and cooling nirducts are uanolly fiberglass or plastic-

based foam materials. The basic atluscing technology utilized by foreign and

domestic manufacturersisthesame.

The City of Now York stated that air compressors are presently available as

shelf items that can providb reductions in noise levels by as much as 80% of cost

over conventional units of approximately 9%.

A-9
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Additional Noise Reduction Tachnalol_y and Associated Costs (ANPRM #4
and #5)

Gimer stated that foreign and domestic individual compressor mnnnfacturers

,'u'e currently utilizing all of the known technolo_, to reduce noise emission levels

of their equipment. These efforts do not load to uniform results due to the

firm's differing onpabflfttes. Silencing a compressor adds to Its cost and thus

to the manufacturer's ability to sell the end product. Gtrner commented that

thesecostscan be expected to rise significantly as the noise emission level to

be achieved is reduced which he asserted will be shown through data being

collected under contract to EPA,

Pointing out that the sound emissions are a recognized competitive aspect

in the manufacture, promotion and sale of portable air compressors today,

Gimer stated that in the opinion of CAGI, market forces are: (1) causing a

high degree of individual firm utilisation of currently available silencing

technology; and (2) encouraging intensive research efforts aimed at further

noise reduction.

Ingersoll-Rand took issue with the findings and statements contained in

EPSta draft contractor reports. The Company submitted the following tables

reflecting noise level of portable air compressors and cost to achieve the

noise levels in lieu of those submlttsd by Bolt Beranek & Newman.

Table A-5

PORTABLE AIR COMPRESSOR NOISE LEVELS, dBA_'
(provided by Ingersoll-Rand

Gasoline Diesel Diesel Diesel Diesel
,evel Driven' Driven Driven Driven Driven
,trait' '75-249 C_l I 125-249 CFM 250-599 CFM 500-899 CFM Above 900 CFM

,evel1 (3) 81dBA 83 dBA 86 dBA 88 dBA 85 dB'A
,evel 2 (4) 75 dBA 76 dBA 73 dBA 78 dBA 81 dBA
,evel 3 (5) 68 dBA 70 dBA 73 dBA 70 dBA 70 dBA .

Notes: * (1) Levels constitute a "not to exceed" criteria
, (2) Maximum sound pressure level in dBA at 7 meters accordh_g

_ to the recommended mea aurentent practice of LSO 2151-1872,
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(2) Level 1 is associated with the average quieted air compres-
sors on the market today, it would correspond to using ade-
quate enclosures, sound insulation and mufflers.

(4) Level 2 is associated with the best quieted machine on the
market, it would correspond to extensive enclosures, sound
insulation, sealing, cooling air silencing duets and vibration
isolators.

(5) Level S is associated with the best demonstrated technology.
It would correspond to Level 2 plus more insulation, scaling
and possibly double walled enclosures.

Table A-6

ESTIMATED AVERAGE COSTS
(provided by In ersoli-Rand)

: Gasoline Diesel Diesel Diesel Diesel
l,evel Driven Driven Driven Driven Driven

L]..mtt 75-249 CFM 125-249 CFM 250-599 CFM 600-899 CFM Above 900 CFM

Level i (2) $2. 59 $2.59 $3.14 $I.80 SL 60
Level 2 (3) $5.20 $5.20 $10.76 $9.00 $8.36
Level 3 (4) $26.00 $26.00 $].0.76 $].3.50 $12.25

Notes: (I) Costs are estimated in additionaldollars per CFM at manu-
facturers retaillistprice level.

(2) The costs cited in Level 1 represent the average increased
costs over standardunlt to meet the dBA levels as specified
in Table I.

(3) The costs cited in Level 2 represent the average increased
costs over standardunit to meet the dBA levels as specified
in Table I.

(4) The costs cited in Level 3 represent the average h_ereased
costs over standardunit to meet the dBA levels as specified
in Table L

Ingersoll-Rand submitted no data to substantiate their altered figures. The

Company's edditlanal comments on the draft A.T. Kearney and BBN reports are

addressed under IL General Issues.

Estimates of Time Required to Place State of the Air Teehnolo_ into
prod,u,etiou (ANPIIM #6)

Oimar stated that in the general experience of portable air compressor
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industry membars_ n minimum of three yeers for market introduction of equip-

ment involving redesign is required; a minimum of five years for marhat intro-

duction oftechnologyinvolvingentirelynew design. He qualifiedthisstatement

by:

e Variationamong firmswould occurdependingon firms'financialand

technicalpositionand thetechnologycurrentlyavailabletothatfirm

e The noiseemission standardthatmust be met has yettobe specified.

Gimnr warned thatany suggestionthattheindustryiscepableofmeeting

requirementsaiguiflcantlybelowthe currentbest availabletechnologywithin

shortertime intervals(18months was cited)would be regarded by theindustry

as Inancuraisand misleadingand must be clearlysubstantiated.

Problems Resaltthfffrom ExistingNoise ReductionTechniques
(ANPRM #II)

Both P.K. Lindsnyand Gimer contendedthatquletin_g,thecompressor as n

unitwan limitedtoagreat extentby thenoiseemissionsoftheenginepowering

thecompressor. P.K, Lindanyenclosedcatalogsheetscitingspecifications

fortheirvariouscompressor models which incidentallymade no referencetothe

models'noisecharacteristics.Allofthe compressors manufacturedby p.K.

IAndanyare powered by TeledyneWisconson Engineswiththeexceptionofthe

nmsllestjwhich inpowered by a 9.2 hp Brlggsand StrattonEngine,and the

largest,whichispowered by an 81hp Ford DieselEngine. P.K. Lindsay

pointedout thattheoperatingnoiselevelsoftheseenginesalonenppronsh

85 dBA at seven meters,

Docket inputs dealing with the availability of quieter engines from major

manufacturersofindustrialengines,the ralat!onshipbetweencompressor

silencingand enginenoiseemissions,and EPS'n regulationofengine-powered

equipmentpriortoregulationoftheengineitselfare discussedunder General

Issuesin thisAppendLx.
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Effects of Portable Air Compressor Noise Reduction
(ANPRM #10 and #19)

Gimer commented that noise reduction of portable air compressors would

•,fffoct the following performance factors:

Size and Weight of Units. Generally, the manufacturer seeks to maintain

tlle performance parameters for each compressor when the standard unit in each

size category is silenced. As a consequence, file resulting machine is invariably

larger and heavier than the standard model with the same capabilities. The

silenced compressor is mare difficult to tow than its standard counterpart. Due

to the physical size increase, in some instances the unit requires a larger

vehicle for towing than would be true of the standard unit of the same output

capability, Because it is not uncommon to transport comprasanre several units

at a time, increased size has ales frequently meant that additional trucks or

flat beds are required to transport the same number of units.

Operating Conditions. It is estimated that anywhere from 5 to 15 degrees

Fahrenheit lower maximum ambient temperature must be available for sale

operation of a silenced unit.

Maintenance Costs. Maintenance costs on silent anita wIU be ttigher due to

the lack of quick accessibility to some components, and the cost to replace eeals.

Fuel Consumption. Data collected recently by CAGI on a confidential basis

indicates that for gas-powered units an average thcrease of 5% and up to 9% in

fuel censtunption in shifting from a standard to a silenced model. For diesal-

powered equlpmenL the average increase is 3% with a maximum of 5%.

Glmcr pointed out that wldle d_a collected by the Institute wan not compre-

hensive enough to acearately project on a nation-w/de basle the total impact of

silencing on fuel consumption, their studies clearly indicate that transition

from current standard models to silenced maabine_ will have a definite fuel con-

eumptian penalty. Olmer commented that zmy EPA regulation requiring silencing

beyond the r_lse emission lcvale associated with the silenced counterparts
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(ranging from 82 to 104 dBA at one meter) of current standard models, would

have an even more serious impact on total fuel consumption.

Component Storage. A shortage in both steel and platte components,

required in greater quantities in silenced units, can also be expected.

Current Regulations and Their Effects

Information on Existing and Planned Noise Regulations
(ANI_RM #18)

The City of New York submitted n copy of its Notso Control Code (effective

September 1, 1972) Section 1403.3_5.11 of which regulates both the sale and

operation of air compressors. Air compressor is defined as a "device wMch

draws in air or gas, compresses its, and delivers it at a high pressure." The

specific provisions of Section 1403.3-S, 11 are as follows:

The Administrator of the New York City Environmental Protection Agency is

to promulgate regulations for measurement procedures which must be substan-

tially ia compliance with similar ones promulgated by generally recognized pro-

fesslcoal standard-setting organizations (including the Compressed Air and 0as

InsUtute).

The Cede also provides dlsarctionary authority to the Administrator for the

tosUng, inspection and rogistralian of devices (Article li) and nstabllabed hours

of operation for construction activities with variance provisions (Article lil,

Section 1403.3-4.11).

Gimor commented that in a very recent request for bids by New York City

for equipment to be delivered after June 1974, no compressor manufacturers

were able to respond an the step standard effective Jane 30, 1974 is 75 dBA at

one meter.

World Construction submitted the following chart citing various International

and municipal sound levels for compressors.
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Table A-7

INTERNATIONAL AND MUNICIPAL
PER_SSI_LE SOUNDL_V_LSFORCOMPRESSO_
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The State of New York is developing a construction noise regulation which

Is anticipated to be a performance standard setting decibel limits at a fixed

distance from a construction site based on the nature of the neighboring property.

Since noise limits will be established without regard to the exact type of con-

struction device generating the sound (and, therefore, will not be preempted by

EPA product regulations under Section 6 of the Noise Control Act), the State of

New York views thls as an appropriate technique for control of construction

noise fit the State level.

Impact on Industry of, ExlstinF[ Rej_ulatious (ANPRM #7)

World Construction stthmltted two editorials stating that conflicting National

and International noise standards with varying compliance schedules have/

created confusion for both portable air compressor manufacturers and users,

and arguing that inconsistent environmental requirements replaces tariff barriers

with technical barriers.
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Glmer commoned filet existing international regulations on compressor

noise emissions have not had n significant impact on the domestic compressor

industry, since, with limited exceptions, portable air compressors manufactured

intheU.S. arenotsoldforexport. Gimcr statedthattheindustryisconcerned

withtheproliferationoflocalgovernment regulatoryschemes thatestablish

stringentnoiseemissionstandardsforcompressors which cnasotbe met or

which unreasonably increase the costs of new machines (o. g., New York City).

Gimer contended that such regulations encourage prolonged use of existing units

which will result in n population of compressors with a higher overall noise

contribution than could be expected if reasonable uniform standards were adopted.

This point was also made by Ingersoll-Rand.

Compliance Mothodolo__

ProductTestMethodolo_,for Compliasce and Sizeof ProductSample
(ANPRM #20 and#21)

Glmer statedthatCAGI stronglyrecommends thatthemethodologyspeclfled

fornoisemeasurement inany Federalmasdator,vstandardforportableair

compressors be thatcontainedinISO 2151. Oimerfs arguments forthe retention

ofthismeasurement methodologybyEPA are addressedunder GeneralIssuesin

this appendix.

Otmer advocated that the full range of tests specified in any teat code that

EPA adopts should not be performed on each and every unit manufactured, but

rather an appropriate sampling plan that could vary with the type of unit, the

qur.ntity manufactured and the tolerances permitted by the standard.

IFEPA adoptsthnISO 2151 basletestmethodology.Oimer commented

that the costs of imploying this test would vm'y with the firm as the industry Is

dispersed throughout the U.S., and therefore, .asmsoas when outdoor testing can

bo performed would differ. If compliance testing is required at frequnnct

intervals, then some firms would have to construct covered facilities or hire

their own testing staff and purchase equipment to replace their present outside

consultant.
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FeasihilRy of Categorizing Product Models or Configurations According to
Their Noise Emission Characteristics (ANPRM #22)

fiimer recommended that the current means of classification of compressors

by power source and CFM output should be retained. Gimcr commented that as

noise emission levels and, therefore, cost of compliance vary with each unit and

power source type, a regulatory schema involving several different noise levels

might be warranted although confusing. Gimer stated that the industry's position

would bc dependant on the noise emission standard EPA adopts.

FeasthiU_ of Establishing a Useful Life (ANPHM #23)

The Ctty of New York states that air compressors have an average life of

ten yoans. Ofmer estimated that it was spproximately eight years, though some

compressors have been in use for as much as 20 to 30 years. Gtmer stressed

the need for proper and regular maintenance to preserve compressor noise

emission performance and pointed out that the quality of field maintenance varies

widely with the end-asers, compressor applications, and operating environment.

Gimer commented that man:,, end-users are not overly concerned with the main-

tenance ofsheetmetal and enclosurematerialsnor closingcompressor doors.

High qualitymaintenancewillbe increasinglyimportantwithsilencedcompressors

as tight enclosure integrity is essential. Oimer cautioned that the responsibility

for normal care and maintenance of EPA regulated products should not be shifted

from the user to the manufacturer nor should the manufacturer be penalized

Initially,intheadoptinnofnoiseemissionstandards,forpoor maintenance

practicesinthefield.

GENERAL IRSUES RAISED IN TIIE DOCKET

Selenites of Portable Air Compressors for Re/t_ulntion

Three docket inputs, (Gtmer, P.K. Lindsay and World Construction)ques-

tioned the validity of EPA regulating portable air compressors at this time.

Objections were raised that (1) portable air compressors had not been identified
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no a major sourceofnoiseInaccordancewithSection5(b)oftheNoise Control

Act and (2)EPA was apparentlysinglingoutpOrtobloaircompressors for

regulatthnpriortoalternativeproductcandidateshavingnoisecontrlbuttona

thatmightbe significantlyhigher.

.IdentificationofPortnblqAirCompressor• as a Malor SourceofNoise

Gimer contendedthattheregulatoryapproach apparentlybeingutilizedby

EP_ (as of March 29, 1974), that of publishing simultaneously the Section 5(b)

initial idcnttficatian document and Section 6 proposed regulations for the

identifiedproducts,whilepermlsasblounder theAct was lll-advlsadforthe

followingreasons:

• Such a procedure leave• affected industries and the public In the dark

as to what criteria are being used by EPA to develop proposed

standardsand allbutdeprivestargetindustriesofany opportunityto

show thata particularproductor group ofproductsshouldnotbe

subjected to mandatory emission limits; and

• Such as approach *'appears to circumvent the intent of Congress that

EPA be required to develop allot of priorities, and to subject that

list to public scrutiny" with the advantages of focusing on Agency

priorities and helping to avoid arbitrariness in regulatory action.

With respect to portable air compressors, Oimar charged that:

• A vested interest in the regulation of compressors, through the expendi-

ture of funds and mashoare prior to formal identification under Section

5{b), has been created,

s There is every evidence that EPA has In fact made a dstorminaHon

that portable air oomprassars are "major noise sources" on an _ hun

baals,

s It appears that EPA contractors "have neither been requested nor haw
i

they accepted the responsibilities for defining the relationship between

P
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proposed emission limits and genuine safsty considerations on the part

of workers or the general public _.

Gimer_s critique of EllA's regulatory approach is based on his interpretation

of EPA_s activities at the time of his docket submittal (l_iarch 29, i974). On

June 19, 1974, the identification of medium and heavy duty trucks and portable

air compressors an major sources of noise in accordance with Section 5(b) of

. the Noise Control Act was published in the Federal Register. This initial

identification document delineated the approach used by EPA to identify major

sources of noise and fnlfills Gimer's recommendation that EPA's regulatory

priorities and their derivation be available for public scrutiny before publication

of proposed noise emission standards under Section 6.

The EPA has continually stressed the importance of affording interested

parties an opportunity to participate in all stages of the rule-making process,

Glrnerts statenlant that the approach apparently being adopted by EPA "all but

deprives target industries of any opportunity to show that a particular product

or group of products should not he subjected to mandatory emission limits" is

belied by his own response to the ANI_RM. The issues and information con-

rained in this docket were considered by EPA prior to publication of the formal

identification of portable air compressors an a major source of noise.

The following considerations should be taken into account in assessing

Gimer's three criticisms of EPA's approach to regulating portable air com-

pressors:

1. In fulfilling its responsibility to identify those products or classes of

products which are major sources of noise, EPA contracted for the

preparation of economic and technology studies on a variety of product

sources. As in the case of portable air compressors, the background

data compiled may be utilized in future regulatory activities, Neither

the existence of such product data nor the resource expenditures incurred
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in obtaining this information create a vested regulatory interest; rather

they reflect EPA's efforts to initiate its regulatory activities from as

broad a data bass as possible.

2. Both the identification report and Section 2 of this document explain

the basis for EPA's determination that portable air compressors _ro n

major source of noise. In the absonco of a universally accepted method

to dotorn_ne which noise sources pose the most serious throat to

public health asd welfare, EPA has made an effort to take into account

the many factors affecting public health and welfare in the identification

process. As was stated in the initial identification report. -ultimately,

however, the identification of major noise sources must be partly sub-

jeettve', it dous not follow from this as Glmsr suggests that "EPA

has in fact nmde a determination that porthblo air compressors are

'major noise sources' on an ad ho,o basts...".

3. It has never been the intention to shift EPA's responsibility to detins

the health and welfare basis of regulatory activities to contractors

whose function is rather to compile and aDalyzo economic mad technological

data and submit expert reports to EPA for consideration. The two

documents "Public Health and Welfare Criteria'* and "Information on

Levels of Environmental Noise Requisite to Protect Public Health and

Welfare with sn Adequate Margin of Safety" comprise the definitive

information used in emission standards. An evaluation of the public

health and welfare basis for the regulation of portable air compressors

is contained in Section 10 of this document.

Advocated Candidates for Prior He_ulation

Three docket inputs, those of World Construction, P.K. Llndaay and Glmer

questioned the regulation of portable air compressors before the establishment

of noise emiaslon standards for other products or components.
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One of the ediinrtrds submitted by World Construetinn cited industry objections

to compressors being singled out for rn_dattun by countries and municipalities

when "the compressor-powered tool may be the greatest offender".

P.K. Lindsay has assumed that EPA wov2d establish maximum noise limits

for construction equipment as a class rather than regulate specific items of

equipment. P.K, Ltndsay m_dntaJned thnt compressor noise reduction is

dependent on the availability of quieter engines, and under EPA'S separate

item approach, an engine used on a compressor which would not mee_ EPA noise

emission standards could continue to be sald for usa on other unregulated

construction equipment.

Glmor advocated that anise emission standardsbe established for internal

combustion engines arguing as follows:

• With many productsutilizinginternalcombustionengines,thenoise

contribution of the engine itself exceeds that of thn other components

ofthe equipmentinvolvedasIsfrequentlytheeasewithportableair
[

i compressors. The noise emissions from the engine set a practical

limitto theamount ofquietingwhich can be obtainedon a compressor
i

by variouslasalatthgmeans or redesignapproaches.

a Compressor manufacturersgenerallypurchase internalcombustion

engines from engine manufacturers rather than fabricate the engines

themselves. Representingbut a small segment ofthe totalconsumption

ofengines,compressor manufacturersarepowerless todictatethe

noise emission levels of engines. Any attempt to do so would force

engine manufacturers to divert their production to other end uses.

Other industries, whose products emit noise largely traceable to internal

combustion engines and who may be the target of future EPA noise

emissionstandards,alsohave littlemarket controlover enginenoise

omissions°
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• Section6(a)(1)(e)(iii)oftheNoise ControlAct clearlycontemplatestheft

onginespnotjusteaglespowered machines nnd equipment are tobe

priority targets of EPA regulatory attention. The noise contribution

of internal combustion engines may be the major source of noise for

each of the othnr categorise specified in Seetton 6 (n)(1). However,

EPA has shifted the focus of attention from tile engine to the engine

powered device itself - a determination in conflict with the Noise

Control Act unless the Administrator finds the regulation of engines

themselves is not feasible.

Given the constraints of scarce resources and the desire to assess in depth

the health and walfarc, cost and technology factors that have a bearing on the

feasibility of noise emission controls, EPA has initiated its implementation of

Section 6 of the Noise Control Act with the proposed regulation of two products

which have been identified as meier sources of noise. Other products or classes

of products identified as major noise sources and falling into one of the four

categories specified in Section 6(a)(c) will be regulated in the future if in the

Administrators' judgment noise emission standards are feasible for such pro-

ducts. There is nO validity to Ohner's assertion that EPA has chosen to ignore

the contribution of engines or motors as sources of noise or that the statutory

category "Motor or Engine" has been transformed to "Internal Combustion Engine

Devices". Itdoes notfollowthaiasinternalcombustionenginesare notone of

the two products for which noise emission standards will be presorthed iattiaily.

they are therefore precluded from future regulation. EPA has in the past and

continuas to collect and analyze cost and technology data on a variety of new

products as part of the identification process of major noise sources,

As is delineated in Section 2 of rids document, EPA gave first pr_arity to

sources thai contzdbute to community noise exposure in its identification of

portahlealrcompressorsas amaJorsourcoofnothe. Although, asP.K. Lindsay
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and Glmer state, engines arc predominant contributors to air compressor noise,

quieting technology is available as is shown in Section 8 and has been used by

various manufacturers to significantly reduce the noise emission levels of their

products. For EPA to have promulgated regulations incorporating noise emission

standards for construction equipment as a class, as P.K. Lindsay advocates,

might have placed an unacceptable economic burden on the construction industry.

EllA's Regulatory Approach

Several Docket inputs advocated specific regulatory orientations and suggested

provisions to be incorporated into a regulatian for portable air compressors

which are presented below.

EPA Should Place Primary Emphasis on Safety Factors

Gimer stated that EPA regulations incorporating noise emission standards

must have a safety related basis and cited the statutory language of Sections

5(a)(2), 6(b) and6(c)(I) of the Noise Control Act as evidence of the Coagrasstonal

I intent that noise erataston standards be based upon genuine safety considerations.

Glmar charged that "notwithstanding these explicit directives in the Act, the

approach apparently being adopted (at least by the firm hired by EPA to recom-

mend a noise emission limit) is that the standard to which portable compressors

should perform is dictated by the level of noise emission attainable by the

'application of the best available technology r," Gimer contended that such an

approach would violate the clear mandate of the Noise Control Act and would be

unfair to the industry by shifting the burden of proof of a regulatlon's safety

basis from EPA to the industry. Otmer argued tha_ EPA should consider not

only available technology, but the presence or absence of a safety consideration

as well as both industry acd consumer economic impact prior to publication of

a proposed regulation.

EPA is well aware that its statutory authority to establish noise emission

standards for pordacts distributed in commerce is founded on the Congressional
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statement of policy contained in Section 2_) of the Noise Control Act - that of

promoting "an enviroument for all Americans free from noise that Jeopardizes

their health and welfare". In his legal interpretation of the mandates of the Noise

Control Act, Gimer seems to have shifted the statutory emphasis on public health

and welfare, counting as it does populations in the aggregate, to safety consider-

ations. Contrary to Gimcr's assertion, the Noise Control Act is very explicit

in the factors which must be addressed by EPA prior to proposing or promulgating

ragulatieas under Section 6. As stated in Section 6(e)(1) any regulation must

include a noise emission standard "which in the Administrator's judgment, based

on criteria published under Section 5p is requisite to protect the public health

and welfare, taking into account the mng'attude and condltinr_ of use of such

products (alone or in combination with other noise sources), the degree of noise

reduction achievable through the application of the best available tcchnoingyD and

the cost of eompllanno". There is no validity to Gimer's contention that the bent

available technology will be the solo determinant of the noise emission standards

for portable air compressors which EPA will propose. As reflected in this

project report, EPA has careftflly weighed public heath and welfare implication.

product ueo, cost of compliance, beet available technology and various other

factors in its regulatory process.

Rcl_rulatinn Data Base

Gimor and Ingaranll-Rand questioned the availability and validity of informa-

tion contained in EPA contractor reports.

Gimer pointed out that while the Compressed Air and Gas Inetiinie could not

collect and eynthesine data in response to every question rained in the ANPRM

for anti-trust reanoan, the Institute had encouraged its members to supply EPA

and its contractors with sensitive cost and pricing data. He stated that this

procedure leaves both industry and the government in a difficult position in dealing

with the conclusions reached when the raw data fed into the decision matting pro-
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cess is not available. The _nsiitute is deferring any judgment on the accuracy or

appropriateness of data compiled or contractor recommendations until the final

reports v.ro available for public review.

Ingursoll-Rund contested various aspcets of both the draft Bolt, Beranek

& Newmun Report and the A, T, Kearneyi_eport, Iugersoll-Randmaintainadthat

the Level Three noiselevelindicatedinthedraftBBN Beportare completely

unrealisticas theycouldbe extremelydifficulttoachieve,very expensiveand

virtuallyImpoaslblotocheckinthemarket placeduo tothetremendous

influenceofambientnoises. Ingersoll-Randsubmittedtablesinlieuof those

containedinthe BBM Reportwhichare presentedunder theinformationsection

of thisanalysis.Ingersoll-Randalso contestedspecificstatementscontained

Inthe draftA.T. Kearney Reportand questioneditsconclusionswhich were

based on levelsofnoiseoraissionand standardsofcostwithwhich ingersoll-

Rand basicallydisagreed.

EPA npprecl_tcsthe cooperationoftheInstitute,itsmembers and other

compressor manufacturersinsupplyingproductinformationto EPA and its

contractors._naccordancewithEPA_s policyofaffordinginterestedparties

an opportunitytoparticipateinrule-maklng,the dataavailabletoEPA including

the finalcontractorreportswillbeopen forpublicinspectionand comments

on thesereportswillbewelcomed.

Ingersoll-Rends_comments on the draftcontractorreportshavebeen

consideredby EPA. However, asthesereportswere preliminaryfindingsand

as littledatawas providedby Ingersoll-Randto substantiatetheirfigures,itis

for tobe more appropriatetoaddressthepointsIngersoll-Randmay choose to

raiseon thefinalreportused intherule-mahingprocess.

Mnasarement MethodoloF[y

Olmer stronglyadvocatedthatthe measurement methodologyspecifiedin

any EI_A regulationforportableaircomprossoas be thatcontainedinthe CAGI-
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PNEUROP testcodewhichhas been codifiedasa nationalconsensusstandardand

an internationalstandardinANSI $5.1-1971 and ISO 2151 respectively.Gimer

pointedoutthatthecodereflectsthe consideredJudgmentof theworld'sleading

acousticiansand interestedgovernment officialsinadditiontothatof U,S. asd

European compressor manufacturers. Gimer arguedthatifEPA were toignore

existinginternationallyrecognizedstandards,the resultwould betodiscourage

themassive voluntaryeffortthathas been made todevelopthesestandardsand to

dry up thissourceofatasdard-ma_ng activity.Inaddition,Gimer contended

thatchangestothlsmethodologywithwhich thedomesticindustryis accustomed,

would add tothe costoftestingas many manufacturerswould be forcedtotest

withboththe EPA andISO 2151 methodologies.

Gimer statedthataproposalformeasuring compressor noiseemission

has been draftedand was beingcirculatedforcomment tothe appropriateR_O

committees and members. This proposal would require measurement of upwardi

i radiated noise in addition to the side measurements currently required by ISOi

2151 and would add guidelines for determining sound power as contrasted with

! • the sound pressure measurements currently required. Oimer cautioned that the

precise impact on the dBA rating of any given compressor of factoring in a

measurement of upward radiatedmolse cannot be ]mown at this time although tests

; indicate that the dBA rating for most compressors currently available will differ

With the addition of a top level measurement. Oimer also pointed out that

virtually all data previously collected do not reflect the effects of upward

radiated noise emissions, Gimer urged that if ErA thought revisions to ISO

2151 were needed, the appropriate action would be for ErA to participate in the

ongoingrevision of that standard.

The measurement methodology ErA is proposing is delineated in Sant_en 6

of this project report. Following data colleetian using alternative measarnmant

procedures0 ErA determined that the measurement methodology specified in
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Section6, whichcombines theessentialfcaiuresoftheCAGI-PNEUHOP Test

Code with a measurement for upward radiated noise, provides an adequate

description of portable air compressor noise, EPA han and will continue to

cooperate and participate in the standards setting activities of both national and

: international professional organizations. The f,'mt that an ISO proposal has

been drafted would seem to signify that in at leant some segments of the

acoustical commanity a revision of the CAGI-PNEUROP Test Code is considered

desirable, Finally, Gimers' contention that EPA's adoption of a measurement

methodology other than the CAGI-PNEUROP Test Code would increase testing

costs Is not in accordance with his statements that, with very .limited exceptions,

portable air compressors manufactured in the U.S. are not sold for export. In

most instances, domestic manufacturers would only be required to test using the

EPA prccedares.

Sufficient Lead Time for Manufacturer Compliance

P.K. Lindsay urged EI_A to establish reasonable noise emission levels and

to give compressor manufacturers, and the engine manufacturers upon which all

compressor manufacturersare dependant, sufficient time to develop, test,

and get into production the quieter units desired.

As is stated in Section 7, the proposed compliance schedule is one year

frown the date of promulgation of the final regulation, in EPA's Judgment, this

schedule will enable compressor manufacturers to utilize quieting technology

without unacceptable economic consequeanes.

Prov_sion for Compressor Use and Compressor Size

World Construction submitted an editorial arguing for consistency in regula-

tions and citing deficiencies In approach and content of existing air compressor

noise suppresslsnstandardsand regulations.Two such criticismswore thatno

allowanceismade for (1)thesizeofthe compressor or {withthe exceptionof

West Germany) or {2)the sutureofthe Jobsite{withthe exceptionofJapan).
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Gimer suggested EI_A consider whether it is Justifiable to impose a single

uniform standard on all portable air compressors (or any other product subjected

to regulation) for all its uses throughout the entire country. Pointing out thai

there are different social implications from the noise emitted by a compressor in

downtown New York City to that used in an isolated rock quarry, Glmor questioned

whether the incremental cost of complying with an EPA regulation should be borne

by the product consumer in uses when the requirements wore unnecessary. Gimer

suggested EPA consider a type of classification scheme being developed in

Europe in which two or more classes of silenced units would be required in more

populated areas and one or more classes of other units could be used naUonnny

except where municipal governments adopted regulations limiting compressors

used in specific areas to the silenced classes. Glmar questioned the statutory

lnsgunge of Section 6 stating that while "the Act does not clearly require a

single standard for all products within a category, regardless of intended unc'_

the "staiute ts clearly product oriented". Gimer stated that the Institute intended

to submit further comment on this subject following publication of the NPRM.

Gimcr also commented that not enough emphasis had been placed by users and

government officials upon reducing compressor noise emissions although the

use of barriers and selection of compressor location on the Job site as is permitted

in e_dsting European regulations.

As explained in Section 7 of this project reportp EI_A's proposed regulation

does not malta allowance for the aize of the compressor, since it has been

demonstrated that the noise generation of currently available quieted compressor

models is not significantly dependent on file size of the unit,

Section 6 of the Noise Control Act is explicit in defining the division of

authority between the Federal government and states or political aubdlvinlons.

While, as is stated in Section 2(a)(s) of the Act, "Federal action is essential to

deal with major noise sources in commerce control of which requires national
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uniformityoftreatment",Statesand localitiesretainjurisdictiontoestablish

and enforcecontrolson environmentalnoise"throughthellcenaing_regulatlont

or restrictionoftheuse, operation,or movement ofanyproductor comblnallon

ofproducts". EPA does nothave thc authoritytoproposeor promulgateany

regulationunder Section6 thsCwould establishdifferingnoiseomissionrequire-

ments onthe basisofa productsintendeduse. Similarly,EPA does nothuvo

the authoritytoincorporateprovisionsforbarriersor compressor sitelocation

ina nolsosourceregulation.

InclusionofRetrofitProvlaion

The CityofNow York advocatedthatdue tothe largenumber ofcompressors

inuse withan averagelifeoftenyears, EPA shouldconsidera retrofitprogram

and recommended thefollowingnoiseemissionstandardsforinclusionina retro-

fitregulation:

"Air compressors ratedat600 CFM or greatershouldbe reducedtoa level

ef95 dBA atone meter whilea/rcompressors below 600 CFM couldbe reduced

to 90 dBA at one meter. ,r

The Noise ControlAct does notaathorlzeEPAto regulateIn-useproducts,

and thereforeE_A has no authoritytopropose a retrufltregulationforcompressors.

Su_ested Noise E_n/sstonStandards

Three docketinputsrecommended specificnoiseemissionstnndardfor EPA_s

consideration.

_.. The City of New' York, bused on its exporlenco, stated that the following

standardsintheirviewswould notimpose an economic burdenon either

themanufactureror operatoroftheeqatpment:

"Allair compressors manufacturedone year afterpassage ofthis

regulutlon_and he'd'taga ratedcapacityof600 CFM or more shallnot

exceed 85 dBA st one meter. Further, all air compressors having a

ratedcapacitybelow 600 CFM shallnot exceed 75 dBA atone meter".
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2. Ingersoll-Rand recommended a maximum silencing of 70 dBA at 7

meters arguing as follows:

a. This level is feasthle and portable air compressors would still

be ttle quietest mneidee on the construction site;

b. Other contributing noise sources st a construction site produce

levels well over 85 dBA at 7 meters that can only be reduced by

5 to 10 dBA at 7 meters in the future; and

e. To set a lower level would (l)/norsuso costs of all construction

work, (fl) not benefit the environment because of all ambient

noises, and (iii) stimulate an extended useful life of existing

equipment thereby worsening rather than improving the noise

levelsassociatedwlthcompressors,

' 3. P.K. Lindsay advocated that an overall ]Imitation of 85 dBA at 7 meters

is reasonable based on the following considerations:

a. The operating noise levels of engines currently used to power

P.K.I.thdsay's compressors approach 85 dBA _t 7 meters.

r b. OBHA's stpndvxd governing occupational noise e_tpusure sets a

_ m_tmum perminsable level of 90 dBA for eight hours. A work-

i man using a compressor would be 7 or more meters away except

f._ for the few minutes required to start or shut down the unit; and
i
V

c. If EPA were to set a standard lower than 85 dBA at ? meters,
f

i_ P.K. IAedsny would have little alternative other than to close down.
r,

', EPA has considered these recommended noise endasion standards together

with the arguments advanced for their selection in the rule.-ma_ng process. The

background data and findings utilized by EPA in formulating the proposed regulation

for portable air compressors are presented In this project report,

A-30



Appaz*dix B

METHOD TO EVALUATE THE IMPACT OF PORTABLE AIR COMPRESSOR
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Appendix B

METHOD TO EVALUATE '['HE IMPACT OF PORTABLE AIR COMPRESSOR
NOISE ON PUBLIC IIEALTH AND WELFARE

SPECIFICATION OF NOISE ENVIRONMENT

EnvironmentalnoiseisdefinedintheNoise ControlAct of 1972 as the

"intensity, duration, and the character of sounds from all sources". A

measure for quantifying environmental noise must evaluate not only these

factors, bat must a/so correlate well with the various modes of response of

humans to noise and be simple to measure (or estimate),

EI'A has chosen the equivalent A-welght_l sound pressure level in decibels

an its basic measure for environmental noise. The general symbol equivalent

level is Leq, and its basic definition Is:

i

_._I f t2 p2(t)dt (B-l)

Leq m I0 logl0 t2 . tl jt i PO2!:

where t2 - t1 is the interval of time over which the levels are evaulated, p(t) is

the time varying sound pressure of tho noise, and Po is a reference pressure,

F. standardizedat20 mleropascal, i
)i

_ When expressed in terms of A-weighted sound level, La, Leq may be defined
! an:
i

! .: Loq.loln loI f t2 lo ( A't'ldt (n-2)
t2- t1 _ 10 ]

•J t 1
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The primaryintervalofinterestforrasldantlaland similarlanduses isa

twanty-fourhourperiod,withweightingappliedtonighttimenoiselevelsto

accountfortheincreasedsensitivityofpeopleasascintedwiththe decrease in

backgroundnoiselevelsatnight.This twenty-fourhour weightedequivalent

leveliscalledtheDay-NightEquivalentLevel,and issymbolizedss Ldn. ThL

b_ie defant/onofL in terms ofA-welghtedsoundlevelis:

is "q'_'/ dt + 9f22o° Io_ £% t
Ld. - zo legit) _ ZSfo_o° (B-3)

or

Ldn - I0 lOgl0 _4 (15x i0I0)+ (9x I0 I0 ) (B-4)

where Ld is the "daytime" equivalent level, obtained between seven a.m. and

ten p.m. and L is the "nighttime" equivalent level obtained between tea p, m.n

and seven a.m. of the following day.

ASSESSING IMPACT FROM ENVIRONMENTAL NOISE

The underlyingconceptfor noiseimpact assessment inthefollowing

' 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

analysis:
1. Definition of the initial acoustical environment

2. Definition of final acoustical environment

3. Relationship between noise environment and human impact.
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The first two components of the assessment arc entirely site or system

spanifle, relating to either estimates or measurement of the environmental

noise before and after an action is taken. The same approach is used conee_

tually whether one is examining one house near a highway, a bouse near a con-

struction site, the transportation system In general, or whatever noise source

is involved. The methodology for estimating the noise environment is each

ease will vary widely, but the concept remains the same.

In contrast to the large number of methodologies that may be utilized to

estimate the noise environment, the relattoaship 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 spealfiad magnitude. This is not to say that

individuals have the same susceptibility to noise; they do not. Even groups of

people may vary _n 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 stable and related to cumulative noise exposure as expressed in

measures such as Ldn or Lcq. The response utilized is the general adverse
reaction of people to noise. This response is a combiuatinn of such factors

as speech interference, sleep interference, desire for a tranquil environment,

and the shillS, to use telephones, radio aid TV satisfactorily. The measure

itself consists in relating the percent of people In a population that would be

expected to Indicate a ldgh annoyance to noise for a specified level of noise

exposure,

For schools, offices, and similar spaces where criteria for speech corn-

? municaUan or a possibility of damage to hearing is of primary centers, a

similar averaging process is used to estimate the potential response of people

as a group, again ignoring the individual variation of one person as compared

to another.
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In both instances, then, residential or similar areas and non-residential

areas alike, the analysis is performed in terms of the average response of

nc_plc and its variation with environmental noise exposure.

A detailed discussion of the relationship between noise and human response

is provided in anvcral EI_A documents [1'28] in which hearing damage, speech

and other activity interference and annoyance are related to Leq and Ldn. For
the purpose of the following analysis, criteria presented In the "EPA Levels

Document', are used. Further, it is considered that if the levels identified in

the document are mot, then no impact exists on the public health and welfare.

Thus, arbitrarily we define that if the levels identified in the "Levels Document"

are met, a zero percent impact exists. That is,if an Ldn of 55 measured out-!
door exists, then there Is no impact in terms of annoyance and general community

rusponne from noise. Slmilarily, if an Ldn of 45 exists indoors, which trans-

lates to an Ldn of 55 outdoors assmning a 10 dB transmission loss with window

; partially opened, then no interference exists with respect to speech.
:i
i Observation of the data presented in Appendix D of Reference 1 allows the
i

specification of an upper limit, that is a bound corresponding to 100% impact.
.... Ill

It may be observed in Figure D-7 of the Levels Document that community

reaction data nhow 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

19.5 dB above the pre-intrasion level. When the combined values of the intruding

noise and the pre-intrusian noise levels are coanidared, the changing community

reaction from "none" to "vigorous" occurs when the level increases by 19.7 above

the pre-intrtmian level. For simplicity sake, it is reasonable to associate 100%

impact corresponding to a vigorous community reaction with a change of 20 dB

! above the Ldn value identified as u zero impact level, This conclusion is furtherI
I. validated by the annoyance data presented in the "Levels Document", since this
!
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increaseinnoiseleveliocre:mesthe rateofhighlyannoyedpeoplein thetot,'d

exposedpopulationby 40%.

Thus, forthepurpose ofthisanalysis,Lda = 75 isconsideredtobe s 100%

,;r) et.

Furthermore, thedatainAppendix D of]_eferenceI suggestthatwithin

thoseupper and lowerbounds therelationshipbetweenimpact and levelvaries

linearly,thatis,s 5 dB excessconstitutesa 25_ impact,whilea 10 dB excess

constitutesa 50% impact.

The data presented in the "Lcvals Document" with respect to activity inter-

ference (e.g.,speechinterference)suggeststhatiftheday-nlghtsound 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

m'tlculationindexofI.0.

The intelligibilityofspeechisa functionofthematerialpresentedtothe

listeneras wellas thesignaltonoiseratio.Date on speech intelligibility

hasrecentlybeen reviewed inseveralofthe EPA documents and alsoby anANSI

committeefor thepreparationofthe ANSI $3.5-1969,and issammarlzed in

Figure 15 of Reference 29.

It may be argued that for most conversation the material the listener nor-

really listens to is in the form of sentences eonta[nthg a mixture of some known

material and some unlmown material. Thus, for this analysis it is reasonable

to average the data on known and unknown sentences. Observation of Figure 15

of the ANSI Standard [29j reveals that when Re noise environment is increased by

epproximately 19 dB above tile level identified in the "Levels Document. "[1]

Slmilarlly, the intelligibility for known sentences drops to 90% when the level is

increased by 22 dB above the level identified by EPA and 50% 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

identifiedby EPA inthe"Levels Document" willresultinconversationalspeech
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deteriorating rapidly with each decibel of increase. Fer this reason, it is

assumed that I00% impact will occur en speanh intelligibility when the level of

the environmental noise Increases 20 dB above the identified level in the "Levels

Document". Furthermore, observation of Figure 15 of the ANSI Stasdard [2_]

suggests that it is reasonable to assume that speecb varies approximately

linearly with the leval for the range bet_vcen 0 end 100% impact. That is, with

each 5 dB excess of noise above the level identified in I_eferease i, a 20%

reduction ef speech intelligibility occurs while a 10 dB excess results in a 50_%

degradation,

The previous paragraphs demonstrate that for impact analyses, it is rea-

sonable to consider that annoyance data, community reaction data, and speech

interference data, fall within a range of 20 dB corresponding to 0 and 100%

impact when 0% impact is defined as being the level identified in the "Levels

Document" and 100_ impact as being the level which ie 20 dB above the levels

identified in the "Levels Document",

For convenience of calculafien, the percentage between 0 and 100 may be

expressed in terms of a Fractional Impact (FI), where FI is calculated in

accordance with the following formula:

F! m 0.05x (L- L C) for L_L C

FI _ 0 for L _ L C

where L Is the environmental noise level, expressed either in Lda er Leq, and
Lle the level identified in the Levels Document.

e

It may be observed that for valassgreater thas those corresponding to 1O0_

impact, the FI will be greater than unity. The effect of this will be to maximize

the impact weight for those arena in which the impact is only marginal. The :

appropriate level for the acmimtatton of FI is Ldn - 55 dB for residential area

measured outdoors and for analysis eoneera_l with office buildings and other

• type of spaces in which speech communication is the principal factor of concern,
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the identifiedlevelisLdn = 45 indoors,wMch can be translatc.dto an outdoo_

levelby usingsound levelreductionappropriatetothetypeofstructure.

Data on thereductionofaircraftnoiseaffordedby a rangeofresiclential

structures are available• These data thdianto that houses can be approximately

categorized into "warm climate,, and "cold climate" types. Additionally, data

are available for typical open-window and closed-window conditions. These data

indieate that tlle sound level reduction provided by buildings within a given

community has a wldo rangedue todifferencesIntheuse ofmaterials,building

teclmiqaes,andindividualbuildingplans. Nevertheless,forplanningpurposes,

the typicalreductioninsoundlevelfrom outsidetoinsidea house can be sum-

marized as followsinTable 13-I•The approximatenationalaverage "window-

open" conditioncorrespondstoan openingof2 squarefeetand a room absorption

of300 sabian(typicalaverageofbedrooms and livingrooms)• This "window=

open" conditionhas been assumed thoughoutthischapterinestimatingconser-

vativevaluesofthesoundlevelsinsidedwellingunitsthatresultsfrom outdoor

noise..

The final notion to be considered is the manner in which the number of

people affected by environmental noise is introduced into the analysis. The

magnitude of the total impact associated with a defined level may be assessed by

mtdtiplying the numbers of people exposed by the fractional impact associated

i with the level of the environmental noise as follows:

!l

Peq = (FI)) (B-5)
!,

!
whore P is the magnitude of the total impact on the population and is numerically

eq
equal to the equivalent number of people having a frnctional impact equal to unity

(100_ tmpsctodJj FI is the fractional impact for the level and P is the population

affected by the noise.
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Table D-1

SOUND LEVEL REDUCTION DUE TO HOUSES* IN WARM
AND COLD CLIMATES. WITH WINDOWS OPEN AND CLOSED

Windows Windows
Open Closed

Warm Climate 12 dB 24 dB

Cold Climate 17 dB 27 dB

Approx. National A,/erag,_ 15 dB 25 dB :

*(Attenuation of outdoor noise by. exterior shell of the house)

l

Where Imowledge of structure indicates a difference in noise reduction from

these values, the criterion level may be altered accordingly.

'{
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When assessingthetotalimpactofa glvonnoisesourcopor an aasemblng¢.

ofnoisesources, andsincethnlevelsofenvlronrncntalnoiseassociatedwiththe

st_arec(s)decreaseas the distnncebetweenthesourceP._dreceiverincrnases_

the mngnltudeof tiletotalimpact may be computed by determiningthenumber of

peopleexposedateachlevel,and summing the rcsaltingimpact. The total

impactisgivenby thefollowingformula:

_nq = i_ PIFfl IB-6)

th ,
where F/iisthefrantlonalimpact associatedwiththei fetaland Piisthe

populationassociatedwiththeithlevel.

The changeinImpactassociatedwith an actionleadingtonoisereduction,

or change inpopulationthrougha changeinlanduse, may be assessedby com-

paringthe magnitudenftheimpacts forthe "before"and "after"conditions.

Another useful measure Is the percent expression:

(Pq.._{before)- Pec_(after))A 100
P (before) (B-7)

., eq

Note that the percentage change may be positive or negative depending upon

whether the impact decreases (positive porasntnge reduction) or the impact

increases (negative percentage reduction).

Thus, a 100 percent positive change in Impact means that the onvironmentad

1 noise has been reduced such that none of the population is exposed to noise

levels In excess of the levels identified in the "Levels Document."

* To placethisconceptinperspective,we considera simple example. [n

the recent EPA study on "1_opulatioa Distribution of the United States as a
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Function of Outdoor Noise Level," an estimate is provided for the number of

people in the United States exposed to various levels of urban noise. We can

use the above concepts to illustrate the current impact of this exposure, and

thentoassessthechnngeinimpactifallnoisesourceswere reduced5, I0, or

15dB across theboard. Inthefollowingcomputationwe takethe datafrom

this study defining each Pi as the population between successive 5 dB Increments

of Ldn, assigning this population an exposure level midway betwen successive

Ldn increments. For this example, the idcntifiud level is an Ldn of 55 dB
measured outdoors.

The results, provided in Table B-2, show that a 5 dB noise reduction

results in a 55%reduction in impact, a 10 dB noise reduction results in an 85%

reduction in impact, and a 15 dB noise reduction results in a 96% reduction in

impact.

The impactassessmentproceduremay 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 eubarons of equal Leq or Ldn, in increments of'5 dBj for all
land use areas.

3. Define the populations Pi' associated with each of the subarcas of
_tep 2.

4. Calculate the FIi values for each Ldn or L° obtained in step 2.i qi
5. Calculate FI i x Pi for each subarea in step 2.
6. Obtain the equivalent impacted population for the condition existing

before the changebeing evaluated,

PeqB _'_i (FIi x Pl)

by summing the individual contributions of step 5.
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7. Repnat steps 1-6 for the noise environment existing over the area of

interest after the change being evaluated takes place, thus obtaining

P . (Note that the subaress defined here will not la general be con-
eq A

gruent with these of step 2 above.)

8. Obtain the percent redaction in impact from

(Peq B - Peq A)
... _ _ 100

eq B
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Table I3-2

ESTIMATE OF TIlE IhlPACT OF SUCCESSIVE REDUCTION OF
ALL URBAN NOISE SOURCES IN 5 DECIBEL INCREI',IENTS

Current Conditions Noise Reduction in Decibels

Population 0 5 10 15
E}tposed to

Ldn Higher I.dn Pl FIi FILPi Fli FIIPt FII FIfPt FIt FIIPl
-dB -millions millions -millions -millions -millions -millions

55 93.4 34,4 0.125 1 4.3 0 1 0 O I O 0 1 0
60 59.0 34.7 0.375 [ 13.0 0.125 [ 4.3 0 [ 0 O ' 0

i i I$5 24.3 174 0.025110.0 0.375 65 0.125,2.2 9 I o

_0 70 6.9 5.6 0.875 '[ 4.9 0.625 'I 3.5 0.375 I 2.1 0.125 i 0.7I I I
75

1.3 1.2 1.125 [ 1.4 0.875 I 1.1 0.625 _ 0.8 0,375 i 0.5
80 0.i 0.1 1.376 I 0.1 1.125 [ 0.1 0.875 ! 0.i 0.625 [ 0.1

TotalEquLvnlent
People hnpacted 34.6 15.5 5.2 1.3

Percent Reduction
Impact 0 55 85 06




