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Section 1

PROLOGUE

STATUTORY BASIS FOR ACTION

Through the Noise _Control Act of 1972 (SG Star. 1234), Congress established

a national policy "to promote an environment for all Americans free from noise

that Jeopardizes their health and welfare." In pursuit of that policy, Congress

stated in Section 2 of the Act '%chile primary responsibility for control of noise

_" rests with Stats and local governments, Federal Action is essential to deal with

major noise sources in commerce, control of which requires National uniform-

lty of treatment." As part of this essential Federal action, subsection 5(b)(1)

requires that the Administrator of the U.S. Environmental Protection Aguncy,

after eoosaltattan with the appropriate Federal agencies, publish a report or

series of reports "identifying products (or classes of products) which in his

Judgment are major sources of noise." Section 6 of the Ant requires the Ad-

ministrator to publish proposed regulations for each product identified as a

major source of noise and for which in his Judgment noise standards are fea-

sible. Such products fall into various categories, of which construction equip.-

meat is one. Pursuant to Subsection 5(b)(1), the Administrator has published

a reportidentifylnE portableaircompressors as a major sourceof noise.

i PREEMPTION

Section 6(e)(1) states that after the effective date of a Federal regulation

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

regulationwhich setsa limitonnoiseemissionsfrom such new productand

whichisnot identicaltosuch reguIatlonoftheAcimlnistrntor."Sectlon6(e)(2),

however, statesthat"nothlnE inthissectionprecludesor deniesthe rightof any

Stateorpoliticalsubdi';inlonthereoftoestablishand enforcecontrolsonearl-
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roemental noise (or one or more sources thereof) through the licensing, regula-

tion, 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 omission 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(0)(2).

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

from products through laws or regulations that prohibit the sale (or offering for

sale) of new prOducts for which different Federal noise emission standards have

already been promulgated. States and localities may augment the enforcement

duties of the EPAby enacting a regulation identical to the Federal regulation,

since such action on the state or local level would assist in aocomplishthg the

purposes of the Act. Further, state and local are'.'zs 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 tbe states and their political subdivi-

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

environmental noise (or one or more sources thereof) through the licensing,

regulation or restriction of the use, operation, or movement of any product or

combination of products." Environmental noise Is defined as the intensity,

duration, and charact@r of sounds from all sources (Section 2 [11])". Limits

may be proposed on the total character and intensity of sounds that may be

emitted f¢om all noise souses -- "products and combizm.tions of products".

' The state and local governments may more effectively end equitably regulate

such community noise levels than the Federal government duo to their perspec-

tive on and lmowledgu of state and local nituations. The Federal Government

may assume the duties involved in regulating products distributed nationwide

because it is required and equipped to do so. Congress divided the noise state-

1-2



stun regulation power in this manner to allow each level of government to fulfill

that function for which it is bast suited. Through the cosrdinatton sf fllose 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 limit the levni of environmental

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

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

ducts whatsoever, as long as they are used or operated in such a faabion 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.

Insucha case, statetoldlocalregulationofair compressors may take

theform of,but would notbe limitedto,thefollowingexamples:

• Quantitativelimitson environmentalnoisereceivedinspecificlanduse

zones, as in a quantitative noise ordinance.

• Nuisance lawsamounting tooperationor use restrictions.

• Regulationslimitingtheamount ofenvironmentalnoiseat theboundary

oftheconstructionsite.

• Othersimilarregulationswithinthepowers reservedtothestatesand

localitiesby Section6(0)(2).

Inthismanner, thelocalareas may balancethe issuesinvolvedand can

arriveata satisfactoryenvironmentalnoiseregulationthatprotectsthepublic

' health and welfare as much as deemed possible.

LABELING

The enforcement strategies outlined in Section II of this document will be

accompanied by the requirement for labeling products distributed in commerce.
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The label wiI1 provide notice to u buyer that a product is sold in eoeforml_ with

applicabIe reguhttons. A label will also make tbe buyer and user aware that the

air compressor possesses noise atientuatton devices and that such items should

notbe removed or rendered inoperative. The label may also indicate the as-

sociated liability for such removal or tempering.

LOW NOISE EMISSION PRODUCTS (LNEP)

Section 15 of the Noise Control Act of 1972 established a process under

which the Federal Government will give preference in its purchasing to predsets

having noise emissions elg_._lfteantly lower than those required by the Federal t

noise source emissions standards promulgated pursuant to Section 6 of the Act.

A new part 203 of Title 40 of the Code of Federal Regulations (40 CFR 203.1

through 203°8) was established In theFederal l_gtater on February 21. 1974.

The Environmental Protection Agency will establish and issue the LNEP

criteria for portable air compressors prior to promulgation of a regulation for

samoo

IMPORTS

The determination of whether individual new products complying with the

Federal regulutlon will be accomplished by the U. So Treasury Dept. (Customs) I

based on ground rules established through consultation with the Secretary of the

Treasury°

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

a standard test procedure wnaldbe too cumbersome for Customs to handle.

especially in view of the tremendous bulk of mercbaedise they must pass on each

day. A ease in point occurs with imported automobtlesp in which Customs in-

specters presently assess compliance with requirements ef the Clean Air Act

solely on the basis of presence or absence of a label in the engine compartment.

A similar mechanism (labeling) appears viable for use to assess compliance of

portable air compressors with the proposed regulaUons.
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Section2

RATIONALE FOR REGULATION OF THE PORTABLE

AIR COMPRESSOR

To developan EPA criterionforidentifyingproductsas major sources

ofnoise,firstprioritywas giventothoseproductsthatcontributemost to

overallcommunity noiseexposure. Community noiseexposureisdefinedns

thatexposureexperiencedby thecommunity as a whole anthe resultofthe

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

experienced by the users of the product(s).

In this section, it is shown thai while portable sir compressors may

not provide the highest sound level at construction sites, they do contribute

significantly to community noise exposure, thus Justifying their regulation.

Air compressors rnnk with dump trucks and concrete trucks in producing

the highest sound energy per day.

In terms of assesmest, community noise _posure was evaluated in

terms of the day/night equivalent sound level(L, dn )[ 1] that was developed

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

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 hut are present enough of the time to emit a great deal of

sound energy in a 24-beur period.

Studies have bees made of the number of people exposed to various

levels of community noise. [2, 3]Table 2-1 summarizes the estimated number

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

noise, constructionsitenoise,and freewaytrafficnoiseator aboveas

outdoorLdn of60, 65, and 70 dB, respectively.
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Since ErA hun identifiedon,outdoorLdn of55 dI_l]asthe day/night
equivalentsound levelrequisitetoprotectthepublicfrom long-term ad-

verse healthand welfareeffectsinresidentialareas, Table2-1 indicates

thatitwillbe necessatT toquietthe major sources contributingtourban

trafficnoisetconstructionsitenoise,freewaytrafficnoise,and aircraft

noise if this level is to be achieved.

Table 2-1

ESTIMATED NUMBER (inMillions)OF PEOPLE INRESIDENTIAL w
AREAS SUBJECTED.TO DIFFERENT KINDS AND LEVELS OF

OUTDOOR NOISE

Outdoor Urban Traffic Aircraft Construction Freeway
Lch Level Noise Noise SiteNoise , Noise,

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

65 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

categoriesofproductsthatmay be regulatedbytheAdministrator:

I. .Constructionequipment.

2. Transportationequipment(includingrecreationalvehiclesand

relatedequipment).

3. Any motor or engine(includingany equipmentofwhich an engine

is an integral part).

4, Electrical or electru_dc equipment.

Aircraft arc, pursuant to Section 3(3)(A), excluded as products under

*Without consideration of the cost and technology Involved to achieve an

Ldn of 55 dB.
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Section 6 of the Act. Aircraft noise regulations will be proposed to the FAA

as delineated in Section 7 of the Act. Medium and heavy duty trucks 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 mid data contained in Table 2-I, attention

is focused on constrnetion site noise.

CONSTRUCTION EQUIPMENT

The sound level of a product and the level of baehground noise determine
.$

the intrusiveness of a product's sound emission, which has been shown to

determine annoyance in some situations. Table 2-2 indicates that pile drivers

and rock drilln are perceived as the loudest pieces of constnmtion equipment

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

Table 2-2

TYPICAL CONSTRUCTION SITE EQUIPMENT SOUND LEVELS(In dBA)
AND ASSOCIATED SOUND ENERGY (inI_,V-hrs/Day)

Typical Estimated Total
Sound Level Sound Energy

Construction Equipment at 50 Feet

I. Dump Truck 88 296
2. Portable Air Compressors 81 147
3. Concrete Mixer (Truck) 85 Ill
4. Jack Hammer 88 84

5. Scraper 88 79
6. Dozer 87 78
7. Paver 89 75
8. Generator 76 65
9. Pile Driver 101 62

10. Rock Drill 98 53
ii. Pump 76 47
12. Pneumatic Tools 85 36
13. Backhoe 85 33
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productsdo notcontribute,today,as much sound energytotheenvironment

an otherproductsoperatingon constructionsites.The factthatdump trucks,

portableair compressors,and concretemixers (trucks)producesoundlevels

equaltoor lowerthan otherconstructionequipmentandyet producehigher

totaisound energyemissionsmeans thattheseare themost widelyused

piecesofconstructionequipment.

A controltechnologyrepor_14]onr dump trucksand concretemixers

indicatesthattheircontributiontoconstructionsitenoiseislargelyengine

relatednoisethatwillbe controlledwhen thesetrucksmeet thestandards

tohe proposedfor medium and heavy dutytruclcs.Thisleavesportableair

compressors anthe major source ofsoundenergy and themost widelyused

productamong piecesofequipment contributingtoconstructionsitenoise.

This isfurtherconfirmedby the datacont'athedinTables2-3 and 2-4,which

show thatportableaircompressors contributesigniflcantlytoconstruction

sitenoise,

Table2-3 shows thecontributiontoconstructionsiteLdn by individual

piecesofconstructionequipment,while Table2-4 shows therankingof

portableaircompressor noisetoconstructionsitenoiserelativetoother

piecesofequipment. As shown by thetables,theportableaircompressor

ranlcshighon thelistofcontributorstoconstructionsiteLdn.
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Table 2-3

CONTRIBUTION TO CONS'FRUCTION SITE L'(InBY INDIVIDUAL

PIECES OF CONSTRUCTION EQUIPMENT

Per Cent Contribution to Construction Site Ldn

Construction Equipment Residential Public Work_ Industrial ] Non-Residentia_
[

Backhoe 6.2 2.1 7.1 3.6
Dozer lO.5 7.0 9.1 5.0
Grader 2.1 2.0 0.3 0.2

Loader 2.3 1.1 1.4 O.B
Paner 2.6 10.6 l.B 0.8

i_[.m Roller O.l 0.4 - -Scraper 3.3 5.1 1.8 1.8
Shovel 2.5 l.O 2.6 1.2

Truck ' 7.3 22.2 11.5 6.8
Concrete Mixer 29.7 9.0 9.6 6.6

Concrete Bump - * 2.0 2.2
crane, Derrick - l.B l.B 3.2
Crane, Mobile 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

Bump 1.4 2.9 - 3.6
Jack Hammer S.B 9.0 5.4 2.7

Bile 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 0,2 0,9 5.6

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



TABLE 2-4

CONTRIBUTION OF PORTABLE AIR COMPRESSOR NOISE TO CONSTRUCTION

SITE NOISE

% Contribution to the

Construction Site Noise

Site by the Portable Air Compressor Rank at Site

Residential 5.0 7th

Public Works 6.1 7th

Industrial 10.7 3rd

Non-Residential 17.8 2nd
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Section "l

BACKGROUND INFORMATION

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

mntionaccruedtodateby theEnvironmentalProtectionAgcncyTsOfficeof

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

lation for portsblo air compressors. The regulation will be requisite to pro-

tect tlle health and welfare of the American public, taking late account the

degree of noise reduction achievable through tile best available technology

and the cost of compliance.

The tnfprmatisn has been derived from numorons sources, EPA can-

tractcd with Bolt, Berserk and Newman (BBN), an acoustical consulting

firm; and A. T. Kearney, Management Consultants; utilised the data

gathering and information collecting capabilities of Informaiics, Inn, i and

developed an interaguncy agreement with the National Bureau of Standards

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

support; ['5'6'7] A.T. Koarney Management Consultants provided economic
¢ =1

tsiI fo _ tianalysissupport; n r us cs, Inc.submittedreportsaddressingUnited

Statesand foreignregulationsrelatingtoconstructionequipmentand

portableaircompressors,[9,I0] andNBS providedtechnicalsupportin

thedevelopmentofmethodologytotestand measure portableair

compressors.[11]

EPA and contractorpersonnelmade severalvisitstocompressor

masafacturens,distributors,and users toobtainthe most accurateinfer-

. marion available for use in the development of tim proposed portable air

compressor regulation.NBS personnelheldtwo meetings withindustry

technical experts to discuss and exchange information on measurement
i

methodology,
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The EPA alsopublishednn Advasce NoticeofProposed Rulemnklng

{ANPI:IM)inthe FederalRegisteron February 27,1974.[12] The ANPRM

notifiedthepublicthatEPA plannedtosetnoiseemissionstandardsfor

portableaircompressors underthe authoritycontainedinSections5 and 6

ofthoNoise ControIActof1972. As nrcsultnfthepublicattenofthoANPRM,

u docketwas established(DocketNo. ONAC 74-i)toreceivecomments and

datafrom interestedparties.EPA suggested23 areasofinformationthat

thoserespondingmightwant toaddress.

The docketclosedonMarch 29,1974. By theclosingdeadline,comments

were receivedfrom the followingindividualsororganizations.

I. Alabama Tire Dealersand RetreadersAssociations.

2. Bureau ofNoiseAbatement, DepartmentofAir Resources. Envi-

ronmentalProtectionAdministration,The CityofNew York.

3. P.K. IAndsayCompany, Inc.

4. Department ofEnvlronmentalConservation,StateofNewYork.

5. World ConstructionMagazine.

6. Robert Eeggs.

7. EnvlromnantalActivitiesStaff,GeneralMotors Corporation.

8. Cummins EngineCompany_ Inc.

9. PortableCompressor DivlstenlIngersoll-RandCompany.

10. Compressed Air And Gas Institute(CAGI).

The docketresponsesappearinAppendixA,
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Section 4

TIIE INDUSTRY AND THE PRODUCT

GENERAL DESCRIPTION

Noise associated with construction has become a major problem in many

cities and towns, The trend toward urban renewal and more highrise structures

has created an almost perpetual din in city streets, Equipment associated with

constructionsiteshas become more numerous, and the time spanfor construction

at a given site has lengthened. Residents in proximity to a high-rise construction

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

built,

The basicunitofconstructionactivityis fileconstructionsite,whiah exists

inboutspace and time. The temporaldimension consistsofvarioussequential

phases that change the character of the site's noise output as work progresses.

These phases are discussed further below. In the case of building construction,

the spatialcharacterofthesiteisself-evldent.

Constructionsitesare typicallyclassifiedinthe15 categoriesinwhich co:_-

struetiondataisreportedby theU.S. Bureau oftheCensus and variousstate

and municipal bodies. The categories are:

• Residentialbuildings:

One tofourfamily

Five family and larger

s Noerosldentialbuildings:

Office, bank, professional

Hotel, motel, etc.

Hospitals and other instltuttuus.

Schools,

Publicworks buildings.
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Industrial

Parking garages.

Religious.

Recreational.

Store,mercantile.

Service, repair station.

e Municipal Streets

t Public Worlds (e, g., sewers, water mains}.

For purposes of allocating construction effort among thu different types of

sites,itispossibletogroup the nonresidentialsitesintofour largercategories

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

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

groups, in order of decreasing average cost per building, ars: [2l

r _

• Officebuildings,hospitals,hotels

e Schoolss publicworks buildings

s Industrial buildings, parMng garages

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

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

whichhas itsown mix ofequipmunt and, consequently,itsown noisecharacter-

istics.The phases(some ofwidth ctm be subdlvlded)are:

• Building Construction

i. a. Clearing

b. Demolition

e. Site preparation

2. Excavation

3. Placing foundations

4. a. Frame erection

b. Floors and roof
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e. Skin and windows

5. a. Finishing

b. Cleanup

t City Streets

I. Clearntng

2. Removing old roadbed

3, Reconditioning old roadbed

4. Laying new subbase, paving

5. Finishing and cleanup

• PublicWorks

1. Clearing

2. Excavation

3. Conpactlngtrenchfloor

4. PipeInstallation,flllthgtrench

5. Finishingand cleanup

The most prevalentnoisesourceinconstructionequipmentistheprime

mover, e.g., theinternalcombustionengine(usuallyofthedieseltype)used to

providemotiveand operatingpower. Engine poweredequipment may be catego-

rizedaccordingtoitsmobilityand operatingcharacteristics,as

I. Earthmovlngequlpmont (highlymobile)

2. Handling equipment (partly mobile)

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

Typical average noise levels ["2] at construction site boundaries are shown in

Table 4-1 for each phase of construction activity by construction type category.

It may be generally agreed that construction site noise can be alleviated by

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

the Site. [2t 3i] Other methods also exist that by themselves or in a complementary

nature may be used to control construction site noise, for example:
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e Replacement ofindividualoperationsand techniquesby lessnoisyones.

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

$ Locating noisy equipment away from site boundaries, particularly near

noisesensitivelanduse arose.

$ Providingenclosuresfor stationaryitems ofequipment and barriers

aroundparticularlynoisy areason thesite.

Table4-i

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

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

Ground Clearing 83 84 84 84
Excavation 88 89 89 88
Foundation 81 78 77 88
Erections 81 87 84 7S
]_Inishlng 88 89 89 84

There isno doubtthattheconstructionindustrycan taku stepstoreduceits

noise;however, regulationsare neededtoassure thatthebasicstepsare taken

uniformlyby allcomponentsof theindustry.Further,whileoptionalequipment

selectivity or operational procedure noise control schemes may be effectively

ernp]oyed, it remains that regulation of individual pieces of construction site

ocluipment is needed at the Federal state, and local levels.

THE INDUSTRY

The portable air compressor Industry is a mature and highly competitive

industry. Manafactureru of portable air compressors vary significantly in size,

financlalstrength, manufacturing capability, applied technology, marketing

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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ponents and assemble units in the United Statnsp and one imports completely as-

sembled units. Their sales in 1972 of $90 million resulted from shipments of

more than 12, 000 units. Table 4-2 presents a listing of manufacturers and the

estimated dollar value of their sales of portable air compressors. Eight man-

ufacturers have over 00 percent of the market. Of these, Ingersoll Rend nnd

Gardner-Denver together account for nbnut S0 percent of tee market, with Joy

ranking third wlth about 10 percent of the market.

Table ,1-2

ESTIMATED SALES OF PORTABLE AIR COMPRESORS
BY MAJOR MANUFACTURERS, 1972

Manufacturer Millions of DoLlars

American Jenback $ .5 - 2.0
Atlas Copco .5 - 2.0
Chicago Pneumatic t 2.5 - 4.5
Davey .5 - 2.0
Gardner-Denver 18.0 - 21.0
Grimmer-Sehm/dt .5 - 2.0
IngersoLl-Rand 25.0 - 28.0
Jaeger 6.5 - 8.5
Joy 9.0- 11.0
Kent Air Tool .5 - 2.0
LeRol 2.5 - 4.5
Lindsey .5 - 2.0
Quincy .5 - 2.0
Schramm 5.5 - 7.5
Gordon Smith .5 - 2.0
Sullair .5 - 2.0
Worthington 2.5 - 4. 5

Nine of the 17 mnmffactsrars are divisions or subsidiaries of large corpor-

ations with assets in excess of $100 million, These are Atlas Copco (importer),

Chicago Pneumatic, Duvsy, Gardner-Denver, Ingersoll-Rand, Joy, Le Rot,

Quincy and Worthington. Sales of these corporations (parent company) in 1072
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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 wide variety of prodoct_ sold in other industries.

Three medium-sized manufacturers have assets ranging from $6 to $15

million. These are Jaeger, Schramm, ann Sullair (impor!ar). 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 million.

They are American Jenhaek (importer), Grlmmer-Sehmidt, Kent Air Tool, Linn-

say, and Gordon Smtthl.8]" The medium and small-sized mamdasturers typically

specialize in portable and stationary compressors and a few other products sold

primarily outside the construction equipment r_'_rket.

Portable air compressor manufacturing facilities are anneentrated in the

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

size_ efficiency, technologY, and employment.. Detailed plant location, employ-

mont, and factory production infornmtlon is presented in Reference 8. While

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

have old_ extremely inefficient plants utilizing technology and production methods

that are 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; Genornlly, these plants might also be used for the production of

related predus_, including s_atloanry air compressors. Although each plant

nsua.lly _-nufaetures more than one product, each product is typically manufac-

tared on a separate production line or in a separatu area.

Approximately 9,O00 peopleare employed inplantsthatmanufactureportable

aircompressors. The exactemployment attributabletotheproductionofportable

aircompressors was consideredconfidential,Ithas bean estimatedthatthetotal

portableaircompressor productionemployment isintherange of 2,000 to9,00O

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 ex'pansion

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

Industry generally operates at lower capacity rates of 65 percent to 7,_percent.

Manufacturers obtala raw materials and components used In the mamffaetur-

lng process from tutordlvisional transfers, component suppliers, and raw

material suppliers. The finished product is distributed through construction

equipment distrlbutere (dealers) who sell or lease the product to tim primary anti

users,who are theconstructionand mining industries,otherIndustries,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 PORT.a.BL Te AIR COMPRESSOR UNIT

SHIPMENTS BY END USE MARKET, 1967-1972

End Use Market Percentage of Units Shipped

Construction Industry

Public Works and Other Non-building 50
Construction

Commercial, Institutional and Industrial 20
Building Construction

]_aing Industry 8

IndustrialUsers 7

Government Agencies 12

Other Users 3

Total 100%

4-'/



The singlo largest user of porL_JIe atr compressors is the construction in...

dustry,which currentlyaccountsforan estlmuts_l70percentoftotalunitsshipped.

Government agenciesaccountfor about15percentoftheunits,followedby mining

and industrialusers, sharinganother15 percentoftotalshipments.

Channelsofdistributiontraditionallyare throughindependent,authorized

distributorsand factory-owneddistributorsorbranches. Inexcessof50 percent

ofmanufacturershipmentsofnew portablecompressors reachtheend user via

rental/purchaseagreements. Intermittentuse requirementsresultin n large

rentalmarket. The trendtoincreasedrentalofcompressors isexpectedto

continue. Used squtpmantisalsoan importantfactorintheportsbleair com-

pressormarket.

From 6 to13percentoftotalannualshipments ors cxportedouch year/imports

have been a minor factorinthemarket (lessthan7 percentofthe1972 Unitvolume).

Most manufacturerscurrentlyofferquietedportableaircompressors due

tocustomer demand resultingfrom OSHA ax_llocalnoiseregulations.Domestic

shipments ofquietedunitsvary by compressor capacityand power source type

as shown inTable4-4. The compressors rangeisnoiselevelsfrom 70 to82

dBA at 7 meters for units in the 85 to 250 cubic ft per rain. (cfm) range and

from 70 to 93 dBA at 7 meters in the 251 to 1200 cfm range.

Table 4-4

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
Gasoline Engine 124- 250 20
Diesel Engine 124- 249 20
Diesel Engine 249- 599 20
Diesel Engine 600- 899 10
Diesel Engine 900 and over 10
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The quieted units as a percent of total domestic shipments are greater in tlle

small capacity unite, because a substantially larger investment is required to

obtain quieting in the larger capacity units.

THE PRODUCT

Portable air comprassors 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. Tunneling operations

3. Mi:dng and atomizing to shoot fine particle material into place

4. Pneumatic conveyingofsmallparticlematerial

5. Atr.-otmrated centrifugal pumps

6. Air-poweredhoistdrums el'brakes

7. Snow production.

Compressors generallyare ratedaccordingtomaxlnmm flow ratea a pres-

sure of100 lbs pereq, in.(psi)(althoughsome firms have unitsratedup to150

pet). The nmximum flow raterangesas highas 2000 cfm,

Almost allthelargerunitsare dieselenginedriven,snrnw-typecompressors;

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 orfour rubber-tiredwheels. They have weightsrangingfrom I to14 "

tons, lengths from .5 to 19 feet, and heights from a little less than 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 boxes, and an enclosure.

The enclosure itself, when designed for noise insulation, nan comprise as much

as 10 percent of the total weight.
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The most widely manufactured compressor Is the U.S. today is the rotary

screw type unit. The screw type compressor is a single stage unit that provides

a high flow rate-to-size ratio and offers high reliability due to its few movthg

parts. An engine occupying 5 to 15 times the volume occupied by the basic com-

pressor itself is needed along with the accompanying cooling and exhaust system

to drive the compressor. In most cases, the engine is directly coupled to the

male screw element, which then drives the female element.

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

tlm weight and size of an operating portable compressor. Typically, rotary

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

automatic transmission. Likewise, the compressor mechanism itself produces

little of the noise generated daring operations.

Most U.S. manufacturers are phasing oat their line of sliding-vane rotary

compressors, probably because they are reputed to require more maintenance and

are lesseconomicaltooperatethanothertypesinuse. Nevertheless,thereare

still severs] portable compressor sets of this type on the market. As in the case

of the screw type compressors, the compressor itself is relatively small, but

thenecessaryconcemitantequipment issubstantial.Sometimes thecompressor

ismounted inthereceivingtankto save spooe.

The traditionalreclprocatlngcompressor isusedtodayalmostexclusively

in portable compressors delivering less than 250 cfm. Unlike the screw and

rotary-vanetypos,itusuallyrequiresseveralstagestoachievetherequired

pressure. Consequently, the basic unit is a larger fraction of the total weight

and size of the complete compressor assembly.

Rotary-screw manufacturers tend to compete by specializing in one or two

typesof portableair compressors ineachmarket segment. Table4-5 summarizes

the typesofcompressors offeredby each portableaircompressor manufacturer.

d-t0
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Table 4-5

I TYPE OF COMPRESSOR OFFERED BY MANUFACTURER

Manufacturer Rotary Screw Reciprocating Rota,r_,Vane

American Jenbaek x

At/as Copco x x
Chica_,nPneumatic x x
Davey Compressor x
Ocrdner Denver x x
Grimmer Schmldt x

ingersoll-Rand x x
Jaeger x x
Joy Manufacturing x x

.KentAirTool x
Le Rol x

Lindsay x
_uiney x

" Sehramm x
Gordon Smith x
Sullair x

Worthington x x

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

compressors are the engine type (diesel or gasoline) and air flow rating in elm

at i00 poi.

Thirteen manufacturers, shova_ in Table 4-6, offer a complete line of pert-

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

units,

Examination of the noise emissions of present-day compressors suggests

that dividing compressors into six categories provides the most meaningful

basis for evaluation. One division Is into typos of drive: gasoline vs. diesel

engines. A second Isinto"standardunits"vs. thoseofferedas "quietedunits".

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

ard" vs. "quieted", define four categories. The diesel driven units are further

subdivided into units providing rated air flow below 501 efm and units having a

rated air flow above 500 cfm.
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: Table 4-6 .

PORTABLE AIR COMPRESSOR CAPACITIES IN CFM
OFFERED BY MANUFACTURERS

Gasoline Engine Diesel Engine

Manufacturer '5-124 125-250 125-249 250-599 600-899 900 & over

American Jenback x x
Atlas Copco x x x x x
Cb2cago Pneumatic x x x x x x
Davey Compressor x -x × x x
Gardner-Deny er x x x x x x
Ingersoll-Rand x x x x x x
Jaeger x x x x x x
Joy Manufacturing x x x x x x
Kent Air Tool x x x
LeRoi x x x x x x
Lindsay x x x
Quincy x x x x x
Schramm x x x x
Gordon Smith x
Sullair x x x x x x
Worthington x x x x x x
Grimer -Schmidt x x x x x x

i ,
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Section5

EXISTING LOCAL, STATE, AND FOREIGH NOISE REGULATIONS

AccordingtoSection6 oftheNoise ControlAct of1972, 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 standm'd. Further, according

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

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

Accordingly, EPA reviewed available literature and conducted a survey to

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

struction equipment and portable air compressors and that may be .-/'fasted

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

findingsoftherewleware summarized.

LOCAL AND STATE REGULATIONS

Informationon stateand localconstructionnoise regulationswas oh-

tathedfor123 cities_IthpopulationsinexcessofI00,000and from 226 cities

i with populations of less thanl00, 000. In addition, Information was received

from 46 of the _0 states surveyed. [9]

As indicated by Table S-l, 27 of the 123 cities with a population in ex-
: cess of 100, 0O0and 21 of the 226 cities with a population less than 100, O00

have some form of a construction regulation at this time,

*Local and State governments are not prohibited from "establishing or en-
forcing controls on environmental noise through licensing, regulation or

" f orestriction of the use, operation or movement of any product ofr m
establishing or enforcing new product noise standards for types of con-

struction equipment not regulated by the Federal Government.
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Table 5-I

LOCAL NOISE ORDINANCES ON CONSTRUCTION BY TYPE

Ordinance
No Specific Nuisance Under Performance

Population Law Law . Dgyelopment . Standards Total

over I00, 00O 54 37 5 27 123
under 100,000 157 48 0 21 226

TOTALS 211 85 5 48 349

4-- ft.

Of tile 48 cities with some form of construction equipment regulation, 36

have operational limits and 7 have new product standards as shown by

Table 5-2.
Table 5-2

LOCAL NOISE PERFORMANCE STANDARDS FOR CONSTRUCTION
BY TYPE

New Product

PoPUlates 0Perational Lhn!ts Standards

over 100,000 18 5
under I00, 000 18 2

TOTALS 36 7

Of the 46 states that replied to the survey, 4 had specific regulations

for thenoiseofconstructionequipment: Colorado. Indiana,New York. and

Alaskahave performancestandards,whileIndianahas new productstandards

currentlyinforce.
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Since the proposed Federal portable air compressor regulation will

preempt existing or contemplated local and state portable air compressor

regulaltons, cities and states that will be alfected have been identified.

Figure 5-1 shows that seven cities and no states have new construction

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

and New York City, New York, have tile most stringent standard along with

the shortest time period for compliance.

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

Federal law on portable air compressors. The new Federal law will

preempt these Jurisdictions only from promulgating or enforcing s now

product standard for portable sir compressors. It will not prohibit them

from enforcing laws against other types of construction equipment and will

not prohibit them from establishing or licensing operational limits ibr

portable aircompressors.

FOREIGN REGULATIONS

Over 300 inquiries were sent to foreign manufacturers of portable air

compressors and representatives of foreiga nations who were knowledgeable

.E ,in the field of environmental noise J:0] These inquiries solicited information

and comments in the following five areas.

1, The technology available to reduce the noise of portable air

compressors and noise level data for existing models of air

compressors.

2. Legislation setting limits on the noise level of construction

equipment, especially portable air compressors.

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

or marketing portable air compressors that must be quieted.

4. Specifications for the noise levels produced by portable air

compressors used Is government contracts.
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5. Standards for measuring the noise level of ,'fir compressors.

Although information in areas other than regulations was requested,

in most instances the individuals and countries responding did not address

anyththg 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 as the Guidelines for

Noise issued by the National Federation of Building Trades

Employers and the Ministry of :Public Works in the United Kingdom.

2. Contract specifications between buyer and builder such as 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 land use areas. These

laws frequently differentiate between daytime and nighttime

levels. Examples include Oslo, 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 summarized in Figure B-2.
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Section 6

MEASUREMENT METIIODOLOGY

MEASUREMENT STANDARDS

Numerous noise measurement recommended practices, standards, and

regulations have been prolnulgaled by national and international organiza-

tionsL13Jto standardize measurement methodology for use by industry, con-

r ,1

sumers, and government regulalary bodies. The Society of Automotive Engi-

neers (SAE) has published recommended practices and standards or draft doc-

uments that standardize the noise: measurement methods for construction equip-

rnent and construction sites! 14, 15]Tb e American National Standards Institute

P 1

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

have devuloped, through their member groups, numerous noise measurement

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

ers is the Compressed Air and Gas Institute (CAGI) test code for measurement

of sound from pneumatic equipment t'L6] This standard has been accepted for

r_ =1

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

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

used by portable air compressor manufacturers to describe the sound pressure

level of their products.

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

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

this type of description have been invastigated. Two methods investigated or

under investigation are:

1". The 10 point hemispherical method of l:leferenoe 17,

2, The far and near field method of _lefarence 11,

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

or sound power level i s computed. Further description of the sound pressure

level and tim sound power/sound power level methods follow.
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CAGI METHOD-- SOUND PRESSURE LEVEL

Octave band soundpressure levelsfrom 62 Hz to8,000 Hz and A-welghted

sound levels are obtained during compressor idle and fullpower conditions at

10 locations around file compressor. The locations are shown In Figure 6-1.

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

table air compressor anise at the microphone location at which tile [highest

sound level was recorded.

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

the 1-meter und 7-meter microphone locutions, The average level is calcula-

ted by one of the following three methods,

Maximum Variation of 5 dB or Less

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

less, average the sound pressare levels arithmetically.

l_axtmum Variation of 5 to l0 dB

If the maximum variation in corrected sound pressure levels is beseech

S and 10 dB, average the sound pressure level values arithmetlenAly and add

1 dB.

Maximum Variation over 10 dB

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

tion below:

L 10 LoglO 10

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

LI = Sound level (dB A) (or band sound pressure level in decibels) at
the iLh position,

n = Number of measuring stations.
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Figure 6-1, CAGI/PNEUROP Method ]_licrophoneZocations
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10-1:*OINT IIEMISPHERE METIIOD-- SOUND POWER LEVEL

Theoretically, sound pressure levels measured over the entire surface of

an imaginary sphere surrounding the source should bn used when calculating

sound power levels. The practical procedure for approximating tile entire

sphere exploration is in select a number of points located at tile canter of ele-

ments of equal area that are situated on the surface of an imaginary hemisphere

ahast the source, Figure 6-2 is a schematic of the micrnphone points used for

the 16-point hemisphere method, while Figure 6-3 shows the coordinates (rela-

tive to the radius of the hemisphere) for tlle microphone positions. Sound power

level is calculated using Equation 6-1.

PWL = SPL + 201og10r + 0.5dB

(6-1)
whore

, -12
P_VL = soundpowe_ level in dB re10 watts
SPL = spatial average sound pressure level dB
r _ rsdias of the hemisphere

FAIRFIELD METHOD -- 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 tn the conditions that r is greater than three major source dimen-

sions, but flint r need nat be greater, in any case, than:t0 meters, The major

source dimension is the larger of the lungtht width, nr height above the ground

plane of thn source, The minimum number of measurement positions shall be

six (subject to change by the National Bureau of Standards to achieve desired

accuracy), including one each in the four principal directions from the source

(l.o., perpendicular to the four vertical surfaces nf the machine) at a height

of 1.5_0.1' meter above the ground plane. The fifth measurement position shall

bn above the geometric center of the source at a height r above the ground

plane. [11)
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Figure 6.-2. Schematic Diagram of 10 Microphone Locations
at the Center of Elements of Equal Area on the
Surf.ave of a Hemisphere about a Sound Source
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E) ®
POSITION X/F Y/R . Z/R

A 0.15E 0.89_ 0.410
B 0.77E 0.55Q 0.313

_'_ C 0,73_ - 0,067 0.671
I - I -_/ : - _ ;_ x D 0.775 -0.603 0,2240'193,= t_,j E 0.158 - 0.961

v

F 0.25"/ -0.682 0,713

G 0.834 - 0.399 0.381

H [_.834 0.315 0,452

I ).257 0.400 0.828

®
J 1.100 - 0.000 0.090

®
Figure 6-3. Relative Coordinates for l0 Potnts of Itemtsphere of Radius IL,



NEAR-FIELD MEASUREMENTS

Determination of Measurement Locations

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

surface that extends to the ground plane and is 1.0 + 0.01 meter away from the

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

major surfnuss 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

vertical sides, one on the top of the measurement surface, and one at the lo-

cation of the maximum A-weighted sound level a't a height of I. 5 meters above

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

each measurement. The prlncipal measurements on the four sides arc st the

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

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

tric center.

Using thecalculationproceduresofSection7 ofReference 11, the A-welghted

soundpower Iscalculatedforthenear-andfar-fieldmeasurement locationsas

previously defined.

EPA RECOMMENDED PORTABLE AIR COMPRESSOR TEST PROCEDURE

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

for a common, well known descriptor of portable air compressor noise to avoid

possible confusion over units of measurement by industry, State/local govern-

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

method to accurately acquire portsblc air compressor noise that could he used

both for product certification and enforcement.

6-7
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Candidates for the proposed description of portable air compressor were:

i. A-weighted sound pressure in dBA

2. Sound power level in dB

3. Sound power in milliwatta.

A-weighted sound pressure level in dBA was selected for several reasons,

including its utility and ease of acquisition. A-weighted sound pressure level

can be measured directly using common, readily available equipmon_. Thus

it is common to and widely ased by industry, the scientific community, state

and local governments, and the general public to assess hmnun response to

noise. This Is in contrast to sound power level and sound power, which cannot

be meanured and have to be calculated, typically from sound pressure level

data.

By selection of the A-weighted sound level descriptor, the 10-point hemis-

phere and for-field/near-field measurement methods, for the anqutsitinn of

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

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

sulted because therigor 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/

PNEUROP measurement method. In reviewing this method, consideration was

g'ivan to whether data was needed at both the 1-meter and 7-motor microphone

locations. The EPA concluded that only one set of data was needed, that at

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

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

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

extrapolation, an Is often the case when it is desired to estimate noise levels

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

discusses the problem in more detail). In other words, the 1-meter data is

not as utilitarian as are the 7-meter data.
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Consequently, EPA selected tbe 7-meter microphone locations because:

I, The mlcropllone locations are in the far field.

2, The data satisfactorily and adequately describe compressor noise.

3. Tbe data could be used for nxtrapolatlon with some degree of confidence.

The Agency also added an overbeud microphone location to guard against

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

be of significance to persons residing in higb rise buildings adjacent to construc-

tion sites). Further, tile need to search for and report the m_ximum A-weighted

sound pressure of the compransor was eliminated. Since data indicates that

the max/mum occurs at or near the four horizontal points selected for measure-

mont.

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

little education, if any, would be required on the part of industry aa the mem-

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

The conditions and the measurement 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 notse_ employed

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

flecting plane. Tile reflecting plane must consist of a surface of sealed con-

crctot analed asphalt or the equivalent and must extend 1 meter beyond each

microphone location. No reflecting surface such as a building, sign board, hill-

side, etc. shall be located within I0 meters of a microphone location.

b, Measurement Equipment. Tile 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

requirements of American National Stasdard (ANS) S1.4-1971, "Specification

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

level meter and International Electrotechnical Commission (IEC) Publication

No. 179. "Precision Sound Level Meters" with regaxd to tile sections concern-

ing microphone and amplifier characteristics.

(ii) A windscreen mast be employed with the microphone during all

measurements of portable air compressor noise when tile wind speed exceeds

11 Iota/hr. The windscreen shall not effect sound levels from the portable air

compressor in excess of+ 0.5 riB.

{Iti) Tim entire acoustical instrumentation system including the micro-

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

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

response calibration of the instrumentation over file entire range of 25 Hz to

11.2 k}Iz shall be performed at least annually using the methodology of suffi-

cient precision and accuracy to determine compliance with ANS S1-4-i971 and

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

response calibration and an attenuator (gain control) calibration plus n measure-

ment of dynamic range and iastranmnt noise floor.

{iv) An unomometer 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.

(vi) A gauge accurate to within + 5_ shall be used to measure por-

table compressor air pressure.

(vii)A metering deviceaccuratetowithin_+10% shallbe used to

measure theportableair compressor compressed airvolumetricflowrate.
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(c) Portable Air Compressor Operation. The portable air compressor

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

tag its rated output flow and pressure, during noise standard complim_ce testing.

The discharged compressed air must be piped clear of the test site or silenced,

(d) Test Conditions. Noise standard compliancc testing amst be carried

out under the following conditions:

(l) No rain or other precipitation

(it) No wind above 19 km/hr

(ill) 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 background sound level.

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

to acquire portable atr compressor sotmd levels to test for noise standard

compliance. A microphone must be located 7 4- 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 teat unit must be 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-

*r tics prior to operation of the test unit and at all microphone locations during

test unit operations as defined in section (e).

(it) Portable air compressor engine speed.

(ill) Portable air compressor compressed gas pressure.

(iv) Portable air compressor flow rate.
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(g) Calculation of average sound levels. The averngo A-waighted nnd

C-welghted sound levels from measurements at tile specified microphone Ioca-

tions must be calculated by the following method,

n

i=l !

where:

= average sound level, dBh or dBC as _ppropriate, in decibels
L = sound level, dBA or dBC mq appropriate,indecibelsatthe

Iiblocation

n = number of measurement position

(h) Presentationofinformation. The followingIsformailonmust be re-

ported:

(i) Background ambient sound level in dBA and dBC.

(il)Portableaircompressor sound levelsindllAand dBC ateachmicro-

phone location,

(ill)Average portableaircompressor soundlevelsin dBA and dBC.

(iv) Portableaircompressor compressed gas pressure,in kg./cm2,

(v) Portableaircompressor compressed gas flewinm 3/rain.

(vi) Portableaircompressor manufacture,model and serialno.

(vii)Acousticinstrumentationmanufacturer,and model number

The recommended dataformatisshown inFigure6-5.
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Test Report Number

SUBJECT:

Manufacturer: Model: Serial No. : I
Rated Speed: rpm: Rated Capacity: m3/min (c{m) :
Configuration Identification: Category Identificatl"g_:

TEST CONDITIONS:

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

End of Test __rpm

Air Pressure Supplied: kg/cm 2. (psi) Ambient wind Speed I_/hr (mi/hr
Actual Flow Rate: m----_/mtn(cfm) Barometric Pressure. kg-_m (psi)

INSTRUMENTATION:'

Microphone Manufacturer: Model No. : Serial No.
Sound Level Meter Manufac'_Srer: -- Model No. : , Sm,ial No.
Calibrator Manufacturer: -- Model No. : Serial No.

DATA:

dB Ref. Background Sound LOCATION Average
2 X 10 "_ Level at Location Sound
rascals at Location 1 2 3 4 5 Level

dBC

dBA

TESTEDBY: DATE:

REPORTEDBY: DATE:

SUPERVISORY PERSONNEL: TITLE:

TITLE:

Figure 6-5. Portable Air Compressor Noise Data Sheet
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Section 7
PORTABLE AIR COMPRESSOR NOISE

f The basic elements of all noise problems are a (1)'source (2) path and

, (3) receiver. Studies have bccn canduetcd on all three oftlmseelements;

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

discussed in Section 10. Study of the portable air compressar as a source

Included evaluation of:

• Overhead noise levels of unsfieaced ,'rod silenced compressors.

• Noise levels of unsfionced and silenced portable air compressors

ranging from 85 to 1200 cfm capacity.

• fiepeatabilityof compressor noise measurements.

• Noise dtrectivity of unsilanced and silenced compressors.

• Compressor sound power levels.

• Low frequency compressor noise,

• Identification of major noise sources associated with portable

air compressors (see Section 8).

e Degree of quieting with application of present technology (see

Section 8).

Study of the propagation path included the following considerations:

• Groand refiectioan.

• Path discontinuities.

• Calculation of far field data from near field data.

OVERHEAD NOISE

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

characteristics of portable air compressors, noise measurements were

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

from 85 to 1200 cfm. Table 7-1 list information about the units and the test

7-1
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method employed. As indicated in the table, both silenced and standard

versions of some compressors were evaluated, end, In some cases, the

compressor bousing doors were purposely left open,

The most commonly used portable air compressor measurement scheme,

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

measurement of sound above portable air compressors. Since engine ex-

haust often is directed upward, noise radiating in this direction could be of

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

above operating compressors. As sUCll, measurements were made of noise

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

pressors.

Table 7-2 lists the measured CAGI/PNEUROP average and overhead

noise levels for the 26 compressor tests. The last column is this tnblo is

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. All other models show the overhead direction to be

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

q-1 shows the upward-directed noise to be 0.6 dBA less than the CAGI/

PNEUROP figure. The spread In the data, however, creates a 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

simillar to companion products with overhead sound levels significantly

less than the sideline average. Consequentlyt if we momentarily Ignore

these results as atypical or as possible measurement errort the statistics

of the remaining 20 are oomputedo The foUowtng values rosalt:
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• Mean:-1. SdBA

s Standard Deviation ffi I. I dBA

Thus, for this group of compressors, the overhead noise level is about 1.5

dBA less than in other directions.

PORTABLE AIR COMPRESSOR NOISE LEVELS
New Data

As discussed previously, measlnrements were made of a total of 23

portabl,_ _v coalpressor types. Tables 7-3 and 7-4 list noise levels of tile

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

a plot of noise versus ¢fm capacity. From review of the data in tables sad

in the figures the following may be concluded:

6 Noise levels of both standard and silenced compressors increase

with Increasing compressor capacity, with noise of the standard

oars increasing at a more rapid rate.

s Noise levels of standard compressors range in level from 81.4

to 92.6 dBA at 7 meters.

• Noise levels of silenced compressors rang_ In level from 70. 1

to 78.2 dBA at 7 meters.

• Silenced compressors are on the average I0 and 1,5dBK quieter

than standard units.

7-3

. L .: .... ,

I i

L
I



Tnble 7-1

COMPRESSORS 'rESTED

T_Ht MOih_]

_la_u_ac_or _Iodu[ _r ._nIIanl E,ll_Inu Comp¢_u_flp S_ri_[ No (_Im, IJ_l) CAG]]_NI_trlI_)I + _1_uLl_'0mont" [IomID_orlc_] Dla_nal 4

h_]_l C_x:o ST_-_5 [_I _I]_n¢_I DIo_ol _cLllrocal .*,III_0924 I;!_, 101)
A_tai CoI_ V_S-170 l_d SIloi_ct DIo_cl I_Ii1ro_,l _I-_507:_ 170, I00 x x

aa_r-Donv©r _I_DA]_ _LIe_cod D_eJol ]_t_'-Ser_'+ ¸ _0_:_'/ 7_0+o00 x _$

[aA_rsoll-J_i DXI. I:_0A S_nd_r_i i)lo_l Pt_t_r_,o_ruw 24.130 L200, I.25 x
-_ ]n_erBol_. ]_ tlXL* |._0 Dl_a] _t_y._:_'_w 74430 1200_ l_ x

l_rJol_.l_d DXLg00_ _L]onc_ , D_,_s01 ]_o_a_,-_ru_ 740471 _O0+l:_, .< x

Jae_or E _[_r_i_r_l _ Y_no II_-_0_. _ _+ I0_ x

I_O .I _I-I[,7:_ _.le_hod plu_ A 7 m_I_r o wrhei,_i _[nL

hI_aur_m_IB w_r_ m_Io for I_ _onl_,'_s_ol* o_r_[_ at L_[I_ar_I f_ll _o_er



Table 7-2

COMPARISON OF CAGI/PNEUROP AVERAGE SIDE
WITH OVERHEAD NOISE LEVELS

(A)
CAG;/ (B)

No. Manufacturer Model PNEU. Overhead B-A

1 AtlasCopse ST-48 84 83 -I
2 AtlasCopse ST-95 80.5 79.5 -I

3 Atlas Copeo VSS-170 Dd 71 68 -3
4 AtlasCopse VT-85 Dd 82.5 79 -3.5
5 Atlas Copco VS-85 Dd 75.5 76 0.5
6 Atlas Cop¢o VSS-125 Dd 70 72.5 2.5
7 Atlas Copco STS-35 Dd 73 77 4

8 Atlas Copse VSS-170 Dd 71 68.5 -2.5
9 Worthington 160 G/2 QT 75 72 -3

l0 Worthington '/50-QTEX 75 73.5 -1.5

11 Ingersoll-Rand DXL 1200 doors 94.5
12 Ingersoll-Rand i DXL 1200 96.5
13 Ingersoll-Rand DXL SO0S open 77.5 75 -2.5
14 Ingersoll-Rand DXL 9O0S 75.5 74.5 .I
15 Ingersoll-Rand DXL CUI050 91 89 -2

16 Ingersoll-Raod DXL 900S 76 73.5 -2.5
17 Ingersoll-Rand DXL 900S 75° 5 74 -1.5
18 Ingersoll-Raod DXL 00S 90.5 89 -1.5
19 Ingersoll-Rand DXL 750 88 88 0
20 Gardner,-Denver SPWDA/2 74 73 -i

21 Gardner-Denver S'PQDA/2 78.5 78 -0.5
22 Gardner-Denver SPIIGC 77.5 75 -2.5

23 Jaeger A doors 88.5 88 -0.5
24 Jaeger A 89 89.5 0.5
25 Jaeger E open 81.5 84 2.5doors
25 Jaeger E open 82 85 3
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Figure 7-1. Comparison Be_veen Overhead Level and CAGI/PNEUROP Level



Table7-3

NOISE LEVEIZ OF STANDAPd3 COMPRESSORS

USING THE C2,GI/PNEUROP MEASUREMENT METHOD

Average Noise Level (dB2,)
Manufacturer Model S/N Cfm 1 meter 7 meter*

Atlas Copco VTOSDd ARP203149 85 94.8 81.4

Atlas Copco 8T-48 51-232751 160 96. fi 82.6
2,das Copco ST-95 51-274977 330 91.9 80.2
Jaeger E RC32082 85 92.5 01.5
Jaeger 2, RS32189 175 90.9 88.2
Ingerso]/-Rand DXL750 77280 750 90.6 87, 7
Ingersoll-Rand DXLg00 75847 900 97. O 80.9

7_ Ingersoll-Rand DXLCU1050 75613 1050 100.8 90.2
"_ Ingersoll-Rand DXL1200 74430 1200 103.0 92.5

*laoludes overhead measurement point



Table 7-4

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

Average Noise Level (dBA)

Manufacturer Models S/N Cfm 1 meter 7 meter*

Atlas Copeo VS85 ARP203003 00 69.0 75.5
Atlas Copco STS35Dd ARI_00924 120 85.5 73.5
Atlas Copco VSS125Dd 51-345060 125 81.0 70.1
Atlas Copeo VSS170Dd 51-235072 170 03.9 70.2
Worthington 160G/2QT 821470 160 04.5 74.2
Gardner.Denver SPHGC 629717 105 87.0 77.1

• Gardner-Denver S I_DA/2 600227 750 86.1 78.2
Worthington 750QTEX 848-019 750 84.0 74.7

",1
J Ingersoll-Rand DXL 900S 73693 900 82.4 76.0

CO

Ingersoll-Rood DXL 900S 74050 900 82, 0 75.1
Ingersoll-Rand DXL 900S 74051 900 83.1 75.3
Ingersoll-Rand DXL 900S 740471 900 82.4 75. 0
Gardner-Denver SPWDA/2 635051 1200 04.1 73.7

*Includes overhead measurement polnt
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Exlstln_ Data

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

meters for 194 compressor models. Table 7-5 lists the data in terms of

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

Is 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 76.1 dBA,

• Standardmodels ofdieselenginepowered compressors ofless than

501 cfm capacity,rangein noiselevelfrom 79.5 to03.4dBA with

n mean value of 86.1dBA.

• Silenced models of diesel engine powered compressors, of less

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

a mean value of 70.4 dBA.

• Standard models of diesel engine powered compressorsj of greater

than 500 cfm capacity, range in noise level from 86.8 to 101, 8 dBA

with a mean valse of 02. 8 dBA,

• Silenced models of diesel engine powered compressors of greater

than 000 cfm capactty_ range in noise level from 73.0 to 82.0 dBA

with a mean value of 70.7 dBA,
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"fable7-5(a)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS

WITIINOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE*

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

Gasoline Eng_ _e,All Ca acities_:_
Quieted

Percent of Percent of
Cumulative Number of Cumulative Number of

dBA Level Units Below Units Below dBA Level Units Below Units Belo_

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
7,t. 0 9.37 3 74.0 15.88 4
75.0 9.37 3 75.0 26.92 7
76.0 12.50 4 76. 0 50.00 13
77.0 12. 50 4 77.0 65.38 17
78. 0 18.75 6 78.0 69.23 18
79.0 18. 75 6 79.0 84.62 22
80.0 21.87 7 80. 0 92.31 24
81.0 28.12 9 81.0 I00. O0 26
82.0 28.12 9
83.0 34.37 Ii
84, 0 50. O0 IS
85.0 62.50 20
86. 0 75. O0 24
87.0 81.25 26
88.0 90.26 29
88. 0 90.62 29
90. O 93.75 30
91.0 96.87 31
92.0 100. O0 32

Mean: 82.8 dBA_"_* Mean: 76.1 dBA*_,_
Standard Deviation: 4.92 dBA$_* Standard Deviation: 2.40 dBA$$$

* Average sound pressure level in dBA at 7m according to the recommended
measurement practice of/SO 2151-1972. Manufacturers were sometimes
improvise ta defining the noise data submitted to BBN. BBN has treated this

dam as an average of noise level for a model based on testing .: number of
unite.

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

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

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS

WITII NOISE LEVELS NOT IN EXCESS OF A PARTICULAR VALUE*

(Major Category of Portable Air Compressors b_' Capaoity and Type of Engine)

_slne, Bolow501cfm Cap_
Percent of Percent of

Cumulative Number of Cumnlatiw Number of
dBA Level Units Below /nits Below dBA Level Units Belov Units Below

70.0 O.O 0
71.0 11.43 4
72.0 11.43 4
73.0 14.29 5
74.0 17.14 6
75, 0 22. 66 8
78.0 57.14 20
77. O 69.57 24
78, 0 71.43 25

79.5 0.0 0 79.0 77.14 27
80.5 2.22 1 80.0 77.14 27
81.5 2.22 1 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. Ii 14 84.0 97.14 34
85.5 48.89 22 85.0 07.14 34
86.5 62.22 28 86.0 97.14 34
87.5 71. Ii 32 87.0 97.14 34
88.5 73.33 33 88,0 100. O0 35
89.5 77.78 35
90.5 86.67 39
91.5 88.89 40
92.5 97.78 44
93.5 lOS.O0 45

Mean: 86.1 dBA'_*':, Mean: 76.4 dBA_'_'", '

Standard Dev_atloa: 3,, 35 dBA$!__ Standard Deviation: 4.07 dBA_':'$
* Average sound pressure level ta.dBA at 7m according to the recommended

measurement practice of/SO 2151-1972. Manufacturers were sometimes
Imprecise in defining thonoisa data submitted to BBN. BBN has treated this
data as an average of noise level for a model based on testing a number of
units,

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

*** The mean is a simple average of model noise data, Data is not availabIe to
weight by relative model unit volume sold. Partial weighting schemes by
capacity and/or manufacturer were no_ 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)

Diesel Er._ne,Above SOu cfm Cape R "_;'7 •Standard Models u_etedModels
Percent of Percent of
CumulatIvo Number of Cumulative Number of

dBA Level Unlts Below !UnitsBelow dBA Level Units B_low Units Below

73..0 e.0 0
74.0 4.17 1
75.0 0.33 2
76.0 16.57 4
77.0 45.83 iI
70. 0 50.33 14
79.O 52.50 15
50.O 55, 67 15
51.0 70.83 17
82.0 75, O0 15
53.0 79.17 tO
84.0 79, 17 19
85.0 87.50 21

86.8 0.0 O 8C. 0 91.67 22
87.8 6.25 2 67.0 1O0.OO 24
88.8 15.62 5
89.8 28. 12 O
90.6 37.50 12
91.8 46,87 15
02.8 53. 12 17
93.0 55.52 21
04.8 68.75 22
05.8 68.75 22
96.8 75.O0 24
97, 8 84.37 27
98, 8 87.50 26
69.8 93.75 30
lO0.8 96.87 31
101.8 I00.O0 32

I/lean: 92,8 BA*_* Viean: 78.7 BA ='.,,:'_'
Standard Deviation: 4.08 dBA '._':''_SL%ndnrd Deviation: 3.50 dBA_,_'_

* Average _'ound p['essure level indBA at 7m according to the recommended
measurement practice of [SO 2151-1972, Manufacturers were sometimes

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

data as an average of noise level for a model based on testing a number of

UnitS.

** BBN did not document in Its report the manufacturers whose model data ts
tn0leded In the 194 data points reported.

*** The mean is a simple average of model noise data, Data Is net available to
weight by relative model unitvolume sold. Partialweighting schemes by

capacity and/or manufacturer were not utilized.
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REPEATABILITY OF DATA

Data acquired using the CAGI/PNEUROP method were compared with'

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

pressor in which good repeatability is shown, i, o., 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 are presented. As shown by the data, noise levels repeat to within

1, 5 dB at individual measurement positions and to within 1.0 dB on the

average.
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Table 7-6

REPEATABILITY OF NOISE LEVELS OF FOUR MODELS
THE INGERSOLL RAND DXL 900S COMPRESSOR

Me_.suremen_ Positions** Average dBA Level

Serial No, 7 8 9 10 11"

73693 73 79, 5 78, 5 77 75 76.0

74050 72, 5 75, 5 76, 5 76, 5 74, 5 75, 1

74041 73 79, 6 77 76, 5 73.3 75, 3

740471 72 70.9 77 75, 5 74 75, 0
?
p.6

* Overhead I_alttoa

** See Figure 6-1



m

NOISE DII_ECTIVITY

Noise levels rneasared during compressor operation at rated power were

analyzed to assess noise dlrectivity around portable air compressors, Table

7-6 lists dBA levels, average dBA levels, and the maximum direetivity factor

associated with the sL'¢typos of compressors. The data were aeqalred using

the 10-point hemisphere measurement method. The data show little variance
J ,

in noise level from position to position, indicating little dtroetivity of noise.

Figure 7-4 show a polar plot of noise at various azimuthal locations,

every 30 degrees in the horizontal plane, around a oompreasor. Again, little-

directivity is shown.
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Table 7-7

AIR COMPRESSOR NOISE DIRECTIVITY

O

o m o

0 u 0 •

Microphone _ _ _ _ _

Location* So_di_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 _7 72 73 94.5 75.5 78.5
E 78 72 71 94.5 78 79

F 77 71 71 93 80.5 79.5
G 78 71 72.5 91 81 80.5

H 77 72 72.5 91.5 81 81
I 77 71 72 92 79 80.5
J 76 70 72.5 89 78 77

Average dBA 77.1 71.7 72.2 92.5 78.9 79.5

Maximum Directivlty
Factor** 1.23 2.14 1.22 1.58 1.62 1.43

L --L
* See lqgurc 6-2 and 6-3 nmx

** Maximum dlrectlvityfactor = antllogl0{ i0 )
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300 ° )0°

Figure 7-4. Horizontal DlrecLivlty of Ingursoll-l_nd
DXL 900S Compreesor
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SOUND POWER CALCULATION

Because portable air compressor noise may, in part, be defined In terms

of sound power, sound power levels ealmdatod using data acquired by the CAGi/

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

were compared With levels calculated from data acquired by more conventioael

means, 1. 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 prover levels calculated frmn

the CAGI/PNEUROP 4 and 5-point data compare wall to thos_ calculated using

the more precise 10-point hemispherical meanuromcat method. An average

difference of only 0.6 dB was found In each ease. These results occurred pri-

marily because the compressors tested were no$ very directive. In the extreme

case of a completely oondlroetivc compressor, all methods would yield exactly

the same results. In fact, only one sound level measurement would be 1.o-

qatred.
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Table 7-8

SOUND POWER LEVEL COMPARISONS

PWL* PWL* PWL* PWLIo PWLIo
(4 pt. ) (5 pt. ) (10 pL ) mtnus minus

Compressor (dBA) (dBA) (d]3A) PWL 4 PWL5
Atlas Copeo 05.4 00.3 P90. 7 0.3 0.4

VSS 170

Worthington 100.9 100.5 102.1 i.2 1.0
100 QT

Worthington 90.9 99.9 100.2 0.3 0.3
780-QTEX

Ingersoll-Rand 117.4 117. 2 117.5 0.1 0, 3
DXLCU 1050

Ingersoll-Rand 102.2 102.1 103.0 1.7 1,8
DXL 900S

Gardner-Denver 105.0 105.1 '104.5 -0.5 -0.6

SPQDA/2
(FuU Power)

Gardner-Denver 00.6 97.1 97. 5 0.9 0.4
S_DA/2
(MIo)

*PWL = Sound power level

t f

• 7-21



LOW FREQUENCY NOISE

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

noise; c.g., -39, 4 dB, -26.2 dB, -16. IdB, and-8.6 dB at frequencies of

[iS] A31.5 tIz, 63 ttz, 125 Hz and 250 Hz, respectively. ..s such, great differen-

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

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

while a compreasor_s A-weighted data may be decreased, the C-weighted level

could conceivably remain the same, or could in fact increase. Tbough 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 unwetghted 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 10w frequency range, Note 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 onlyldB as

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

In view of (1) the fact that n A-weighted noise reduction does not neces-

sarily imply as attendant C-weighted reduction and (2) the desire to control

the C-weighted level of compressor noise as well as the A-weighted value,

Figure 7-5 was prepared from the data of Tables 7-9 and 7-10 to give insight

into achievable C-weighted levels. The line hi Fig_2re 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 control limit,
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Table 7-9

COMPARISON OFdBA LEVEI_ WITH d]3C LEVELS OF
STANDARD PORTABLE AIR COMPRESSORS

dBC LevelMinus

l_lanufacturer Model S/N Cfm dBA LeveF dB

AriasCopco VT85Dd ARP203149 85 Ii

A¢lasCopco ST-48 51-232751 160 8.5
Atlas Copse S_U95 51-274977 330 9.5
Ingersoll-Rand DXL750 77380 750 5
Ingersoll-Rand DXLg00 75847 900 3
Ingersoll-Band DXLCUI050 75613 1050 7
Ingerson-Rand DXL1200 74430 1200 3
Jaeger E RC'J2032 85 12.5
Jaeger A RS32189 175 13.5

*Average levels at 7 meters



Table 7-10

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

dBC Level
Minus dBA Level*

Manufacturer Model S/N Cfro dB

Atlas Copco VS85 ARP203903 85 16, 0
Atlas Copco STS35Dd ARP550924 125 23.5
Atlas Copco VSSI25Dd 51-345060 125 28, O
Atlas Copco VSS17ODd 51-235072 170 21.0
Worthington 160G/2QT 821478 1160 15.0
Gardner-Denver SPHGC 629717 185 12.0
Gardner-Denver SPQDA/2 608227 750 7.5
Worthington 750QTEX 848-019 750 10.5
Ingersoll-lhnd DXL 9008 73693 900 7.7
Ingersoll-Rand DXL 9O0S 74050 900 6.9
Ingersoll-Band DXL 90OS 74051 900 7.8
Ingersoll-Rand DXL 9008 740471 960 7.5
Gardner-Denver S PWDA/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 left open becasso of the operators' misgnidcd intent of

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

pressors are designed to provide adequate cooling with the access doors

closed. Sines tbo 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 o.xpected to occur when the doors are left open.

Six tests wore conducted, three of tile standard units and three of silenced

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

due to opening the access doors. Tabls 7-11presents the results of the tests

of the standard units; shown is a noise increase of up to 5dB.

Table 7-11

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

ACCESS DOORS

Manufacturer Model A-weighted Increase, ,dBA_

Ingersoll-Rand DXL 1200 5

Jaeger A 1, 5

Jaeger E 1. 5

k.

* Difference in level at the right side of the unitbetween door open and
closedposition.
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Table 7-12 list the results for tile silenced units; shown Is an increase up

to 12 dBA when the access door of the Worthington 750 QTEX was left open.

Table 7-12

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

Manufacturer Model A-weighted Increase, dBA

Worthington In0 QT 5

Atlas Copco VSSI70Dd 11

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, then meteorological tec-

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

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

shorter distances, the propogation may be complicated by interference pheno-

mena between the sound waves radiating directly from a source and those re-
[ 19 20 21 ]

fleeted from nearby surfaces, especially the ground." ' '
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Ground Reflections

Contributionsarisingfrom constructivs/destractlveinterferencebetween

directsoundwaves andsound waves reflectedfrom thegroundplaneatmeasure-

ment positionshave beenevaluated. Figure7-6 shows A-wolghtodcompressor

noise measured 7 meters away from a compressor atvariousheightsabove the

ground. Whileitisshown thatsoundlevelvariationsinsome i/3octavebands

ofup to7 dBA from oneheighttoanother,thevariationinoverallsound level

is:_1 dBA from the centralposition.

Tileeffectsofgroundreflectionson themeasured sound levelsatthe7-

meter positionsappeartobe "averagedout"by thespatialdistributionofthe

individualnoisegeneratingcomponents ofthecompressor. Thus, itiscon-

cludedthatat7 meters ground reflectionsdonot modifythe measured sound

levels.

Path Dlscusttnutties

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 ball sspoe shown in this figure

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

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

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

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

buildings the buildings usually are far enough spurt to be described by the "L"

space in Figure 7-7. Andersen [22) reported that sound propegutes in an "U' cross

section as It does in free space, The sound level at n point in an "L" space is

expected 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 place, because the sound energy is con-

centrated in a smaller volume in an "L" space than in a half space. Francois nnd

Fleury [19] measured a corresponding 2 dB increase in compressor noise in an "L"

spaoo.
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Figure ?-6, Effect of Microphone Height on A-Welghted Sound at 7 Meters.
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BUILDING

Y///////_///_X///_////////_._///////I;_//_/////////_/_.
HALF SPACE "L" SPACE

(NOCORRECTION) (ADD2dB)

BUXLDING BUILDING

_-///'////f//'/_//l//-/7/f////////7///'_, Y/Z////////////////////////////////,
"U" SPACE VAULT
(ADD 4 dB) (ADD10 dB)

BUILDING BUILDING

BARRIER BARRIER

_////I/I'/ll/I/I/I'//II/Z///_×I!/!III/_' r_ _.i1_1,
DARRIBn _ p'/,(SUBTRACT20..)

'S _UBTRACT17"dR' _/_/_

...... •qARRIERANDPiT

Ft_tre 7-% Conftguratioas of Locations of Compressors at Construsttou
Sites (Corrections are for Sound' Levels at 7 Meters from the

Machine Surface When Compared to the Half-Space levels)

7-30



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

by a street or alley and the vertical walls of nearby buildings. Appendix A of

Reference 10 discusses Lhe propagation of sound in city canyons in more detail

end also includes the results of calculations carried out using an extension of

the theory of Weiner, etal. [231 The theory shows tlmt a nondirectional source

produces sound levels in a typical city canyon that are 6 dD higher 100 feet from
r

19]
the source than the levels present in a half space. Francois and Fleury [

measure a corresponding 4-dB increase for a "U" space of different dimensions

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

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

stories of city buildings might be unusually high if the observers are located

above a compressor with pronounced vertical dirnvtivity, par_toularly if the

compressor sound Is confined within a city canyon. However, Appendix A of

Reference 6 shows that an air compressor that radiated sound four times as

efficiently (in terms of intensity) in the vertical direction as in the horizontal

direction will expose people In city buildings to less than 4 dB higher sound

levels than an air compressor that uniformly radiates an amount of sound

energy. Time, this assertion does not appear to be vatkl.

A compressor operated under a bridge or overpass can be described in

terms of the vault space In Figure 7-7. The sound levels generated in such a

space can be more than I0 dB higher thnn the sound levels generated in n half

space.

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

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

canter begins with the erection of a tall broad fence. During the initial ground

braaldng, compressors operate at ground level behind the fence. As excavation

proceeds, compressors operate within the pit dug for the basement floors. Cal-
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culattoun presented in Appendix B of Reference 24 show that pitsaud barriers

c,'m reduce the noise 1ovals 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 depeud on

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

cal reflecting surfaces in addition to those shown In tile barrier configurations

in Figure 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 how far it extends depends on the wave

length of the radiated sound. Normally, the acoustic near field extends u dls-

tunco 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 field, tile 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 betweell the near and far field, Within the near field, no typical decay rate

is knovm. Thus, proJeet2on of far field levels from near field levels using the

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

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

estimates may result.

One way to verify that the 1 meter 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 seta of measure-

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

yield about 17 dB difference between these two points. No compressor showed
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this large a deere_Lse. Moreover, the differences are randomly spread from

5 to 15 riB.

The preceding results indicate that it is erroneous to use 1-meter levels

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

inaccurate sound power estimates might also result from similtar predictions.

To see if 1-mater data are useful in determining tlle noisiest side of tile ma-

chine, the tilree dimensional histogram of Figero 7-6 was derived. The loud-

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

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

in that in half the oases the noisiest direction is incorrectly indicated. Good

correlation would 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

I, forward direction, with angular position measured clockwise looking down on
the compressor. (See appendix C of Ileferencs 6).

I
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Figure 7-9. Histogram Comparing Maximum
Point at 7-M and 1-M DIBtances
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Section8

AVAILABLE NOISE CONTROL TECHNOLOGY

UNITED STATES TECHNOLOGY

In1968,a major manufacturerofportableaircompressors demonstrated

significantnoisereductionby theuse ofmufflingdevicesand acousticenelo-
[25,261

sures. Since then, numerous manufacturers in the United States and

abroad have applied various degrees of noise control toabnelogy and have re-

duced portable air compressor noise. Figures 8-1 and 8-2 show two examples

of effective noise control. In this section, the current state-of-the-art of com-

pressor noise control is discussed and noise control techniques Is summarized.

Most large air compressors are diesel engine driven, screw type compres-

sors. The intermediate sizes are diesel and gasoline engine driven, screw and

rotary type compressors while the smaller types are primarily gasoline engine

driven, screw, rotary and reciprocating type compressors. For all standard

types, the major noise sources are the driving engine Itself and the fan associa-

ted with the engine and compressor cooling air system. A descrlp_on of the

various typos of compressors is contained in References 5 and 6.

Application of acoustic insulation, effective mufflers, shock mounts, damp-

ing materiel, and some fan, cowling, and duet hardware modifications/improve-

ments generally describe the teelmalogy used to quiet compressors. Use of

this technology has produced the mean noise reductions listed in Table 8-1.
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Table 8-1

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

Diesel Diesel
Gasoline Belo_;-50D CFM Above 500 CFM

Standard to
quieted units 6.7 dB 9.7 dB 14.1 dB

Quieted to
quietest unite 3. S dB 6.4 dB 5.2 dB

The values listed in Table 8_ may be compared with the potential for noise

reduction discussed in Reference 3. As indicated in Reference 3, the potential

noise reduction was 5... and 10 dB by the use of improved intake 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

accuraio 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 engine 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 control required to

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

Gas Powered En_ian Compressor

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

muffler shells, and the air intake. [71

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

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

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

chine, engine and compressor vibration is transmitted directly to tile frame and

outer sheet metal, which also vibrato and radiate noise.

The engine cooling fan can produce considerable broadband noise as the re-

sult of design 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 large 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 noise level at 7 meters to the right side of the unit (as sold) was '/6 dBA,

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

in Table 8-2.

Table 8-2

WORTHINGTON COMPRESSOR 160 QT COMPONENT NOISE LEVELS

Component dBA

Engine and Compressor Casing 74
Engine Cooling Fan 69
Muffler Shell 66
Exhaust 82
Intake 61
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The isdividual noise sources were carefully studied to determine the moth-

odology to further reduce the unWe noise level to the 65 dBA study level By

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

8-3, a compressor noise level of G5dBA at 7 motors could he achieved.

Table 8-3

PORTABLE AIR COMPRESSOrL NOISE REDUCTION

Source Noise Control Technic_ue Noise Reduction

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

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

• MufRer shell Lagging with acoustic insulation I0 dB

• Exhaust Additional muffling 5 dB

• Intake Improved silencer 4 dB

Diesel Powered Compressor r less than 500 CFM

The quieted Atlas Copan Super Silensair VSS170 Dd was selected for analy-

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

unit. The asalysis of the unit's noise siganture indicates that the principdi

noise sources are the engine casingj engine exhaustt engine intake, compres-

sor casing, and compressor coaling 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 VSSI70 Dd COMPONENT NOISE LEVELS

Component dBA

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

Mid-frequency silencing is achieved by use of an eeelosure having side

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

enclosure has built-in dnsting for the engine and compressor sir intake and

cooling. Cooling air exhausted from tile diesel engine and the compressor and

interceolsr is dusted tbroagh another part of the enclosure prior to discharge.

These ductsareprimarilyeffectiveinblockingdirect, line-of-sight,internal

noiseradiationfrom theengineand compressor tothe ambient. An additionnl

5 to7 dB inradiatedsoundcouldprobablybe obtainedby employment ofthe

followingnoisereductionstechniques.

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

will reduce panel vibration levels and improve panel transmission loss

due to the added mass.

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

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

Note: the absorptive material should be treated to prevent degradation

due to contamination.

3. Use of a more effective vibration isolation meant to decouple the engine

, and compressor from the chassis.

4. Use of a more effective diesel exhaust muffler.

By usingtheabove noisecontroltechniques,theattendant7 dB overall

reductioncouldresultina compressor noiselevelof65dBA at7 meters.
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Diesel Engine Powered Air Cutup,rouser Greater tlme S00 CFM Cupneity

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 has been silenced to product 75 dBA at 7 meters,

Among diesel powered compressors delivering greater than 500 CFM, the

750-QTEX is one of the quietest. It is only 1. 5 dB noisier than the mean for thu

lowest dectle.

Tile 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 intoke and exhaust, 2-siege custom dasigned

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

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

Table 8-5

WORTHINGTON COMPRESSOR 750 QTEX COMPONENT NOISE LEVELS

Component dB.A

l_gine and compressor casing 69
Engine cooling fan 62.5
Muffler shell 70
Exhaust outlet 67

The 750-QTEX enclosure presently provides adequate noise reduction of

engine and compressor airborne sound, except st the cooling air intake and

exhaust ducts. Additional noise redaction is possible with design improvement

of both the ducts and the material unsd for acoustic nbsorp!ion. [7] Analysis
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showed that the 750-QTEX cooling fan Is lightly loaded (uorodyn_mtieally). A

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

loading (aerodynamic). The muffler shell radiated 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 noise reduction

techniques discussed can result in achievement of n 65-dBA compressor.

EUROPEAN TECHNOLOGY

Atlas Copco and CompAir compressors us'e a double--wail construction,

with cooling air dueted between the walls, All the "Super Silenced" Atlas Copco

air compressors are the reciprocating type. Discussions with Atlas Copco

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

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

which demonstrate a much better performance than the fans measured on

domestic air compressors, CompAir compressors use a sliding vane or

rotary screw type compressor with a water cooled Pork-Ins diesel engine. The

pusher type fan is well shrouded. Proper air flow through either unit requires

door-shut type operation. The noise control technology used in Europe is

simlliar to that used in the United $tatea_ but a more systematto approach is

applied to quieting air compressors, Noise control design is more from the

frame up and uses an integrated approach rather than merely adding on quieting

silencers, Foreign "super silenced" air compressors tend to have a boxy look.

Tile outer enclosure is double walled and serves as an air duet asd silencer as

well as a barrier to engine and compressor radiated noise.

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

operation in order to avoid noise leslting out through even small openings. It

has been reported that large compressors omitting less than 65 dBA under full

power are already on the market. [27]
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Section 9

ECONOMIC STUDY

Section 6 of the Noise Control Act of 1972 provides that the Admlniatralor

of tile Environmental Protection Agency (EPA) shall establish noise emlsainn

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

noise or that are in specific product categories named in the law. Tbis regu-

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

Section 6 farther states that the regulaiisn:

shall include a noise emission standard which shall set limits on noise
emissions from such product and shall be n standard which . . . is
requisite to protect the public boalth and welfare, taking into account the
magnitude sad conditions of use of such product.. , the degree of noise
reduction achievable through the application of the best available technology,
and the cost of compliance , . . Any such noise emission standards shall
be aparformanan standard. In addition, any regulation.., may rentals
testing procedures nscessary to assure nompl/ancc with the emission
standard in such regulation, and may csatainprovisions respecting instruc-
tions of the manufacturer for the maintenance, use, or repair of the product.

Tbc EPA, to adequately address the potential economic impact of noise

emission regulations upon the various affected societal units (industry, user,

suppliers), acqalred data that related to pricing characteristics, dollar volume

and unit volume sf the portable air compressor market. Additionally, informa-

tion was developed that related to the cants-to-quiet portable air compressors

using the techanlo/_y currently being utilized and also the best available technology,

whether or not it was actually being applied. The information that was developed

and that related to the market and the costs-to-quiet formed the background for

the economic impact/analysis report the major conclusions of that report arc

containedin Section9 of this docamoat.

The basic objective of the study was to assess the economic impact of the

adoption of altsrnste noise emission standards on the portable air compressor

industry, This assessment included consideration of the impact on raw material
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and component suppliers, distributors, manufacturers, end users, and tile gen-

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

segments and individual companies were determined. The impact on key govnmlo

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

assessed.

COST DATA

Tlle following discussion presents coat data for quieting portable air can,-

pressers. The data addresses the costs to quiet compressors utilizing currently

av_dlable technology as well as the best available teclmology. From the data the

cost and economic impact were developed.

TOTAL SALES VOLUME

All portable air compressor pricing is based on discounts from published

list prices. The manufacturers published discount schedule typically ranges

from 20 to 25%. Ilowevor, discounts to distributors nan vary from 15 to 45%,

depending on volume and other transaction factors.

According the the Unit¢<l States Department of Commerce, prices of

portable air compressors rose 24% between 1967 and 1972, or at a compound

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

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

prices of portable air compressors by power source and oapacity-efm.

Table 9-1

ESTIMATES OF PORTABLE AIR COMPRESSOR
AVERAGE LIST PRICES - ALL MODELS

Capacity-cfm and Estimate d Average List Price,
Power Source .Type

&
75 - 124 Gas $3,982
124 - 249 Gas 5,741
124 - 249 Gas 6,791
250 - 599 Diesel 17, 509
600 - 899 Diesel 29, 376
900 and over Diesel 48,918
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DOLLAR VOLUME

Sales ofportable air compressors are sensitive to government and private

fundingof constructionantivlts,.SalesoflargounitsImve Idstorlcallyfollowed

trendsinthe constructionindustry,whilesmallerunitshave followedthe

generaleconomy, Dollarvalueofportableaircompressor shipmentshas

fluctuated between $58.7 million and $89.7 million during the years 1967-1972.

Portable air compressor sales are projected to reach appro×imaiaiy $93 million

during 1973.

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

during1967-1972, NO adjustmentshave beenmade toaseonntforinflation.

The dataof Table9-2 were derivedfrom informntlonmade availableby the

Compressed Air and Gas Instituteand theDepartmentofCommerce. Tile

derivation of these data is discussed in Reference 8.

Table 9-2

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

Year Value of Shipments

1967 $ 58,700, OOO
1968 59,, 915. OOO
1969 75, 295, 000
1970 70.. 295, O00
1971 74, 131, OOO
1972 89,732, OOO

PERCENT DISTRIBUTION BY TYPE COMPRESSOR

" The portableaircompressors currentlymanufacturedareprimarilypowered

by gasolineor dieselengines. Three basicdesigntypesofcompressors are

used inportableaircompressors: rotaryscrew, slidingvane,and reciprocating.

Table 9-3 Illustratesthe distrobtionofengineand compressor type accordingto

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 100 PSIG

CoMpressor Type 75-200 cfm 201-500 cfm Above 500 cCm

GJ_ollne Ol_sel Ga$o]lne Gaso)lne
GaSoline 01eLel end Casnllno and _asollne Dles©l and

Dlelel DIn_el Diesel

-- , "I

Reclprocatln9 i_._ lo.3g 2G.gg o_ 30.6_ 3o,0_ ol G.8_ 6._

Van_ 25._g 19.2_ _,8_ 10.3_ 3_,3_ _3.GI OI 17_ 17_

5crew l_.h_ 12*8_ 29._I 2,6| 23.11 25.71 Og 7_,3_ 7_.3_

All typel 57.6_ _.3_ 9_,9_ 1_._I 87'?I I00'i_ OI lO0'iI lOP'if

UNIT VOLUME

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

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

,'in 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 duo to the high

purchase price of the larger units.

Table 9-4

TOTAL PORTABLE AIR COMPRESSOR UNIT SHIPMENTS, 1967-1'972

Year Unit Shipments Yearly Change (%)

1967 9, 969 1,
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 sir 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 elm 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 8.0
900 and over diesel 473 3.9

Total 12, 154 100. 0

COST PER CFI_i

The EPA in its initial evaluation of the portable air compressor market

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

not the:,, were "standard" or "quieted" units. This division was done to get as

clear a picture as possible as to the price differenLials,

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

deviation of price/dim and sound levels at 7 meters (measured according to

ISO 2151-1972). Accordingly, Table 9-6 presents a summary of the present

state of noise emissions and price of portable air compressors.

9-5



Table 9-6

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

Diesel Drive,
g|Sollne DvlYEn

Below 501 of= Above 50D cfn

Steadied Quieted 5tinder4 Qu_eled eta,deed _;.*ted

_ex' of Uultl In

_rlce/¢fn

_ean $_9.2_ 1_3.32 ih6.16 $5_.11 $q3.57 ' |¢8.70

Standard devia-
tion $ _.eo $ 6,I0 $ _.57 $ 8.30 $ 3.5C $ 3.16

_PL at 7m

Fzean B2.0 d_(h) 76.1 d_(A) 86.1 dD(h) 76._ d_(k) 92.8 dll(A) 78.7 d_(a)

Standard devla-
tlon _.92 _(h) 2._0 dD(A) 3.35 an(h) q.07 d_(h) _.o_ d_(k) 3.90 d_(_)

Quleteet r:achines
(Lowe,t d_cllv)

lie. Jn d_clZe 3 3 6 _ 4 2

_ean SPL e_ 7= 72.6 de(A) 7_.3 d_(A) _2 de(A) 70 d_{A) 87.5 d_(A7 73.5 d_(k)

Devlatlon _r
aver_ price _n
]_we_t dv:Ile
EpO_ mean price
or quieted +$5.k2 _1_.;4 _10.k3 +$10.23 _$0.3i _$_.50

A 10.2 dB mean difference between "standard" and "quieted" compressors is

offered at a mean price difference of $5. 05 per efm. Of partieulm- interest is

the fact that 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 $5.96 above the mean price of the "quieted" machines.

NOISE LEVEI_ FOR STUDY •

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

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

portable air compressor capacities were evaluated. The levels selected for

study were based on sound level data of 194 portable air compressors repre-

senting about 55% to 65% of the all 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 S01 Above 500

Ratings cfm cfm

Level One 76 dBA 76 dBA 78 dBA
Level Two 73 dBA 70 dBA 73dBA
Level Three 85 dBA 65 dBA 65 dBA

Notes: (l) Levels constitute a "not to exceed" criteria

(2) Average sound pressure level in dBA at 7 m. according to
the recommended measurement practice of ISO 2151-19'/2
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 decile of the quieted
portable air compressor model currently oa 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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These data ware used to assess the cost and economic impact associated with

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

in Reference 8.

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

pressors, independent of capacity, wmq selected for each level. The selectcd

values are listed in Table 9-8.

Table 9-8

SOUND LEVELS SELECTED FOR SUBSEQUENT STUDY OF
ALL PORTABLE AIR corv[PliESSOHS

Level One 76 dBA

Level Two 73 dBA

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

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

The following considerations led to the selection ,of tim single sound level

values:

1. They would enable EPA to make s more reasoned choice as to the

levels ultimately selected for the proposed regalattsn tn that there

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

pact analysis could be constructed.

2. A single, uniform level for all compressors would bring thu costs to

quiet compressors into approximately the same price per cfm 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 pordueed 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 level would create less confusian or uncertainty in

enforcement 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 eroas-cheeldng of model, efm capacity, or

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

data plate which would also contain the permissible nstse level, were

missing or obscured.

Missing from Table 9-8 is a level-thrns value of 65 dBA. The 65 dBA valse

represents an engineering predicttoa for an attainable noise level, with the

assumption that analytical estimates of noise reduction will be achieved in

practice. Although estimates of the cost to quiet portable 'air compressors to

65 dBA were made, [5, 7] EPA is not satisfied with the 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 re.ported in the dis-

cussions thatfollowreflectthe economicsofquietingallcompressors toeither

76 or 73 dBA.

ESTIMATED COSTS-TO-QUIET I_ER 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-

vides 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 OI," QUIETING PER CFM
BASED ON ANALYSIS OF LIST PRICE DIFFERENTIALS

Current Mean
To Level Oae Level One

Model Type _:' To Level Two _:_

Capacity/Engine Standard Quiet All Models
Category ($/elm) ($! cfm) ($/cfm)

Gasoline Engine
Below 251elm (all) $ 6.11 2.45 g. 43

Diesel _gine
BelowSOlcfm 8.40 3.19 5.79

Diesel Engine
Above 500 arm 7.30 2.50 i,_0

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

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

the A-weighted sound level redaction required from the mean noise levels.

From the data in the table it can be noted that the costs required to reach Level

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

This 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 fall margin and incremental margin costs, which are defined below.

* Current mean dBA values of Table 7-5(a) to 76 dBA
** 76 dBA to 73 dBA
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1. Full Mar_in Costs - Full margin method is based on actual increase in

direct material purclmsed and direct labor of fabrication and assembly

as reflected in the accounting system. It allocates the full margin of

other costs (overhead, profit, etc.) at the came rate to n qatetcd unit

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

: expected to overstate the actual cast change.

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

adjustment to tim full margin data. Full margins include overhead

accounts that will not change with the introduction of quiatthg or

change lass than the estimates based on spplication of margin dollars

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

mental margin rate that has been estimated reflects inclusion of

changed costs in overhead accounts and profit margins required to

fully reflect all incremental costs and profits on increased lnvestmelds

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

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. FallMargin estimatesare oftenabovethelistpriceestimatesparti-

cularlywithoutthe2 dBA toleranceconsidered,

2. Inaremental Margin estimates are below the list price estimates for

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

withtoleranceforthe largerairflowcapacities.

Neitheroftheseestimatingtechniquestakesintoaccountthemarketing

discountsthatthe industrytypicallyglees. These discountsmay range from

!1 15 to 40% of the list price.
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A detailed discussion of the methodology used and the results obtained is

containedinReference 8.

ECONOMIC IMPACT ANALYSIS

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

sented in the discussion of Cost Data. The economic impact nsalysis st_ldy was

separatedintothefollowingsixsegments:

1. Volume Ilapaet - This segment includes the analysis of changes in

industry volume that will occur relative to a baseline forecast.

2. Resource Costs - This segment includes the cost of the resources

used to achieve noiseabatement and reflects the Increased costs to

purchase tile noise abated equipment and the cost associated with any

performance and maintenance ehangns.

3. Market Impacts - This segment includes an an,'flyais of broad changes

in industry and market conditions that might be attendant with tile

adoption of theproposed noise emission standards.

4. Foral_ Trade - This segment covers an assessment of the impact

on e.xports, imports and the balance of trmlc.

5. IndividualImpacts - This segment considers assessment of market

impacts that fall differentially on specific companies or industry seg-

ments. The impact shakedown might include economic dialoeations_

unemployment, lowered sales volume and profits, and change in market

shares.

6. Disruptive Impacts - This segment considers changes thai may occur

in an orderly way within the market in respoase to various shutdowns,

unemployment, etc., that may be caused by the regulation of portable

air eonlpressors.

Two approaches were used to assess economic impact- obtaining direct

estimates based on field interviews and published information and 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 market

conditions for 1976 to 1978, both with and without noise emission standards.

Spasific impacts were considered in isolation and then the iuterralatioanhips

were developed.

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

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

several sources including portable air compressor manufacturers themselves.

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

not be avpglablo 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 it_ cost increase on in the form of an increase

in the negotiated customer price.

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

equipment purchase costa 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 duo to

the required increased cost to reduce noise.

If there are overall cast redactions, as opposed to cost increases, from the

adoption of noise control technology, competitive pressures will cause cost

dooreanes to be passed on up the economic chain to the consumer in tim form of

lower prices.
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The scenario under which tile ecanomie impacts were estimated is bused on

the technology and costs contained in References 5 and 7. It is assumed that

the technology and costs provided would be the actual [aiare technology adopted

and costs incurred, This approuch Is conservative. It is possible, if not likely,

that new technology at lower costs will be developed. Tbus, if the current costs

bused on an assessment of on the shelf technology are reasocubly accurate, they

are cssoctlally an upper bound oaiimate. Noise standards can bo attained at tbase

costs, but possibly they win be attained at less cost based on better future

technology.

Volume Impact

This discussion analyzes the impact of the noise levels suggested for study

on the volume of production of portable air compressors.

Pricing

Purchasers of portable air compressors will be presented with a price

lnareaan associated with each anias emission level selected for study. Price

increases attributable to sound attanantion and compliance and enforcement

coats were estimated using estimated marginal cost of quieting based on list

price differentials. The list proeo was selected as the basis for the economic

impact analysis because it is a conservatively constructed estimate asd is based

on the broadest sample of cost and noise suppression data available. It is indi-

cative of the upper bound on the expected economic impact.

Table 9-10 presents estimates for average list price percentage increase

tobringexlatingmodels ofportableaircompressors intocompliaasewiththe

Level One and LevelTwo studynoiseomissionlevels,
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Table 0-10

ESTIMATED AVERAGE LIST PRICE PERCENTAGE INCREASE
BY NOISE LEVEL AND CATEGORY

Power Source Type Level One

and Air Flow Capacity Standard Quiet Level Two
3asoline Engine, all cfm ratings 16.2_ 6.1% 33.2_o
Dlesel Engine, below 501 cfrn 18.4 6.3 47.2
Diesel Engine, above 500 cfm 14.4 2.9 20.5

Pyi_ceElns_t!clIpL. Sinceitisanticipatedthattheadded costsofproduction

associatedwithqaietlngportableaircompressors willbe passed on toconsumers

(buyersofslrcompressors),thepriceof_r compressors isexpectedtoin-

crease. Risingpricescan be expectedtoresultinreduced salesasdemand falls

offbecauseuserswilleitherfindmore efficientways to use gasolineordiesel

enginedrivenaircompressors Inanefforttocutcostsor willswitchtosub-

stlt_teproductsthatprovidna lower costaltornatlvomethod ofperformingthe

same work. The d,bgreetowhich saleswillfalidependson the easewithwhich

buyerscan chasgctheircompressor use habitsindifferentapplicationstocut

risingcosts,

Contractorstudiesindicatethatthedecreaseindemand due topricerisesis

low untilpriceincreasesexceed20percentofcurrentlevels(inconstantdollars).

After prices rise in excess of 20 percent, demand falls off more rapidly as it be-

comes worthwhile to substitute hydraulic or electric systems for compressed

alrsystems.

What*pricerisesare below20 percent(constantdollars),currentalrcom-

pressorusers willprobablyref_nlnfrom widespro_limmedlate Substlm-ti-_

beeasse:

I. Portableair compressors Rrs a convenientpower sourceformany
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2. Users currently have a high investment is tools that operate on com-

pressed air (costing I0 to 200 percent as much as the compressor).

3. Costs of using compressors can be lowered somewhat without sabstitu-

ties through more renting of equipment and other practices.

Industry estimates of tim price elasticity of demand (percent decrease in

dq/q are about 0.35 for price rises
demand due to percent rise in price, n = dp/p
under 20 percent, which is generally considered to be price in elastic.

Contractor studies indicate that the price elasticity of demand is higher when

the price increases are in the 20 to 50 percent range. Price increases of such

significance would be expected to have a major impact on demand for new and

used portable air compressors. Industry estimates of the price elasticity of

demand are 0.9 for compressors below 500 cfm mad 0, 55 for compressors above

500 elm. The increase in price elasticity when price increases exceed 20 percent,

occurs hecause _

1. The price increase is sufficient to cause users to consider replacing

the whole compressed air system, including tools, with a hydraulic or

electrically powered system for some applications, especially when

lighter tools are required, This assumes that the work out'put of

these compet2ng systems is comparable to that of the compressed air

system.

2. Tim price increase is sufficient to cause users to replace parts for as

long as possible on old compressors to avoid in_ying new compressors.

3. The price increase is sufficient to cause increasing use of atr com-

pressors that are not regulated, including large stationary compressors,

self-propelled compressors, and power takeoff compressors for use

with engine-powered construction equipment.
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When pricesincreasemore than 50percent,therateofsubstitutioncan be

expectedtodeclineand thedemand shouldstnbiIizebecausetherearc a eumbar

ofapplicationsinwhich theportableaircompressor performs a functionthatis

difficulttoperform withan alternativepower source. However, atsuch high

prices, it can be expected that less expensive alternatives would be developed

over time te replace the portable air compressor in more and more situations,

unless alternatives subsequently become more expensive due to Federal regulations.

Withinthelevelsunder considerationfor tileproposedstandards,Level

One correspondst_othe0.to20percentpriceIncreaseanalysis,and LevelTwo

correspondstothe20 to50 percentpriseincreaseanalysis.

Estimatesof requiredleadtimes foran Orderlyadoptionoftechnology

necessarytomeet Federalstandardsvaryfor oech ofthelevelsincludedinthe

proposed standards. BBN estimatedn leadtime ofsix months for compliance

forLevel One, whilethecompressor industryestimeted12 to24 months. For

thepurposeofthiseconomic impact analysis,itisassumed thattheregulation

willtakeeffecton January1, 1976. The estimatedreductioninsalesisshown

inTeble 9-11based on previouselasticityestimates.

Table 9-11

LEVEL ONE - ESTIMATED FIRST YEAR
UNTT REDUCTION FROM BASEUNE FORECAST-1976

Percent

Power" Source and Ca_oacit), Unit Reduction Reduction (%)

Gasoline Engine (all) 358 4.5
Diesel Engine, below 500 cfm 148 5.0
Diesel Engine. above 500 cfm 121 4.9
TOTAL _ 4.6
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BBN estimated a lead time of 18 months for compliance with Level Two,

while the indastry estimated much longer periods, For the purpose of this

analysis, it was assumed that the Level Two regmlatlon wou)d 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

I Percent

Power,Source and Capacit_" Unit Reduction Reduction (%)
Gasoline Engine (all) 2, i00 I 25.6
Diesel ]_gine, below 500 elm 742 [ 23.2
Diesel Engine, above 500 cfm 244 I 9,3
TOTAL 3,086 _ 22.0

These calculaltoanaxe baaedon pricesofquietedunitscurrentlyon the

market. To thedegree thatpricesaxe lessthancurrentones due toproduction

changeover making the quiet models the standard models, actual reductions in

sales will be less than the estimates in file tobies.

1%soaxee Costs

This discusston presents u summary of the resources that will be used to

meet t21e noise standard at each level. The resource costs are estimated in

three ways.

1. The annual lncreaan in capital cost required by end user industrtos in

the firstyear of enforcement.

2. The annual increased annual total costs of the end user industries in

the first year of enforcement.

3. The annual increased total costs of operation for a 100 percent quieted

populationofportableaircompressors.
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Resource Cost Factors i

The estimates of first-year capital costs forend user industries are

based on the increased purchase price paid and volume of purchases esti-

mated, The pricing is at the list price level. This measure represents

the additional capital that must be financed by end user industries duo to

the enforcement of the noise standard.

The resource cost factors included in file estimate of the total annual

increased cost for end users arc:

• depreciation

• capital costs

• transportation costs

• operating costs

• maintenance costs

These factors are discussed in greater depth in the Economic/Impact study

(Reference 8).

The analysis has developed both upper bound and n lower bound resource

cost eatim_e to bracket the range of costs incurred from quieting portable air

compressors at each level.

Level One. 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 Ce *ltal Costs
Portable Air Compressor

Ppwer Source Type and Capacity Lower Bound Upper Bound

Gasoline Engine, all cfm capacities $ 4, 839 $ 5, 1_.3
Diesel _glneo below 501 cfm ' 3, 579 3,809
Diesel Engine, above 500 cfm 11,397 12,092
TOTAL $'I_'B_ _'21.014

Note: $ Capital costs 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 ,'mnual cost increased for end user

industries after the adoption of a Level One standard In 1976.

Table 9-14

TOTAL ESTIMATED FIRST YEAR INCREASED

ANNUAL COSTS (IN THOUSANDS)
FOR END USER INDUSTRIES-LEVEL ONE-1976

Increased Annual Costs
Portable Air Compressor

Power ,Source Type and Ca pacit) r Lower Bound Upper Bound

: Gasoline Engine, all elm capacities 968 I, 022
Diesel Engine, below 501 cfm 716 762
Diesel Engine, above 500 cfm 2, 280 2,418
TOTAL $3, 964

Note: (1) Smnual total costs include depreciation, capital costs, trans-
portation cost, operating costs, and maintenance costs.
costs,

(2) Ten year, straight line depreciation of I0_/o per year is used.

(3) A return on investment or Capital cost rate of 10go of the
capital investment is used.

(4) There are no increased transportation costs associated with
Level One.

(S) The analysis indicates that there will be only negligible in-
creases in operating costs.

(6) Maintenance costs associated with Level One are projected
to be negligible.
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From the data in the table it can be seen flint the total estimated increased

annual costs for the first year of enforcement are estimated to be in tile range

of $3.9 to $4.2 million.

Level Two. Increased end user capital cost estimates in the first year of

enforcement after adoption of a Level Two noise standard in 1078 is presented

in Table 9-15.

Table 9-15

TOTAL ESTIMATED FIRST YEAR INCREASED CAPITAL COSTS

(IN THOUSANDS) FOR END USER INDUSTRIES-LEVEL TWO-1978

Increased Capital Costs ._
Portable Air Compressor

Power Source Ty_e and Capacity Lower Bound Upper Bound

Gasoline Engine, all cfm capacities 8, 378 11,749
Diesel EngIne, below 501 cfm 5,489 7, 454
Diesel Engine, above 500 cfm 13,997 15, 718
TOTAL _

Note: * Capital costs equal the adjusted forecast volume (lower
bound) and the baseline forecast (upper bound) multiplied
by the increased capital cost per unit.

Estimated tot.l annual cost increases in the first year of enforcement after

adoption of Level Two noise standard in 1979 are preson_d in the following

table (Table 9-16).
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Table 9-16

TOTAL ESTIMATED FIRST YEAR INCREASED ANNUAL COSTS
FOR END USER INDUSTRIES-LE_JEL TWO-1978

increased Annual Costs

Portable Air Compressor

_Power Source T_/pe and Capacit_ Lower Bound Upper Bound

Gasoline Engine, allcfm capacities i,723 2, 416
Diesel Engine, below 501 efm I,127 I,538
Diesel Engine, above 500 cfm 2, 943 3, 304
TOTAL _

Notes: (I) Annual totalcosts includedepreciation, capitalcosts, trans-
portation costs, operating costs, and maintenance costs.

(2) Ten year, straightline depreciationof 10% per year is used.

(3) A return on investment or capital cost rate of I0 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 coat 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 be in the range

of $5.8 to $7.2 million.

100 Paros_at Quieted Po/allatlan. Based on an extrapolation of the 1976 to

1978 portable air compressor population baseline, 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, 00O by 1990.

It has further been calculated that e Level One noise standard may result

In reducing the estimated 1990 portable air compressor population by about

0 percent. On this basis, it can be concluded thai the Level One total 1990

population will be approximately 133,000 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

101, 0OOunits.

Table 9-17 summarizes the increased annual operating cost of a 10O-percast

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

Noise Standard Lower Bound Upper Bound

Level One 34.6 36.6

Level Two 48.7 61.3

Of significance, it should be noted that:

1. Estimated Level One annual increased costs range closely from $34.6

to $30.9 million. Level Two cost estimates range more widely from

$49.7 to $61.3 million.

2. As the required noise emission level is reduced, the cost of quieting

increases. Although the total number of units at Level Two is less

than at Level One, estimated Level Two costs ave increased over Level

One by over 59 percent for the upper bound estimate and slightly over

74 percent err the lower bound estimate.
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Summary

The analysis of the cost of the resources required to quiet portable

air compressors indicates that:

1, The capital coats associated with sound attenuation are significant.

Total portable air compressor sales were approximately $90 million

in 1972. First year capital costs are projected to be appro_mately

$19.8 to $21 million for Level One and $27.8 to $34.9 million for

Level Two.

2. Total operational costs for a 100% quieted population will also be

significant. These operational costs are projected to be $34. 6 to

$36.6 million annually for Level One and $46.7 to $61,3 million

annually for Level Two.

Market Impact

The impact of promulgating nniso emission levels for portable air com-

pressors on the market and industry as a wilolo was discussed in greater detail

in Section 4 of this project report, tiowever, this discussion treats in a summary

form those impacts on file market that can be expected from the adoption of noise

control technology. Included in this summary are the Impacts on upstream

component suppliers, downstrea_l diairthniors, and end users,

Suppliers

General supplies to portable air compressor manufacturers will not

be adversely affected by the adoption of noise control technology primarily

because most suppliers to the industry derive only a small portion of their

business from manufacturers of portsble air compressors. The portable air

compressor induairyt due to its relatively small size when compared to its

component suppliersD 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: (1) engine manufaeturars_ (2) muffler manufaaturerst

(S) fan manufacturers, and (4) enclosure and vibration isolator manufacturers.
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Distribution

At Level One_ channels of distribution and portable air compressor

operations are not expected to materially change due to the noise emis-

sion standards.

Level Two will not cause channels of distribution to change. However, it

will have u greater impact on distributor operations. 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 shift toward more gasoline engine models.

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 pereant of total

operating costs of end user industries. Therefore, little, if any, changes in

portable air compressor end user industries are 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 will be a tendency to extend portable air compressor life through pre-

ventive maintenance programs.

Manufacturers

This discussion preaants additional impacts that are anticipated from the

adoption of noise standards on portable air compressor manufacturing

operations.

Level One. The analysis undertaken shows that there will be no need for

increased factory floor space. There will be miner investments required for

production equipment. It is 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 hire additional personnel to incorporate modifications in the

portable air compressors required by the Level One regulations.
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Level Two. The analysis of the impact of Level Two upon tile manufacturers

is not as clear as would be desired due to the uncertainty that tim manufacturers

themselves expressed as to what engineering, production, ,'rod employment

changes would be necessary to ensure that tlle recommended modification (con-

tained in Section 8) produces the level of quieting desired.

tlowever, estimates have been made as to the requirements for bmreased

factory floor space wtthto range from 10 to 50 percent. Increases in production

timowtflalso be necessary. These estimates range from 15 to 3,5 percent.

The estimated 27.7% decline in unit vohnne will have a definite impact on

the market. However, because manufacturers do not know file extent of the

engineering modifications that Level Two will necessitate, a quantitative analysis

of either employment increases or decreases cannot be made. He'.cover, a

general employment-forecast can be made as follows:

1. Firms having plants prhnarily engaged in portable air compressnr

production may bc faced with sizable layoffs due to reduced unit

volmne. An order of magnitude esttmato of the extent of the employ-

meat decrease is ten to _venty-five percent.

2. Firms with plants in which portable air compressors represent a

moderate portion of total production may be able to transfer some !

porduetion workers to other functions, and only nmderate employment

decline is anticipated. Some of these plants will be benefited by

increased sales of other air systems or hydraulic systems, An order

of magnitude estimate of the extent of employment decrease is flw

percent to tan percent.

3. Firms with plants in which portable air compressor represent only a

small portion of total employment may be able to transfer all affected

production workers to other functians and no decline in employment is

anticipated.
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Forei_,'a Trade

This discussion covers the impact cf the adoption of noise standards on

export and import patterns for portable air compressors. Noise regulations do

not apply to export products but do apply to products imported for use in Um

United States.

Exports

Domestic portable air compressor manufacturers will be able to e.xport

quieted and ueqaicted products to foreign countries, depending on the competi-

tive requiromants of the foreign market with respect to the noise regulations.

To the extent that some foreign markets require quiet compressors, domestic

manufacturers will be to an improved competitive position since they _wlll have

made progress in the application of noise technology to their products under

the impetus of noise regulation.

Study inputs from portable air compressor manufacturers indicated that

no changes in export patterns were expected due to noise regulations.

Imports

Imports anrrantly account for five to tee percent of total domestic portable

air compressor unit consumption. Imported portable air compressor prices

are generally competitive or lower than domestic manufacturer prices. However,

imparts have not si_lflcantly panctrated the United State portable air compressor

market because of lack of effective distribution networks, poor product quality,

in some instancan_ poor service and parts delivery, and intensive competition

by domestic producereo

At Level One, quieted imported portable air compressors are not expected

to make significant inroads into the domestic market. The costs associated

with quieting, plus the import costs would be more then the costs incurred by

domestic producers to meet Level One.

At Level Two, significant inroads into the domestic market could be made

by foreign firms. The extent of their market penetration will depend upon the

lead time given to meet the Level Two noise standard and price increase required.
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Some foreign firms currently produce some models that lmve noise omission

levels at or bslow Level Two standards. It appears thsL if _dcquate lead time is

not allowed for domestic producers to engineer and manufacture portable _r

compressors on a production basis, those foreign manufacturers may be pro-

sented a good opportun_tT to gain nn offectiw distribution system in tlle United

States. If this occurs, and their products sell at a price less than lhe Level

Two domestic produotp then their combined order of ma_mitudo market ponstra-

ties could range anywhere from 15 to 40 percent.

Estimates of what constitutes an adequate lead time vary, depending on

the source, from two to sb: years. Estimates of what constitutes n signlftc.'mt

price differential vary from 1 to 40 percent.

If adequate lead time is allowed snd domestic manufacturers t.mmin price

competitive at Level Two. no shifts in the domestic/import market share arc

expected.

Balance of Trade

Based on the factors reviewed:

1. No material impant on the balance of trade is anticipated from setting

Level One.

2. No material impact on the balance of trade is anticipated from setting

Level Two if an adequate load time is given _md domestic produoers

remain cost compcHtive.

3. A moderate impact on the balance of trndo ta anticipated from setting

Level Two ifadequatelendtimeisnotprovidedand domesticproducers

cannotremain pricecompetitive,

IndividualImpacts

Thisdiscussionaddressesdifferentialimpactsthatmay developaffecting

a singlefirm orset offirms.
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Small Portable Air Compressor Manufacturers

Small manufacturers may not have sufficient manpower and funds to allocate

to the larger and more costly development programs that will be required, flow-

over, at Level 0no, costs and quieting technology are not expected to create a

problem to which small manufacturers cannot adjust with adequate Iced time.

At Level Two some of the smaller firms in weaker financial positions may

be forced out of the portable air compressor n_arket. It has been estimated that

50 percent of tile firms with under $5 million of sales, currently operating at

losses, or employing less then 100 persons in their portable air compressor

operations are likely to withdraw from the market. These firms collectively

account for less than tan percent of dollar sales. The exit of half of these

companies from the market would not cause a dramatic redistribution of market

share. However, it weald cause a loss of Jobs at the local level in this industry.

Firms Expariano-,_ in Noise Teclmole_

Those firms having attained a degree of noise teehnelo6-y and currently having

quieted products on the market are much better prepared to meet the noise emission

levels suggested for study. This will give firms experienced in quieting technology

an advantage in the market for a limited period.

DlstrupUve Impacts

This discussion assesses the potential for disruptive economic impacts

due to the establishment of noise standards per so. It concerns real-world

impacts an opposed to impacts that arc a change in a forecasted future. With

adequate lend time and appropriate planning, business management is able to

adjust its plans to reflect changing conditions and to avoid adverse impacts on

its operations. Through adjustments in planning future over-capacity, unemploy-

ment, andotheradverse conditionsare avoided.

Assessment

The adoption of the noise emission levels suggested for study Will have the

following probaklo effects.

1. LevelOne - 1976. No disruptiveimpactsare indicatedstthislevel.

Cost changes are from ten to twenty percent. However, volume changes
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are minor from baseline conditions. The portable air compressor

industry would he expected to continue its normal growtii pattern with

a Level One noise standard, No unemployment would be anticipated.

2, I_yol Two- 19.77. Adoption of s Level Two st,'mdard will result in

estimated higher costs reflected in anbstantinl price increases (23.2

percent, 47.2 percent, and 20.5 percent for gasoline, diesel below

501 elm and diesel above 500 cfm units, respectively). It has been

estimated that this may result in an overall 27.7 percent decrease in

domestic portable ntr compressor demand. Portable air compressor

production shifts may occur in the small capacities to more gasoline

engine compressors. A shift may occur to alternative air sources

and competitive systems. Under Level "l_vo, the growth pattern of

the partable _r compressor industry may be curtailed. Some

unemployment can be anticipated. A Jmmary 1, 1978 enforcement

date for Level Two is considered inadequate lead time by many munu-

lecturers, if this estimate is correct, enforcement of the Level Two

time frame is likely to permit foreign manufacturers to establish

distribution systems and siguiticantly increase their penetration of

the domestic market.

Given the size of the portable air compressor industry, no significant

economic disruption wiU 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 IJased 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.

Table 9-10

SUMMARY OF ESTIMATED LIST PRICE INCREASES

List Price Increase (%)

Power Source Type and Capacity Level Oae Level Two

Gasoline Engine, all elm capacities 16.2 33.2
Diesel Engine, below 501 cfm 18.4 47.2
Diesel Engine, above 500 cfm 14.4 20.5
Average Price Increase 16.3 33.6

The price increases will be passed on to end users.

2. Unit volume may be affected as indicated in Table 9-19.

Table 9-19

SUMMARY OF ESTIMATED FU:tST YEAR UNIT REDUCTION
FROM BASELINE FORECAST

Power Source Type t Unit Reduction
and Capacity I Level One (1976) Level Two (1978)

Gasoline Engine, all cfm capacities I 358 2, 100
Diesni Engine, below 501 cfm I 148 742
Diesel Engine, above 500 ofm 121 244
TOTAL _ 3,0_

Level One may result in an overall 4.5 percent decline in unit volume.

Level Two may result in as much as an ovorafl 25.0 percent decline in

unit volume.

3. The estimated cost of noise abatement for portable air compressors is

presented below in Table 9-20.
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Table 9-20

SUMMARY OF THE ESTIMATED RESOURCE COSTS (IN MILLIONS)
ASSOCIATED WITH NOISE ABATEMENT

First Year of Enforcement 100% Quieted
Noise Standard Capital Costs Annual Costs Population

Level One - 1976

Lower Bound :Estimates $ 19.8 $ 3,9 $ 34. 6
Upper Bound Estimates 2i. 0 4.2 36.6

Level Two - 1978

Lower Bound Estimates 27.8 5.8 46.7
Upper Bound Estimates 34.9 7.2 61.3

4, There will be little effect on upstream cmnponcnt suppIiers. Distri-

butors and end users will be affected in that alternative air sources

anti competitive systems will become a more important factor in working

on or moving material.

5. There will be no effect on factory operations at Level One. Level Two

nmy require more floor space and assembly time mud possibly some

production line cbanges.

6. No unemployment is expected to occur due to Level One. Moderato

unemployment in isolated localities may occur is Level Two is adopted.

7. No changes In export patterns will occur becanse of noise regnlntions.

Import patterns are not expected to change due to Level One. Imports

may significantly penetrate tile domestic market with a Level Two if

adequate lead times are not established and domestic manufacturers

emmet producta unltthatisprice-competitivewithimported units.

S. IfLevel Two isadopted,some small manufacturerswithweek

finunclalpositionsarelikelytowithdrawfrom theportableair com-

pressor market.
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9. There is a potential for disruptive impacts from adoption of a Level

Two noise standard. I_owcver, no sigaific_nt impact will be transmitted

to the national or a regional economy.
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Section 10

EVALUATION OF I_ORTABJ.,E AIR COMPRESSOR NOISE ON PUBLIC
HEALTH A.ND WELFARE OF TItE UoS° POPULA.TION

Pursuant to the Noise Control Act of 1972_ EPA has selected and published

noise measures believed to be most useful 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 ltpubltc health

and welfare H includes personal comfort and well being, as well as the absence

of clinical symptoms {e. g., hearing less). Using information published in

References 1 and 2_ an analysis has been conducted to assess the effects of the

proposed alr compressor regulation on the public health and welfare of the

United States population,

The approach taken for the analysis was to first evaluate the effects of tlm

proposed air compressor regulation alone and then in combination with other

possible regulations for other pieces of construction equipment, since air com-

pressors are ofthn operated with other equipment.

The methodology presented in Api:_ndix B has been applied to the specific

case of construction noise tn evaluate the potential effect of the portable air com-

pressor proposed noise on the public health and welfare. The basis of the

analysis has been the model presented in Elba Report No. NT[D 300, 1. [ 2]

The nnR]ysis that follows considers construction associated with residential

and nonresidential buildings, city streets and l_tbltc worlm that notunally occur

in places where the population density is high. Heavy constructton_ such as high-

ways and civil works s has been omitted from the study since the bulk of this

activity generally occurs in thinly populated areas where the potential noise

effects on people are minor. In the framework of the analysis, construction is

viewed as a process that can be categorized according to the type of omtstruc-

lion and the separate and distinct activity phases that occur.
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The basicunitof constructionactivityisth•construction•Ire,A construction

•Itsexistsinbothtim• and space, Four differenttype•ofconstruction•ireswere

evaluated in the analysis:

i. Domestic housing and rnsidential

2. Office Buildings, hotels, h•spttals, school•, government buildings, in-

cluding hlghri•e

3. Industrial, perhthg garage, r•liginss monuments, amusement and

recreation, stores, service stations, but no highrls•

4. Public w•rks, municipal streets nud sewers.

Constract2on activity is nsrried •ut in several discrete steps, each of which

hasit•own mix •fequipmentand attendantnoiseoutput.The phases•fcon-

strustion studied were those •f Reference 2. The data presented in Reference

2 have been nd•pted for the present analyst•, since they provide •11 the necessary

input for deriving the variati•n in noise output wRh time. Basically, the pr•cesb

involved in d•r_ving the noise hist•ry at eadt site consists •f id•ntifying the

equipment f•und at each site in each constructl•n activity phase in terms of:

• The number of equipment types typically present at the site laa given

phase

$ 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, c and d.

The usage factors presented in Table 10-1 were combined wRh the typical

number of hours, H, 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(b)

USAGE FACTORS OF EQUIPMENT IN NONI%ESIDENT£AL CONSTRUCTION:: '
($19OK-40OOK)

Equipment_,__ Construction Phase

o .-_

._.

_ _ .

Air Compressor [81] - 1.0(2) 1.0(2) 1.0(2) .4(2) 83.4
Backhoe [85] .04 .18 .4 .04 78.4
Concrete Mixer [85] .4 .4 .18 79.1
Concrete Pump . [82] .08 .4 .08 74.3
Concrete Vibrator [76] .2 .2 .04 66.9
Cr_ule, Derrick [88] .16 .04 75.9
Crane, Mobile [83] - - . 16(2) .04(2) 73.9
Dozer [87] .16 .4 .16 77.9
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 .18 69.9
Paver [89] - . I 69.7
Pile Driver [101] . I - - 84.8
Pneumatic Tool [85] - .04 .16(2) .04(2) 76.2
Pump [76] 1.0(2) i.0(2) .4 75.4
Rock Drill [98] .04 . OO5 78.0
Roller [74] .1 54.7
saw [78] - :'o4(3)1.0(3] 78.4
Scraper [88] .55 - 73.1
Shovel [82] - .4 - 71.8
T_ek [88].16(2) .4 - - .18 79.2

L per site during work periods = 90.9 dBA
eq(5O')

Hrs. at site 80 320 320 480 160 Z = 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 usage.

*,:_ Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.
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Table 10-1(e)

USAGE FACTORS OP EQUIPMENT IN INDUSTI{[AL CONSTRUCTION*
($20K-S20K, no high-rise)

Equipment** Construction Phase

Air Compressor [811 0 I.0 .4 .4 .4 78.2Backhoe [85] . 4 .16 .4 - .04 76.4
Concrete Mixer [85] .4 .IS .18 77.3
Concrete Pump [82] - .05 .16 .08 70.9
Concrete Vibrator [76] - .2 .i .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 82.2
Jack Hammer [88] - .I .04 ,04 .04 75.2
Loader [79] .16 .4 .04 69.4
Paver [89] - . 12 70.5
Pile Driver [1Ol] - .04 - - 80.8
Pneumatic Tool [85] - - .04 .I(3) .04 76.0
Pump [76] - .4 1.0(2) .4 - 53.1
Rock Drill [98] .02 .003 75,1
Roller [74[ - - .I 54,7
Saw [78] - .04(2) .I(2) - 67.5
Scraper [88] .14 - - .08 70. 5
Shovel [82] - .4 .06 72,I
Truck [88] .16(2) .26(2) - - .16 78.5

L per site during work periods = U_. 8 dBA
eq (50') '

Hrs. at site 80 _20 320 480 160 _ -- 1360hrs
170 days

Total Number of sites = 50,000 (Tables X'and B-I of Reference 2)

I * Numbers in parentheses represent average number of items in use, if that
number is greater than one. Blanks indicate zero or very rare usage.

I ** Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.
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Table lO-l(d)

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS CONSTRUCTION_
(Municipal Streets and Sewers)

Equipment ,_* Construction Phase

o
oO _ ._

Air Compressor [81] 1.0 1.0 .4 .4 .4(2) 79.0
Backhoe [85] .04 .4 - .18 74.4
Concrete Mixer [85] . 16(2) . 4(2) .16(2) 80.7
Concrete Pump [82]
Concrete Vibrator [76] - - -
Crane, Derrick [88] .1 .04 .04 73.8
Crane, Mobile [83] - - - . 1S - 69.7
Dozer [87] .3 .4 .2 - .18 79.{;
Generator [78] 1.0 .4 .4 .4 .4 74.9
Grader [85] .08 - .2 .08 74.1
Jack Hammer [88] .5 .5 - .04 .1(2) 80.7
Loader [79] .3 .4 .2 - .16 71.6
Paver [89] 0.1 .5 81.4
Pile Driver [101] - - -
Pneumatic Tool [85] - .04(2) . 1 .04 72.6
Pump' [76] .4(2) 1.0(2) .4(2) 75.7
Rock Drill [88] .02 - 82.6
Roller [74] - .01 .5 .5 67.4
Saw [78] - .04(2) .04 - 63.4
Scraper [88] .08 - .2 .08 .08 78.2
Shovel [82] .04 .4 .04 - .04 7i.I
Truck [88] .18(2) .16 .4(2) .2(2) .16(9) 84.6

L per siteduringwork periods = _I.1 dB_:
eq(50')

I-Its. at site: 12 12 24 24 12 Z= 84 hours
1O 1/2 days

Total number of sites - 338, 690 (Table XIR 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.
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work period. For the purpose of this am_dysth, 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 establish a base net of data.

The Leq ubteined using the model was converted to an Ldn for a 24-hour

day and then converted to an annual Ldn by adding 10 log (Ig(8 x 365)). Thus,

each construction sRe was viewed as a complex noise source with a fixed annual

value cf Ldn. The analysis was repeated for each type of site,
The human imp4ctofconstruct-tennoisewas broughtintotheanalysisby

use of the data presented in Reference 2 with regard to the number of construction

sites cf various types in a number of geographical regions, as well as the dansity

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 buildtag category, the

transfer of people from the suburbs to the central city daring the average work-

lng day was considered by adjusting the population data, consistent with the

model presented in Reference 2, which is sumnmrized in Table XI of the Refer-

enos. This adjustment wan necessary to account for the fact that most construc-

tion incitiesocnsrsduringtheworkingday. Thus, populationestimateswere

obtainedfor20 differentcases correspondingtothefourconstructiontypes

(rcsidnsttalbuildings,non-realdantials,municipalstreetsand publicworks)

and five categories of regions:

1. Large higl_dcnsity central city

2. Large lov,_-dsnslty 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 the propagation of site noise into the community.

Inresldnstlnlareas andotherlightlybuiltup areas,noisewas assumed tobe
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attenuated at the rate of 6 dB per doubling of distance. Accordingly, around

each site there exists a series ef annull each of which represent successive 3 dB

areas of greeter attenuation. A mean noise level Ldn (Annual Ldn ) was associated
with each annulus as well as Lhe urea in square miles. The latter figure when

multiplied by the population density typical of the region yielded the number of

people, P, ea the average, living within that annulus. It was assumed that on

the average, only half of these people were affected by the noise because it is

reasonedthatonlyhalfof the rooms instruetureinproximitytothe siteface

thesite. Thisassumptionappearsreasonablebut must be recegnizedassome-

what arbitrary.'

Inthecase ofofficebuildingcategery,a differentmodel was considered.

Fer thissituatien,itwas assumed thlttnoiseconfinedina builtuparea isab-

tenuatsdby only3 dB per doublingofdistancedue tothecanyon effecti61 forthe

first400 featand thenattenuatedby 6 dB beyond the400 feet,sinceat thatpoint

noise is free to decrease by classical spherical divergence. Fur ther, it was

assumed that only 2G_ of the people in each annulus were affected by the con-

struetion noise since in most office buildings not all the rooms have outside ex-

posure. This assumptionappearsreasonable,butitissomewhat arbitrar].

Inthecomputationofthe fractionalimpact(FI)associatedwitheach annulus

aruasdtheconstructionsiteforofficebuIidtagsand for industrialalien,eom-

putatlunswere performed relativetoan exteriorLdn ofGG dB ratherthanthe

55 dB assumed for residential areas and public werk areas. The rationale for

this assumption was that in office buildings adjoining cnastruction sites, windows

are normally closed rather than open, which increases the neise reduction be-

twann outside and inside from 15 dB to 2G dB (Reference 30). Thus, the additional

10 dB.

From knewledge ef the various :frastinnal impacts and number of people as-

sociated with cash annulus, the equivalent population impacted at 100% fer each

annulus was ebtained and then summed te obtain the total impact (Peq). *
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From knowledgeof thevariousfractionalimpactsand number ofpeople

associatedwith each annulus,the equivalentpopulationimpactedof100% for

each annuluswas obtainedandthensummed toobtainthetotalimpact(PoqL *

Computationswere performed forseveralconditions,witha baseline

conditionestablishedusingthenoise levelsofallconstructionsiteequipment

listedinTable 10-1. Also computed were conditionsinwhich portableMr

compressors were reduced to levels of 70 dBA, 73 dBA, 70 dBA, and 65 dBA

at seven meters from the compressor housing. Since new truck noise regula-

tions currently being formulated will, in time, cause lower truck noise levels

at the construction site, the effect of the combined reduction of portable air

compressors and new truck noise were additionally evaluated. The effect of

reducing portable air compressor and new truck noise levels are summarized

in terms of Ldn and Peq in Table 10-2. The effects of the change on the
United States population are anmmarlzed in terms of P in Table 10-3.

eq
Figures 10-1 and 10-2 ilave been prepared from the data of Table 10-3 to

better show the impact of reducing new portable air compressor and now truck

noise levels.

Figure I0-1 shows that for portable six' compressors, noise reduction at

theconstructionsite, only,a sizable(approximatelyII_)impactreductionis

achievedforportableair compressor noisereductionto76 dBA at7 meters,

whilelittle(approximately1_oaddit2onaireliefisobtainedfor furthernoise

redactionto65 dBA at7 meters.

*P is numericallyequaltotheequivalentnumber ofpeoplewhich have n
fractionalimpact equaltounity(100%Impacted). See Appendix B forfurther
details.
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Table I0-2

SUMMARY CONSTRUCTION ACTIVITY Ldn @ 50,and Peg
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Table 10-3

TIIE EFFECT OF CHANGE ON THE UNITED STATES POPULATION
DUE TO TIlE PROPOSED PORTABLE AIR COMPRESSOR

AND NEW TRUCK NOISE LEVELS

Percent
P Heduction

eq

Baseline date, 1974 1,042, 000 0

Only Air Compressors Reduced

a) 72 dBA @ 50' 927,484 10.99
b) 69 dBA _ 50' 919, 635 11.74
c) 66 dBA @ 50' 915, 670 12.12
d) 61 dHA @ 50' 912, 936 12.39

date, 1977: Trucks reduced 83 dBA

a) Air Comp @ 72 dBA @ 50' 730, 423 29.90
b) Air Comp @ 69 dBA @ 50' 721,408 30.76

date, 1983: Trucks reduced 75 dHA

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 45.36
@ 61 dBA 556, 033 46.64

BaseD.he date, 1983

Trucks at 75 dBA @ 50 t 666, 790 0

a) Air Comp @ 72 dBA 569, 554 18.26
@ 69 dBA 562, 501 19.27
@ 66 dBA 558, 903 19.78
@ 61 dBA 556, 033 20.20
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fn view of the results of Figure 10-1, Table 10-d shows that construction

site noise impact relief, after portable air compressors are reduced to 75 dBA

at 7 meters, is obtained an the result of new truck noise reductions. Specifically,

shown by the data is:

I. When truck noise at the construction site is reduced to 83 dBA, tile

percent impact reduction of construction site noise increases to

approximately 30%. Tilts represents an approximate 19% additional

(ever the compressor reduction alone cane) Impact relief.

2. When truck 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 case) impact ratter.

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

significant and desirable impact relief. Table 10-4 has been prepared to abow

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 abown in the table, for comparison, is the

contribution to construction si_e by current compressor noise levels. Shown

by the data oE Table 10-5 in that when portable air compressors arc reduced to

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 acoustic energy,

! from the 2ad noisiest source after trucks at present to the 15th noisiest piece

of equipment comprising the hardware mix at a typical construction site.

!i
r
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Table 10-4

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 Construction Site

Noise

Portable Air Trucks

Compressor

8S 88 0

76 88 ii

76 83 30

76 75 45

10-14



Table 10-5

CONTRIBUTION OF PORTABLE AIR COMPRESSSOR NOISE
TO CONSTRUCTION SITE NOISE

Percent of Site Noise Rank at Site

Compressor Compressor Compressor Compressor
Noise Noise Noise Noise

Site at 88 dBA_' at 76 dBA _:''_ at 88 dBA_:' at 76 dBA _:'_:'

Residential 5.0 i.0 7th 16th
Public Works 6. i I. 0 7th 16th
Industrial lO. 7 I. 0 3rd 17th
Non-Resldential 17.8 i.0 2nd 17th

L

Current average level at7 meters of all compressors.
#_:,Proposed average level at 7 meters.
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Section 11

ENFORCEMENT

Enforcement of new product noise emission ai_mdards applicable to new

portable air compressors may be accomplished through:

• Certification or prodnctlon verification tasting of compressor config-

urations.

• Assembly line testing using continuous testing (sample testing or 100%

testing).

• Selective enforcement anditthg of production compl'eanors and in-use

compliance programs.

The predominant portion of any certification or production verification

testing and assembly line compressor testing can be carried out by the manu-

facturer and audited or confirmed by EPA personnel as necessary.

Any test used for certification or production verification testing and any

test used for assembly line tenting of production compressors should be the

sin-an test or else should be correlative so that compliance may be aceurataly

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 test code.

CERTIFICATION

Certification is the testing of selected prototype products by a manufacturer

or by EPA to determine whether the products conform to a standard. Certifica-

tion serves tile purpose of verifying that a manufacturer has the technology ia

hand and, when required, It may be used to verify that the applied technology

will last for some period of usa.

Certification may involve the testing of every configuration of a manufac-

turer's production to verify whether each conforms, or configurations may be
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grouped into categories having similar emission characteristics and so that

only selected configurations are tested, Tile configurations tested are then

considered representative of the other untested configurations in a category.

Tile concept of certification has associated with it the issue of approval

certificates by EPA after 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 masufncturer's

product, Tile ability of a manufacturcr to apply the technology to a proto_pe

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 masufac-

turing process. The tested pilot line models (or first production models) must

conform 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 mW manufacturer configuration, as defined within the

regulations, the configuration must undergo production verification, A com-

pressor model would be considered to have been production-verified alter the

manufacturer has shown_ based on the application of the noise measurement

tests, that a configuration or configurations of that model conform to tile

standard. Production verification testing of all configurations produced by a

manufacturer may not ba required when a manufacturer can establish that the
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noise levels of some configurations within a model are consistently higher thin1

others or are always representative of other configurations. In such n case, the

higher emitter would be thn only configuration requiring verification. Manufac-

turers must revarify whenever thny implement angineaning changes to their

products after initial verification that ann likely to adversely affect noise

emissions. Additionally, further testing on soma continuing or other periodic

basis or production line products will still bc necessary to assure, with some

confidence, that all products being manufactured conform to tile standards

prior to being distributed into commerce.

Production verification provides EPA with confidence that production

models willconform tothe stnndardsand limitsthe possibilitythatnonconform-

ing compressors willbe distributedincommerce becauseinitialtestingis

performed on pilotlineor firstproduction,models. Because thepossibility

stillexiststhatsubsequentmodels may notconform, assembly llnecompressor

testingshouldbe made a part ofany enforcementstrategy,todetermine whether

productioncompressors continuetoactuallyconform tothestandard.

ASSEMBLY LINE TESTING

Assembly llnetestingof a productioncompressor isa processby which

compressors, ms theyare completedonthe assembly line,are testedtodeter-

mine whetherthey conform toapplicablestandards. This determinationanto

whetherproductioncompressors comply withthestandasdcanbe made by the

usa ofeithercontinuous100% testingofnewlyassembly compressors or by

testingof representativesamples ofnewlyproduced compressors and drawing

inferenceswithregardtothe conformitywiththestnndardofother newly

assembled compressors. Inthecase ofthe productionofnominallyidentical

compressor configurationsexhibitingthesame or similarnoiseemission cbar-

nctanlstlcsthroughthe'applicationOfthesame or similarnoiseattenuationtech-

nology,theuse of sample testingisa rvalisttoway ofdeterminingcompliance

by otheruntestedcompressors producedby a manufacturer.
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Continuous, 100-Percent Testing

In tim absence of a short inexpensive test, 10(}-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, I00-porcent testing is not proposed as a primary enforce-

ment tool: however, 100-percent testing may be required should a manufnctnrer

be discovered to be producing compressors in violation of the regulation.

Sample Testing

Sample testing involves the testing of a percentage of compressors on some

continuousbasis,timauditingofproductionIinecompressors on some random

basis,or forspecificcause. An auditingstrategywould enableEPA todeter-

mine ifproductioncompressors meet any promulgatedemissionstandardsand

would providea deterrenttotlm distributionincommerce ofnonconforming

products. An auditingstrategyinvolvesthe random testingofa representative

number ofproductioncompressors. Because thenumber ofcompressors tested

under an auditingstrategyisnominal,thecostand effortassociatedwith

implementationof such astrategyforaconformingmanufacturerisonly n

fractionofthecostofaprogram involvingcontinuoustestingbecausefewer

compressors are involved.

Any sampling strategyadoptedby EPA would not attempttoImpose a quality

controlor qualityassurancescheme upon n manufacturerbut wonldmerely

audittheconformityofhisproductsand would providendeterrenttothedis-

tributionincommerce ofnon-conformingproducts.

ENFORCEMENT ACTION

The prohibitionsintheAct wouldbe violatedwhen:

• The manufacturerfallstoproperlycertifyor verifythe conformance

ofproductioncompressors.
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t Where it is determined on the basis of assembly line testing or other

information that nonconlorming production compressors are knowingly

being distributed into commerce.

• When the manufacturer fails to comply with an Administrator's order

specifying appropriate relief when nonconformity is determined,

REMEDIES

In addition to the criminal penalties associated with violations of the pro-

hlbttions 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 raanufacturer recall products distributed into commerce

not in conformity with the regulations and that n manufacturer effect any remedies

whether or not the manufacturer had knowledge of the nonconformity. Such

recall orders would be issued in situations in which assembly line testing

demonstrated that compressors 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, that the compressor possesses noise attenuation devices, and that

such items should not be removed or rendered inoperative. The label should

also indicate the associated liability for sucb rcnmval or rendering inoperative,

IN-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 standards should therefore extend over
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tim life of the prodants, as authorized by the Act. Several compliance strategies

can be used to ensure the maintenance of standards. Tile manufacturer is

required (by Section 6 (d)(1)) to warrant for the lifo of the compressor that it

conformed to standards at tile time of initial sale. Recall is on appropriate

remedy (under Section 11(d)(1)) to require the manufacturer to remedy a class

of compressors that fails to conform while in actual use. despite proper main-

tenance and operation. The t_unperthg with noise emission control devices and

elements of design is proidbited by Section 19(a)(2). Finally, the manufacturer

can be required (by Section 6(o)(1)) to provide instructions to purchasers

specifying the m_dntennnce use, and repair to keep the compressor within

standards.
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Section 12

ENVIRONMENTAL EFFECTS OF PROPOSED REGULATIONS ON
PORTABLE AIR COMPRESSORS

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT

Tile proposed regulations will immediately 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 new truok noise regulations,

the number of people relieved of lmps ct will be 474,000 (approximately). These

regulations are a first step in a comprehensive noise abatement effect aimed

at reducing the total environmental noise to which the popalatloa Is subjected.

The composite impact of all Federal noise emission regulations will be aimed

at a level of environmental noise consistent with protecting haman health and

welfare.

Studies have been conducted to estimate the rnducttun in noise levels and the

number of people who will benefit as a 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 effects on water

quality or sapply.

IMPACT RELATED TO AIR

These regulations, when promulgated, will have only a slight impact on

air quality.

One of the engineering methods that will be utilized to quiet portable air

compressors is the installation of a more efficient muffler to reduce noise
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emissions. This will cause nn increase in the back presssra and will reduce the

efficiency of the power source from 1 to 9,%. Sources differ concerning tile

increase in hack pressure and resulting increased fuel consumption. Additionally,

technology studies have been done that indicating that wifi| the appropriate

rccngincerisg of portable air compressors to anslflc them to comply with the

noise emission regulations t fuel economy and efficiency will improve rather

thau deterlorate.

There also exists a possibility of market slflfts from gasallne-powered to

diesel-powered portabTe air compressors, which depends to a largo extent upon

the elasticity factors discussed in Section 9. If these shifts occur in favor of

diesel-powered compressors, total air emtsslans will be substantially reduced.

There also exists the possibility of a reduction of total 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 occurs, then there will be a eorL'esponding decrease la pollutants

emitted.

At this time, based on the interrelationship of: (1) potential increase in

fuel consumption, {2) elasticity of the market, and (3J potential total unit volume.

redaction, the possibility of tha portable air compressors having an adverse

effect on air quality Is asgltgthle.
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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 u regulation for new portable

air compressors, wl_tch EPA might establish under Section 6 of the Noise Control

Act, was publishedinthe Faders1Register.There were tensubmissionstothe

ANPRM docket,fourofwhich requiredno responseas thecomrnentereithermis-

interpretedthepurposeoftheANPRM, requestedan extensionoftime tosubmit

comments, or providedno information.The remainingentries,with theexcep-

tionofthatsubmittedby RichardH."Glmer (theWashingtonCounselfor theCom-

pressedAir and Gas Institute,whose members manufactureapproximately85%

of thesircompressors soldIntheUnitedStates),are notspeclflcallyaddressed

tothe23areas ofinformationsolicitedintheANPRM.

Insofaras possible,anefforthasbeen made inanalyzingthedocket todls-

ttngulehbetweeninformationand issuescontainedin tl_responses. The attached

docketanalysisIsorganizedas follows:

I. Summary Index- (citingspecificreferencestothedocketentryinthe
Informationand IssuesSection)

2° InformationSection(pages1-19)

3. IssuesSection(pages20- 36)

Docketentriesare availableforpublicInspoctlonattheOfficeof Noise

Abatement and Control, Environmental Protection Agency, 1921 Jefferson

Davis Highway, Arlington, Virginia 20460.

r INFORMATION CONTAINED IN DOCI_ET

Compositionoflndustt"T and ConditionsofProductUse

--_ ManufacturerData (ANPRM #151

P.K. Lindseystatedthatwhilenotone ofthelargerU.S. manufacturers,
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TABLE A-I

SU_'IMARY INDEX OF DOCKET RESPONSES

Docket

Analysls

Docko_ II Name of Respenden_ Ty_e of _e_p_nden_ Oi_est of Co_nents References *

C001 Alabama Tire Dealers Trade Association _llsin_rpreted ANPPH: addres_d None (fie cotmment$
and _etreader_ Am;o- co_en_s co alr pumps used for requlr_d

e_ncion inflating tires,

C002 Environmental Pro- Locai Gov0rnm_n_ l) Subtnltted copy of N_W York l, Informacion

tee£1un A0enc_. City Code (Includes noise emhB- A3, B2, el, D3
of New York sfon sLaildards for sale o_

air compressors).

2) Suggested noise omis_lon If, 7S_U_e£

s_andards for now portuble B6, O7

air compressors

i_ 3) Recommended recrofl_ pro
t_ Gram.

J C003 P.K. Lindsay Compony, Nanufaecurer , i) Submlgt_d Informacion on I. hlforma£1on

Inc. Deerflold_ tloi_e levels and Spe_lfl- Al, Bl, B_

_ew Hampshire cations of Company's com-
pressor models.

2) Nai_talned noise redue_io. II. Issues

Oepe.(]e.c o_ qufeter en 7 A2, BO, B7

3) Que_tfot,eO selection of air

compressors rather tha_ all

¢on_truc_lo_ e_u_pmefl£.

_) Advocated scandard no lower.
tha. 55d_A a_ 7 _ers and

r_aso_obl_ lea_ _ime for _om-

pliance.

, O004 Departme._ of E_vlron- S_ato Government Oevolo[li_ ¢onscruc_ion sloe Id Informacion
Mental Conservaclon, noise regulacion which is antic- Cl

State of New York pared to bun performance _and l

ar4 setting decib_l limits at

i f|xed distances from eons_ruetlo_

Bl_e_ based on u_Ullllt1_ proparcy

• Refer to seeCions of Appendix A



TABLE A-1 (aonHnued)

SUMMARY INDEX OF DOCKET RESPONSES

Dockec

Analysls

Docket # Name of RnsD_ondenc T_zpe_of Re_ponden_ Di_est of Corwents References

COOS World Construction Con!;tructlon Trade Publication Submitted copies of two
edltorlaia_

,I) arg)!ln_ _or consiscency Z. lnformaClon

and local air compressor AS, Cl_ C2

DOlCe regll] ;t_ io_ts,

b) fneJodhl G chart on exist- I[. ISSUES
lag Ânrernnclo.,ll 0nd g2, BS

U,S. elites permissJbl_
r.ound J_vt'ls for COt:I~

prcss_rt),

.C006 P_bert Deggs Private citizen Misinterpreted ANP_M: (re- None (no cormr_nt

quested t_anscripts of required).
hearlng proceedings) .

C007 G0neral Motors M_nufacturer Asked for axtonslon of None (no comment

Corporation comment psr_od raqu£rsd),

C008 Cun_Ins Eng£ne Company) Engine Hanufactuer Indlcated had very limited /lone (no cobb.eat

Inc, information on portable air required),

col_pr_f_or8 d_ll ll_.d tossed
cor_';!o,3t_ to drew t_t_(l_ dock,!t,

C009 Portable Compressor Hnnu[aeturer 1) Recommended mazdmum I. Information
Divlslon) Ingersoll- uilencht_ of 70 dGh B3, C2

Rand Company at 7 meters,

2) Contested nolse levels II, I_uns

of P,%C._ and esci_ted _2, 87
,_verage ¢0pt_ re achieve

levels concalnud ir_ _B,_

dralt reporl:.

3) Contested specific _ata-
mt!nt contained in draft

A. T, Kearny Report.



TABLE A-I (oontinued)
SUMMARY INDEX OF DOCKET RESPfN SES

Docket

hnal)'s_s

D_ekeg 0 Nam.____of Respondo_ TYpe o[ Ros_onden_ Digest of CommontA Re_ences

COIO Richard A. Glmer Counse_ for Compressed Air LenGthy entry dlvSded tote I. Information

& Gas Institute (CAGI mere= g[merui _ssue_ and spe_Iflc AI, A2, A3,

burs mnnofactnrc.r approxl- responses to _uggasced areas A41 AS, _l,

m_cly 8_% O[ cuppreasors o_ In[orm.ltlos so%Iclt_d in B2p B3, b4,

sold in U.S,) ANPR![ Provlsn: CAGI and I_$ Rb, B6, C],

_llbur_ pro_sme e_i_r_t..tor, C2, Di, D2,

NiiS reports _c, u_ed in D3
dt!vel_piog rel;ulnclon tIill

be tmldo avafl0ble for ]lull]l_
It.vlew _"n4 eol_.uenc.

G__.n_r a ] I ss,__j92_:

i) No f|_dlng bus )'et b_en made_[tat portable a_r compressors

#_ ore major nOlSC sources _trld

_bould be sub_ec_ed to manda-

t_ry _o_s_ emi_'_h_n s_:andard_-

appears EPA detcrmlned Com-

pressors a_ "e,_oJor nO_S_

source.q" o, an rid. [,pc basis.

2) EP_ slmuld p1_¢e prl_,,_y e_-
pba_ls on _afe_y factors l_

dt._ermlolng no_t_ emission

t_tand,_rds t'ather than l_tcle._

the best av.lilab_e tee.hi%elegy
dic_oCe _ho s_afldard_ a_: _A

appoa_s _o be doing.

3) Incornal combustion cnglnes should
he snbJecC _o noise emiss_o, limiC$

Speclf$c Responses to Su_es_.od Areas of _th_ tha. shlf_ng _gulato_y burthen
- to engine-powered machines and equ_p-

_ formation menC.
Entry responded to 15 o[ t),_ 2_ _ggOB_ed

areas of |nfo_matlOn. _) Advocated r_ten_lon of CAG_-PNEOROF

TeS_ Code _s EPA M_asuremet%_ _te_h_doloRy.

5) EPA should consider conditions of USe of

pr_du¢%.



the Company's ].973 sales exceeded $2 million. The Comp,'my manufactures sir-

cooled compressors of their own design and performs the machining and fabrica-

tion of the compressors, chassis, air tanks and housing in their own plant.

Gimer stated thai members of the Compressed Air and Gas Institute's

Portable Compressor Air Section manufacture approximately 85% of the compres-

sors sold in the United States. The twelve members of this national trade asso-

ciation representingportableaircompressor manufacturersare AtlasCopco,

In c. ; Chicago Pneumatic Tool Co. ; Decay Compressor Co. ; Gardner-Denver

Co. (Quincy Division); Gordon Smith & Co., Inc. ; Ingersoll-l:_and Co. ; the

Jaeger Machine Co. ; Joy Manufacturing Co. ; Le Rot Division--Dresser Industries,

Inc. ; Quincy Compressor Division, Colt Industries Operating Corp. ; Schramm,

Inc. ; and Worthlngtor_CEI, Inc.

Recommended Methods for Clnssifyin_ Portable Air Compressors
(ANPRM #13)

Gimer commented that portable air compressors have historically been

classified by power source (diesel or gas) and by output measured in cfm.

Typical caiagories arc noted in Table A-2.

Table A-2

CAGI SUGGESTED CLASSIFICATION OF COMPRESSORS

Gas Powered Machine (2) Diesel Powered Machines (4)

75-124 CFM 125-249 CFM 600-899 CFM

1 125-250 CFM 250-599 CFM 900 and over CFM
!

! Number and Type ofPortableAir Compressors,ln-Ssrviceand Sold
(ANPRM #9)

elmer stthmittod the following data compiled by the U.S. Department of

Commerce, CAG! and EPA contractors:
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• For the seven-year period 1966-1972, approximately 72_ 0OOportable

air compressors were shipped (approximately 51, O00 were gasoline

engine powered, the remainder were diesel powered).

e Total sales during each of seven years ranged between 9,600 and

12_300 units.

• Approximate annual dollar value of shipments: 1970~-61.5 million;

1971--64.2 million; 1972--78.1 million.

The City of New York commented that it is estimated in New York City alone

there are approximately 5_000 sir compressors available for use.

Portable Air Compressor Typical Duty Cycles (ANPRM #12)

Glmer pointed out that a high percentage of portable compressors are used

for less than one day in any particular location and submitted following estimates

on duty cycles:

• On the average, portable air compressors can be expected to work a

normal cycle of 60 to 7,5%on full lend requirement and 20 to 40% on a

no-load roqniremast_

• Smaller portable units {up to 501 CFM) normally accumulate an average

of 1,000 operating hours per year and larger units (over 500 CFM)

1,000 to Is 500 operating hours per year.

Types of Activities in Which Portable Air Compressors are Used t Number
Used at One Time and Contribution to Total Noise of These Activities
(ANPRM #16 and #17)

Gimer commented that, in most instances, portable air compressors are

used to power other devices that in turn perform a particular work application.

Depending upon the size of the unit, the task to be accomplished, and the nature

of the job site, anywhere from one to twelve portable air compressors might be

utilised In a single location at one time. If a Job situation required three or

more portable air eompressors_ they would probably be widely dispersed.
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Gimer further stated that ill 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 also 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
Dmnestic Portable Air Compressors (ANPRM _11)

P K Liudsey submitted the following chert (Table A-3) of noise levels

produced by current production units of their eight compressor models

Table A-3

NOISE LEVELS OF P. K LINDSAY COMPRESSORS
SOUND LEVEL READINGS IN dBA

COMPRESSOR
MODEL 1 meter 5 feet 7 meter 50 feet

15-HU 89 87 75 68

25-HU 98 88 77 71

T-40HA 95 93 81 75

55-H 94 92 79 73

80-H 96 93 81 75

125-ti 98 95 82 76

150-A 99 96 84 78

175-D 100 97 85 79

Tests were taken on current production units with standard engine mufflers.
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Thess readings are in decibels on the "A" weighting network scale and are

the arithmetto average of four readings at the compass point for each distance

from the compressor unit, Compressors are opereting at full load (100 psig)

and the air is discharged to atmosphere beyond the test area,

Glmer submitted the following table {Table A-4) showing s range of noise

emissions on currantly available domestic and foreign produced portable air

compressors for standard machines and silenced machines.

Table A-4

RANGE OF NOISE LEVELS OF COMPRESSORS (suppli,ed.,.by CAGI)
Standard Machines

82-250 CFM . 251-1200CFM

92.5 dBA to 105 dBAat 1meter 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

Silenee_ MaeD/nes

82_250 C.F.M 251-1200 CFM

82 dBA to104 dBAat lmeter 82 dBA to 104.5 dBA at 1 meter

70dBAto 88 dBA at 7 meters 70dBAto 93 dBAat 7 meters

This data was collected on a confidential b_ie by the Compressed Air and

Gas Institute over the past two years using the CAGI-PNEUROP test cost

codified as a national consensus standard and an international standard in

ANSI S. 1-1971 end ISO 2151, respectively. Gimer placed two qualifications on

the analysis of this data.

1, The noise emissien data reflects side emission measurements only,

and the precise impact on the dBA rating of any given compressor of

factoring iu a measuremeni of upward radiating noise (under ceusidera-
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tins by the appropriate ISO committees) cannot be known. Glmer

pointed out that tests which have been made using various proposed

methods for measuring upward radiated noise indicate that the

addition of a top-level me,_.suremeet will change the dBA rating for

most compressors currently available; and

2. The data does sot reflect the nbflity of the entire industry to meet

any particular emission level, Based upon information available to

CAGI the dBA rating of the qaiaiest compressor available on the

market is scvm'al decibels below that which the industry as a whole

is currently capable of producing.

Currently Available Noise Abatement Technolof_ T (ANPBM #2)

Gimer commented that the major sources of noise from portable air com-

pressors are the areas of engine exhaust, cooling fan, air intakes, and mis-

cellaneous mechanical structure noises arising from the wortdngs of the engine

and compressor air-end, withe the engine itself being the primary noise

source, Current nolse-nbatement techanlogy focuses on enclosing and muffling

these engine/compressor operating components. This is currently best

accomplished by the application of ln_'ge and often, expensive mufflers to the

engine exhaust; complete enclosure of all working mechanisms with acousttcaily-

linedair-tighthousings;and attenuationof the coolingsystem fan-noisethrough

acousticallytreatedairduetsystems. The aanusticnlattenantioamaterials

used tollnethehousingand coollngnirductsare usuallyfiberglassor plastic-

bused foam materials. The basic silencingtochnolo_5,utilizedby foreignand

domestic manufacturers is the same.

The City of New York stated that air compressors are presently available as

shelf items that can provide reductions in noise levels by as much as 80% of cost

over conventional un|is of appro_'Amately 9%.
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Additional Noise Reduction Teehanlo_w and Associated Costs (ANPHM #4
end #S)

Gimer stated that foreign and domestic individual compressor manufacturers

are currently utilizing all of tile known technology to reduce eoise emission levels

of their equipment. These efforts do not lead to uniform results due to the

firm's differing enpabilltiea. Silencing a compressor adds to its cost and thus

to the mannfanturer's ability to sell the end product. Gimer commented that

thesecostscan be expectedtorisesignificantlyasthenoiseon!lesionlevelto

beaclflevedisreducedwhich heassertedwillbe shown throughdatabeing

collectedundercontractto EPA.

Pointingout thaithesound emissionsare a recognizedcompetitiveaspect

inthe manufacture,promotionaud saleofportableaircompressors today,

Oimer stated that in file opinion of CAGI, market forces are: (1) causing a

highdegreeofindividualfirmutilizationofcurrentlyavailablesilenaieg

technology;and (2)encouragingintensiveresearcheffortsaimed atfurther

noisereduction.

Ingersoll-Randtookissuewiththefindingsand statementscontainedin

EPS*a draftanntractorroperto. The Company submittedthe faRswlngtables

rai'lectlngnoiselevelofportabl_air compressors and costto achievethe

noiselevelsinlieuofthosesubmittedby BoltBeranek& Newman.

TableA-5

PORTABLE AIR COMPRESSOR NOISE LEVELS, dBA*

(provided by/agersel/-Rand

Gasoline Diesel Diesel Diesel Diesel
Level Driven Driven Driven Driven Driven
Limit 75-249 CFM 125-249 CFM 250-589 CFM 600-899 CFM Above 900 CFM

Level I (3) 81 dBA 83 dBA 86 dBA 88 dBA 88 dBA -
Level 2 (4) 75 dBA 78 dBA '/3 dBi 78 dEA 81 dBA
Level 3 (5) 68 dBA 70 dBA 73 dBA 70 dBA 70 dBA

Notes: * (i) Levels constitute a "not to exceed" criteria
(2) Maximum sound pressure level in dBA at 7 meters according

to the recommended measurement practice of ISO 2151-1972.
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(3) 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 ducts and vibration
isolators.

(5) Level 3 is associated wittl the best demonstrated technology.
It would correspond to Level 2 plss more insulation, sealing
and possibly double walled enclosures.

Table A-6

ESTIMATED AVERAG_ COSTS
(provided by Ingersoll-Rand)

Gasoline Diesel Diesel Diesel Diesel
l,evel Driven Driven Driven Driven Driven

]._irnit75-249 CFM 125-249 CFM 250-599 C:FM S00-899 CiTM Above 900 CFM

Level l (2) $2.59 $2.59 $3.14 $I.80 $I.60
Level 2 (3) $5.20 $5.20 $I0.76 $9.00 $8.36
Level3 (4) $26.00 $26.00 $10.76 $13.50 $12.25

Notes: (1) Costs are estimated in additional dollars per CFM at manu-
facturers retail list price level.

(2} The costs cited in Level 1 represent the average increased
costs over standard unit 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

L in Table I.
(4) The costs cited in Level 3 represent the average increased

costs over standardunit to meet the dBA levels as specified
inTableI.

Ingersoll-Rand submitted no data to substantiate their altered figures. The

Company's additional comments on the draft A, T, Kearney and BBN reports are

addressed under II. General Issues.

Estimates of Time Required to Place State of the Air Technology into
Production (ANPRM #6)

Glmer stated that in the general experience of portable air compressor
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Industry members, n minimum of three years for market lntroductisn of equip-

ment involv/ng redesign is required; n minimum of five y,+-ars for market intro-

duction of technology involving entirely new design, lie qualified this statement

by:
• V0rlation amssg firms would occur depending on firms t financial and

technical position and the technology currently avv/lable to that firm

t Tke noise emission standard that must be mot has yet to be specified.

Gimer warned that any suggestion that the industry Is capable sf meeting

requirements stgdificnntly below the current best ava.tlable tochnolsgy w/thin

shorter time intervals (18 months was cited) would be regarded by the industry

as Inaccurate and misleading and must be clearly substantiated.

Problems Heanltinff frgm Existing Noise Reduettgn Techniques
(ANPRM #11)

Both P.K. Lindssyand Gimer contendedthatquletingthecompressor as a

unit was limited to s great extant by the noise emissions of the engine powering

the compressor. P.K. Ltndeay anslsand catalog sheets citing specifications

for their various compressor models w/fish Incidentally reeds no reference to the

models' noise al|sractoristics. All of the compressors maanfacturcd by P.K.

Lindaay are powered by Teledyne WL_conasn Eagtnee with the exception of the

smallest, which is powered by a 9.2 hp Brlggs and Straiten Engine, and the

largest, which is powered by an 81 hp Ford Diesel Engine. P, K. Lindsay

pointed out that the operating noise levels of these sag'lees alone approach

85 dBA at seven meters.

Docket inputs dealing w/th the availability of quieter engines from meier

manufacturers sf industrial engines, file relafionshlp between compressor

silencing and engine antes emissions, and EPS'S regulation of engine-powered

equipment prior to regulation of the engine itself are discussed under General

Issues in this Appendix.
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Effects of Portable Air Compressor Noise Reduction
(ANPRM #10 and #19)

Gimer commented that noise reduction of portable sir compressors would

affect the following performance factors:

Size and Weight of Units, Generally, tile manufacturer seeks to matnt_dn

the performance parameters for each compressor when the standard unit in each

size catagory is silenced. As a consequence, the resulting machine is invariably

larger and heavier than the standard model with the stone capabilities. Tbo

silenced compressor is more 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 compressors several units

at a time, increased size has also frequently meant that additional trucks or

fiat Imds 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 units will be higher due to

the lack of qttick accessibility to some components, and the cost to replace seals.

Fuel Consumption. Data collected recently by CAGI on a confidential basis

indicates that for gas-powered units an average increase of 5% and up to 9_o in

fuel consumption in shifting from a standard to a silenced model. For diesel-

powered equipment, the average increase is 3_ with a maximum of 5%,

Gtmer pointed out timt willle data collected by the Institute was not compre-

hensive enough to accurately project on a nation-wide basis the total impact of

silencing on fuel consumption, their studies clearly indicate that transition

from current standard models to silenced machines will have a definite fael con-

sumption penalty. Gimer commented that any EPA regulation requiring silencing

beyond the noise emission levels 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 mere serious impact on total fuel consumption.

Component Storage. A shortage in both steel and platic components,

required in greater quantities in silenced unlis_ can also be expected.

Current Re/_ulations and Their Effects

Information on Existing and Plnsnod Noise Regulations
(ANPRM #18)

The City of New York submitted a copy of its Noise Control Code (effective

September i, 1972) Section 1403.3-5.11 of whlch regulates both the sale and

operation of air compressors. Air compressor is defined as a "device which

draws in air or ga_, compresses its, and delivers it at a high pressure. ',The

specific provisions of Section 1403.3-5.11 arc as follows:

The Administrator of the New York City Euvlrournental Protection Agency is

to promulgate regulations for measurement procedures which must be substan-

tially in compliance with similar onns promulgated by generally recognized pro-

fecsfonal stasdard-scttfog organizatisns (including the Compressed Air and Gas

Institute).

o The Code also provides discretionary authority to the Administrator for the

testing, inspection and registration of devices (Article rr) and established hours

of operation for construction activities with variance provtstono (Article IH,

Section 1403.3-4.11).

Glmar commented that in a very recant request for bide by New York City

for equipment to be delivered after June 1974, an compressor manufacturers

were able to respond as the step standard effective Jane 30, 1974 is 75 dBA at

one meter.

World Coantrustion submitted the following chart citing various interantioual

and municipal eonsd le,/els for comprsasoro.
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Table A-7

INTERNATIONAL AND MUNICIPAL
PERMISSIBLE SOUND LEVELS FOR COMPRESSORS
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The Stats 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 thn nature of the ncighboring 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 this as an npprnpriaic technique for cantrol of construction

noise at the State level.

lmpact on IndusLry of Existtu_ Ite_ulations (ANgRM #7)

World Construction submitted 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 tuchnical barriers.
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Gimer eommened that existing international regulations on compressor

noise emissions have not had a significant impact on the domestic compressor

industry, since, with limited exceptions, portable air compressors manufactured

in the U.S. are not sold for export. Gimor stated that the industry is concerned

with the pruliferntion of local government regulatory schemes that antublish

stringent noise en'dssion standards for compressors which cannot be met or

which unreasonably increase the cosis of new maolflnes (c.g., New York City),

Gimer contended that such regulations encourage prolonged use of existing units

which will result in a population of compressors with n bigber overall noise

contribution than could be expected if reasonable uniform standards were adopted.

This pointwas alsomade i_yIngersoll-Rand.

Compliance Methodology

ProductTestMethodologyforComplianceand SizeofProductSample
(ANPRM #20 and/$21)

Gimer statedthatCAGI stronglyrecommends thatthemethodologyspecified

for noisemeasurement inany FederalmandnioB' standm'dforportableair

compressors bethatcontainedinISO 2151. Glmerts arguments forthe retention

ofthismeasurement methodologybyEPA are addresscdunderGeneral Issuesin

thisappendix.

Gimer advocatedthatthefullrangeoftestsspecifiedinany testcodathat

EI_A adoptsshouldnot bo performed oneach and every unitmanufactured,but

ratheras appropriatesampling planthatcouldvarywiththetypeofunit,the

quantitymanufacturedand thetolerancespermittedby thestandard.

IF EPA adoptstheISO 2151 basletestmethodology,Gimer commented

thatthecostsofimployingthistestwouldvary withthe firmns theindustryis

dispersedthroughoutthe U,S._ and therefore,seasonswhen outdoortestingcan

be performed woulddiffer.IfcompliancetestingIsrequiredatfrequenet

iutarvalsjthen some firmswould have toconstructcoveredfacilitiesor hire

theirown testingstaffand purchase equipmenttoreplacetheirpresentoutside

consultant.
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Feasibility of Caiogorlaing Product Models or Conflp_'uratlons Aceordin_ to
Their Noise Emission Characteristics (ANPliM #22)

Gimar recommended that the current means of elaasiftantion of compressors

by power source and CFM output should be retained. Gimer commented that as

noise emission leeds and, therefore, cost of compliance vary with eaab unit and

power source type. a regulatory scheme involving several different noise levels

might be warranted although confusing, filmer stated that the industry's position

would be dependent on the noise emission standard ErA adopts.

Feasibility of Establishing a Useful Lifo (AHPRM #23)

The City of New York states that air compressors have an average llfe of

tenyears. Gimer estimatedthatitwas approxlmat_lyeightyears,thoughsome

compressorshave been inuse for asmuch as 20 to30 years. Gimer stressed

tileneed forproper and regularmaintenancetopreservecompressor noise

emissionperformanceand pointedoutthatthe qualityof fieldmaintenancevaries

widelywiththeend-usars,compressor applications,and operatinganvironment.

Gimar commented thatmany end-usersare not overlyconcernedwithritemaln-

tesnsceofsheetmetal and enclosurematerialsnor closingcompressor doors.

Highqualitymaintenancewillbe increasinglyintportnntWithsilencedcompressors

astightenclosureintegrityisessential.Gimer cautionedthatthe responsibility

fornormal care and maintenanceofErA regulaiedproducts shouldnotbe shifted

from the usertothe mnnufactararnorshouldtimmanufacturerbe penalized

initially,inthe adoptionofnoiseemissionstandards,forpoor maintenance

practicesinthefield.

GENERAL ISSUES I_AISEDIN THE DOCKET

SelectionofPortableAir Compressors forRegulation

Three docketinputs,(Gimar,P.K. LindsayandWorld Construction)ques-

tionedthe validityof ErA regulatingportableaircompressors attltlstime.

Objectionswore raisedthat(i)portableair compressors had notbeen identified
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as a major source of noise in accordance with Section 50)) of the Noise Control

Act and (2) EPA was apparently singling out portable air compressors for

regulation prior to alternative product candidates having noise eontrthutions

that might be significantly higher.

Identification of Portable Air Compressors as a Major Source of Noise

Gimer contended that the regulatory approach apparently being utilized by

EPA (as of March 29, 1974), that of publishing simultaneously the Section 5{1))

Initial identification document and Section 6 proposed regaiattons for the

identified products, while permissablo under the Act was ill-advised for tile

following rot.sons:

s Such a procedure leaves affected industries and the public in the dark

as to What criteria are being used by EPA to develop proposed

standards and all but deprive• target industries of any opportunity to

show that a particular product or group of product• should not be

subjected to mandatory emission limits_ and

* Such as approach "appears to circumvent the intent of Congress that

EPA be required to develop a list of priorities, and to subject that

list to public •cruUny H with the advantages of focusing on Agency

priorities and helping to avoid arbitrariness in regulatory action.

With respect to portable air compressors, Gimer charged that:

s A vested interest in tlm regulation of compressors, through the expendi-

ture of funds and manhours prior to formal identification under Section

S(b), has been created,

s There is every evidence that EPA has in fact made • determination

that portable air compressors are "major noise sources" on ml _kt hoe

basis.

• It appears that EPA contractors 'thave neither been requtr:ted nor have

they accepted the responsibilities for defining the relationship between
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proposed emission limits and genuine safety considerations on the part

of workers or tile general public".

Gimcr*s critique of EPA's regulatory approach is based on his interpretation

of EPAts activities at the time of his docket submittal (March 29, 1974). On

June 19, 1974, the ldantification 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 tile Federal Reffistor. This initial

identification document delineated the approach used by EPA to identify major

sources of noise and fulfills Gimer's recommendation that EPA_s regulatmT

priorities and their derivation be available for public scrutiny before publication

of proposed noise emission standards under Section G.

The EPA has continually stressed the importa,_ce of affording interested

parties an opportunity to participate in all stages of the rule-making process.

Gimer's statement 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 be subjected to mandatory emission limits" is

belied by his own response to the ANPRM. The issues and information con-

rained in this docket were considered by EI_A prior to publication of the formal

identification of portable air compressors as 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 _r 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 teehnolok'v studies on a variety of product

sources. As in the case of portable a_r 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 base as possible.

2. Both the identification report and Section 2 of this document explain

the basis for EPA'S determination that portable air compressors are a

major source of noise. In the absence of a universally accepted method

to determine whiab noise sources pose tile most serious threat to

public health and welfare, EPA has made an effort to take into account

the many factors affecting public healtti 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-

jective". It does not follow from this as Gimer suggests thqt "EPA

bas in fact made a determination that portable atr compressors are

'major noise eonrcas' on an ad hoc basis. , .".

3. It has never been the intention to shift EPA's responsibility to define

the health and welfare basis of regulatory activities to contractors

whose function is rather to compile and analyze economic and 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 an 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 Regulation

Three docketinputs,thoseofWorld Construction,P.K. Lindsayand Gimer

questionedtheregulationofportableair compressorsbeforethe establishment

ofnulso emissionstandardsforotherproductsor components.
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One of the editorials submitted by World Construction cited industry objections

to compressors being singled out for regulation by countries and municipalities

when "the compressar-powerud tool may be the greatest offandor%

P.K. Lindany has assumed that EPA would establish maximum noise limits

for construction equipment as a class rather than regulate specific items of

equipment. P.K. Lindsay maintained that compressor noise reduction is

dependent on the availability of quieter engiuas_ and under EPAta separate

item approach, an engine used on a compressor which would not meet EPA noise

emission standards could continue to be sold for use on other unregulated

construction equipment.

Gtmer advocated thainoise emission standards be established for internal

colnbustion engines arguing as inUews:

• With many products utilizing internal combustion engines, the noise

contribution of the engine itself exceeds that of the other components

of the equipment involved as is frequently the case with portable air

compressors. The noise emissions from the engthe set a practical

limit to the amount of quieting which can be obtained on a compressor

by various insulating means or redesign approaches.

s Compressor manufacturers generally purcha,_e internal combustion

engines from engine manufacturers rather than fabricate the engines

themselves. Representing but a small segment of the total consumption

of engines, compressor manufacturers are p_werless to dictate the

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

emission standards, also have little market control over engine noise

emissions.
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o Section 5(n)(1)(c)(lii) of the Noise Control Act clearly contemplates that

engines, not just engine powered machines and equipment are to be

priority targets of EPA rcg'ulatory attentian, 'rile noise contribution

of internal combustion engines may be tile major source of noise for

each of the other categories specified in Section 6(a)(1). ifowover,

EPA has shifted tile focus of attention from the engine to the engine

powered device itself - e determiantian in conflict with the Noise

Control Act unless the Administrator finds the reg'_latian of engines

themselves is not feasible.

Given the constraints of scarce resources and the desire to assess in depth

the health and welfare, cost and technology factors that hare a bearing on the

feasibility of noise emission controls, EPA has initiated its implementation of

Section 6 of file Noise Control Act _vith the proposed regulation of two products

which have been identified an major sources of noise. Other products or classes

of products identified an major noise sources and falling into one of the four

categories specified In Section 6(s)(c) will be regulated in the future if in the

Administrators' Judgment noise omission standards are feasible for such pro-

ducts. There Is no validitytoGimer's assertionthatEPA has chosen toignore

theaontrlbutmnofenglnasor motors as sourcesofnoiseor thatthestatutory

category"Motor or Engine*'has beentransformedto'*internalCombustionEnglno

Devices", Itdoes notfollowthatasinternalcombustionenginesare notone of

thetwo productsforwhich nolsoemJaslonstandardswillbe prescribedinitially,

theyare thereforeprecludedfrom futureregulation.EPA has inthepast and

continuestocollectand asalyzocostasd technologydataon a varietyofnew

productsaspart oftheidentificationprocessofmajor noisesources.

As IsdeIlneatedinSection2 oftnisdocument, EPA gave firstpriorityto

sourcesthatcontributetocommunity noisee.xposureinitsidentificationof

portableaircompressors as a major sourceofnoise. Although,asP.K. Lindsay
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and Oimer state, engines are 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 mniseion levels of their

products. For EPA to havepromulgatedregulationsincorporatingnoiseemission

standardsfor constructionequipmentas a class,as P.K. Lindsayadvocates,

mighthave placedanunacceptableeconomic burdenon the constructionindustry.

EPA's Re_'alatoryApproach

SeveralDocketinputsadvocatedspecificregulatoryorientationsand suggested

provisionsto be incorporatedlutea regulationforportableaircompressors

which are presented below.

,EPA Should Place Primary Emphasis on Safo_j Factors

Glmer 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) and 6_o)(1) of the Noise Control Act an evidence of the Congressional

intent that noise emission standards be based upon genuine safety considerations.

Gimer charged that "notwithstanding these explicit ._iraetives in the Act, the

approach apparently being adopted (at least by the firm hired by EPA to recom-
I'
: mend a noise emission limit) is that the standard to which poriable compressors!

should perform is dictated by the level of noise omission attainable by the

Vnpplicattou of the best available tochnologyL" Oimer 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 regulattenfs safety

basis from EPA to the industry. Gimer argued that EPA should consider not

only available technology_ but the presence or absence of a safety consideration

_s well as both industry and consumer economic impact prior to publication of

a proposed regulation.

gl_A is well aware that its statutory authority to establish noise emission

standards for porducts distributed in commerce is founded on the Congressional
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statement of policy contained in Section 20)) of the Noise Control Act - timt of

promoting "an environment for all Americans free from noise thai jeopm-dizes

their health and welfare", In his legal interpretation of the mandates of tim Noise

Control Act, Gimer seems to have shifted the statutory emphasis on public health

and welfare, counting as it does populations in tile aggregate, to safety consider-

ations, Contrary to Glmer's assertion, the Noise Control Act is very explicit

in the factors which must be addressed by EPA prior to proposing or promulgating

regulations under Section 6. As stated in Section I;(e)(1) any regulation must

include a noise emission standard "wbinh in the Administrator's Judgment, based

on criteria published under Section 5_ is rcqaisitu to protect the public health

and welfare, taldag into account the magnitude and conditions of use of such

products (alone or in combination with other noise sources), the degree of noise

reduction achievable through the application of tile best available technology, and

the cost of compliance". There is no validity to Gtmer,s contention that the best

available technology xw!ll bs the sole determinant of the noise emission standards

for portable air compressors which EPA will propose. As reflected in this

project report, EPA has carefully weighed public health and welfare Implication,

product use, cost of compliance, best available technology and v_lous other

factors in its regulatory process.

Regulation Data Base

Gimer and ingersoll=Rand questioned the availability and validity of informa-

tion contained in EPA contractor reports,

Gimer pointed out that while the Compressed Air and Gas Institute could not

collect and synthesize data in response to every question raised in the ANPRM

for anti-trnst reasons, file 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 making pro-

.4-24



eess is net available. The Institute is deferring any judgment on the accuracy or

appropriateness of data compiled or centractor recommandattons until the final

reports are available for public review.

Ingersoll-Rand contested various aspects of both the draft ]3olt, Beranek

& Ne_rman Report maf the A. T. Kearney Report. Ingersoll-Rand maintained that

tile Level Three noise level indicated in the draft BHN Report m'e completely

unrealistic as they could be extremely difficult to aclfleve, very expensive and

virtually impossible to check in the mm'ket place due to tile tremendous

influence of ambient noises. Ingersoll-Rand submitted tables in lieu of those

contained in the BBM Report which are presented under the information section

of thin analysis. Ingersoll-Rand also contested specific statements contained

in the draft A.T. Kearney Report and questioned its conclusions wl_toh were '

based on levels of noise emission and standards ef cost with which Ingersoll-

Rand basically disagreed.

EPA appreciates the cooperation of the Iantitato, its members and other

compressor manufacturers In supplying product information to EPA and its

contractors. In accordance with EPA'n policy of affording interested parties

an opportunity to participate In rain-making, the data available to EPA toeludh|g

the final contractor reports will be open for public Inspection anti comments

on these reports will be welcomed,

Ingersoll-Rands' comments an the draft contractor reports have been

considered by EI_A. However, as these reports wore preliminary findings and

as little data was provided by Ingorsoll-liand to substantiate their figures, It Is

felt to be more appropriate to address the points Ingersoll-Rand may choose to

raise on the final report used in the rule-making process.

Measurement Methodolo_,"

Glmer strongly advocated that the measurement methodology specified tn

any EPA regulation for portable air compressors be that contained in the CAGI-
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PNEUROP testcode which has been codifiedas n nationalconsensusstandardand

nn internationalstandardinANSI $5.1-1971 and ]SO 2151 respectively.Gimer

pointedoutthatthecode reflectstheconsideredJudgmentoftheworld'slending

ncousticiassand interestedgovernment officialsinnddltiontothatof U.S. and

European compressor manufacturers. Gimer m'guedthatifEPA were toignore

existinginternationallyrecognizedstandards,theresultwould be todiscourage

themassivevoluntaryeffortthathas been made todevelopthosestmld,'u'dsand to

dry up thissourceof standard-maltingactivity.Inaddition,Gimer contended

thatehasgcstothismethodologywithwhich the domesticindustryis accustomed,

would addtothecostoftestingas mauy manufacturerswouldbe forcedtotest

withboththeEPA and ]SO 2151methodologies.

Gimcr statedthatn proposalfor measuring compressor noiseemission

has been draitedandwas beingcirculatedforcomment totheepproprlatc]SO

committeesand members. Thisproposalwould requiremeasurement ofupward

radiatednoiseinadditiontothesidemeasurements currentlyrequiredby ]SO

2151 and would add guldelinasfordeterminingsoundpower ascontrastedwith

the soundpressuremeasurements currentlyrequired. Glmcr cautionedthattile

preciseimpocton thedBA ratingofany givencompressor offactoringina

measurement ofupward rndiatedmoissennnotbe known atthistime althoughtests

indicatethatthedBA ratingformost compressors currentlyavailablewilldiffer

Withtheadditionofa toployalmeasurement, Glmcr alsopointedout that

virtuallyalldatapreviouslycollecteddo not reflecttheeffectsofupward

radiatednoiseemissions. Gimcr urged thatIfEPA thoughtrevisionsto][SO

2151 were needed,theappropriateactionwould be for EPA toparticipatein the

ongoingrevisionofthatstandard.

Tllemeasurement methodologyEPA isproposingisdelineatedinSection5

oftklsprojectreport. Followingdataeollectlonusingalternativemeasurement

procedures,EPA determinedthatthemeasurement methodologyspecifiedin
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Section 6, which combines tile csscotial features of the CAGI-PNEUROP Test

Code with a measurement for upward radiated noise, provides an adequate

description of portuble air compressor noise. EPA has and will continue to

cooperate and participate in tile standards setting activities of both national and

international professional organizations, "rile fact that an ISO proposal has

been draited would seem to signify that in at least some segments of fire

acoustical coinmanity a revision of file CAGI--PNEUllOP Test Code is considered

desirable. Finally, Gimers f contention that EPA's adoption of a measurement

methodnlogy other than the CAGI-PNEUROP Test Code would Increase testing

coats is not in accordance r,dth 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 procedures.

Sufficient Lead Time for Manufacturer Compliance

P.K. Lindsay urged EPA to establish reasonable noise emission levels and

to give compressor manufacturers, and the engine manufacturers upon which all

compressor manufacturers are dependant, sufficient time to duvdop, test,

and get into production the quieter units desired.

As is stated in Section 7, the proposed compliance schedule is one year

from 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 conscquenses.

provision for Compressor Use and Compressor Siz'O...

t World Construction submitted an editorial arguing for consistency in regtda-
}

tions and citing deficiencies in approach and content of existing air compressorf
noise suppression standards and regulations. Two such critiui_ms were that no

allowmmo is made for (I) the size of the compressor or (with the exception of

West Germany) or (2) the nature of the Job site (with the exception of Japan}.
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Gimer suggusted EPA consider whether it is justifiable to impose a single

uniform standard on all portable air compressors (or any ether product subjected

to regulation) fro" all its sses throughout the entire country. Pointing out that

there arc different social implications from the noise emitted by a compressor in

downtown Now York City to timt used in an isolated rock qu,_m'y, Gimcr questioned

whether tile incremental cost of complying with an EPA regulation sllanld be borne

by tile product consumer ill USes when tile requirements were neueeansury, fiinmr

suggested ErA eonsidm" a type of classification scheme beicg developed in

Europe in wiflcil two or more classes of silenced units would be required in more

populated areas and one ormors classes of other units could be used nationally

except where muaiotl_al governments adopted regulations limiting compressors

used in specific areas to the silenced classes. Gimer questioned tile statutory

language of Section 6 stating that while "tim Act does not clearly require a

single standard for all products within a category, regardless of intended use",

tim "statute is clearly product oriented", filmer stated that the Institute intended

to submit flwther comment on tiffs subject following publication of the NPRM.

Gimer also commented that not enough emphasis had been placed by users and

government officials upon reducing compressor noise emissions although the

use ofbarriersand selectionofcompressor locationon theJobsiteasispermitted

in existing European regulations.

As explained in Section 7 of this project report, EPA's proposed regulation

does not make allowance for the size of the compressor, since it has been

demonstrated that the noise gnneration 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 subdivisions.

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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uniformity of treatment", States and localities retain Jurisdiction to establish

and enforce controls on environmental noise "through the licensing, regulatios,

or rostrtotion of the use, operation, or movement of any product or combination

of products". EPA does not have the anthority to propose or promulgate any

regulation under Section 6 that would establish differing noise emission require-

ments on the basis of a products intended use. Similarly, EPA does not have

tbe autharity to incorporate provisions for barriers or compressor site location

in a noise source regulation.

Inclusion of Retrofit Provision

The City of New York advocated that due to the large number of compressors

in use with an average life of ton yore's, EPA should consider s retrofit program

,and recommended the following noise emission standards for inclusion in n retro-

fit regulation:

"Air compressors rated at 600 CFM or greater should be reduced to a 1ovcl

of 95 dBA at one meter while air compressors below 600 CFM could be reduced

to 90 dBA at one motor."

The Noise Control Ant does not authorizeEPA to regulate in-use products,

and thoraibro EPA has no authority to propose a retrofit regulation for compressors.

Suggested Noise Emission St_mdards

Three docket inputs recommended specific noise emission standard for EPA's

consideration.

i. The CityofNow York. basedon itsexpsrlence,statedthatthefollowing

standardsintheirviewswould notimpose an economic burdenon either

themanufactureror operatoroftheequipment:

"Allair compressors manufacturedone year afterpassage ofthis

regulation,and lmvinga ratedcapacityof600 CFM or more shallnot

exceed85 dBA atone meter. Further.allaircompressors havinga

rated capacity below 600 CFM shall not exceed 75 dBA at one meter".
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2. Ingersoll-Rand recommandcd a mmximum silencing of 70 dBA at 7

motors arguing as follows:

a. This level is feasible and portable air compressors would still

be tlle quietest machine on the construction site;

b. Other contributing noise sources st a construction site produce

levels well over 85 dBA st 7 meters that can only be reduced by

.5 to 10 dBA st 7 meters in the future; and

c. To set a lower level would (i) increase costs of all construction

work. (fi) not benefit the envlronmsai because of all ambient

noises, and (lii) stimulate an extended useful life of existing

equipment thereby worsening rather than improving the noise

levels associated with compressors.

3. P.K. Lindsay advoanted that an overall limitation of 85 dBA at 7 meters

is reasonable baaed on the following considerations:

a. The operating noise levels of engines currently used to power

P.K..Lindsaytscompressors approach85 dBA at7 meters, i

b. OSHA's standardgoverningoccupationalnoiseexposuresetsa i

ma_murn porml_sablelevelof90 dBA foreighthours. A work- !

man using a compressor wouldbs 7 or more rectorsaway except

forthefew minutesrequiredtostartor shutdown theunit;and

e. IfEPA were tosetu standardlower than85 dBA at7 meters,

P.I(.Lindsnywouldhave littlealtcrnalivootherthantoclosedown.

EPA has consideredtheserecommended noiseomissionstandardstogether

withthe arguments advanced fortheirselectionintherule-maltingprocess, The

backgrounddataand findingsutilizedby EPA informulatingtheproposed regulation

forportableair compressors are presentedinthisprojectreport.
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Appendix B

METROD TO EVALUATE THE IMPACT OF PORTABLE AIR COMPRESSOR

NOISE ON PUBLIC HEALTH AND WELFARE

SPECIFICATION OF NOISE ENVIRONMENT

Environment_l noise is defined in the Noise Control Act 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, but must also correlate well with the various modes of response of

humans to noise and be simple to measure (or estimate),

EPA has chosen the equivalent A-walghted sound pressure level in decibels

as its basic measure for environmental noise. The general symbol equivalent

level is Leq+ and its basic definition is:

f t2 p2(t}dt (B-l}

Leq= 10log/0 t2_ tl Jti Po2

where t2 - t I Is the interval of time over which the levels are evaulated, p(t) Is

the time varying sound pressure of the noise, and Po Is a reference pressure,

standardized at 20 micropascal.
i

When expressed in terms of A-weighted sound level, La, Leq may be defined
an: i

I

Leq ffiI0 lOgl0 t2 tl t2 10 dt (B-21
I
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The primary intm, val of Interest for residential asd similar land uses is a

twen_-four hour period, with weighting applied to nighttime noise levels to

account for the increased sensitivity of people associated with the decrease in

background noise levels at night, This twenty-four hour weighted equivalent

level Is called tile Day-Night Equivalent Level, and is symbolized as Ldn, The

basic definition of Ldn in terms of A-weighted sound level is:

2200 0700 [ LA (t) - 10

Ldnfl01Ogl0 _4 lS/0700 10 ''_/ dt+0£00 10 i0 (B-3)

or

Ldn = 10 lOglo _'4 (15 x 1 ) + (9 x 10 10 ) (B-4)

where Ld is the "daytime" equivalent level, obta/ned between seven s.m. and

ten p.m. and L is the "nighttime" equivalent level obtained between ten p.m.n

and seven a, m. of the following day.

ASSESSING IMPACT FROM ENVIRONMENTAL NOISE

The underlying concept for noise Impact assessment in the following

analysis is to relate the change in expected impact in terms of the number of

people involvedtothe changethatwill resultinthe acousticalenvironment asa

resultoftheproposed action.Three fundamentalcomponents are involvedinthe

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 are entirely site or system

specific, relating to either estimates or emnsuremant of the environmental

noise before and after an action is taken. The same approach is used concep-

tually whether one is examining one house near a blghway, a house near a con-

struction site, the transportation system in gener_fl, or whatever noise source

is involved. The methodology for estimating the noise environment in each

ease will vary widely, but the concept romaine the same.

In contrast to the large number of methodolo_,dns that may be utilised to

estimate the noise environment, the relationship to hums-= ;'_,_._e can he

quantified by a single methodology in terms of the number of people in occupied

places exposed to noise of a specified magnitude. This is not to say that

individuals have the same susceptibility to noise; they do net. Even groups of

people may vary in response depending upon previous exposure, age, socio-

economic statue, political cohesiveness and other ancial 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 Leq. The response utilized is the general adverse
ranetlan of people to noise. This response is a combination of such factors

as speech interference, sleep interference, desire for a tranquil environment,

and the ability to use telephones, radio and TV satisfactorily. The measure

itself consists in relating the percent of people in a population that would be

expected to indicate a high annoyance to noise for a specified level of noise

exposare.

For schools, offices, and similar spaces where criteria for speech com-

munication or a ponsibfltty of damage to hearing is of primary concern, 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, residentinl or similar areas and non-residential

areas alike, the analysis is performed in terms of the average response of

people and its variation with environmental noise exposure.

A detailed discussion of the relationship between noise and human response

is provided in several EPA documents [1'28] in which bearing damage, speech

and other activity tnierfaranan and annoyance are ralated to Loq 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 met, then no impact sxists on the public health and welfare.

Thus, arbitrarily wa define that if the levels identified in the '_Levols Document"

are met, a zero percent impact exists. That is,if an Ldn of 55 mansured out-

door exists, then there is no impact in terms of annoyance and general community

response from noise. Similarily, if an Ldn of 45 exists indoors, wldcll trans-

lates to an Ldn of 55 outdoors assuming a 10 dB transmission loss with window

partially opened, then no interference exists with respect to speech.

Observation of the data presented in Appendix D of Reference I allows the

specification of an upper limit, that is a bound corresponding to 100% impact.

It may be observed in Figure D-7 of the "Levels Document 'tIll that community

reaction data show that the expected reaction to as 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-iniranlon level. V_qmnthe combined values of the intruding

noise and the pre-intruslon noise levels are considered, the chang/rig community

reaction from "none" to g'vigorous', occurs when the level increases by 19.7 above

the pre-intrusion level. For simplicity sake, it is reasonable to associate 100%

impact corresponding in a vigorous community reaction with a change of 20 dB

above the Ldn value identified an a zero impact level. This conclusion is further

validated by the annoyance data presented in the "Levels Document r', since this
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thcrea_e innoise levelincreasesthe rateofhlghlyannoyedpeople in thetote./

exposed populationby 4D_/b.

Thus, for the purpose of tiffs analysis, Ldn = 75 is considered to be a 10(}_

impact,

Furthermore, the data in Appendix D of Reference 1 suggest that wlthln

those upper und lower hounds the relationship between impact and level varies

linearly, that is, u 5 dB excess constitutes a 25% impact, while a I0 dB excess

constitutes a 50_, impact.

The data presented in the "Levels Document" with respect to activity inter-

ference (e. g., speech interference) suggests that if the day-night sound level

indoors is 45 dB, no impact exists on speech communication since a noise

level intelligthility for all typcs of speech material and would have a calculated

articulation index of 1.0.

Tlls intelligibility of speech is a function of the material presented to the

listener as well as the signal to noise ratio. Data on speech intelligibility

has recently been reviewed in several or' the EPA documents and also by an ANSI

committee for the preparation of the ANSI $3.5-1969, and is summarized in

Figure 15 of Reference 29.

It may be argued tlzat for most conversation the material the listener nor-

mally listens to is in the form of sentences containing n mixture of some known

smtezialand soma unkzaownmaterial. Thus, for thlsanalysisItis reasonable

to average the data on Imown and unl_nown sentences. Observation of Figure 15

of the ANSI Standard [29] reveals it|st when the noise environment is increased by

approximately :19 dB above the level identified in tim "Levels Document. ,,[1]

Similarfly, the intelligibility _o_ 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

nnreasonnble to assume that a 20 dB increase is the noise level above the level

identified by EPA in the "Levels Document f' will result in conversational speech

B-5



deteriorating rapidly with each decibel of increase. For this reason, it is

assumed that 100% impact will occur on speech intelligibility when the level of

the environmental noise increases 20 dB above the identified level in the "Levels

Document". Furthermore, observation of Figaro 15 of the ANSI Standard [29]

suggests tiler it is reasonable to assume that speech varies approximately

linearly with tile level for the range bstweas 0 and 100% impact. That is, with

each 5 dB excess of noise above the level identified in Reference 1, n 20%

reduction of speech intelligibility occurs wbilea 10 dB excess results in a 50%

degradation,

Tlle previous paragraphs demonstrate that for impact astdyses, 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 0R impact is defined as being the level identified in the '*Levels

_goeamont" and 100% impact as being the level which is 20 dB above the levels

Identified in the "Levels Document".

For convenience of calculation, the percentage between 0 and 100 may be

expressedinterms ofa FractionalImpact (FI),where FI iscalculated in

accordancewiththefollowingformula:

FI _ 0.05x (L- LC)for L>L C

FI _ 0 for L < L C

where L is the envlroamentoJ noise level, expresasd either in Ldn or LeqD and
L is the level identified in the Levels Document.

c

It may be observed that for values greater than those corresponding to 100%

impact, the FIwill be greater than unity. The effect of this will be to maximize

theimpactweightforthoseareasin which theimpact is onlymarginal. The

appropriate level for the computation of FI is Ldn= 55 dB for residential area

measured outdoors and for analysis concerned with office buildings and other

type of spaces in which spaseh communication is the principal factor of concern,
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the identified level is Ldn = ,15 indoors, whieb can be translated to an outdoor

level by using sound level reduction appropriate to tile type of structure.

Data on the reduction of aircraft noise afforded by a range of residential

structures are avnilni_le. These data indicate t_ui houses can be approximately

categorized into "warm elinmto" and "cold climate" types. Additionally, data

are available for typical open-window and closed-window eanditlans. These data

indicate thui the sound level reduction provided by buildings within a Given

community has a wide range due to differences in the use of materials, building

techniques, and individual building plans. Nevertheless, for planning purposes,

tile typical reduction in sound level from outside to inside a house can be sum-

• marized as follows in Table B-1. The approximate national average "window-

open" condition corresponds to an opening of 2 square feet anti a roam absorption

of 300 snhins (typical average of bedrooms and living rooms). This "window-

open" condition has been assumed thoughout this chapter in estimalin G conser-

vative values of the sound levels inside dwelling units that results from 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

multiplying the numbers of people exposed by the fractional impact associated

with thn level of the environmental noise as follows:

P = WI) ) (B-5)eq

where P Is the magnitude of the total impact on the population and is numericallyeq
• equal to the equivalent number of people having a fractional impact equal to unity

{100% tmpacted_ FI is the fractional impact for the level and P is the population

affected by the noise.
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Table B-I

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.NationRlAverage 15 dB 25dB

*(.A.ttenuatlosof outdoornoisebv exterior shellof thehouse)

Where knowledge of structure indicates a difference in noise reduction from

these valses, the criterion level tony be altered Seeordingly.
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When assessing the total impact of a given noise source, or an aneemblage

of noise sources, and since the levels of environmental noise associated with the

source(o) decrease as the distance between the source and receiver increases,

the magnitude of the iota] impact may he computed by dethrminiog the number of

people exposed at ouch level, and summing the resulting impact. The total

impact is given by the following formula:

Peel= i_ PiFIt (B-6)

• where FIi is the fractional impact associated with the i th level and Pi is the
population associated with tim tth level.

The change tn impact associated with an action lending to noise reduction,

or change in population through a change in land use, may he assessed by cmn-

paring the magnitude of the impacts for the "before" and "after" conditions.

Another useful measure is the percent expression:

(Peq (before) - Peq (after)),, i00 (B-7)
Peq (before)

Note that the percentage change may be positive or negative depending upon

whether the impact decreases (positive percentage redaction) or the impact

increases (negative percentage reduction).

Thus, a I00percentpositivechangeinimpactmeans thattheenvironmental

noisehas been reducedsuch thatnone ofthepopulationisexposedtonoise

levels in excess of the levels identified in the "Levels Document."

To place this concept In perspective, we consider a simple exmnplo. In

the recent EPA study on "Population Distribution of the United States as a
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Function of Outdoor Noise Level," an estimate ts 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 ofthis exposure, and

thus to assess tile change in impact if all noise sources were reduced 5, 10, or

15 dB across the board. In the following computation we take the data from

this study definthg each Pi as the population between sascesslve 5 dB increments

of Ldn, assigning this population an exposure level midway bctwen successive

Ldn increments. For this example, the identilled level is an Ldn of 55 dB ,t

measured outdoors.

The results, provided in Table I]-2, show that a 5 dB noise reduction

results in a 55% reduction in impact, a I0 dB noise reduction results In an 85%

reduction in impact, and n 15 dB anisa reduetlos results in a 96% reduction in

impact.

The impact assessment procedure may be summarized by the fallowing

ateps_

1, Estimate the Leq or Ldn produced by the noise source system as a
function of space ever the area of interest.

2. Define subareas of equal Leq or Lda, in increments of 5 dB, for all
land use areas.

3, Define the population, Pl' associL|ted with each of the subareas of

step 2.

4. Calculate the FI l values for each Ldn or Leq obtained in step 2.t i

5. Calculate FI i x Pi for each subarea in step 2.
6. Obtain the equivalent impacted population for the condition existing

before the change being evaluated,

I, ._ (Fll_Pl)
eqB i

by summing the Individual contributions of step 5.
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7. Repeat steps 1-6 for the noise enviromnent existing over the area of

interest after the change being evaluated takes plane, thus obtaining

P . (Note that fl_e subareas defined hare will net in general be con-
eq A

grueat with those of step 2 above. )

8. Obtain the percent redaction in impact from

A ,, 200 (PeqB " pcqA)
P

eqB
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Table B-2

ESTIMATE OF THE II_IPACT OF SUCCESSIVE REDUCTION OF
ALL URBAN NO/SE SOURCES IN 5 DECIBEL INCREMENTS

Current Conditions Noise ReductionInDecibels

Population O 5 l0 15

Lda HigherEXp°SedLdnt°Pi FIt FIiPi FII FIiPi FIi FIlP t FIt FIIP i
-dB -millions millions -millions -millions -millions -millions

55 93.4 34.4 0.125 1 4.3 O 1 O O ' 0 0 J O
60 59.0 34.7 0.375 I 13.0 0.125 [ 4.3 O I O 0 I OIi I

66 24.3 1,_ 0.625',10.9 6.378' os 012s122 0 I o

_ 70 6.9 5.6 0.875 'l 4.9 0.625 Ii 3.5 0.375 I 2.1 0.125 I 0.7

75 1.3 1.2 1.125 I 1.4 0.875 I 1.1 0.625 I O.S 0,375 0.5

1.375 ] 0.1 1.125 I 0.1 0.875 } O.1 0,625 _ O.I80 0.1 0.1
I _ I I

Total Equivalent
People Impacted 34.6 15.5 5. 2 1.3

, Percent Reduction

;_ Impact O 55 85 96
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