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Section 1

PROLOGUR

STATUTORY BASIS IFOR ACTION

Through the Noise Control Act of 1972 (86 Stat, 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 pelicy, Congress
atated in Section 2 of the Act "while primary reaponsibility for control of nolse
rests with State and local governments, Federal Action is essential to deal with
major nolse sources in commerce, control of which requires Natlonal uniforme
ity of treatment.' Ag part of this essential Federal action, subsection 5(b)(1)
requires that the Administrator of the U. 8, Environmental Protection Agency,
aiter consultation with the appropriate Federal agencies, publish a report or
series of reports ""{dentifying products {or classes of products) which in his
judgment are major sources of noise." Section 8 of the Acet requiras the Ad-
minigtrator to publish i)l‘uposed regulations for each product identifled ag a
major source of noise at:;d for which in hia judgment neise standards are fen-
sible. Such products fall inte various categories, of which construction equip-
ment is one. Pursuant to Subsection 5(b)(1), the Administrator has published

o report identifylng portible air compressors a8 a major source of nolse,

PREEMPTION

Seotlon G(e){1) stntes that after the effective date of n Federal regulation
'"no state or political subdivision thereof may adopt or enforee,..any law or
regulation whioh sets a limit on noise emissions from such new product and
which is not fdentical to such regulation of the Administrator. ' Section 6{e)(2),
however, states that '"nothing in this section precludes or deunles the right of any
State or political subdivision thereof to establish and enforce controls on envi-

ey
1.
[ )
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ronmental noise {(or one or more sources thereof) through the licensing, repgula-
tlon, or restriction of use, operation or movement of any product or combination
of products, ' The central point to be developed in this section is the distinction
between noise emission standards on products, which may be preempted by
TFederal regulations, and standards on the use, operation, or movemsent of pro-
ducts, which are reserved to the states and localities by Section 6(e)(2).

Section &6{e}{1) forbids state and local muniecipalities from controlling noise
from products through laws or regulations that prohibit the sale {or effering for
aale) of new products for which different Federal noise emission standards have
already been promulgn.»ted. States and localities may augment the enforcement
duties of the EPA by enacting a regulation identleal to the Federal regulation,
aince such action on the state or local level would assist in accompllahing the
purposes of the Act. Further, state and local areas may regulate noise emis-
glons for all new producis for which Federal regulations have becoms effective
but that were manuiactured before the eifective date of the regulstions.

Section G{e}{2) explicitly ressrves to thae states and their politieal subdivi-
sions a much broader authority: the right to "establish and enforce controls on
environmental noise (or ene or more sources thereof} through the lcensing,
regulation or restriction of the use, operation, or movement of any product or
combination of products." Environmentsl nolee is defined as the "intensity,
duration, and character of scunds from all sources (Section 2 [11])". Limlts
may be proposed on the total character and intensity of sounds that may be
emitted from all noise sources — "products and combinations of products',

' The state and local governments may more effectively and equitably regulate
such community nolse levels than the Federal government due to their perspec-
tive on and knowledge of state and local situations. 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 noige emis-




slon regulation power in this manner to allow each level of government to fulfill
that function for which it is best sulted, Through the coordination of these divided
powers, # comprehensive regulatory program can be effectively deslgned and en-
forced. '

One example of the kype of regulation loft open to tho localities is the praperty

line regulation, This type of regulation would limit the level of environmental

e b s e 2

T ]

noise reaching the boundary of a particular piece of property. Noise emitters
would be free, insofar as the state regulatlons are concerned, to use any pro-
ducts whatsoever, as long as they are used or 6peruted in such a fashion so as
not to emit noise in excess of the state-specified limits. This regulation may
be applied to many different types of properties, ranging from residential lots
to construetion sites.
In such a case, state and local regulation of sir compressors may take
the form of, but would not e limited to, the following examples:
& Quantitative limits on environmental nolse recelved in apecific land use
zones, as in o quantitative noige ordinance,
& Nuisance laws amounting to operation or use restrictions.
s Repulations limiting the amount of environmental noise at the boundary
of the construction site,
o Other similar regulations within the powers reserved to the states and
localities by Section 6(e}(2).
In this manner, the local aveas muy balance the issues [nvelved and can
arrive at z satisfuctory environmentnl nojse regulation that protects the puhlic

henlth and welfare as much as deemed posaible,

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

accompanied by the requirement for laheling products distributed in commerce,

e e R e A s
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The labal will provide notice to a buyer that a product is sold in conformity with

applicable regulations, A lahel will also make the buyer and user aware that the

air compressor possegses noise attentuation devices and that such items should

not be removed or rendered inéperative. The label may also indicate the as- ,

sociated liability for suoh removal or tampering.

LOW NOISE EMISSION PRODUCTS (LNEF)

Section 15 of the Nolse Control Act of 1972 established & process under
which the Federal Government will give preference In its purchasing to products
having noise emissions significantly lower than those required by the Federal
nolse source emisslons stendards 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 the Federal Register on February 21, 1974,

The Environmental Protection Agenoy will establish and issue the LNEP
critoria for portable air compressors prior to promulgation of a regulation for

anme.

IMPORTS

The determination of whether individual new products complying with the
Federal regulation will be accomplished by the U, S, Treasury Dept. (Customa),
based on ground rules established through consultation with the Secretary of the
Treasury,

It is antleipated that enforcement of the actual noise standard by the use of
a standard test procedure would be too cumbersome for Customs to handle,
easpecially in view of the tremendous bulk of merchandise they muat pass on each
day, A case in point occurs with Imported nutomoblﬂes, in which Customs in-
spactors presently assess compliance with requirements of the Clean Alr Act
solely on tho basis of presence or absence of a label in the engine compartmaent,
A simllar mechanism (Iaheling) appears viable fdr use to assess compliance of

portable ajr compressors with the proposed regulations.

1-4
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Seetion 2

RATIONALE FOR REGULATION OF THE PORTABLE
AIR COMPRESSOR

To develop an EPA criterion for {dentifying products as mojor gources
of noise, firat priority was given to those¢ products that contribute most to
overall community noise exposure, Community noise exposurc 18 defined as
that exposure experienced by the community as a whole as the result of the
operation of a product or group of products, as opposed to that exposure
experienced by the users of the product(s).

In this section, it is shown that while portable alr compressors meay
not provide the highest sound level at construction sites, they do contribute
significantly to community noise exposure, thus Justilfying their regulaticn.
Alr compressors rank with dump trucks and conerete trucks in producing
the highest sound eneré;y per day,

In terms of assesment, community noise exposure was evaluated in
terms of the day/night equivalent sound level (L, dn)[ 1 that wag developed
especially as a measure of community noise exposure. Since L dan 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 but are present enough of the time to emit a great deal of
sound energy in a 24-hour period.

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

[2'3]Table 2-1 summarizes the estimated number

levels of community noise.
of people in residential arees subjected to urban traffic noise, aircraft
noise, construoction site nolse, and freeway traffic nolse at or shove an

outdaor L of 60, 65, and 70 dB, respectively.

e e sty o i e b e e S At ks
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Since EPA hns identified an*outdoor Ldn of 66 d]J.: U as the day/night
equivalent sound level requisite to protect the public from long-term ad-
vorse health and welfare effects in residential aress, Table 2-1 [ndicates
that it will be necegsary to quiet the major sources contributing to urban
traffic noise, construction site nolse, frecway traffic noise, and airerait
noige if thiz level is to be achieved.

Table 2-1

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

OUTDOOR NOISE
Outdoor Urban Traffic Aiperaft | Construction Freeway
Ldn Level Noige Noise Site Noise Noige
70 dB+ 4-12 4-7 1-3 1-4
85 dB+ 15-33 8-15 3-6 2-5
80 dB+ 40-70 16-32 7-15 3-6

IDENTIFICATION OF MAJOR SOURCES
Section 6(a)(1){C) of the Noise Control Act specifies four possible
categories of products that may be regulated by the Administrator:
1. Construction equipment.
2. Transportation equipment (including recreational vehicles and
related equipment).
3. Any motor or englne (including any equipment of which an engine
is an Integral part).
4. Electrical or electronic equipment.

Alreraflt are, pursuant to Section 3(3){(A), excluded as products under

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

Ldn of 56 dB,



Section 6 of the Aet, Alrcraft noise regulations will be proposed to the FAA
as delineated in Section 7 of the Act, Medium and heavy duty trucks contri-
bute the moat sound energy to the environment of any highway vehicle, and
as such, have heen jdentified as major noise sources for regulation. Con-
sequently, in view of the foregoing and data contained in Table 2-1, attention
is focused on construction site noise.
CONSTRUCTION EQUIPMENT

The sound level of a product and the level of bockground nolse determine
the Intrugiveness of a product's sound emission, which hes been shown te
determing annoyance i{n some situations. Table 2-2 indlcates that pile drivers
and rock drills are perceived as the loudest pleces of construction equipment

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

Table 2-2

TYPICAL CONSTRUCTION SITE EQUIPMENT SOUND LEVELS(in dBA)
AND ASSQCIATED SOUND ENERGY (In KW-hra/Day)

Typical Estimated Total
Sound Level Sound Energy
Construction Fquipment at 50 Feet
1. Dump Truck 88 206
2. Portable Air Compressors 81 147
2, Concrete Mixer (Truck) 85 m
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 a8 53
1. Pump 76 47
12. Pneumatic Toolg 85 36
13. Backhoe 85 33

LD e e e R 2 et g -
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products do not contribute, today, as much sound energy to the environment
az other products operating on construction sites, The fact that dump trucks,
portable air compressora, and concrete mixers (trucks) produce sound levels
equal to or lower than other construction equipment and yet produce higher
total sound energy emissions means that these are the most widely used
pleces of conatruction equipment.

A control technology repor!!: 14]on dump trucks and concrete mixers
Indicates that their contribution to construction site noise i largely engine
ralated noise that will be controlled when these trucks meet the standards
to be proposed for medium and heavy duty trucks. This leaves portable air
compressorg as the major source of gound energy and the most widely used
product among pleces of equipment contriﬁuting to congtruction site noise,
This {g further confirmed by the rata contained {n Tables 2-3 and 2-4, which
show that portable alr compregsors contribute algnificantly to conatruction
site nolse.

Table 2-3 shows the contribution to construction site L in by individual
pleces of construction equipment, while Table 2-4 shows the ranking of
portable air compressor nofsa to construction site noise relative to other
pleces of equipment. As shown by the tables, the portable air compressor
ranks high on the lst of contributors te construction site L, dn’

2-4




Table 2-3

CONTRIBUTION TO CONSTRUCTION SITE Lgp BY INDIVIDUAL
PIECES OF CONSTRUCTION EQUIPMENT

g-z

P e vemtew L

Per Cent Contribution to Construction Site Lgp
Construction Equipment Residential Public Works Induystrial Non-Residential
Backhoe 6.2 2,1 7.1 3.6
Dozer 10.5 7.0 9.1 5,0
Grader 2.) 2.0 0.3 0.2
Loader 2.3 1.1 1.4 a.8
Paner 2.6 10.6 1.8 0.8
Roller 0.1 0.4 - -
Scrapar 3.3 5.1 1.8 1.8
Shovel 2.5 1.0 2,6 l.2
Truck ' 7.3 22.2 11.5 6.8
Concrete Mixer 29.7 5.0 9.6 6.6
Concruta Pump - - 2.0 2.2
Crane, Derrick - 1.8 1.8 3.2
Crane, Mohile 6.2 0.7 1.1 2.0
Air Compressor 5.0 6.1 10.7 17.8
Generator 2.0 2.7 1.2 2,7
Pump 1.4 2.9 - 3.6
Jack Hammer c.8 9.0 5.4 2.7
Pile Driver - - 19,4 24.6
Ppeumatic 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 Nolse

Site by the Zortasble Air Compressor Rank at Site
Reaident:ial 5.0 Tth
Public Works 6.1 Tth
Industrial 10.7 rd
Ncn-Residential 17.8 2nd

e —— e, —
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Section 3
BACKGROUND INFORMATION

The aections of thig report that follow summarize the background infor~
mation accrued to date by the Environmental Protection Agency's Office of
Noigse Abatement and Control in regard to the proposed noise emission regu-
lution for portable air compressors, Tho regulation will be requisite to pro-
tect the health and welfare of the American public, taking into account the
degree of noise reduction nchievable through the best nvailable technology
and the cost of compliance.

The information has been derived from numerous sources. EPA con-
tracted with Bolt, Beransk and Newman (BBN), an acoustical conrsulting
firm; and A. T. Kearnsy, Managoement Consultants; utilized the data
gathering and information collecting capabilitiea of Informatics, Inc.; and
developed an interagency agreement with the Natlonal Bureau of Standards
(NBS) for technical assistance, BBN provided cost and technology
support;ts' 6,7 A, T. Kearney Monagement Consultants provided economic
analysis support;[ 8] Informatics, Inc. submitted reporis addresging United
States and forelgn regulations relating to construction equipment and
portable air compressors, {9, 10] and NBS provided tochnical support in
the development of methodology to test and measure portable air

[}

EPA and contractor pergonnel made several vigits to compreasor

compressors.

manufacturers, distributors, and users to obtain the most accurate infor-
mation available for use in the development of the proposed portable air
compressor regulation. NBS porsémnel held two meetings with industry

technical experts to digcuss and exchange information on measurement

methodology.
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The EPA also published an Advance Notice of Proposed Rulemaking
(ANPRM) in the Federal Register on February 27, 1974.[ 12] e ANPRM
notified the public that EPA planned to set noise emission standards for
portable air compressors under the authority contained in Sections & and 6 )
of the Noise Control Act of 1972, As & result of the publication of the ANPRM,
a docket was cstablished (Docket No. ONAC T4=1) to receive comments and .
data from interested parties. EPA guggested 23 sreas of information that
those responding might want ta address.

The docket closed on March 28, 1974, By the closing deadline, comments
were received from the following individunla or organizationa.

1. Alabama Tire Dealers and Retreeders Agnociations.

2. Bureau of Noise Abatement, Department of Air Resources, Envi-

ronmental Protection Adminiatration, The City of New York.

3. .P.K, Lindsay Company, Inc.

4. Department of Environmental Conservation, State of New York.

5. World Consatruction Magazine.

G. Robert Beggs.

7. Environmental Activitles Staff, Genersl Motors Corporation.

8. Cummins Engine Company, Inc.

9. Portable Compressor Division, Ingersoll-Rand Company.

10. Compressed Air And Gas Institute (CAGT).
The docket responses appear in Appendix A.
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Section 4

THE INDUSTRY ANDD THE PRODUCT

- GENERAL DESCRIPTION
Noise asscointed with construction has become a major problem in many

) cities and tow;m. The trend toward urban renewal and more highrise structures
has created an almost perpetual din in city streets. Equipment associnted with
construction sites has become more numerous, and the time apan for construction
at a given site has lengthened, Restdents in proximity o a high-rise conatruction
site may well plan on 2 years of intolerable noise levels as the struchure is
built,

The basic unlt of construction activity is the construction site, which exists
in both space and time, The temporal dimension consists of various sequential
phases that change the character of the site's nolse ocutput ns work progresses.
These phases are discussed further below, In the case of building construction,
the spatianl character of the site is self-avident.

Construction sites are typleally classified In the 15 categories in which con-

‘ struction data is reported by the U, S, Bureau of the Census and various state
;l and municipal bodies, The categories are:
¢ Residential buildings:
One to four family i
Five family and larger '
e Nonreaidentlal buildings:
- Office, bank, professional
Hotel, motel, otc.

. Hogpitals and other institutions,
Schools,
Public works bulldings,

4]
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Industrial,
Parking garages,

Religious,

TRecreational,

Store, mercantile,

Sarvice, repalr station,

¢ Municipal Streets

¢ Public Works (e. g, sewers, water mains),

For purposes of allocating construction effort among the different types of
sites, it is possible to group the nonresidential sites into four larger categories
differentiated by the cost of the average bullding in each category, as well as by
the distribution of effort among the varlous construction phases. These four
groups, inorder of decreasing average cost per building, are:[ 2}

¢ Office bulldings, hospitals, hotela

¢ Schools, public works buildings

o Industrial buildings, parking gerages

& Stores, service statlons, recreational buildings, and rellgious huildings

Construction 18 carried out in. several reasonsbly discrete stepa, each of
which has 1ts own mix of equipment and, consequently, its own nolse character-
iatics. The phases (some of which can he subdivided) are:

¢ Bullding Construction

1, & Clenring
b. Demolition
¢. Site preparation

2, Exoavation

L]

. Placing foundations
4, a. Frame erection
b, Floors and roof

L 2]
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¢. Skinand windows
5, a. Finishing
b. Cleanup
o City Streets
1. Clearning
2. Removing old roadbed
3. Reconditioning old roadbed
4. Laying new subbase, paving
§, TFinishing and cleanup
e Publle Works
1. Clearing
2. Excavation
3, Conpacting trench floor
4, DPipe installation, {illing trench
5. Finishing and cleanup
The most prevalent nolse source in construction equipinent is the prime
mover, e.g., the internal combustion engine (usually of the diesel type) used to
provide motive and cperating power, Engine powered equipment may be catego-
rized according to its mobility and operating characteristics, as
1, Earthmoving equipment (highly mob{le)
3, Handling equipment (partly mobile)
3. Stationary equipment., The alr compressor s in the latter category.
Typlcal average nolse levcls[ 2] at construction site boundaries are shown In
Table 4-1 for each phase of construction actlvity by construction type category.
It may be generally agreed that construction site noise can be alleviated by
reducing the nolse levels of the individual pieces of equipment employed within
the site, [2,31] Other methods also exist that by themselves or in a complementary

nature may be used to control construction site nolse, for example:
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o Replacement of individual operations and techniques by lass nolsy ones,

e Selecting the quietest of alternate operations to keep average levels low,

e Locating nolsy equipment away from site boundaries, particularly near
nolee sengitive land use areas.

o Providing enclosures for stationary items of equipment and harriers

around particularly nolsy areas on the slte.
Table 4-1

TYPICAL: ENERGY AVERAGE NOISE LEV EL, dBA,
AT CONSTRUCTION SITE BOUNDARIES

Oifice Building Industrial Highways
Domesgtic Hotel, Hospital |Recreation, Store|Roads, Sewers
Housing |School, Public Work | Service Station Trenches

Ground Clearing 83 84 84 84
Excavation 88 89 89 88
Foundation 81 78 (ki 88
Erections 81 87 B4 9
Finishing 88 89 89 84

There {8 no doubt that the conatruction industry can take steps to reduce its
noise; however, regulations are needed to assure that the basic steps are tuken
uniformly by all components of the industry. Turther, while optional equipment
selsectvity or operational procedure nolse control schemes may be effectively
employed, it remains that regulation of individual pleces of conatruction site
ecquipment 18 needed at the Federal state, and local levels, -

THE INDUBTRY

The portable air compressor lndusiry i8 & mature and highly competitive
industry, Manufacturers of portable alr compressors vary significantly in size,
financial strength, manufacturing capability, applied technology, marketing
ability, and extent of product diversificatlon. Seventesn manufacturers currently
dctive in the domaestic market have been identified, Two of these import com=

M o FUY 1IVITY O30
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ponents and agsemble unita in the United States, and one imports completely as-
sambled units, Their sales in 1872 of $90 milllon resulted from shipments of
more than 12, 000 units. Table 4-2 presents a listing of mamfacturers and the
eétlmated dollar value of their gales of portable air compressors, Eight man-
ufacturers have over 90 percent of the market. Of these, Ingersoll Rand and
Gardner-Denver togethar account for about 60 percent of the market, with Joy
ranking third with about 10 percent of the market.

Table 4=2

ESTIMATED SALES OF PORTABLE AIR COMPRESORS
BY MAJOR MANUFACTURERS, 1972

Manufacturer Millions of Dollars
American Jenback $ 5= 2,0
Atlag Copco .65~ 2.0
Chicago Pneumatic 2.5~ 4.5
Davey . 8- 2,0
Gardner-Denver 18.0 - 2L 0
Grimmer-Schmidt 5= 2,0
Ingersoll-Rand 25,0 - 28,0
Jaeger 6.5~ 8.5
Jay 6.0 - 1,0
Kent Air Tool 5 - 2,0
Le Roi 2.5~ 4.5
Lindsey 5= 2,0
Quincy 8- 2,0
SChI"&mm 5. 5 - 7: 5
Gordon Smith .5 - 2.0
Sullair .5=- 2.0
Worthington 2,5~ 4.5

Nine of the 17 manufacturers are diviafons or subsldinries of large corpor=
ations with agsetg in excess of $100 million, ‘These are Atlas Copco (importer),
Chicago Pneumatic, Davey, Gardner-Denver, Ingerscll-Rand, Joy, Le Rol,
Quincy and Worthington, Sales of these corporations {parent company) in 1972

4=5
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ranged from $182 to $906 million, These corporations are not highly specialized

(8]

producing a wide variety of products sold in other industries.

in the construction equipment industry. They are extensively diversifled,

Three medium«sized manufacturers have assets ranging from $6 to $16
million. These are Jaeger, Schramm, amd Sullair (importer), Sales of these
corporations in 1972 ranged from $10 million to 18 million, Five mamfncturers
are amall companies with assets ranging from $0, 3 million to $1,5 million,

They are American Jenback (lmporter), Grimmer-Schmidt, Kent Alr Tool, Lind~
gay, and Gordon E"omithEal The medium and small-sized manufacturers typically
speciallze In portable and stationary compressors and a few other products sold
primarlly outaide the construction equipment market,

Portable air compressor manufacturing facilitles are concentrated in the
Northesst and North Central United States, Plants vary considerably in terms of
aize, efflciency, technology, and employment, Detailed plant location, employ-
ment, and fnctory production information 1s presented in Reference 8, While
some firma have efficlent plants utilizing the moat up~to-date technology, others
have old, extremsly inefficlent plants utilizing technology and preduction methods
that are nearly obsclete, Generally, the larger manufacturers have the efflclent
plants and the smaller manufacturers have the more Inefficient plants,

Most manufzcturers utilize only one plant for the production of portable air
compressors, Generally, these plants might also be used for the production of
rolated products, including statlonary air compressors, Although each plant
usually manufactures more than one product, each product is typleally manufac~
tured on a separate production line or in a separate aren,

Approximately 9, 000 people are employed inh plants that manufaoture portable
pir compressors. The exact employment attributshle to the production of portable
air compressors was conaidered confidential, It hus been estimated that the total
portable alr compressor preduction employment is in the range of 2, 000 to 3, 000

employoees,
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The portable air compressor industry was operating in 1973 in exeess of 85
percent of eapacity. The Industry has been constrained from further expansion
by the difficulty in obtaining deliveries of englnea and other components. The
industry generally operates at lower capacity rates of G5 percent to 75 percent.

Manufacturers obtain raw mater{als and components used in the manufactur-
ing process from interdivisional transfera, component suppliers, and raw
material suppliers, The finished product is dlatributed through construction
equipment distributers {dealers) who sell or lease the product to the primary end
users, who are the construction and mining {ndusiries, other industries, govern-
ment agencies, and others, Table 4-3 indicates the estimated distribution of
unit shipments by end-use market during the years 1867 through 1972,

Table 4-3

ESTIMATED PERCENTAGE OF
TOTAL PORTABLE AIR COMPRESSOR UNIT
SHIPMENTS BY END USE MARKET, 1887-1972

End Use Market Percentage of Units Shipped

Construction Industry

Public Works and Other Non-building 50

Construction

Commercial, Institutional and Industrial 20

Building Construction
Mining Industry 8
Industrial Ugers 7
Government Agencies 12
Other Users 3

Total 100%
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The single largest user of portable air compressors is the construction ln-
dustry, which currently accounts for an estimated 70 percent of total units shipped.
Government agencies account for about 15 percent of the units, followed by mining
and industrial users, sharing another 16 percent of total shipments.

Channels of distribution traditionally are through independent, authorized
distributors and factory-owned distributors or branches, In excess _gf_ 60 percent
of manufacturer shipments of new portable compressors reach the end u;ser“;i‘;_.
rental/purchase agreements, Intermittent use requirements result in a large
rental market, The trend to incrensed rental of compressors is expected to
continue, Used equipment is also an important factor in the portable air com-
preseor market,

TFrom 6 to 13 percent of total annual shipments are exported each year/ imports
have heen a minor factor in the market (less than 7 percent of the 1972 unit volume).

Most mamifacturers currently offer quieted portable air compressors due
to cugtomer demand resulting from OSHA and local nolse regulations, Domestlc
shipments of quieted units vary by compressor capacity and power source type
a8 shown in Table 4-4, The compressors range in noise levels from 70 to 88
dBA at 7 meters for unita in the §5 to 250 gubice ft per min, {cIm) 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 Type Ranpe (CFM) of Total Shipments
Gasgoline Engine 75-124 20
Gaaeline Engine 124- 250 20
Diesel Engine : 124~ 248 20
Dicgel Engine 249- 599 20
Diesel Engine 600~ 8989 10
Diesel Engine 800 and over 10

4-8
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The quieted units as a percent of total domestic shipments are greater in the
gmall capaclty units, becouse a substantially larger investment is required to

obtain quieting in the larger capacity units.

THE PRODUCT

Portable air compressors are designed mainly to power pnoumatic tools and
equipment at a construction job site, Primary applications include the generatlon
of alr power for:

1. Operating hand tools

2, ‘Tunneling operations

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

4, Poeumatic conveying of small particle material

5, Alr-operated centrifugal pumps

8. Air-powered hoist drums or brakes

7. Snow production,

Compressors generally are rated according o maximum flow rate & a pres=-
aure of 100 1bs per 8¢. in. (psl) {although some firmsa have units rated up to 160
psl). The maximum flow rate ranges as high as 2000 cfm.

Almost all the lnrger units are diese! engine driven, serew-type compressors;
the intermediates are diesel and gasoline engine driven, screw and rotary type
comprassors; and the smaller types are primarily gasollne engine driven, screw,
rotary, and reciprocating type compressors. . ’

The portable compressors of interest are designed to be towed as tratlers
on two or four rubber=tired wheels. They have welghts ranging from 1 to 14
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 recetver, the
driving engine, the cooling system, the fuel tanks, the tool boxes, and an enclosure,
The enclosure itself, when designed for noise insulation, can comprise as much

as 10 percent of the totel weight.

4-9




MWL 3 LU LYY AJDO

The most widely manufactured compressor in 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 rafio and offers high reliability due to its few moving
parts, An englne occupying 5 to 15 times the volume occupied by the basic com~
pressor itself is needed along with the accompanying cooling and exhauat system
to drive the compresgor. In most cases, the engine is directly coupled to the
muale screw element, which then drives the female element,

The basic screw type compressor unit accountafor only a small fraction of
the weight and slze of an operating portable compressor. Typleally, rotary
screw units used in portable compressors are smaller in size than an automobile
automatic transmission, Llkewise, the comprassor mechanlsm itself produces
little of the nolse generated during operations.

Most U, S, manufacturers are phasing out thelr line of gliding~vane rotary
compressors, probably because they are reputed to require more maintenance and
are less economical to operate than other typed in use, Nevertheless, there are
stil] several portable compresser sets of this type on the market, As !n the case
of the screw tybe compressors, the compressor ltself Is velatively amall, but
the necessary concomitant equipment is substantial, Sometlmes the compresscr
is mounted in the recelving tank to save apace.

The traditional reciprocating compressor is used today almost exolusively
in portable compressors delivering less than 250 efm, Unlike the screw and
rotary~vane types, it usually requires several stages to achleve the raquired
pressure, Consequently, thebasic unit s a larger fraction of the total welght
and size of the complete compressor assembly.

Rotary-acrew manufacturers tend to compete by specializing in one or two
types of portable alr compressors in each market gegment, Table 4-5 summarizes
the types of compressors oifered by each portable air compressor manufacturer,
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Table 4-5

TYPE OF COMPRESSOR OFFERED BY MANUFACTURER

Manufacturer Rotary Screw Reciprocating Rotary Vane

American Jenback X

Atlas Copco X X

Chicago Pneumalic X x
Davey Compressor X
Gardner Denver X X
Grimmer Schrnidt X

Ingersoli-Rand X X
Jaeger 4 X
Joy Manufacturing X X
Kent Air Tool X
Le Roi X

Lindaay X

Quincy X

Schramm X

Gordon Smith x

Sullair X

Worthington X ‘ X

The basie units used to gauge productive capacity and performance or portable
compressors are the engine type (dlesel or g'a.soline) and alr flow rating in cfm !
at 100 pal, {

Thirteen manufncturers, shown in Table 4-6, offer a complete line of port- ;
nble air comressor capactity while the other four offer only the smaller capacity

units,
Examination of the noiae emissions of present-day compressors suggeats

that dividing compressors into six categories provides the most meaningful
basis for evaluation, One divislon is into types of drive: gasoline va, diesel
ongines, A second ig Into "standard units" v, thoge offered as '"quieted unita",
The two alternatives for the two characteristics, gasoline vs, dlesel and ""stand-
ard" vs. "quieted", define four catagories, The diesel driven units are further
subdivided into units providing rated air flow below 501 ofm and units having a

rated air flow above 500 ofm.
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Table 4-6

PORTABLE AIR COMPRESSOR CAPACITIES IN CFM
OFFERED BY MANUFACTURERS

Manufacturer

Gagoline Engine

Diesel Engine

75-124 125-250 125-249

250-589 600-899 900 & over

American Jenback
Atlag Copco
Chicago Pneumatic
Davey Compressor
Gardner-Denver
Ingersoli-Rand
Jaeger

Joy Manufacturing
Kent Air Tool

Le Roi

Lindsay

Quincy

Schramm

Gordon Smith
Sullair
Worthington
Grimer-Schmidt

X

X

X X

X X

X X

X X

X X

X X

x X

X X

X X
X

X

X

X x

x X

x X
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Saction 5
EXISTING LOCAL, STATE, AND FFOREIGH NOISE REGULATIONS

According to Scction 6 of the Noise Control Act of 1972, the proposed
Federal regulations for new portable air compressors will preempt new
product standards for compressors at the local and State lm.rel'= unless
those standards nre identicsl to the Federal standard, Further, according
to Section 9 of the Act, regulations will be issued to carry out the provisions
of the Act with respect to new products imported or offered for importation.
Accordingly, EPA reviewed available literature and conducted a survey to
determine the number of existing regulations that are applicable to con-
struction equipment and portabie air compressors and that may be affected
by proposed Federal regulations. In the following sub-sections, the

findings of the review are summarized.

TOCAL AND STATE REGULATIONS

Information on state and loeal construction neise regulations was ob-
tained for 128 cities with populations In excess of 100, 000 and from 226 citles
with populations of less than 100, 000. In addition, information was recelved
from 46 of the 50 states surveyed. 8l

As Indicated by Table 5-1, 27 of the 123 cities with a population in ex-
cess of 100, 000 and 21 of the 226 cities with a population less than 100, 000

have some form of a construction regulation at this time.

*Local and State governments are not prohibited from “eatablighing or en-
forcing controls on environmental noise through lcensing, rogulation or
reatriction of the use, operation or movement of any product’’ of from
establishing or enforcing new product noise standards for types of con-

atruction equipment not regulated by the Federnl Government.




Table 5-1

LOCAL NOISE ORDINANCES ON CONSTRUCTION BY TYPE

Ordinance
No Specific | Nuisance _Under Performance
Population Law . Law [Development | Standards | Total
over 100,000 54 37 5 27 123
under 100, 000 157 _48 L _21 226
211 85 5 48 349

TOTALS

Of the 48 cities with some form of conatruction equipment regulation, 36

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

Table 5-2.
Tablg 5-2
LOCAL NOQISE PERTORMANCY); STANDARDS FOR CONSTRUCTION .
BY TYPE
New Product
Population _Operational Limits ~  Standards
over 100, 000 18 5]
under 100, 000 e 2
TOTALS 36 7

Of the 46 atates that replied to the survey, 4 had specific regulations
for the noise of conatruction equipment: Colorado, Indiana, New York, and
Alaska have performance standards, while Indlana has new product standards

currently in force.

G2



P R U

) Ma T

Sinece the proposed Federal portable alr compressor regulation will
preempt existing or contemplated local and state portable alr compressor
regulations, cities and states that wil] be affected have been identified.
Figure 5~1 shows that seven cities and no states have new conatruction
equipment noise standards. Also shown ig that Grand Rapids, Michigan,
ond New York City, New York, have the most stringent standard along with
the shortest time period for compliance.

Thege seven regulations then, in part, will be preempted by the new
Federal law on portable air compressgors. The new Federal law will
preempt these jurisdictions only from promulgating or enforcing a new
product standard for portable air compressors. It will not prohibit them
from enforcing laws against othor types of constructlon equipment and will
not prohibit them from establishing or lUcensing operational limits for
portable air compressors.

FOREIGN REGULATIONS

Ovaer 300 inquiries were sent to forelgn manufacturers of portable air
compressors and representatives of forelgn nations who ware_jmowledgeable
in the field of environmental noise.[ ]70] ‘These Inquiries golicited information
and comments in the following five areas.

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

2. legislation aetting 1imits on the noise level of conatruction
equipment, especially portable air compressors.

3. The effects of government regulations on the cost of producing
or marketing portable air compreasors that must be quleted.

4, Specifications for the noise levels produced hy portable air

compressors used {n government contracts,

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

Although information In sreas other than regulations was requested,
in mosat {natances the individuals and countries responding did not address
anything but the applicable regulations on construction equipment.

Generally, it was found that foreign countries have regulations that

deal specifically with construction noise in the following ways:

1. Standards of recommended practice such as tho Guidelines for
Nolse issued by the National Federation of Building Trades
Employers aid 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, Aunstralia,

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

: tira in Canada and in Paris, France.

i 4. Regulation of the nolse level in various land use areas. These
laws frequently differentiate hetween daytime and nighttime
levels. Examplea include Oslo, Norway; Zurich, Switzerland,

Sweden and Vienna, Austria,
5. Regulation of the nolse omission level of specific types of equip~
" ment, such as portable air compressors.
The levels specified by the cities and nations regulating portable nir

compressor noise are summarized in Figure 5-2,
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Effective Date of Regulation
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bet, 1/1/73
AIATEE]

) c c .
Wips | -COOK COUNTY, ILL.
1/1/80
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1213112
6/30774
12/31/15
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1/1/80
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1/1/00 3

Sound Level in dB(A}

Figure 5-1 New Product Nolse Standards for Construction Equipment
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[2) Soms data corrected for sound level
{1} Lavals are for any alr flov currently available unless otharwise stated

Figure 52 Torelgn Compressor Noise Regulations
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Section 6
MEASUREMENT METHODOLOGY

MEASUREMENT STANDARDS

Numerous noise measurement recommended practices, standards, and
regulations have been promulgated by national and intzrnational organiza-
tions[ 13]to standardize measurement methodology for use by industry, con-
sumers, and government regulatory bodies. The Society of Automotive Engi-
neers (SAE) has published recommended practices amd standards or draft doe-
uments that standardize the noise measurement methods for construction equip~
ment and construction sltas.[ 14, 15]The American Nutional Standards Institute
(ANST) for the United states and the International Standards Organization (ISO)
have developed, through thelr member groups, numerous noise measurement
stondards. Of particular interest to the portable air compressor manufactur-
ors is the Compressed Air and Gas Institute (CAGI) teat code for measurement
of sound from pneumatic equlprm:arm.[-~16 This standard has been accepted for
promulgation by the ISO as 18021.51‘-:'1972 and by the ANSI as ANSI 85..1-1971.
One gection is specifically devotled tlo portable alr comprassors and is M&aly
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 portnble air compressor noise, metheds suitable for
this type of description have been investigated. Two methods {nvestigated or
under investigation are:

L, The‘]‘.o point hemispherical method of Reference 17,

2, The far and near field method of Ret‘erence_lll—.

In both methods, sound pressure levels are measured and sound power
or sound power level is computed, Further description of the sound pressure

level and the sound power/ sound power level methods follow.

6-1
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CAGI METHOD — SOUND PRESSURE LEVEL

Octave band sound pregsure levels from 63 Hz to 8, 000 Hz and A-weighted
gound levels are obtained during compressor {dle and fullpower conditions at
10 Iocations around the compressor. The locations are shown in Figure 6-1.

Octave band data are used to show the octave band characteristics of por-
table alr compresgor noise at the microphone location at which the highest
sound level was recorded.

A-weighted sound levels areuded to culculalte the average sound level at
the 1-:-meter and 7~meter microphone Iocn.tions‘. The average level 1s caleula-

ted by one of the following three methods.

Maximum Variation of 5 dB or Less

If the maximum variastion {n corrected sound pressure levels g 5 dB or

less, average the sound preasure levels arithmetically.

Maximum Variation of 5 to 10 dB

If the maximum variation In corrected aound pressure levels is hetween
5 and 10 dB, average the sound pressure level values arithmetically and add
1dB.

Maximum Variation over 10 dB
If the mpximum variation exceeds 10 dB, average according to the equa-

tion below:
- 1 (L,/10)
L = 10 Log \ 5 !
1oy =
Where T = Average sound level (dB A ) (or band average pressure level in
decihels).
I4 = Sound level (dB A) (or band sound pressure level {n dectbals) at
the ith poaition.

n = Numher of measuring stations.
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10~ POINT HEMISPHERE METHOD — SOUND POWER LEVEL
Theoretically, sound pressure levels measured over the entire surface of

an imaginary sphere surrounding the gsource should be used when ealewlating
sound power levels, The practical procedure for approximating the entire
sphere exploration is to select a number of points located at the center of ele-
ments of equal area that are situated on the surface of an imaginary hemisphere
about the source. Figure 6-2 is n schematie of the mierophone points used for
the}O-point hemisphere method, while Figure 6-3 shows the coordinatea (rela-
five to the rodius of the hemisphere) for the microphone positions. Sound power
level is calculated using Equation 6-1,

PWL = SPL + 20log, ¥ + 0.5 dB
(6-1) '
where

PWL = sound power level in dB rc.'a].t)"12 watts

SPL = gpatial average sound pressure level dB

r = padius of the hemisphere
FAR=FIELD METHOD — SOUND POWER

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

the geometric center of the source. The radius (r} may be any convenient dis-
tance subject to tho conditions that r is greater than three major source dimen-
sions, hut that r need not be greater, in any case, than 10 meters, The major
aource dimension is the larger of the length, width, or height above the ground
plane of the aource, The minilmum number of measurement positions shall be
gix (subject to change by the National Bureau of Standards to achleve desired
accuracy), including one each in the four principal directions from the source
{{.e., perpendicular to the four vertical surfaces of the machine) at a height
of 1, 550. 1. meter above the ground plane. The fifth measurement position shall
he above the geometric center of the source at a height r above the ground

plane. [

6~4

e b e e i e e




FRESEERS wt PRI FIWIAN AN R

e

z
kP
1
]

!
|
|
i
}
| 3
1
]
+

n .

X

G
1

[
|

4

Lo

Ly = Helght Above

\

Figure 6-2, Schematic Diagram of 10 Mierophone Locations
at the Center of Elements of Equal Aren on the
Surfoce of 2 Hemisphere about & Sound Source

G5



!

©®

Figure 6-3.
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NEAR-FIELD MEASUREMENTS

Determination of Measurament Locations

The near fleld measurement locetions are on five sides of a parallelepiped
surface that extends to the ground plane and is 1. 0 + 0 01 meter away from the
major surfaces of the unit. 1y For the purposes of this measurement, the
major surfaces are defined as including the four sides and top of the source
and the exhaust system, If it iz mounted on one of these surfacea.

A minlmum 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 at a height of 1. 5 meters above
the ground plane. The survey position shall be established separately for
each mesasurement. The principal measurements on the four sides are at the
horizontal centers, 1: G meters above the ground plane. The principal mepgure-
ment pesition on the top of the measurement gurface shall be above the geome-
tric center,

Using the caleulation procedures of Section 7 of Reference 11, the A-welghted
sound power is calculated [or the near-and far-feld measurement locations os

previously defined.

EPA RECOMMENDED PORTABLE AIR COMPRESSOR TEST PROCEDURE

In arriving at the recommended teat procedure, EPA recognized the need
for a common, well known descriptor of portable air compressor nolse to avold
posaible confusion over units of mensurement by industry, State/locnl govern-
ments, and the public, Also recognized was the need for & relatively simple
method te accurately acquire portable air compressor nofae that could be used

both for product certificstion and enforcement,

8-7
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Candidates for the proposed description of portable afr compressor were:
1. A-welghted sound pressure in dBA
‘2. Sound power level in dB

3. Sound power in miliiwatts.

A-welghted sound pressure level in dBA was selected for several reasons,
including its utility and ease of acquisiilon. A-welghted sound pressure level -
can he messured directly using common, readily available equipment, Thus
it is common to and widely used by indusiry, the scientific community, State
and loecal governments, and the general public to assess human response to
noise. This is in contrast to saound power level and sound power, which cannot
be meagured and have to be calculated, typically from sound pressure level
data.

By selection of the A-waighted sound level descriptor, the,fo-point hemis-
phere and far-fleld/near~field measurement methods, for the acquisition of
data to calculate sound power level and sound power, respectively, were eli-
minnted as candidates for the desired test procedure. Their elimination re-
sulted because the rigor involved in the methoda is not needed for the simple,
direct measuroment of A-weighted sound pressure level.

The remaining candidate for the desired test procedure waa the CAGL/

PNEUROP mezsurement method, In reviewing this method, cons{deration was

given to whether data was needed at both the,l—meter and 7-mmeter microphone

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

7 meters. This conclusion was based on the fact that the J-meter mensurement

locations lie in the near fleld (see Section 7 of this document), Although the -
near fleld data for regulation use, it would not be satisfactory for far=field

extrapolation, as is often the case when it {a desired to estimate noise levels .
at residentinl positions some distance from the construction site (Sectjon 7

discusses the problem in more detail). In cther words, the l-metsr data is

not ag utilitarian na are the 7-meter data.

g-8
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Consequeﬁtly,' EPA sclected the 7-meter microphone locations because:

1. The microphone locations are In the far field,

2. 'The data satisfactorily and adequately describe compressbr noise,

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

The Agency also edded an overhead microphone location to puard agalnst
compressor degign that would direct major sound energy upwards (this would
be of gignificance to persons residing in high rise buildings adjacent to construe-
tion sites). Further, the need to search for and report the maximum A-weighted
sound pressure of the compressor was eliminated, Since data indicates that
the maximum occura at or near the four horizontal peints selected for measure-
ment.

By selection of a modified but more simple CAGI/PNEUROP test method,
little education, If any, would be required on the part of induatry as the mem-
bers of CAGI are fmn:ﬁlia.r with and currently use the CAGI/PNEUROP procedure.

The conditions and the measurement procedures requisite to measures the
noige of portable air compressors for the purpose of compliance with a noise
standard are presented below,

a, Teat Site Description. Locations, for measuring nolse, employed

during noise compliance testing, must consist of an open gite above a hard re-
flecting plane. The reflecting plane must consist of a surface of sealed con-
crate, sealed agphalt or the equivalent and must extend1 meter beyond each
microphone location. No reflecting surface such a3 a building, sign board, hill-
side, etc. shall be located within 10 meters of a microphone location.

b, Measurement Equipment. The messurement equipment must be used

during noise standard compliance testing and mugt conaist of the equivalent of
the following:

6-9
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I {1} A sound level meter and microphone system that conform to the
| requirements of American National Standard (ANS) 51.4=~1971, "Specification
for Sound Level Meters, ' with regard to the section conc.emim; Type I sound
level meter and Internationnl Electrotechnical Commission (IEC) Publication
No. 179, "Precision Sound Level Meters" with regard to the sections concern-
| ing microphone and amplifier characteristica.
; {li) A windscrcen musat be employed with the microphone during sll
measurements of portable rir compressor noise when the wind speed exceeds
11 km/hr. The windscreen shall not effect sound levels from the portable air
; compressor In excess of £ 0,5 dB,
: (lily The entire acoustical instrumentation system including the micro-
phone and cable shall be calibrated before and after each test series. A sound
level calibrator accurate within + 0,5 dB shall Ibe used, A complete frequency
responge calibration of the instrumentation over the entire ranga of 25 Hz to
11,2 kHz ehall be performed at least annually using the methodology of auffi-
cient preclalon and accuracy to determine compliance with ANS 81-4-i971 and
IEC 179. This cslibration shall consist, at a minimum of an overall frequency
regponaa calibration and an attenusator (zain control) calibration plus a measure-
ment of dynamic range and instrument noise floor.

{lv) An anemometer or other device accurate to within + 10% shall be
used to measure wind velocity,

{v) An indicator accurate to within 4 2% shall be used to measure por-
' table air compressor engine speed.
' : (vl) A gauge accurate to within + 5% ahall be used to mengure por-
table compressor air pressure.

(vi{) A metering device accourate to within :Iio% ghall be used to
mensure the portable atr compressor compressed air velumetric flow rate.

i G-10
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{c)* Portable Air Compressor Operation. The portable sir compressor

must be operated at the design full apeed with the compressor on load, deliver-
ing its rated output flow and pressure, during noise standard compliance teating.
The discharged compressed air must be piped clear of the test sits or silenced.

(dy  Test Conditions. Noige atandard compliance testing must be carried

out under the following conditicns;

(i) No rain or other precipitation

{if) No wind above 19 lem/hr

(iil) 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.

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

to acquire portable air compressor gound levels to teat for nolae 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-, iront- and back side of the test unit must be located 1, 5_-_*-0.1'
meters above the reflecting plane., Fig'ure 6-4 shows the microphone array.

() Data Required, The following data must be acquired during noise

standard compliance testing:

(i) A-weighted and C-weighted sound levels at one microphone loca-
tion prior to operation of the test unit and at all microphone locations during
teat unit operations as defined in section (e). J

(if) Portable alr compressor engina speed,

{111} Portnhla'nlr compresgor compressed gas pressure.

{iv) Portable air compressor flow rate.

6-11
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(;r) Caleulation of average sound levels, The average A~weighted and

C-weighted sound levels from measurements at the specified microphone loca-
tions must be calculated by the following methed.

n

_ ' (I;/ 10}
L= 101og 7 10 :
10 _

i=1

where;

T.= average sound level, dBA or dBC as appropriate, in decibels
L = sound level, dBA or dBC as appropriate, in decibels at the
i th location

n = number of measurement poaition
(h_Presentation of information.  The following information must be re-

ported:
{I} Background ambjent scund level in dBA and dBC,
(il) Portable air compressor sound levels in dBA and dBC at each micro-
phaone location.
{iil) Average portable alr compressor sound levels {n dBA and dBC.
(iv) Portable air compressor compressed gas pressure, In kg. /cmz.
{v) Portable nir compressor compressed gag flaw in m3 /min,
(vi) Portable air compressor manufacture, model and serial no,
(vil} Acoustic instrumentation manufueturer, and model mmbar

The recommended data format 1s shown in Figure 6-5.
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Test Report Number

SURJECT:

Manufacturer:

Rated Speed:

rpm:

Model: Serial No,:
Rated Capacily: m3/ min {cfm) -

Confipuration Identification:

TEST CONDITIONS:

Manufacturers Test Site Identification and Location:
Reflecting Plane Composition:

Category IdenfifIcation:

Operating Speed as Tested: Beginning of Test FpIn
End of Test Tpm

Air Pressure Supplied:
Actual Flow Rate:

INSTRUMENTATION;

DATA:

Microphone Manufacturer: .
: Sound I.evel Meter Manufacturer; Model No. s Serial No.

Calibrator Manufacturer:

kg/cmz. {psi) Ambient wind Speed kzg/hr {mi/hr)
m</min (cfm) Barometric Pressure  kg/em” (psi)

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

dB Ref.
2X10°5
Pagcals

Background dound
Level at Location
‘at Location

LOCATION Average
' Sound

1 2 Jd 4 5] Level

dBC

dBA

TESTED BY:

DATE:

REPORTED BY:
SUPERVISORY PERSONNEL:

SR e T LB Y A eild

DATE:

TITLE:

TITLE:

Flgure 6=5. Portable Air Compreasor Nolse Data Sheet
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Sectlon 7
PORTABLE AIR COMPRESSOR NOISE

The basic elementa of all noige problems are a (1) aource (2) path and

(3) recelver, Studies have been conducted on all three of these elements;

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

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

included evaluation of:

" . b vmnin e or

Overhead noise levels of unailenced and silenced compressors.
Noise levels of unsileaced and silenced portable air compressors
ranging from 85 to 1200 cfm capacity.

Rapeatability of compressor neise measurements.

Noise directivity of unsilenced and silenced compressora.
Compreasor sound power levels,

Low frequency compressor nolse.

Identification of major noise sources associated with portable
air compresgsors {see Section 8}

Degree of quieting with application of present technology (see
Section 8).

Study of the propagation path Included the following considerations:

Growund reflections.
Path diacontinuities. _
Calculation of far field data from near feld data.

OVERHEAD NOISE _

. . To Incresnse the data base and to provide dntalto asseds the nolge
characteriatics of portable alr compressors, nolse measursments were

. made of 4 gasoline and 19 diesel powered compressors ranging in capacity
from 86 to 1200 cfm. Table 7-1list information about the units and the test
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method employed. As indicated in the table, both silenced and standard
versions of some compressors were evaluated, and, in some cases, the
compresgor housing doors were purposely left open,

The most commonly used portable air compressor messurement scheme,
the CAGI/PNEUROP method (see Section 6), does not pregently include
measurement of sound above portable air compressors. Since engine ex-
haust often i directed upward, noise radiating in this direction could be of
significance, particularly to peraons in offices, apartments, etc., located
above operating compressors. As such, measurements were made of noise
radiating upward and were compared with that radiated to the side of com-
pressors,

Pabla 7-2 lists the measured CAGI/PNEUROYP average and ovarhead
noige levels for the 26 compressor tests. ‘The lagt column in thig table is
the difference between these two levela, and figure 7-1 shows a histogram of
theae differences. '

For 4 of 26 compressors, the overhead noise level i8 greater than the
horizontal noise level. All other models show the overhead direction to be
quicter than, or equal to, horizontal poise. The mean difference in Figure
.1 shows the upward=-directed noise to be 0, 6 dBA less than the CAGY
PNEUROP figure. The sproad in the data, howsver, creates a standard
deviation of 2 dBA.

Of the four compreasors that are significantly nelsier overhead, two
results are for the samo model (doors opeﬂ and closed) with a relatively
inefficient exhanst muffler. The other two results are for silenced units
similiar to companion products with overhead sound levels significantly
lesa than the sideline average. Consequently, if we momentarily ignore

these results as atypical or ag posaible measurement error, the statistics
of the remaining 20 are computed, The following values result;

7-2
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e Mean: -~ 1.5 dBA _

e Standard Deviation= 1.1 dBA
Thus, for this group of compreasors, the overhead noiae level is about 1. 5
dBA less than in other directions.
PORTABLE AIR COMPRESSOR NOISE LEVELS
New Data

Ap discussed previously, measurements werc made of z total of 23
portable air compressor types. Tables 7-3 and 7-4 list noise levels of the
atandard and silenced compressors, respectively, while Figure 7-2 shows
a plot of noise veraus cim capacity. From review of the data in tables and
in the figures the fellowing may be concluded:

& Noise levels of both standard and silenced compressors increase
with increasing compressor capacity, with noise of the standard
units increasing at a more rapid rate.

e Nolse levels of standard compresaors range in level from 8lL.4
to 92,6 dBA at 7 meters.

e Noise levels of silenced comproeygsors range in level from 70.1
to 78.2 dBA at 7 meters.

e Silenced compressors are on the average 10 and 15 dBA quieter

than standard units,

7-3
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Table 7-1

COMPRESSORS TESTED

Teat Methal
Sllancwl Typo Ty Tant Condition Ovarhond 1¢ loint
Munulpctutsr Modal or Stardard | Engine [ Comprassor Horlal Mo, 1ofm, pal) CALL/PNEURDD [ Mangurement™ | liemiapherieal Dlugﬂnnl“
Allas Coapo HT-48 Standard | Dlosel | Raclproca) 61232751 160,100 x X
Atlia Copeo ST-05 Standoml | DHoag] | Reciprocal S)-2714077 310,105 x x
Atlas Copon V83-170 Dd Sllencod | Dieacsl] | Neclirocal §1-3350%, 170, 850 ] X
Atlag Copea VT-85 Dd Standlard | Gas Tiwelprocal ARM0IL4E 45, 100 x r
Atlas Copen VS-85 I Silenced | Gas Reclprocal AlZ63003 o, 100 x x
Atlaw Capea VE5-125 I Hllenced | Diessl | Reolprocal H1=145010 125,100 x x
Atlan Copen 518-35 bl Silenced | Diesel | Roclprocal ARTa50024 125,100 x X
Atlas Copeo V33170 bd Sllenced | Dlase) | Roclprocal S1-134072 170,100 x % x x
Gardnar=Donver | SPWDA/2 Sllvncex! | Deael | Hotary-Serew | GI6W51 1200, G0 X X -
GCondnor=lionver | 3 PQDAS2 Silenced | Dional | Tintary-Screw | GOB22T 750, 000 X x x
Gardner=Denver | SPHGC Silenced | Gan Rotary=Screw | G2U71T 185, 000 % x
Ingersol=Nand | DXL 1200 Standard | Desel | ltotary-Screw | 74430 1200, 125 X I
Ingersoll=Rand DXL 1200 Standard | Diesel | Notary=Screw | 74430 1200, 125 x
{docre apen)
Ingarsoll-fand | DXL 9008 Silorcad | Dicdal | Moury-Screw | 72653 900, 125 x x
logersoll=tand | DXL 9603 ° Silenced | Dlanel | Romry-Rerew | 14050 1400, 125 x x
IngaraollRand DXL Ctltoso Standord | DMesel | lolary«Screw | 75012 1050, 135 x X x
Ingstraoll-Rard DXL 8008 Bltenced | Diesel | Rotary=Scraw [ 74051 g, 125 x X
Ingersallfand DXI. 0008 Silenced | Divmal | Ralary=Screw | 740471 900,125 X X X
Ingersall-fund | DXL 800 Standurd | Diesal | Hotary=Screw | 75647 900,125 x x
Ingeraoll-fand DXL 760 Stamdard | Diesel | Rotary-Bcrew | TTI8D 750, 126 x X
Jaegar A Standand | Gas Rotary=Screw | Ruau2040 175, 10U X ]
Jaager A {doors upen)| Staptard | Gan Rotary-5crew | R8-321499 175, 100 x x
Jasger E Stardard | Gas Vana 1tC-32032 85,100 % X
Jusgar E {(doore open)| SHtamdard | Gas Vane nc-32032 45, 100 x X
Warthingtoa 160 /2 QT Sllenced | Gaa Vane gat-478 160, 100 x x x x
Worthlngtan 160-QTEX Sllencud | Dio#ol | Rolary-Screw | 448012 750,100 X x x x

1. 180 21511072 Method {Bae Figure 6. 1}

2, 180 2131-1672 Mothmd plus A T meter overhoad polnt

3. Sed Figure 6, and 0, 20
4. Mewsurements wete made At dlagonal locations &l O otars
§.  Menauranunis wore mads fot the camprossor operaticg st Idle amd full powar
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COMPARISON OF CAGI/ PNEUROP AVERAGE SIDE

Table 7-2

WITH OVERHEAD NOISE LEVELS

(A)
CAGY/ (B)
No.| Manufacturer Model PNEU. Overhead | B-A
1 | Atlas Copco ST-48 84 83 =1
2 | Atlas Copco ST-95 80,5 79.5 -1
3 | Atlas Copeo V55-170 Dd 71 68 -3
4 | Atlas Copeo VT-85 Dd 82,5 79 -3.5
5 | Atlas Copco V585 Dd 75.6 76 0.6
6 | Atlas Copco VS$=125 Dd 70 72,6 2.5
7 | Atlas Copco STS5-356 Dd 73 77 4
8 | Atlas Copco V85~170 Dd 7l 68,5 =2, 5
9 | Worthington 166 G/2 QT 75 72 -3
10 | Worthington 750~-QTEX 75 73,5 =1.5
11 |Ingersoll-Rand { DXL 1200 doors 94,5
12 |Ingersoll=Rand | DXL 1200 96,5
13 |Ingersoll-Rand | DXL 9008 °P°% | 77,5 75 -2,5
14 | Ingersoll-Rand | DXL 90608 5.5 74,5 =1
15 |Ingersoll=Rand [ DXL CU1050 51 89 -2
16 |Ingorsoll=Rand | DXL 9008 76 73.5 =2,5
17 |Ingersoll-Rand [ DXL 9008 78,6 74 =1,5
18 {Ingersoll=Rand | DXL 900 90,5 B9 =15
19 |Ingoersoll-Rand | DXL 7560 88 88 0
20 |Gardner-Denver|SPWDA/2 74 73 -1
21 | Gardner-Denver) SPQDA/2 78.5 78 «0,6
42 | Gardner-Denver | SPHGC 7.5 75 -2.b
23 |Jaeger A B6.5 88 -0,5
24 |Jaeger A g;z:ﬂ 89 89,6 | 0.5
25 |Joegor E doors 81.5 84 2,6
26 jJaeger E opgn 82 86 3

7-5
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rhead Lavel and CAGI/PNEUROP Level
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NOISE LEVEILS OF STANDARD COMPRESSORS

Table 7-3

USING THE CAGL/ PNEUROP MEASUREMENT METHOD

Average Noise Level (dBA)

Manufaciuirer Model S/N Cfm 1 meter 7 meter*
Atlas Copco vTe5Dd ARP203149 85 94,8 Bl.4
Atlas Copeo 8ST-48 51-232951 160 86,6 83.06
Atlag Copeo ST-95 51-274977 330 91.9 80.2
Jaeger E RC32032 85 92,6 8.5
Jaeger A RS3218% 1756 98.9 88.2
Ingersoll-Rand DXL.750 77380 750 98,6 BT.7
Ingeraoll-Rand DXL900 75847 900 97. 9 89,9
Ingeraoll-Rand DXTLCUL050 75613 1050 100, 8 80,2
Ingersoll- Rand DXI1200 74430 1200 103. 0 92.6

*Includes overhead measurement potnt




Table 7-4

NOISE LEVELS OF SILENCED COMPRESSORS

USING THE CAGI/PNEUROP MEASUREMENT METHOD

Avorage Noise Level (dBA)

Manufacturer Models 8/N Cfm 1 meter 7 motar*
Atlas Copco V885 ARP203503 85 89,0 75.5
Atlas Copco STS35Dd ARP550924 125 85.5 78.5
Atlas Copco vE5125Dd 51-345060 125 81.0 70,1
Atlas Copco VSS8170Dd 51-235072 170 83.9 70,2
Worthington 160G/2QT 821478 160 84.5 74,2
Gardner-Denver SPHGC 629717 186 87.0 77.1
Gardner=-Denver SPQDA/2 608227 750 8G.1 78.2
-4 Worthington T50QTEX 848-019 750 84.0 74.7
& Ingersoll~Rand DXL 9008 73693 900 82.4 76,0
Ingersoll-Rand DXL 9008 74050 900 82,0 75,1
Ingersoll-Rand DXL 9008 74051 900 83.1 75.3
" Ingersoll-Rand DXL 9008 740471 900 82,4 76. 0
. Gardner-Denver SPWDA/2 636851 1200 84.1 78.7

*ncludes overhead measurement point
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Existing Data
Manufacturers supplied EPA (Contractor BBN) with noise data at 7

metera for 194 compressor models, Table 7-5 lists the data in terms of

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

in the table is the number and percent of units helow a particular noise
level.
In summary, the data ghows:
e Standard models of gas engine powered compressors range in nolse
level from 71. 0 to 92, 0 dBA with a meon valuo of 82,8 dBA.
# Silenced models of gas englne powered compressors raonge {n nolae
level from 72 to 81 dBA with a mean value of 76, 1 dBA.
e Standard models of diesel engine powered compressors of less than
“+ 501 cfm capaclty, range in noise level from 79. 5 to 93.4 dBA with
a mean value of 86.1 dBA,
e Bilenced models of diesel engine powered compressors, of leas
than 501 ¢fm capacity, range in noise from 70,0 to 88,0 dBA with
a mean value of 76.4 dBA.
¢ Standard models of diegel engine powered compressors, of greater
than 500 cfm capacity, range in nolse level from 86.8 tol101,8dBA
with a mean valuoe of 92, 8 dBA.
o Sllenced models of diesel engine powarad compressors of greater
than 500 cfm capacity, range in noise level from 73.0 to 82.0 dBA
with a mean value of 78.7 dBA.

7-10
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Table 7-6(a)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS
WITH NCISE LEVELS NOT IN EXCESS OTF A PARTICULAR VALUE*
(Major Category of Portable Air Compressors by Capaeily and Typeof Engine)

Gaseline Engine, All Capacitieg#*

standard Models Ruieted Models
Percent of Percent of
Cummulative | Number of Cumulative; Number of
dBA Level |Units Below |Units Below |dBA Level | Units Below|Units Below
7.0 0.0 0
72.0 3.12 1 72,0 0.0 0
73.0 3.12 1 73.0 11,54 3
74.0 8.37 3 74.0 15.38 4
75.0 8.37 3 75.0 26,92 7
76.0 12.50 4 76.0 50, 00 13
7.0 12.50 4 77.0 65. 38 17
78.0 18.75 B 78.0 69. 23 18
79.0 18.75 B 79.0 84.62 22
80,0 21, 8% 7 80.0 92, 31 24
81.0 28,12 9 81.0 100. 00 26
g2.0 28,12 9
83.0 34,37 11
84.0 50,00 16
85.0 62.50 20
86.0 75,00 24
87.0 81.25 26
88.0 90. 26 25
89,0 80,62 29
90,0 93.75 30
91.0 96,87 31
92.0 100. 00 32
Mean; 82, 8 dBA%%* Mean: 76,1 dBA¥s

Standard Deviatio_n:___ 4.92 dBﬁf**

Stundard Deviation: 2,40 dBA%%%

*  Aversge sound pressura level in dBA at Tm according to the recommended
measurement practice of IS0 2151-1972, Manufacturers were somstimes
improcide in defining the noise datn submitted to BBN, BBN has treated this
data g8 an average of nolae level for o model based or testing o number of

unfits,

=% HBN did not document in {ts report the manufactursrs whose model data is
included in the 184 data points reported.

#*x The mean {8 a simple average of model nolse data, Data I8 not available to
weight by relative model unit volume sold, Partial welghting achemes by
capacily and/or manufacturer were not utilized,

T-=11
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Table 7-5(b}

PERCENT AND NUMRBER OF PORTABLE AIR COMPRESSORS
~ WITH NOCISE LEVELS NOT IN EXCIESS OF A PARTICULAR VALUE*
{Major Category of Portable Air Compressors by Capacity and Type of Engine)

Diesel Engine, Below 501 ofm Capacity¥s

wtandard Modela uleted Models
ercent of Percent of
Cumulative | Number of Cumulative| Number of
dBA Level | Units Below |Units Below |dBA Level Units Below|Units Below

70.0 0.0 0
71.0 11, 43 4
72.0 11.43 4
73. 0 14, 2% 5
74. 0 17.14 6
75.0 22. 86 8
76.0 57.14 20
7.0 68.57 24
78.0 71.43 25

79.5 0.0 0 79.0 77. 14 27

80.5 2.22 1 §0.0 7. 14 27

81.5 2.22 1 81.0 82.86 28

82.5 17.78 ] 82.0 88.57 31

83. 5 24, 44 11 83.0 88,57 31

84.5 3. 11 14 84.0 97.14 34

85. 5 48. 89 22 85.0 97,14 34

86.5 62,22 28 86.0 97. 14 34

B87.5 71.11 32 87.0 87.14 34

88.5 73.33 33 88.0 100. 00 35

80.5 77.78 a5

a0, 5 86,67 39

01.5 88,88 40

92.5 97.98 44

§3.5 100, 00 3

Mean: 86.1 dBAw Mean: 76,4 dBA%»*

Standard Deviation: 3, 35 dBAM%

*

L2

ok

Standard Devigtion;  4.07 dBA##4

Average sound pressure level in dBA at 7Tm agcording to the recommended
meoasurement practice of IS0 2161-1972. Manufacturers werae sometimes
imprecise in defining the noisy data submitted to BEN. BBN has treated this
data as an average of nolse level for a model based on testing a number of

unita.

BBN did not docutnent in its report the manufacturers whose mode! datn is
included in the 194 data polnts reported,
The mean is a simple average of model noise data, Data is not uvailable to
welght by relative model unit volume sold, Partial weighting schemes by

capacity and/or manufacturer were not utilized,
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Table

7-5{(c)

PERCENT AND NUMBER OF PORTABLE AIR COMPRESSORS
WITH NOISE LEVELS NOT IN EXCES8 OF A PARTICULAR VALUE*
{Major Category of Portable Alr Compressors by Capacity and Type of Engine)

1hedel Enpine,” Above H00 cfm Tapacity™¥

Standard Models

uteted Models

Percent of Dercent of
Cumulative | Number of Cumulative| Number of
dBA Level | Units Below {Units Below |dBA Level Units BelowjUnits Below

73,0 0.0 0

74.0 2,17 1

5.0 8,33 2

76.0 16. 67 4

7.0 15,83 11

78.0 58,33 14

79.0 62,50 15

80.0 6G. 67 16

81.0 70, 83 17

82.0 75.00 18

83,0 78,17 19

84.0 70,17 19

83.0 87,50 21

B6,8 0.0 0 46,0 41,67 22

87.0 6. 25 2 47.0 100, 00 24
88,8 16,62 5
Bo. 8 28,12 9
90.8 37.50 12
91.8 46,87 15
02.8 53.12 17
63,8 65.62 21
64.8 68.75 22
05,8 68.75 22
96,8 75.00 24
87,8 84. 37 27
98,8 87.50 28
99.8 03,75 30
100.8 086,87 31
101.8 100,00 32

Mean: 92,8 dBAxw

Standard Deviation; 4.08 dBA#w:

L L2

ok

Mean: 78,7 dBAWE

Standard Deviation: 3,90 dBA%us

Average sound pressure level in dBA at 7m according to the recommended
measurement practice of 150 2161-1972, Manufacturers were sometimes
imprecise In defining the noilse datz submitted to BBN, BBN has treatoed this
data a8 an average of noige level for a model based on testing & number of

units,

BBN did not document in itas report the mamufaciurers whose model data s
included in the 194 data points reported.
The mean ig o stmple average of model noise data, Data is not available to
weight by relative model unit volume sold, Partial weighting schemes by

capaclly and/or manufacturer were not utilized,

7-13
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REPEATABILITY OF DATA
Data nequired uaing the CAGL/PNEUROP method were compared with l

available manufacturer's dota. Figure 7-3 present a histogram of the com- :
pressor in which good repeatability is shown, i.e., hoth mean and median |
ratios are approximately zero. Further comparisons are made in Table
7-8, iu which noise levels agsociated 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 withinl. 0 dB on the

average.

7-14 :
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Number of Measurements

Madian; 0dB A
Moan: ~0,1dB A
g=16dB A

N\

-1 0 1 2

Sound Lovel Difforance, dB A
{Miyr. Minus Survay}

NOTE: Slionced Modais Only

Flgure 7-3. Comparison of Manufacturer Supplied with Survey Data
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Table 7-6

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

9l-L

Measurement Poasitiong*» Average dBA Lavel
Serial No, 7 8 9 10 11*
73693 73 76,5 78.5 77 75 76,0
74050 72,5 - 75,6 76,6 76,5 74,5 75.1
74041 73 76,5 m 6.5 73.5 75.3
740471 72 76.56 i 76,5 T4 75,0

¥  Overhend Posltion
**  Sea Flgure 6-1
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NOISE DIRECTIVITY

Noise levels measured during compressor operation at rated power were
analyzed to assess noise directivity around portable nir compressors. Table
7-6 lists dBA levels, average dBA levels, and the maximum directivity factor
ngsociated with the six types of compresgors. The data were acquired using
tha 10~point hemisphere measurement method, The data show little variance
in noise level from position to position, indicating llittle directivity of noise.

Figure 7-4 show n polar plot of noise at various azirmuthal locations,

avery 30 degrees in the horizontal plane, around a compressor. Again, litle-

directivity is shown.

-7, .,
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Table 7-7
AIR COMPRESSOR NOISE DIRECTIVITY )

Fr Wl FW T TN AAI RN

[~
th
o n o
— o ~
£ o o o<
o o > Q o =]
&~ ~ il | 5 a -
~ - £ x &
W 1 & a a 74
o 93] (=
[T+ wn i Lo o ]
SR IR E L s g
= ! = & & 2
] 3] Q d
] 2 2 ~ - a
o 0 o —~ P
£ 3] £ 0 o "
2 1. |2 |8 (8 |8
o ~ - & & g
0 < [e) g = 0
Microphone = < _ = H H ©
Location* Sound Level, dBA
A 77 71 72 92 77.5 81
B 77 75 72 94.5 76.5 80.5
c 77 72 73 93 a0 77
D 77 72 73 94.5 75.5 78,5
E 78 72 71 94.5 78 79
F 77 71 71 93 80.5 79.5
G 78 71 72.5 | 91 8l 80.5
H 77 72 72.5 91.5 8] 81
I 77 71 72 92 79 80.5
J 76 70 72.5 89 78 77
Average dBA 717.1 7L.7 | 72,2 | 92.5 78.9 79.5
Maximum Directivity
Factor »» 1.23 2.14 1.22 1.58 l.62 1.43
* See Flgure 6~2 and 6-3 Lnax®

** Maximum directivity factor = antiloglo(-—i-a———}
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Figure 7-4, Horizontal Directivity of Ingersoll-Rand
DXL 9008 Compressor
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SOUND POWER CALCULATION

Because portable alr compressor noise may, in part, be defined in terms
of sound power, sound power levels calculated using data acquired by the CAGI/
PNEUROP method, with and without the overhead mierophone position point,
werc compared with levels calculated from data acquired by more conventional
means, i,e., by microphones located at the center of surfaces of equal area on
the surface of an imaginary hemisphere about the sound source,

The reqults presented in Table 7~7 show that power levels calculated from
the CAGI/PNEUROP 4 and 5-point data compare well to thoge calculated ualng
the more precise 10-point hemispherical measurement method. An average
difference of only 0.6 dB was found in each case. These results occurred pri-
marily because the compregsors tegted were not very directive, In the extreme
case of a completely nondirective compressor, &ll methods would yield exactly
the same results. In fact, only one sound level measurement would he re=

quired.

T2
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SOUND POWER LEVEL COMPARISONS

Table 7-8

PWL* PWL* PWL* PWI.L1 PWL
(4 pt.) Gph) | (10 pt) 0 10
p P L. minus minus

Compressor (dBA) {dBA) (dBA) PWL 7 PWL5

Atlas Copco 96, 4 96, 3 96, 7 0.3 0.4
V838170

Worthington 100.9 100, 5 102,1 1,2 1.6
160 QT

Worthington 99,9 39,9 100, 2 0,3 0,3
750-QTEX

Ingersoll-Rand 117.4 117.2 117.5 0,1 0,3
DXILCU 1050

Ingersoll-Rand 102,2 102.1 103,9 L7 1.8
DXL aco8

Gardner-Denver 105.0 106,1 104,5 ~0,5 ~0.6
SPQDA/2
(Full Powar)

Gardnor=Denver 96.6 a7.1 87.5 0,9 0.4
SPQDA/2
{Idla)

D T T R

*PWL = Sound power level

=21
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LOW FREQUENCY NOISE

The A-welghting network of sound level meters ottenuates low-frequency
noige; e.g,, ~39,4 dB, -26.2 dB, -16,1dB, and ~8.G dB at irequencies of
81,5 Hz, 63 Tz, 1256 Hz and 250 Iz, respectively.[la]ns such, preat differen-
ces con result between A-weighted levels and the unweighted (relatively
speaking) C-weighted levels. The significance of this is the possibility that
while o compressor's A-welghted data may be decreased, the C-weighted level
could conceivably remain the same, or could in faet increasce. Though A-
weighted sound level decrenses might adequately reduce health and welfare
impact. C-weighted noisc control is desirable as well to preclude the escala-
tion of overall unweighted compressor noise.

Tablea 7-9 and 7-10 ghow 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 modela. in the
figure, it is shown that a lower dBA level for the silenced unit has been a-
chieved by a shift of peuk sound levels to the law frequency range. Note that
while the A-welghted gound level of & compressor has been reduced by 6dB
{standard to silenced) the C-weighted value has been reduced by only 1dB as
a result of the different weighting characteristics of the A and C networks,

In view of (1) the fact that a A-weighted nofse reduction does not necea-
sarily imply an 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 in Figure 7-5 represents a beat-
fit curve through the data points and indicates that a dBC minus dBA limit of
20dB would be & reasonable control limit.

7-22
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COMPARISON OFdBA LEVELS WITH dBC LEVELS OF

Table 7-9

STANDARD PORTABLE AIR COMPRESSORS3

dBC Lavel Minus

Manufocturer Model S/N Cfm dBA Level* dB
Atlas Copco VTasDd ARP203149 85 11

Atlas Copco ST-48 51-232751 160 B.5

Atlas Copeco ST-95 51-274977 330 9.5
Ingeraoll=Rand DXL750 77380 750 5
Ingersoll-Rand DXI1900 76847 900 3
ingersoll-Rand DXLCU1050 75613 1060 i
Ingersoll-Rand DXT1200 74430 1200 3

Joeger E RC32032 85 12,6

Jaeger A 1532189 175 13.5

*Avernge levels at 7 meters
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COMPARISON OF dBA LEVELS WITH dBC LEVELS

Tahle 7-10

OF SILENCED PORTABLE AIR COMPRESSORS

dBC Level
Minus dBA Lavel*

Manufacturer Model s/N Cfm dB

Atlas Copeo VvS85 ARP203903 85 16,0
Atlas Copeo STs360d ARP550924 125 23.5
Atlas Copco VS§S125Dd 51-345060 125 28,0
Atlas Copeco V88170Dd 51-235072 170 21.0
Worthington 160G/2QT 821478 160 15.0
Gordner-Denver SPHGC 629717 186 12,0
Gardner=Denver SPQbhA/2 608227 750 7.5
Worthington 750QTEX 848-019 760 10,5
Ingersoll-Rand DXL 9008 73693 900 T.7
Ingersoll-Rand DXL 9008 74050 900 6.9
Ingersoll-Rand DXL Y0665 74051 900 7.8
Ingersoll-Rand DX, 5008 740471 g00 7.5
Gardner-Denver SPWDA/2 635861 1200 10.0

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

At a construction job site, portable pir compressor equipment compart-

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

furnishing more engine and compressor cooling, Actually, portable alr com-

pressors are designed to provide adequate cooling with the access doors

cloged, Since the nccegs 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 nolge ig expected to occur when the doors are left open.

Six teats were conducted, three of the standard units and three of gilenced

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

due to opening the access doors.

Table 7=11 presents the results of the tests

of the standard units; shown is a nolse 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 .5

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

cloged position.

T-26



Table 7-12 list the results for the silenced units; shown is an inercase up

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

Table 7-12

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

Manufacturer Model A-weighted Increase, dBA
Worthington 160 QT 5
Atlas Copco VSsLTond 13
Worthington 750 QTEX 12

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

ment compartment uccess doors must remain closed during compressor oper-

ation to preclude acoustic degradation of the portable air compressor.
PORTABLE AIR COMPRESSOR NOISE PlfOPAGATION
If the propagation of sound away from compressors to points more than
several hundred feet in the community 18 of concern, then metearologieal fac-
tors (wind, tempernture, humidity, and precipitation). may be significant. In

addition, obstacles and veriations in ground cover may be important, For

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

mena between the sound waves rediating directly from a source and these re~

flected from nearby surfaoces, especially the ground.

7-27
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Ground Reflections

Contributions arising from constructive/destructive interference between
direct sound waves and sound waves reflected from the ground plane at measure-
ment positions have been evaluated. Figure 7-G shows A-weighted compresgor
noise measured T meters away from a compressor at various heights above the
ground, While it is shown that sound level variations in some 1/3 octave bands
of up to 7 dBA [rom one height to another, the variation in overall sound level
is T 1 dBA from the centra! position.

The effects of ground reflections on the measured sound levels at the 7-
meter positions appear to be "averaged out” by the spatial distribution of the
individual noise generating components of tho compressor. Thus, it is con-
cluded that at 7 meters ground reflections do not madify the mesasured sound
levels.

Dath Discontinuities

As compressor nolse propagates away from the source, propagation path
discontinuijties can affect the sound waves. The &lx configurations in Figure 7-7
comprise those typical at construction sites. The half sapce shown in this figure
represents the area surrounding a compressor during testing per 180-2161-1972
or when used during construction in a residential or light industrial area, Sound
propagating In a half space 18 subject to the interferenco effects discussed pre-
viously. When a compressor in a residential or lght industrial area is next to a
building, the bulldinga usually are far enough apart to he deseribed by the "L"
space In Figure 7-7. Anderson[z'z] reported that aound propagates {n an L' crosa
scction as it does in free space. The sound level at a point in an "L" space i
expectéd to be on the order of 3 dB higher than the sound level mensured at the
same point in & free field over a reflecting plane, because the sound energy is con-
centrated in a smaller volume in an "L" space than in o half space. Francois and
Fleury[m] mensured a corresponding 2 dB inecrease in compressor noise in an " L"

space.

T-28
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The "U" space in Figure 7-7 is representative of city ‘'canyons' formed
by a street or alley and the veriieal walls of nearby buildings. Appendix A of
Roference 10 discusses the propagntion of sound in city canyons in more detail
and nlgo includes the results of ealeulations carried out using an extension of
the theory of Weiner, et al. [23) The theory shows that a nondirectional source
produces sound levels in a typical city canyon that are 6 dB higher 100 feet from

{19]

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

the gource than the levels present in a half space. Francois and Fleury

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 {f the observers are located
ahove a compressor with pronounced vertleal directivity, partteularly if the
compregsar sound ia confined within a city canyon. Howevar, Appendix A of
Reference 6 shows that an air compressor that radiated sound four times as
efficiently (in terms of intensity) {n the vertical direction as in the horizontal
direction will expose people in city buildings to lesy than 4 dB higher sound
levels than an air compressor that uniformly radistes an amount of sound
energy. Thus, this agsertion doea not appear to be valid.

A compressor operated under a bridge or overposs can be described in
terms of the vault space {n Figure 7-7. The sound levels generated in such a
apaee can be more than 10 AB higher than the sound levels generated in a haif
gpace,

The barrier and pit configurations depicted in Flgure 7-7 are typicel of
conatruction siteg in cities. Usually the construction of a building in a city
center begins with the erection of a tall broad fence, During the initial ground
breaking, compressors operate at ground level behind the fence. As excavation

proceeds, compresgors operate within the pit dug for the bagement floors, Cal-

7-31
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culations presented in Appendix B of Reference 24 show that pits and barriers
can reduce the noise levels exporienced by outdoor ground level observers by
as much as 20 dB below the levels experienced in an unobstructed half space.

The benefits to upper story observers in buildings across the street depend on
the construction stoge, on the observer's elevation, and on if there are verti-
cal reflecting surfaces in addition to those shown in the barrier configurations
In Figure 7-7.

Extrapolation of Data

The near and far fleld are deseribed in terms of wave propagation, The
near fleld 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 a dis-
tance of about one guarter of a wave length. Sound pressure fluctuations with
the near field correspond to the hydrodynamic response of the fluld to the
motion of the adjacent surface. In the [ar field, the sound pressure fluctua~
tions are caused by the propagation of sound waves away {rom the source.
Typiceally, noise decreases 6 dB per doubling of distance away [rom the bound-
ary hetween the near and far fleld. Within the near fleld, no typical decay rate
is known., Thus, profection of far fleld levels from near field levels using the
6 dB doubling rule may not give accurate reasults, If thel meter CAGI/PNEURQP
peoints in the near field are uged for far fleld noise predictions, inaccurate
estimates may result.

One way to verify that the 1 meter data are taken in the near fleld is to
compare I~ and T- meter levels. A histogram of the difference in these levels
is presented in Figure 7-8 for the 26 compressors that were measured. This .
figure clearly shows negligible correlation between the two sets of measure-
ments.  Spherical spreading of the sound field between 1 und 7 meters would
yicld about 17 dB diiference between these two points. No compressor showed
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this large a decrease. Moreover, the differences are randomly spread from
5 to 15 dB.

The preceding results indicate that it is erroneous to use 1- meter levels
to calculate far-field noise levels and viee versa, for that matter, Further,
inaccurate sound power estimates might also result from similiar predictions.
To see if 1-meter data are useful in determining the noisiest side of the ma-
chine, the three dimenajonal histegram of Figure 7-6 was derlved. The loud-
est side at 7 meters ig plotted against the noisiest side at ! meter in this
figure.* Again, the l-meter data show poor correlation with the 7-meter data,
in that in half the cases the noislest direction iy incorrectly indicated. Good
correlation would place most on the mengurements on the diagonal line in

Figure 7-9.

* The sbscissa in Figure 7-8 use the following convention; 0 degrees ia the
forward direction, with angular position mensured clockwise looking down on
the compressor. (See appendix C of Reference 6).
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Scetion 8
AVAILABLE NOISE CONTROL TECHNOLOGY

UNITED STATES TECHNOLOGY
In 1868, a major manufacturer of portable air compressors demonstrated
significant noige reduction by the use of muffling devices and acoustic enclo-
sures. (25, 261 Since then, numercus manufacturers in the United States and
abroad have applied various degrees of noise control technology and have re~
duced portable air compressor noise. Figures 8~1and 8~2 show two examples
of effective noise control. In this section, the current state-of-the-art of com-
pressor neise conirol is discugged and noise control techniques is summarized,
Most large alr compressors are dlesel engine driven, screw type compres-
sors, The intermediate sizes are diesel and gasoline engine driven, gcrew 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 nssocia- :
ted with the engine and compressor cooling afr system.’ A description of the ‘
various types of compressors 18 contained in References 5 and 6. E
Application of acoustic insulation, effective mufflers, shock mounts, damp-
ing material, and some fan, cowling, and duct hardware modifications/Improve- '
ments generally deseribe the technology used to quiet compressors. Use of

this techmology has produced the mean noise reductions lsted in Table 8-1, :

8-1
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Figure 8-1. Noise Control Applied to the Ingersoll-Rand
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Table 8-1 L

MEAN NOISE REDUCTION BETWEEN "STANDARD", QUIETED", :

AND "QUIETEST" UNITS .
Diesel Diesgel
Gasoline Below 500 CFM Above 500 CFM
Standard to
quieted units 6.7 dB 9.7 dB 14.1dB
Quieted to
quietest units 3.84dB 6.4 dB 5.2dB

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
noige reduction waa 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 nolge level of all the major sources of noise. To determine more
accurate potential noise reduction capabilities for compressors, 2 study was
conducted of the three quieted units:

I. A gas engine powered air compressor

2. A dlesel engine powered air compresgor of legs than 500 CFM capacity

3. A diesel engine powered sir compressor of greater than 500 CF'M

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 unit's nolse to 65 dBA, measured at T meters from the unit.

Gas Powered Engine Compressor
A Worthington 160 QT was selected for analysis. Significant noise sources




of this unit are the compressor, the engine and its cooling fan, the exhaust and
muffler shellis, and the nir intake. m

The engine and compressor aggembly 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 the frame and
outer sheet metal, which alse vibrate and radiale noise.

The engine cooling fan can produce considerable broadband nolse as the re-
ault of desgign practices that would cause the fan to excessively agitate the air
surrounding the fan, In addition te generating ncise, 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 compresseor through a common air filter and silencer. The two
air induction pressures thus combine to form n separate noise source.

The noise level at 7 meters to the right side of the unit (na sold) was 76 dBA.
The contribution of the prineipnl nolse 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
Muifler Shell 86
Exhaust 62
Intake 61

e s e s ot =




The individual nofse sources were carefully studied to determine the meth-

odology to further reduce the unit's neise level to the 65 dBA study level. DBy

use of the following noisc contral techniques with resulting attenuation of Table

8-3, a compressor nolse level of 65 dBA at 7 melers could be achiaved,

Table 8-3

PORTABLE AIR COMPRESSOR NOISE REDUCTION

Noise Reduction

Source Noise Control Technique
« Engine and Vibration isolation plus increased 14 dB
compressor transmission loss through
caging side doors
+ Engine cooling Shroud redesign, blade twist 1 4B
fan and reduced fan speed
. Muffler shell Lagging with acoustic insulation 10 dB
. Exhaust Additional muffling 5 dB
. Intake Improved silencer 4 dB

Diesel Powered Compressor, less than 500 CFFM

The quieted Atlas Copco Super Silensair VS5170 Dd was selected for analy-
sis.m This unit produces approximately 72 dBA at 7 meters distance from the

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

noige sources are the engine casing, engine exhaust, engine iotake, compres-

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

al 7 meters listed in Table 8-4.

8-~G
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Table 8-4

ATLAS COPCO COMPRESSOR VSS170 Dd COMPONENT NOISE LEV ELS

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 enclosure having side
walls and end doors lined with o foam type acoustic absorption material. The
enclosure has buili-in ducting for the engine and compressor air intake and
cooling., Cooling air exhausted {rom the diesel engine and the compressor and
intercooler is ducted through another part of the enclosure prior to discharge.
Theso ducts are primarily effective in blocking direct, line-of-sight, internal
nolse radiation from the engine and compressor to the ambient. An additional
5 to 7 dB in radiated sound could probably be obtained by employment of the
following noise reductions techniques.

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

will reduce panel vibration levels and improve panel transmission loss
due to the added mass.

2,  Increasing the internal sound shsorption by (a)} treating a larger amount

of the internal surface area and (b) using a thicker abgorptive material,
Note: the absorptive material should be treated to prevent degradation
due {o contumination.

3. TUse of a more effective vibration isalation mount to decouple the engine

and compresgor from the chassis,

4, Use of & more effective diesel exhaust muffler.

By uaing the above noise control techniques, the nttendent 7 dB overall

reduction could result in 1 compressor noige level of 65 dBA at 7 meters.

8-7
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Diescl Engine Powered Alr Compressor Greater than 500 CFM Capacity

The "Blue Brute" 750-QTEX single stage, portable, rotary serew com-
pressor manufactured hy Worthington éEI wns selected for study. 7] The
750-QTEX is a quicted unit; it has been silenced to product 75 dBA at 7 meters,
Among diesel powered compregsorg delivering greater than 500 CFM, the
750-QTEX is one of the quietest. It is only 1.5 dB noisier than the mesan for the
lowest decile.

The technolegy by which the 750-QTEX has been quieted is nlso characterisg-
tic of the quietest compressors In its category. It has rubber engine mounts,
nonrigid hose coupling, sealed doors, damped pancls, interior sound absorption,
silenced fan louvers for coollng air intake and exhaust, 2-stage custom designed
muffler, hottom pan, and a special cooling fan, Principal sources of the noise

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

Table 8-5

WORTHINGTON COMPRESSOR 750 QTEX COMPONENT NCISE LEVELS

Component dBA
Enpgine and compruessor casing 69
Englne cooling fan 62.5
Muffler shell 70
Exhaust outlet 67

The 750-QTEX enclosure presently provides adequate noise reduction of
engine and compressor alrborne sound, except at the cooling afr intake and
exhaust ducts. Additional nolse reduction is possible with design improvement

of both the ducts and the material used for acoustic nbanrption.ml Analysis

o
1
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showed that the 750-QGTEX cooling fan is lightly londed (nerodynamieally), A
noise reduction of 3 dB could be effected by fan redesign to provide greater fan
loading (nerodynamic). 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 a 65-dBA compressor.

EUROPEAN TECHNOLOGY

Atlas Copeo and CompAir compressors use a double~wall congtruction,
with cooling air ducted between the walls. All the "Super Silenced" Atlag Copeo
adr compressors arc the reciprocating type. Discussions with Atlas Copeo.
indicate that reciprocating alr compressors are more efficlent, with less heat
rejection. Atlas Copco uses nir cooled anglnc‘m with cooling fans built in,
which demonstrate a much better performance than the fans measured on
domestic air compresgsors., CompAlr compressors use a sliding vane or
rotary screw type compressor with a water cooled Perkins diesel engine. The
pusher type fan {s well shrouded, Proper air flow through efther unit requires
door-shut type operation. The noige contrel technology used in Europe ia
simliliar to that used in tho United States, but & more systematie approach is
applied to quieting air compressora. Noise control design 18 more from the
frame up and uses an integrated approach rather than merely adding on quieting
silencers. Toreign '"super silenced” air compressors tend to have a boxy look.
‘The outer enclosure 1z double walled and serves ns an air duct and silencer as
well ns a barrier to engine and compreasor radisted noise.

To achieve low noise levels, enclosures should be absolutely senled under
operation {n order to avoid noise leaking out through even small openings, It
hage been reported that large compressors emitting less than 65 dBA under full

power are already on the market. [27)

8-0
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Scction 9
ECONOMIC STUDY

Section 6 of the Noise Contrel Act of 1972 provides that the Administrator
of the Environmental Protection Agency (EPA) shall establish noise emission
standards (where fensible) on products that are found to be major sources of
noise or thet are In specific product categories named in the law. This regu-
latory program is applicable to conatruction equipment products in both instances.
Section 6 further states that the regulation:

shall Include a noise emission standard which shall set limits on noise
emissions from such product and shall be a atandard which . . . s

requisite to protect the public health and welfare, taking into account the
magnitude and conditions of use of such product . . . the degree of noise
reduction achievable through the application of the best available technology,
and the cost of compliance . . . Any such noise emission standards shall

be a performance standard. In addition, any regulation . . . may contain
testing procedures necessary to assure compliance with the emission
standard in such regulation, and may contain provisions respecting instruc-~
tions of the manufacturer for the maintenance, use, or repair of the product,

The EPA, to adequatcly address the potential economic impact of noige
emission regulations upon the various affected socletal units {industry, user,
suppliers), acquired data that related to pricing characteristics, dellar volume
and unit volume of the portable air compressor market. Additionally, informa-
tion was developed that related to the costs-to-quiet portable alr compressors
using the technology 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 tho major conclusions of that report are
contained in Section 9 of this document.

The basic objective of the study was to assesa the economic impact of the
adoption of slternate noise emission standards on the portnble air compressor

industry. This sasessment included consideration of the impact on raw material

8-1
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and component suppliers, distributors, manufacturers, end users, and the gen-
oral public, The industry-wide impact and the distribution of impacts on market
gegments and individunl companies were determined. The impact on key govern-
mental policy concerns such as employment and the balance of trade was also

assessgoed.

COST DATA

The following discussion presents cost data for quieting portable air com-
pressors. The data addresses the costs to quiet compressors utilizing currently
available technology as well as the hest available technology. From the data the

cost and economic impact were developed.

TOTAL SALES VOLUME

All portable air compregsor pricing ig based on discounts from published
list prices. The manufacturers published discount schedule typleally ranges
from 20 to 26%, However, discounts to distributors can vary from 15 to 45%,
depending on volume and other transaction factors.

According the the United States Department of Commerce, prices of
portable air compressors roge 24% between 1967 and 1972, or at a compound
annual rate of 4.4%. This price trend I8 expected to continue becauge of the
general increages in labor and material costs. Table 9-1 presents the average

prices of portable air compressors by power source and capacity-c!‘m.

Table 9-1

ESTIMATES OF PORTABLE AIR COMPRESSOR
AVERAGE LIST PRICES - ALL MODELS

Capacity~cfm and Estimated Average List Price,
Power Source Type .
75 - 124 Gas $3,982
124 -~ 248 Gas 5,741
124 - 249 Gas 6, 791
250 ~ 599 Diesel 17,508
600 - B98¢ Diesel 29,378
800 and over Diesel 48,018

92
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DOLLAR VOLUME

Sales of portable air compressors are sensitive to government and private
funding of construction nctivity, Sales of large units have historically followed
trends in the construction industry, whilo smaller units have followed the
general economy, Dollar value of portable air compressor shipments has
fluctuated between $58.7 million and $89, 7 million during the years 19G7-1972.
Portable air compressor sales are projected to reach approximately $93 million
during 1973.

- Table 9-2 presents the value of total partable air compressor shipments
during 1967-1972. No ndjustments have becn made to account for inflation,
The data of Table 9-2 were derived from information made avaflable by the
Compressed Afr and Gas Institute and the Department of Commerce. The

derivation of theae 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
19867 $ 58, 700, 000
1968 59, 815, 000
1969 75, 295, 000
1970 70, 295, 000
1971 74,131, 000
1972 89, 732, 000

PERCENT DISTRIBUTION BY TYPE COMPRESSOR

The portable air compreasors currently manufactured are primarily powered
by gasoline or diesel engines. Three basic design types of compressors are
used in portable alr compressors; rotary screw, sliding vane, and reciprocating.
Table 9-3 illuatrates the digtrubtion of engine and compressor type according to

engine eapocity,
9-3
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Table §-3

DISTRIBUTION OF ENGINE TYPES AND COMPRESSOR DESIGN TYPES

ACCORDING TO RATED ENGINE CAPACITY IN CFM AT 100 PSIG

Lanpressor Type 7'5-200 cfe 201-500 cfm Above 500 cfn
Gasoline Gasotue Gasoline
finsal fne | Nlese) an Gasoline | Mesed an Gasoline | Dlesel un

e ___I_J_Ieu! - Otesvel o Biesel

Reciprocating| 16.GX 18,35 26,92 oz jo. 42 30,01 of 6,81 6,82

Yane 25,62 19,21 44,85 10.32 33,18 k3.6% [} 175 172

Screw 15,42 12.82 2%.2% 2.63 23.1% 26,78 [} 76.32| ¥6.31
M1 types 57.63% 15} 99,95 12,9% B7.2% | 100,18 of 100.31% | 100,18

UNIT VOLUME
Table 9-4 presents total unit shipmants which presents a clearer picture of

the portable alr compressor market than does dollar value,
an accurate {orm of relative importance due to inflation and Induatry price

increases based on improved features and performance.

Dollar value is not

Furthermore, dollar

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

purchase price of the larger units.

Table 9-4

TOTAL PORTABLE AIR COMPRESSOR UNIT SHIPMENTS, 1967-1972

Year Unit Shipments Yearly Change (%)
1967 9,969

1968 9,719 -2.5

1989 12, 277 25,8

1970 9,973 18.8

1971 9,801 i

1972 12, 154 22.8




Table 9-5 concentrates on 1872 portable air compressor sales and breaks

it down by power source type and capacity.

Table 9-5

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

Power Source Type
and capacity cfm Unit Shipments Total (%)

75 - 124 gasoline 3,082 25,4
125 - 250 gasoline 4,827 39.7
125 - 249 gasoline 2,101 17.3
250 - 599 diegel 576 4.7
00 -~ 898 diesel 1,095 8.0
800 and over diesel 473 3.8
Total 12, 154 100.0

COST PER CFM

The EPA 1n {ts Initial evaluation of the portable air compressor market
divided compressors into six categories based on engine type and whether or
not they were "standard"” or ''quieted" units, This dlvision wag done to get as
clear a pleture as poasible as to the price differentials.

Provided in the following table, for each category, is the mean nnd standard
deviatlon of price/cfm and sound levels at 7 meters (measured according to
180 2151-1972). Accordingly, Table 9-6 presents & summary of the present

state of noise emissions and price of portable air compressors.




Table 3-6

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

Gasoline Driven

:

Dlesel Oriven

betow 501 c¢fm

Abave 500 ¢fn

Standard

Guieted

Standard Quicted

Standsrd

Luivted

Wurheyr of Units in
Sanplen

32

26

45 35

32

FL

Pricefeln
Mean

Stanpdard devia-
tion

$39,23

$ 4,40

$43.32

$ 6,10

146,16 452,11

44,51 3 B30

#$43.57
4 3.56

k8,70

4 316

SPL at m
Hean

Standard devia-
tion

82,8 db{a)

h,92 en(A)

76.1 dAB(A}

2.40 co(a)

£6,1 aB{A} | 76.4

3,35 di(A) k.07

dB{A)

4a{A)

g2.8 ania)

4,08 4DiA)

78,7 aB{a)

3.50 dBL{A)

Quicteat Hachines

(Loweat declle)
Ho, in decllo
Vean SPL at Tm
Peviation af
aversge price in
laxest decile
frea mean price
cf quleted

3
72,6 dBLA)

45,42

El
72,3 db{a)

445,14

3 §
82 aB(a} | TO

110,43 +§10.2

dB{A)

3

)
87,5 dAB{A)

0.3

2
73,5 4D(A)

+42,.50

A 10.2 dB mean difference hetween "standard" and "'quieted" compressors is

offered at a mean price difference of $5. 05 per cfm,

Of particular interest is

the faet that in the “"standard™ categories, the quietest machines are priced on

the average at only $2.05 sbove the mean price wheraas the quietest of the

"quieted' machines {s on the ave'rage 9,1 dB quieter than the quietest '"standard"
machine but ig priced about $5, 96 above the mean price of the ""quisted" machines.

NOISE LEVEILS FOR STUDY

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

COMPressors.,

9-6
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In the initinl 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 184 portable air compressors repre-

senting about 55% to 65% of the all models offered for sale. The levels selected

are listed in Tnble 9-7 along with underlying rationale for their selectfon.

Table 9-7

INITIAL SOUND LEVEL LIMITS SELECTED FOR STUDY

Gasoline Driven ! Diesel Driven | Diegel Driven
all efm Below 501 Above 300
Ratingls cfm cfm
Level One 76 dBA 76 dBA 78 dBA
Level Two 73 dBA 70 dBA 73 dBA
Level Three 63 dBA 65 dBA 65 dBA

Notes: (1} Levels constitute a "not to exceed" criteria

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

(3) Level One corresponda 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 on the market.

{5} Level Three corresponds to an analytical estimate of a
possible pertable air compressor noise emisasion 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 ig not available. Welghting
by estimates of capacity and/or manufacturer market share
was not utilized.

9=
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These data were used to nssess the cost and economic impact assceiated with
achicving the levels selected for study. The resulis 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, was selected for each level, The selected

values are listed {in Table 9-8.

Table 8-8

SOUND LEVELS SELECTED FOR SUBSEQUENT STUDY OF
ALL PORTABLE AIR COMPRESSORS

Level One 76 dBA
Level Two 73 dBA
Notes: (1) Levels constitute a "not to exceed" criteria
(2) Average sound presgsure level in dBA at 7 meters accord-

: . ing to the recommended practice of ISO 2151-1872 modified
to include an overhead measurement.

The following conaidorations led to the selection of the single sound level

values:
1. They would enable EPA to make a more reasoned choice ag to the

levels ultimately selected for the proposed regulation in that there
would he several additional data points around which the economic im-
pact analysis could be constructed.

2. A single, uniform level for all compressors would bring the costs to
quiet compressors into approximately the same price per efm range.
This would equalize costs and tend to mitigate any significant market

shifts from one compressor size category to another,

9-8
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3, It has been demonstrated that there is little difference in the noise
levels porduced by quicted compreggsors regardless of efm capacity,
‘Thus for this reason alone, it would make little sense to apply differing
neise regulatory levels.

4. A single noiso level would create less confusion 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 cross-checking of model, cfm cnpacity, or
production year. Additionally, it would not matter if the compressor
data plate which would also contain the permissible noise level, were
missing or obscured.

Missing from Table 9-8 is a level-three value of 65 dBA. The 65 dBA value
represents an enpgineering prediction for an attainable noise level, with the
agsumption that analytical estimates of noise reduction will be achieved in
practice. Although eatimates of the cost to quiet portable alr compressers to
65 dBA were mnade, 5,71 EPA is not satisfied with the estimates. In view of the
foregoing, evaluation of the economic impact associsted with quicting portable
alr compreasors to 65 dBA was not made, Thus, the data reported in the dis-
cusslons that follow reflect the economics of quieting 0ll compressors to either

76 or 73 dBA.

ESTIMATED COSTS-TO-QUIET PER CFM

The costs of quieting portable air compressors were estimated in terms of
list price differentials per cfm of compressor capacity (References 5 and 7 pro-
vides details on the estimating procedure employed), Table 9-9 lsts the estimated
costs to quiet for the sound levels of Table 9-8.

L]
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Table 9-9

ESTIMATED COST OF QUIETING PER CT'M
BASED ON ANALYSIS OF LIST PRICE DIFFERENTIALS

Current Mean .
To Level One Level Qne
Model Type * To Level Two %
Capacity/ Engine Standard Quiet All Models i
Category ($/ cfm} {§/ cim) (%/ cfm)
Gasoline Engine
Below 251 efm (all) - $6.11 2,45 6.43
Diesel Engine
Below 501 efm 8.40 3.19 5.79
Diesel Engine
Above 500 cfm 7.30 2,50 1. 60

These costs reflect quieting a typical average model to each level on a
"ot to exceed' basis ;ncorporating 2 2 dBA manmufacturing tolerance based on
the A-weighted sound level reduction required from the moean noise levels,
From the datn in the table it can he noted that the costs required to rench Level
Two are significantly iowér per cfm for the unita above 500 cfm capacity,

This indicates nn Increase in the economies of seale of larger mnchines.

METHODS TO ASSESS TOTAL COST
The cost to quiet portable air compressors wns estimated using the cost
and technology data discussed previously. Estimates were developed on the

basis of full margin and ineremental margin costs, which are defined below.

* Current mean dBA values of Table 7-5{a) to 76 dBA
** 76 dBA to 73 dBA

9-10
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1. Full Margin Costs ~ Full margin method 1s based on actual increase in

dircct material purchased and direct labor of fabrication and assembly
ag reflected in the accounting gystem. It allocates the full margin of
other coats (overhead, profit, ecte,) at the same rate to a quieted unit
as is currently alloeated to n standard unit. This method ean he
expected to overatate the actual cost change.

2, Incremental Margin Costs = The incremental margin cost reflects an

adjustment to the full margin data. Full marging include averhead
accounts that will not change with the introduction of quieting or
change les.s than the estimates baged on application of margin dollars
at the same percentage rate os 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 refilect all incremental costs and profits on increased inveatments
{{.e., raw material inventories) as well as direct labor ond 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 basgie findings using estimating techniques deseribed above are as

follows:

1. Full Margin estimates are often above the list price estimates parti-
cularly without the2 4BA tolerance considered.

2. Incremental Margin estimntes are below the list price estimates for
the smaller air flow capacities and about the same as the estimates
with tolerance for the larger air flow capacitics.

Neithor of these estimating techniques takes into account the marketing

discounts thet the industry typleally gives. These discounts may range from
15 to 40% of the list price.

9-11
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A detailed discussion of the methodology used and the results obtained {s

contained in Reference 8.

ECONOMIC IMPACT ANALYSIS
The economic impact analysis that follows is built upon the cost datn pre-

sented in the discussion of Cost Bata. The economic impact analysis study was
separated into the following six segments:
. 1, Volume Impact ~ This segment includes the analysis of changes in
industry volume that will occur relative to a beseline forecast.

2. Resource Coats - This segment includes the cost of the resources
used to achieve noige ubatement and reflects the increased costs to
purchase the hiolse abated equipment and the cost associated with any
performance and maintenance changes.

3. Market Impacts ~ This segment includes an annlysis of broad changes
in industry and market conditions that might be attendant with the
adoption of the proposed noise emisslon standards.

4, [Foreign Trade - This segment covers an asseasment of the {mpact
on exports, imports and the balance of trade.

5. Individual Impnets - This segment considers agsessment of market
impacta that fall differentinlly on specific companies or industry ascg-~

ments. The {impact shakedown might include economic dislocations,

unemployment, lowered sales volume and profits, and change In market
ghares.

6. Disruptive Impacts - Thia segment considers changes that may occur
In an orderly way within the market Iu response to various shut downs,
unemployment, ete., that may be caused by the regulation of portable
alr compresgors.

Two approaches were used to nssess economic impact - obtaining divect

estimates based on [leld interviews and published information and making indirect
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estimates by analyzing the Impacts in a supply/demand model based on cconomic
theory, The actual measurement of impact was made by projecting market
conditions for 1976 to 1978, both with and withoul noise emission standards,
Specilic impactas were considered in isolation and then the interrelationsghips
were developed, I

It should be emphasized thnt the following cconomic impact analysis is based
on estimates. The data used to base the estimated impacts were obtained from
several sources including portable alr compressor manufacturers themaselves.
Obviously, precise figures as to the real impact of the proposed regulations will
not be available untfl sometime aftor the effective date of the regulation.

ECONOMIC IMPACT
The portable air compressor industry/market reaction to adoption of the
noise emission levels that were sugpested for study are as follows:
1. The total costs to manufacture tho equipment will increase,
2, The manufacturcrs will pass thiag cost on in the form of an increase
in the distributor price {list price).
3. The distributor will pass {ts cost increaso on in the form of an incrense
in the negotiated customer price. I
4, The portable nir compressor end uger will pags the increase in his '
equipment purchase costs on to his customers as an increase in the ;
prive of products and services provided, - ’ ‘
5. TFinal changes in Industry prices and volumes will reflect the changes
in portable nir compressor purchase prices and operating costs.
6. Ultimately, the consumer will pay a higher grice for products due to
the recuired Increased cost to reduce noise.
If there are overall cost reductions, as opposed to cost increases, from the
adoption of noise control technology, competitive presgurses will cause cost
decreageg to bo paased on up the economic chain to the consumer in the form of

lower prices.

[}
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The scenario under which the economic impacts were estimated 1s based on

the techuology nnd costs contadned in References 5 and 7. It is assumed that

the technology and costs provided would be the retual future techmology adopted

and costs incurred, This npproach is conservative., It is possible, if not likely, .
that new technology at lower costs will be developed, Thus, if the current costs

based on an assessment of on the shelf technolopgy are reasonably aceurate, they .
are eagentinlly an upper bound estimate, Noize standards can be attained at these

costs, but possibly they will be attained at less cost based on better {uture

technology. )

Volume Impact

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

on the volume of production of portable alr compressors,

Pricing

Purchasers of portable air compressors will be presented with a price
increase associated with each noise emisslon level selected for study. Price
increases attributable to sound attenuation and compliance and enforcement
costs were estimated using estimated margina! cost of quieting based on list
price differentiale. The list proce was selected as the basis for the economic
fmpact analysis because it is a congervatively constructed estimate and {3 based
on the broadest sample of cost and noise suppression data available. It is {ndi-
cative of the upper bound on the expected economic impact.

Table 9-10 prosents estimates for average list price percentage increanse
to bring existing models of portable air compressors into compliance with the
Loevel One and Level Two study noise emission levels.
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Table 5-10

ESTIMATED AVERAGE LIST PRICE PERCENTAGE INCREASE

BY NOISE LEVEL AND CATEGORY

Power Source Type Level One
and Air Flow Capacity Standard | Quiet Level Two
Gasoline Engine, all cfm ratings 16.2% 6.1% 33.2%
Diesel Engine, helow 501 cftm 18.4 6.3 47,2
Diesel Engine, above 500 cim 14,4 2.9 20.5

Price Elasticity, Since it is anticipated that the added costs of production

associated with quicting portable air compregsors will be passed on fo consumers

(buyers of air compressors), the price of air compressors is expected to in~
crease. Rising prices can be expected to result in reduced sales as demand falls
oif because users will elther find more efficient ways to use gasoline or diesel
engine driven air compressors in an effort to eut coats or will switch to sub-
stitute products that provide a lower cost alternative method of performing the
same work. The degree to which gales will fall depends on the easc with which

huyars can change their compregsor use habits in different applications to eut

rising costs.

Contractor studies indicate that the decrease in demand dua to price riges s

low until price Increages exceed 20 parceﬁt of current levels (in constant dollars).

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

comes worthwhile to substitute hydraulie or electric systema for compressed

alr systems,

When price rises nre below 20 percent {constant dollars), current air com-

preesor users will probably refrain from widespread immedinte substitution

because:

1. Portable alr compressors are a convenlent power source for many

9-15
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3.

Ugers currently have a high investment in tools that operate on com-
pressed air (costing 10 to 200 percent as mueh as the compressor).
Costs of uaing compressors can be lowered somewhat without substitu-

tion through more renting of cquipment and other practices.

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

demand due to percent rise in price, n= gl_g[g are ahout 0, 35 for price rises

dp/p

undor 20 percent, which 1s penerally considered to be price in elaatic.

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

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

significance would be expected to have n 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 and 0,55 for compressors sbove

500 ¢fm. The increase in price elastlcity when price increases exceed 20 pércent.

occurs because:

1.

The price increase {s sufficient to cause users to consider replacing
the whole compressed air system, Including toolas, with a hydraulic or
electrically powered system for some applications, especially when
lighter toola are required. This assumes that the work output of
these competing systems 18 comparable to that of the compressed air
gystem,

The price increase s sufficient to cause users to replace parts for as
long as possible on old compressors to avoid buying new compressors.
The price increase is sufficient to cause {ncreasing use of air com-~
pressors that are not regulated, including large atatlonary compressors,
self-propelled compressors, and power takeoff compressors for use

with engine-powered construction equipment .

Fuendn
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When prices Increasc more than 50 percent, the rate of substitution can be
expected to decline and the demand should stabilize because there are a number
of applications in which tho portable air compressor performs 4 function that i
difficult to perform with an alternative power source. However, at such high
prices, it can be expecied that less expensive alternatives would be developed
over time to replace the portable alr compressor in more and more situations,
unless alternatives subsequently become more expensive due to Federal regulations.

Within the levels undoer consideration for the proposed standards, Level
One correaponds to the 0.to 20 percent price increase analysis, and Level T'wo
correspouds to the 20 to ﬁo_percent price increase analysis.

Estimates of required lead times for an orderly adoption of technology
necegsary to meet Federal sptandards vary for each of the levels included {n the
proposed standards. BBN estimated a lead time of six months for compliance
for Level One,'_while the compressor 1nd|istry estimated 12 to 24 montha., For
the purpose of this economie Impact analysis, it is sssumed that the regulation
will take effect on January 1, 1976. The estimated reduction in sales is shown

" in Table 9-11 based on previous elasticity eatimatesl.

Table 9-11

LEVEL ONE - ESTIMATED FIRST YEAR
UNIT REDUCTION FROM BASELINE. FORECAST~1978

Percent
Power Source and Capacity Unit Reduction { Reduction (%)
Gasoline Engine {all) 358 4.5
Diesel Engine, below 500 cim 148 5.0
Diesel Engine, above 500 cfm 121 4, 9
TOTAL 527 4.0

0-17 '

o e F




FRETEA e T PRI Y Wl

BBN estimated a lead time of 18 months for complionce with Level Two,
while the (ndugtry estimated much longer perieds. TFor the purpose of this .
annlysis, it wos nssumed that the Level Two regulation would take effect January
1, 1978. The reduction in saleg is shown in Table 9-12 based on provious

clagticity estimates.

Table §-12

LEVEL TWO -ESTIMATED FIRST YEAR
UNIT REDUCTICN FROM BASELINE FORECAST-1978

Percent
‘ Power Source and Capacity Unit Reduction {Reduction (%)
; Gasoline Engine {(all) 2,100 25.6
Dlesel Fnglne, below 500 cfm Lo 142 3.2
Diesel Engine, above 500 cfm 244 9.3
TOTAL 3, UBG 20

These calculations are based on prices of quieted units currently on the
market. ‘To the degree that prices nre less than ;:urrent ohes due to production
changeover making the quiet models the standard models, actual reductions in
anlea will be less than the eatimates in the tables.

e At Y A e 12 e i e - = -

Resource Costs
This discuasicn presents a summary of the resources that will be used to

meet the noise standard at each level. The resource costs are estimated In

three ways.
1, The annual increase in capital cost required by end user industries (n
the first year of enforcement.
2. The annunl increased annual total costs of the end uger industries in

the first year of enforcement,.

3. The annusl incrensed total costs of operation for a 100 percent quieted

population of portable air cnmpreéaors.

I 9-18




TR T1Y TR ]

P MR S

Resource Cost Factors

The estimates of frst-year capital costa for end user industries are

based on the Incrensed purchase price paid and volume of purchases esti-

mated, The pricing is at the list price lovel. This mensure represents
the additional capital that must be financed by end user industries due to

the enforcement of the nolse atandard.

The resource cogt factors included in the estimate of the total annual

Increased cost for end users are:
& depreciation
e capital costs
& transportation costs
& operating costs

¢ maintenance costs

These factors are discussed in greater depth in the Economic/Impact study

{Reference 8},

The annlysis has developed both upper bound and a lower bound resource
cost estimate {o 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 n Level One Nolse Standard In 1976,

Table 9-13

TOTAL ESTIMATED FIRST YEAR INCREASED CAPITAL COSTS
FOR END USER INDUSTRIES-LEVEL ONE-1878

Portable Air Compressor

- Increased Capital Costa *

Power Source Type and Capacity Lower Bound | Upper Bound
Gasoline Engine, all cfm capacities $ 4,839 $ 5,113
Diesel Engine, helow 501 c¢fm " 8,579 3,809
Dlegel Engine, above 500 ¢fm 11,397 12,092
TOTAL 19,815 .

Note: % Capital costs equal the adjusied forecast volume (lower bound)
and baseline forecast (upper bound) multiplied by the increased

capital aost per unit,
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Table 9~14 presents estimated total annual cost increased for end user
Industries after the adoption of & Level One standard in 1976.

Table 89-14

TOTAL ESTIMATED FIRST YEAR INCREASED
ANNUAL COSTS (IN THOUSANDS)
FOR END USER INDUSTRIES-LEVEL ONE-1876

Portable Alr Compreasor

Increaged Annual Costs

Power Source Type and Capacity Lower Bound Upper Bound

i Gasoline Engine, all cfm capacities 968 1,022

i Diesel Engine, below 501 efm 718 762

: Diesel Engine, above 500 cfm 2, 280 2,418
TOTAL s B

i Note: (1) Annual total costs Include depreciation, capital costs, trans-

|
|

'
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(2)
{3)

(1)

(5)

(6)
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portation cost, operating costs, and maintenance costs.
costs,

Ten year, straight line depreciation of 10% per year is used.

A return on investment or capital cost rate of 10% of the
capital investment is used.

There are no increased transportation costs agsociated with
Level One.

The analysis indicates that there will be only negligible in-
creaseg in operating costs.

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 that the total estimated inereased
annual costa for the firat yoar of enforcement are estimated to be in the range
of $3. 9 to $4. 2 million.

Level Two. Increased end user capital coat eatimates in the first yvear of
enforcement after adoption of a Level Two noige standard in 1978 ig presented
in Tabla 9-15,

Table 9-15

TOTAL ESTIMATED FIRST YEAR INCREASED CAPITAL COSTS
(IN THOUSANDS} FOR END USER INDUSTRIES-LEVEL TWO0-1978

Increased Capital Cogts *
Portable Air Compressor .
Power Source Type and Capacity Lower Bound | Upper Bound
Gasoline Engine, all cfm capacities 8,378 11, 749
Diesel Engine, below 501 cfm 5, 483 T $54
Diegel Engine, above 500 cfm .13, 99 15, 718
TOTAL 27,867 ¥, 020

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 total annuel cost Increnses in the first year of enforcement after
adeption of Level Two nofse atandard in 1978 are Presented in the following
table (Tuble 8~16),

9-21




Table 0-16

TOTAL ESTIMATED FIRST YEAR INCREASED ANNUAL COSTS '
FOR END USER INDUSTRIES-LEVEL TWO-1978 !

Increased Annual Costs
Portable Air Compressor
Power Source Type and Capacity Lower Bound Upper Bound
Gasoline Engine, all cfm capacities 1,723 2, 416
Diesel Engine, below 501 cfm 1,127 1, 538
Diesel Engine, above 500 ¢fm 2,943 3, 304
TOTAL 35, 793 7, 258

Notes: (1) Anmual total costs include depreciation, capital costs, trans-
portation costs, operating costs, and maintenance costs.

{2) Ten year, straight line depreciation of 10% per year is used,

(3) A return on investment or capital cosgt rate of 10 percent
of the capital investment ig used,

{4) An explanation of the method used to calculate the increased
tranaportation costs associated with Level Two appears in
Reference 8.

(5) The analysis indicate that there will be only nepgligible
increnses in operating costa.

(6) Maintenance cost increased associated with Level Two are
projected to be minor.

From the data in the table it can be seon that the total estimated incressed

annual costa for the first year of enforcement are estimated to be In the range -
of $5. 8 to $7.2 million,
100 Poreent Quieted Population, Based on'an extripolntion of the 197¢ to ‘

1978 poriable afr compressor population baseline, cstimates were made vaing
a 2.2 percent anmual growth rate to determine the estimated population of

9-22
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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 he 140, 000 by 1950,

it has further been calculated that a Level One noise standard may result
in redueing the estimated 1990 poriable air compressor population by about
5 percent. On thig baais, it can be concluded that the Level One total 1950
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, 060 units.

Table 9-17 summarizes the incrensed annual operating cost of a 100-percent

quicted portable air compressor in 1990.
Table 9-17

TOTAL ESTIMATED ANNUAL INCREASES IN COST (IN THOUSANDS)
FOR END USER INDUSTRIES BY LEVEL - 1990

Increased Annual Cost

Nolge Standard " Lower Bound | Upper Bound
Level One 34.6 36,6
Level Two 46.7 81.3

Of aignificance, it should be noted that:

1. Estimated Level One annual increased costs range closely from $34. 6
to $36.6 million. Level Two cost catimates range more widely from
$46.7 to $61.3 million.

2. As the required noise emission level {5 reduced, the cost of quieting
increases. Although the total number of units at Level Two is leas
thun at Level One, estimated Level Two costs are incressed over Level
One by over 59 percent for the upper bound estimate and slightly over

74 percent ofr the lower bound estimate.
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Summary
The analysie of the cost of the resources required to quiet portable

air compressors indicates that:

1. The capital costs associated with sound attenuation are signifieant,
Totel portable air compressor sales were approximately $90 million
in 1972, TFirst year capital costs ars projected to be spproximately
$19. 8 to 321 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
$36.0 million annually for Level One and $46. 7 to $61.3 million
annually for Level Two,
Market Impact
The impact of promulgating noise emiasion levels for portable air com-
pressors on the market and industry as a whole was discussed in greater detall
in Section 4 of this project report. However, this discussion treats in a summary
form those impacts on the market thaé can'be expected from the adoption of noise
control technology. Included in thia summary are the impacts on upstream
component suppliers, downstream distributors, and end users.

Suppters
General supplies to portable alr compressor manufacturers will not

be adversely affected by the adoption of noise control technology primarfly
because mosat suppliera to the industry derive only a small portion of their
business from manufacturers of portable air compressors. The portable air
compresgor industry, due to its relatively small size when compared to its
component supplers, will not have an apprecisble effect on them without regard
to the level established for the emission regulation. 'The component suppliers
to the industry are: (1) engine manufacturers, (2) muffler manufacturers,

(3) fan manufacturers, and (4) enclosure and vibration isolator manufacturers.

9-24
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Distribution

At Level One, channels of distribution nnd portable alr compressor

operationa are not expected to materially change due to the nofse emis-
sion standards.

Level Two will not cause channels of distribution to change.

However, it

will have a groater impact on distributor operations, Many distributors will

pdd other air gource lines and competitivo 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.

operating costs of end user Industries.

End Users

It has been estimated that the increased costs to be Incurred by portable
alr compressor owners at Lavel One will be lesa than 0. 1 percent of total

Therefore, little, if any, changes in

portabla alr compressor end user {ndustries dre oxpected at Level One,

Capital and operational cost inereases at Level Two are significant. Some

| end users having a requirement to work on or.move material will purchase
; aliernative compressed alr sources or competitive systoms. Others will
switch to rentals as a method to fulfill their compressed air requirements.

There will be a tandency to extend portahle air compressor life through pre-
ventive mainienance programsd,

Manufacturers

This discussion presents additional impacts that are anticlpated from the

adoption of noise standards on portable air compresser manufacturing
:i; ' operations,

9-25

Level One. The analysia undertaken shows that there will be no need for

increased factory floor spnece. There will be minor investments raquired for

. production equiptnent, It is not felt that employment will be significantly affected
beoguse of (1) a slight reduction in employment dus to decreased sales volume

and (2) the need to hire additional personnel to incorporate modifications in the

portable alr compressors required by the Level One regulations.
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Level Two. The analysis of the impact of Level Two upen the manufacturers
is not as clear as would be desired due to the uncertainty that the manufacturers
themselves expresaed ns to what engineering, production, and employment
changes would be necessary to ensure that the recommended modification (con-
tnined in Section 8} produces the level of quieting desired,

However, estimates have been made as to the requirements for increased
factory floor space within range from 10 to 50 percent. Increases in production
timewlllalso be necesaary. These estimates range from 15 to 35 percent.

The estimated 27.7% decline in unit volume will have & definite impact on
the market, However, because manulacturera do not know the extent of the
engineering modifications that Level Two will necessitate, a quantitative analysis
of either employment increases or decrcases cannot be made. However, a
general employment-forecast can be made as follows:

1. Firms having plantas primarily engaged {n portable alr compressor
production may be faced with sizable layoffs due to reduced unit
volume. An order of magnitude estimate of the extent of the employ-
ment decrease is ten to twenty=-five percent.

2, Firma with plants in which portable air compressors represent a
moderate portion of total production may be able to transfer some
porducton workers to other functions, and only moderate employment
decline is anticipated. Some of these plants will be benefited by
increased ynles of other air systems or hydraulic systems. Anorder
of magnitude estimate of the extent of employment decrenae 18 flve
percent to ten percent.

3. Firms with plants {n which portable alr compressor represent cnly a
small portion of total employment mey be able to transfer all affected
production workers to other functions and ne decline in employment is

anticipated. ’
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Foreign Trade
This discussion covers the impact of the adoption of noise standards on

export and {mport patterns for portable air compressors, Noise regulatfons do
not apply to export products but do apply to products Imported for use in the
United States.

Exports
Domestic portable air compressor manufacturars will be able to export

quieted and unquieted producta to forelgn countries, depending on the competi-
tive requirements of the forelgn market with respect to the nolse regulationa.
To the extent that some forelgn markets require quiat compressors, domestic
manufacturers will be in an improved competitive position since they will have
made progress in the application of nolse technology to their products under
the impetus of nolse regulation.

Study inputs from portable air compressor manufncturers indicated that
no changes in export patterns were expected due to noise regulationa,

Importe

Imports currently account for five to ten percent of total domestic portiable
air compressor unit consumption, Imported portable air compressor prices
are generally competitive or lower than domestic manufacturer prices, However,
imports have not significantly penetrated the United State portable afr compressor
market because of lack of effective distribution networks, poor product quality,
in some inatances, poor service and parts delivery, and intensive competition
by domestic producers.

At Level One, quieted imported portable alr compressors are not expected
to make eigniffcant {nronda into the domestc market. The costs Associated
with quieting, plus the Import costs would be more than the costs incurred by
domestic producera to meet Lovel One.

At Level Two, aignificant inroads into the domestic market could be made
by foreign firms. Tha extent of thelr market penetration will depend upon the
lead time given to meet the Lovel Two nolse standard and price incresse required.
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Some foreign firms currently produce some models that have noise emlasion

levels at or below Lovel Two standards, It appears that if adequate lend time is

not allowed for domestic producers te engineer and manufacture portable air

compressors on a production basis, these foreign manufncturers may be pre-

sented a good opportunity to gain an effective distribution system in the United

States. If thig oceurs, and their products sell at a price less than the Level

Two domestic product, then their combined order of magnitude market penctra-

tion could range anywhere from 15 to 40 percent.

Estimates of what constitutes an adequate lead time vary, depending on

the source, from two to six years. Estimates of what conatitutes o significant

price differentfal vary from 1 to 40 percent.
If adequate lead time ia allowed snd domestic manufacturers remain price
competitive at Level Two, no ghifts In the domestic/import market share are

1.

2.

expected,

Belance of Trade
Basaed on the factors reviewed:

No material impact on the balance of trade 1s antieipated from setting
Level One.

No material impact on the balance of trade 18 antlcipated from setting
Lavel Two if an adequate lead time is given nnd domestic producers
remain cost competitive.

A moderate 1mpact on the balance of trade {8 anticipated from setiting
Level Two if ndequate lead time is not provided and domestic producers
cannot remain price competitive.

! Indiviauu.l Impacts

This discussion addresses differential impacts that may develop affecting
n single firm or set of firms,

T TR LA e Gt i i e e S
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Small Portable Alr Compressor Manufaeturors

Small manufacturers may not have sufficient manpower and funds to allocate
to the Iarger and more cosily development programs that will be required. How-
ever, at Level One, costs and quieting technology are not expected to create a
problem to which small manufacturers ecannot adjust with adequate lead time.

At Level Two some of the smaller firms in weaker finaneir] positions may
be forced out of tire portable air compressor market, It has been estimated that
50 percent of the firms with under $5 million of sales, currently operating at
losses, or employing less than 100 persons in their portable air.compressor
operations are likely to withdraw from the market. These firms collectively
account for legs than ten parcent of dollar sales, The exit of half of these
companies from the market would not cause 2 dramatic rodistributfon of market
share. However, it would cause a loss of jobs ot the locnl level in this induatry.

Firms Exmperienced in Noise Technology

Those firms having attained a degree of noise technology and currently having
quieted products on the market are much better prepuared to meet the noise emissjon
levels suggested for study, This will give firma experienced in quieting technology
aﬁ advantage in the market for a limited period.

Digtruptive Impucts

This discussion assesses the potentiul for disruptive economic impacts
due to the establishment of nolse standards per se. It concerns real-world
impacts as opposed to impacts that are a change in n forecasted future. With
adequate lead time and appropriate planning, business managemesnt {a able to
adjust its plans to reflect changing conditions and to avoid adverse impacts on
ite operationa. Through adjustments {n planning future over-capacity, unemploy-
mént. and other adverae conditions are avoided.

Apseasment

The adoption of tho noise emisaion levels guggested for study will have the
following probable effects,

1, Level One - 1976, No disruptive impacts are indicated at this level.

Cost clinnges are from ten to twenty percent. However, valume changes
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are minor from boseline conditions, ‘The portable air compregsor

{ndustry would be expected to continue {ts normal growth pattern with

a Level One noise standard. No unemployment would be anticipated.

Level Two ~ 1977, Adoptior, of a Level Two standard will result in

estimated higher costs reflected in substantial price incroases (33.2 -

percent, 47, 2 percent, and 20. 5 percent for gasoline, diesel helow
501 cfm and diesel above 500 efm units, respectively). It has been .
estimated that this may result in an overall 27,7 percent decrease in
domeastic portable air 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 Two, the growth pattorn of
the portable air compressor industry may be curtalled. Some
unemployment can be anticipated, A January 1, 1878 enforcement
date for Level Two is considered inadequate lead time by many manus
ineturlers. If this estimate is correct, cnforcement of the Level Two
time frame is likely to permit foreign manufacturers to establish
distribution syatems and significantly increase their psnetration of

the domestic market.

Given the slze of the portable alr compressor industry, no aignificant

economic disruption will be caused the national or regional economy from these

changes. Some amall unemployment (measured in tens) may occur {n apecific

communities.

SUMMARY
In this section, the economie impact has been assessed based on technical
and cost estimates provided by EPA through its contract with BBN. A brief

summary of the reaults’1s presented as follows:

i
|
i
1
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1, Estimated compressor list prices may increase ns shown below in
Table 9-18.

Table 9-18

- SUMMARY OF ESTIMATED LIST PRICE INCREASES

List Price Increasec (%)
. Power Source Type and Capacity Level One | Level Two
Gagoline Engine, zll cfm capacities 16, 2 33.2
Diesel Engine, below 501 efm 18, 4 47.2
Diegel Engine, above 500 cfm i4.4 20.5
Average Price Increase 16,3 " 33.86

The price increages will be passed on to end users.
2. ' Unit volume may be affected as indicgted in Table 9-19.

Table 8-18

SUMMARY OF ESTIMATED FIRST YEAR UNIT REDUCTION
FROM BASELINE FORECAST

Power Source Type Unit Reduction
and Capacity Level Une (1076) | J.evel Two (1078}
Gasoline Engine, all cfmn capacities 358 2,100
Diesel Engine, below 501 cim 148 742
Diesel Engine, above 500 cfm 121 244
TOTAL 627 3, 068

Level One may result in an overall 4, 5 percent decline in unit volume.
Level Two may result in as much as an oversll 26. 0 percent decline in
unit volume.

3. The eatimated cost of ncise abatement for portable air compresgors is
presented balow jn Table 9-20,
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Table 9-20

SUMMARY OF THE ESTIMATED RESOURCE COSTS (IN MILLIONS) ‘
ASSOCIATED WITH NOISE ABATEMENT '

Firast Year of Enforcement 100% Quieted

Noige Standard Capital Costs [ Annual Cosis Population
Level One - 1976
Lower Bound Estimates $19.8 $3.9 $34.6 ’
Upper Bound Estimates 21,0 4,2 36.6
Level Two - 1978
Lower Bound Estimates 27.8 5.8 46.17
Upper Bound Estimates 34,9 7.2 61.3

4. There will be Mtttle effect on upstream component suppliers. Diatri-
butora and end users will be affected in that alternative air sources
and competitive systems will become a more important factor in working

i on or moving material.

1 5., There will bhe no effect on factory operations at Level One. Level Two
may require more floor space and assembly time and possibly some
production line changes. '

8. .No unemployment is expected to oceur due to Level One. Moderate

: unemployment in isolated locelities may occur ia Level Two 13 adopted,

' 7. No changes in export patterns will occur because of noise regulations,
Import patterns are not expected to change due to Level One. Imports
may significantly penetrate the domestic market with a Level Two if :
adequate lend times are not established and domestic manufacturers
cinnot product o unit that is price-competitive with imported units.

8. If Level Two 18 adopted, some smnall manufacturers with weal
finaneinl positions are lkely to withdraw from the portable air com-

i
j pressor market,
i
|
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9.

There Is o potential for disruptive impacts from adoption of a Level
Two noise standard. However, no significant impact will be transmitted

to the national or a reglonal economy.,
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Section 10

EVALUATION OF PORTABLE AIR COMPRESSOR NOISE ON PUBLIC
HEALTH AND WELFARE OF THE U, S, POPULATION

Pursuant to the Nolse Control Act of 1972, EPA has selected and published
noise measures belleved to be most useful for describing environmental nolse
and its effect on people, independent of the sources(s) of noise, In addition, in-
formation has also been published on the noise levels "requlslte to protect the
health and welfare with an adequate margin of safety", The phrase “'public health
and welfare" includes personal comfort and well being, as well as the absence
of clinlcal symptoms (e, g., hearing loss). Using information published in
References 1 and 2, an analysis has been conducted to nssess the effects of the
proposed air compressor regulation on the public health and welfare of the
Unlted States population,

The approach taken for the analysia was to first evaluate the offects of the
proposed air compressor regulation alone and then in combination with other
possible regulations for other pleces of construction equipment, aince air com=
pregsors are often operated with other equipment,

The methodology presented in Appendix B haa been applied to the specific
casoe of conatruction noise to evaluate the potential effect of the portable alr com-
pressor proposed noise on the public health and welfare. The has!s of the

' nnnlysis has been the model presented in EPA Heport No, NTID 300, 1.[2]

The analysis that follows considera construction associated with residentisl
and nonreaidential buildings, ciy streets and publie worka that normally occur
in places where the population density Is high, Heavy construction, such as high=
ways and civil works, has been omitted from the atudy since the bulk of this
activity generally occurs in thinly populated areas where the potential noise
affects on peopie are minor, in the framework of the analyais, construction ia
viowed as a process that can be categorized according to the type of construc—

tion and the separats and distinet activity phases that occur,
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The basie unit of construction activity {3 the construction site. A construction
site exists {n both time and space, Your different types of conatrueticn sites were
evalunted in the analysis:

1, Dormestic housing and residential

2. Oifice Buildings, hotels, hespitals, schools, government buildings, in-

' cluding highrise

3. Industrinl, parking garage, religlous rﬁonuments, amugement and

recreation, stores, serﬁce stations, but no highrise

4, Public works, municipal sireets and sewers,

Congtruction activity is carried out in several discrete steps, each of which
has its own mix of equipment and attendant noise output., The phases of con-
struction studied were those of Reference 2, The data presented in Reference
2 have heen adepted for the present analysis, stnce they provide all the necessary
input for deriving the variation in noise output with time. Basically, the process
fnvolved in deriving the noise history at each site consiats of {dentifying the
equipment fourd at ench site in each construction activity phase in terms of:

& The nummber of equipment types typically present at the site in & given

phase

¢ The length of duty cycle of each typse of equipment.

o The average nolso level of ench equipment type during the construction

aciivity operation.

The original tnformnflon given In Reference 2 has beaen reviewed and re=-
vised to inolude data that lns since become available. The revisions appear in
Table 101 a, b, c and 4,

The usage factors presénted in Table 10-1 were combined with the typleal
number of hours, H, the equipment operated for a particular task to yleld a
value of Le for the site as measured 50 feet from the site during an average

10-2
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Table 10-1(a)

USAGE FACTORS OF EQUIPMENT IN DOMESTIC HOUSING CONSTRUCTION#

Equipment#*

Air Compressor
Baclthoe
Concrete Mixer
Concrete Pump
Concrete Vibrator
Crane, Derrick
Crane, Mobile
Dozer
Generator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Pneumatic Tool
Pump

Rock Drill
Roller

Saw

Scraper

Shovel

Truck

Hra. at site

[81]
85]
85]
82]
76)
88]
[83]
[87]
78]
85)
88]
79}
80)

85)
76]
98]
74)
78]
88]
82]
g8]

Construction
=] =3
5 =1
2 5 3
=S = &
O
3 & =
- . 1 -
.02 .2 -
= - . 4 .
L1000 L1 -
.4 - -
. 05 - -
. 2 . 1 -
- - 004 .
- o1 2
- . 005 -
- - .04(2) .
.05 - -
- .2 -
.0 .1 -
L
eq (50")
24 24 40 80

Phase

Erection
Finishing

=]
.

-
=]

.04
.04

(=]

Py =y Qg
t

02
.01
.04
. 025

, 04

.04

—
o
e

. 01

[ O L T T I T R Y |

.04

per gite during work periods

Total number of sites = 514, 500 {Table X of reference 2}

. 04(2)

L duri c
eq(50") uring work

11 @20® periods for each item,
over one project

~1 D
He -3

689.6
71.9
64.6
64.8
60.8
65.2
65.8

72.3
63.0
65,6
52,8
68,3
66, 8
65.6
70. 3

= 81.0 dBA
40L = 208 hrs.

26 days

* Numbers in parentheses represent average number of items in use, if

that number if greater than one.

usgage,

Blanks indicate zero or very rare

**Numbers in brackets [ ] represent average noise levels [dBA] at 50 ft.

10-3

e ——— i e



Table 10-1(b)

USAGE FACTORS OF EQUIPMENT IN NONRESIDENTIAL CONSTRUCTION
{$190K -4000K)

Equipmentior Construction Phase
% £
5 3
w E 8
B Le-
=] =] B,
bh § ’_:"? =] .ao ‘U.-.“?‘ g
g o 2 =8
BB - - 4 2% °
g g g b B ThH o
3 & B @ K E1
Adr Compressor . [81] - 1.0(2) 1.0(2) 1.0(2) .4(2) | 83.4
Backhoe [85] .04 .16 vd - .04 6.4
Concrete Mixer 85] -~ - 4 ! . 16 79.1
Concrete Pump g2] - .- . 08 .4 .08 74.3
Concrete Vibrator [76] - - .2 .2 04 66,9
Crane, Derrick 88) - - - .16 .04 75.9
Crane, Mobile 83] - - - 16(2) . 04(2) 73.9
Dozer a7 .16 "o - - .18 7.9
Generator : 78} .4(2) 1. 0(2) - - " 75,2
Grader 85] .08 - - - .02 63.5
Jack Hammer B8] - 10 .04 .04 .04 5.2
LOD.dEI‘ [79] . 16 . 4 - - a 16 Ggl 9
Paver 80] - - - - .1 69.7
Pile Driver [101 - . .1 - - 84¢.8
Pneumatic Tocl [85 - - . 04 «16{2) .04(2) 76.2
Pump (6] - 1.0(2) 1.0(2) .4 - 76. 4
Rack Drill [98] - ,04 - - . 005 8.0
Roller 74 - - - - .1 54.7
Saw 78 - - -04(3) 1- 0(3) - 7804
Seraper 88] .55 - - - - 73.1
Shovel 82 - o4 - - - 71.8 :
Truck [88] .16(2) .4 - - + 16 79,2 :
L per gite during work periods = “U90.9 dBA
eq(50'})
Hrg., at site 80 320 320 480 160 % = 13680 hra.
170 days

Total number of gites = 12, 500 (Tables X and B-1 of reference 2)

¥ Nambers 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 noige levels [dBA) at 50 ft,
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Table 10-1(c)

USAGE FACTORS OF EQUIPMENT IN INDUSTRIAL CONSTRUCTION®
{$80K-820K, no high-rise)

Equipment ok

Air Compressor
Backhoe
Concrete Mixer
Concrete Pump
Concrete Vibrator
Crane, Derrick
Crane, Mabile
Dozer
Generator
Grader

Jack Hammer
Loader

Paver

Pile Driver
Pneumatic Tool
Pump

Rock Drill

" Roller

Saw
Scraper
Shovel
Truck

81)
85]
85
82
76
88
83
87
78
85
88
[79
(69
[101
05
76
98
74
78
88
82
88

Hra, at gite

Construction Phase

Total Number of gites = 50, 000 (Tables X and B-1 of Reference 2)

g
o =
? 84
g g E o g'
53 § E = E’ T8 g
g 2 A =g 8
H & 'g S & 528 °
2 2 £ 5 gh ¢
(] = B 3] By - B} o
- 1.0 .4 o4 4 78,2
.04 .16 .4 - .04 76.4
- - .4 .16 .16 77.3
- - 05 .16 .08 70.8
- - . 2 . 1 . 04 65.4
- - - .04 .02 70.2
- - - .08 .04 68.2
.2 .4 - - .04 77.5
.4 .4 - - - 68.7
.05 - - - .02 62,3
- .1 .04 .04 .04 75,2
.16 4 - - .04 69.4
- - - - .12 70.5
- - 04 - - go.8
- - .04 « 1(3) .04 76.0
- -4 1,02y .4 - 53,1
- .02 - - .003 75.1
- - - - .1 54,7
- - . 04(2) . 142) - 67.5
.14 - - - .08 70.5
- . .4 - - .06 72.1
. 16(2) .26(2) - - .18 78.5
L per site during work periods =~ 87.8 dBA
eq (50')
80 320 320 480 160 % = 1360 hrs
170 days

#* Numbers in parenthegea repregent average number of items in use, if that

number is greater than one.

Blanlks indicate zero or very rare usage.

»* Numbers in brackets [] represent average nolse levelg [dBA] at 50 ft.

f
1.

1A =
A=

gy

i



e Y U PR AJJ0

1..___,..,4__ - .A‘ﬁ_._.'.__k

~ Table _10-1(d)

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS CONSTRUCTION*
.(Municipal Streets and Sewers)

Equipment## Construction Phage
s~ B
g 2
g
2 g8
5 S5
g g a o s 868
“ = =
. g 3 33t
i § ¢ 2 B ¥t
o [ = 4] By R RB
Air Compregsor [81} 1.0 1.0 .4 o4 «4(2) 79.0
Backhoe (85 .04 .4 - - .16 T4.4
Concrete Mixer [85 - - . 16(2) ,4(2) . 16(2) 80.7
Cancrete Pump [82] - - - - - -
Concrete Vibrator [76 - - - - - -
Crane, Derrick (88 - .1 . 04 .04 - 73.8
Crane, Mobile [83 - - - .16 - 69,7
DOZBI‘ 87 - 3 . 4 . 2 - [ 16 79. G
QGenerator 78] 1.0 .4 4 S o 4 74.9
Grader 85 OB - - .2 .08 T4.1
Jack Haxnmer a8 .5 .5 - .04 . 1(2) B0.7
Loader 79 3 .4 .2 - . 16 71.6
Paver 89 - - 0.1 . - 81.4
Pile Driver [101 - - - - - -
Pneumatic Tool [85 - - .04(2) .1 .04 72.86
Pump - 76] - LA(2) 1.0{2) L4(2) - 75.7
Rock Drill a8 - .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 71.1
Truck [88 .18(2) .16 <4(2) .2(2) .16(2) . _84.6
L (50") per gite during work perieds = - "9, T dBA
eq -
Hrs. at gite: 12 12 24 24 12 L= B4 hours

10 1/2 days
Total number of sites - 336, 600 (Table XIII of Reference 2) .

*Numbera in parentheses represent average number of items in use, if that
number i3 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. lFor the purpose of this analysis, a constructlon site i{s viewed as

a complex source in which equipment is centered at 50 fest from an chserver,

This consideration provides a model with which to eatablish a baase get of data,
The Lﬁq obtained using the model was converted to an L n for a 24-hour

d
day and then converted to an annual L o by adding 10 log (H/(8 x 365)). Thus,

each construction gite wng viewed as g complex nolse gource with a fixed annual
value of L ‘in® The analysis was repeated for each type of site,

The human impact of construction nolse was brought into the analysis by
use of the data presented in Reference 2 with regard to the number of construction
sites of various types in a number of geographical regions, as well as the denslty
of people in these geographical regions. The number of aites per year was
taken from Table 10 of Reference 2, and the population density data was taken
from Table 8 of the same reference. For the office building category, the
trensfer of people from the suburhs to the central eity during the averago work-
ing day was considered by adjusting the population data, conaistent with the
model proantéd in Reference 2, which is summarized in Table XI of the Refer-
ence, This adjustment was necessary to account for the fact that moat construc=
tton in eities oceurs during the working day. Thus, population eatimates were
obtained for 20 different cases corresponding to the four construction types
({residential huildings, non-residentials, municipal streets and public works)
and five categories of regions:

J. Large high-densily central city

2. large lowedensity central city

3. Othor Standard Metropolitan Statistical Areas central cities
' 4, Urban fringe

5, Motropolitan areas outside the urban fringe,

‘Two models wore used for the propngaﬁon of site notse into the community,

In rosidential arens and other lightly bullt up areas, noise was assumed to bo

10-7



W mm——— N AW PPN YN TSRS

!

i i ke B o i P 2

attenuated at the rate of 6 dB per doubling of distance, Accordingly, around
each site there exists a series of annuli each of which represent successive 3 dB
arens of greater attenuation, A menn noise level L i (Annual L dn) was associated
with each annulug as well as the area in square miles, The latter figure when
multiplied by the population density typleal of the region yielded the number of
people, P, on the average, living within that annulus, Ii was assumed that on
the average, only half of these people were affected by tha nolse because it is
Tensoned that only half of the rooms {n structure in proximity to the site face
the site, 'This assumption appears reasonable but must ba recognized as some~
what arbitrary.

In the case of offlce bullding category, a different model was considered,
For this situation, it was assumed that noise confined in a builtup area is at=
tenuated by only 3 dB per doubling of diatance due to the canyon affect[ 6] for the
first 400 feet and then attenuated by & dB heyond the 400 feet, since at that polnt
noise {8 froa to decrease by classical spherical divergence, Further, it was
agsumed that only 26% of the people in each annulus were affected by the con-
struction noise since in most office bulldings not all the rooms have outside ex~
posure, This assumption nppears reasonshle, but it is somewhat arbitrary.

In the computation of the fractionnl {mpaot (FI) associnted with each annulus
around the censtruction site for office bulldings and for industrial sites, come
putations were performed relatlve to an exterior L. dn of 65 dB rather than the

" 56 dB nesumed far residential areas and public work areas. The rationale for

this assumption was that in office buildings adjoining construction eites, windowa
are normally closed rather than open, which increases the nolse reduction be-
twaen outsido and inslde from 16 dB to 26 dB (Roference 30), Thus, the additional

10 d8B,
From knowledge of the various fractional Impnets and number of pecple as-

socinted with each annuius, the equivalent population impacted at 100% for each
annulus was obtained and thon summed to obtain the total {mpact (Peq). *

10-8




B

M e s,

From knowledge of the various fraclional impacts and number of people
associated with each annulus, the equivalent populntion impacted of 100% for
each annulus was obtained and then summed to obtain the total impact (Peq). *

Computationg were performed for several conditions, with a baseline
condition egtablished using the noise levels of all congtruction site equipment
listed in Table 10-1. Also computed were conditions in which portable air
compressorg were reduced to levels of 76 dBA, 73 dBA, 70 dBA, and 65 dBA
ot seven meters [rom the compressor housing. Since new truck noise regula-
tlons currently being lormulated will, In time, cause lower truck nolae levels
at the construction site, the effect of the combina'd reduction of portable air
compressors and new truck noise were additionally evaluated. The effect of
reducing portable air compressor and new truck nolse levels are summarized
interms of L, dn and Peq in Table 10-2. The effocts of the change on-the
United States population are summarized in terms of Peq in Table 10-3.

Figures 10-1 pnd 10-2 have been prepared [rom the data of Table 10-3 to
better show the Impact of reducing new portable air compressor and new truck
nolse levels.

Figure 10-1 shows that for portable rir compressora, noise reduction at
the construction site, only, a sizable (approximately 11%) impact reduction is
achieved for portable air compressor noise reduction to 76 dBA at 7 meters,
while ittle {npproximately 1% additional relief is obtained for further nolse
reduction to 65 dBA at 7 metera.

"Pe 18 numerically equal to the equivalent number of pecple which have a
fritHonnl impact equal to unity (100% impncted), See Appendix B for further
detatls.
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Table 10-2
SUMMARY CONSTRUCTION ACTIVITY Ld.n @ 50' and Peg

) Reatdentfal ¥on Residential Tndurtrial Tuhljz Vorks U, &,
Idn Fay Lun Yeq L Pegq Lan Peg rag
| 1. Danaline all Equipt at Prasent leveln 65,5716 IJS,MID R2,3690 | 302,300 1%.1732 | 85,300 71,6232 519,000 1,042,000
i U Teuchsd § Doac, Hluers ot 15 dBa & 0° 8§, 3354 | 353,230 82,3082 1 161,000 ?l.a“‘a 62,250 69,5449 136,260 656,790
[ 1S P I 4 I T T Compresaora B 72 J¥a 8 50° 163,014 | 21,604 £1,40%9 | 200,780 Th.I14B | 49,7600 £39.2120) 397,460 §6y, 354
i W oA TT 6 Alr Chapressors F 69 GBA @ S0 62,9897 , 10,592 E1.405L | 198,316 TR 2841 | 49,166 69, 1a78! 2%4,227 362,561
Vo 40 IT & Alr Coeprasacre @ 66 JbA 8 30" (62,9774 | 20,073 81,3694 | 197,062 | 78,2615 | 44,843 R9.1752| 92,08 458,903
1_ Y1, 4n TL K Al Cosprassors T 61 484 € 30" |62,9640 { 19,722 B1.1¥32 | 193,794 TR 24%Y | 48,692 &0, 1o06] 50,825 356,071
| VII. Trucks & Conze Miaure & B) 424 8 507 64,7304 | 12,76} 81,7707 | 221,756 W, 77LL 59,8499 69.8522 16,05% 130,423
Aur Compreanara 3 72 d0A @ 50°
VI, oachn b Cone, Hlxure B 8) dBA 8 50"
AT Cenptussare G 89 dBA 8 507 b4,2120 | 11,94% BE.3GAN | 217,394 | 7B 204N | 56,608 69,8113 33400 121,408
1%, Trucks & Cuac. Kixery at Present 65,0539 | 111,596 82,1423 | 249,032 79043 | T, 244 0,2852] 490,432 97,44
k?:'é;mruular- @ 7 Ay s
A Truche & Cone, ﬂ-[ul'l xt Frenant 63,1391 | 110,91 82,0033 | 2é4, 432 79.320 | 75,30 TO.70A9] ARA, 50 919,638
'Al.r ::a:rnunn ETICEIN B £
X1, Tiucks & Cone, Mivers at Fresent £5.1316 ' 119,659 82,0364 | 242,71 79.2958 l 74,058 70,7602] BT, 4&0 9)%,R10
L::'é:hpruurt @ 65 Jdba @ 50° E '
‘ALl Toucks & Cang, Nixecs st Presmnt 63,1264 | 110,640 §2.0365 | 241,250 | TH.IMA D V4,538 70,7542 684,705 313,06
Levals . !
Alr Couprassors § 61 dBA § 30° ;
I
il
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Table 10-3

THE EFFECT OF CHANGE ON THE UNITED STATES POPULATION

DUE TO THE PROPOSED PORTABLE AIR COMPRESSOR

AND NEW TRUCK NOISE LEVELS

Percent
P Reduction
eq
Bageline date, 10?4‘ 1,042,000 0
Only Air Compressors Reduced
a) 72 dBA @ 50' 927, 484 10, 99
) 69 dBA @ 50' 919, 635 11,74
¢) 66 dBA @ 50! 015, €70 12,12
d) 61 dBA @ 50' 912, 936 12, 39
date, 1977: Trucks reduced 83 dBA
a) Alr Comp @ 72 dBA @ 50 730, 423 29,90
b) Air Comp @ 69 dBA @ 50' 721,408 30.76
date, 1983; Trucks reduced 75 dBA
a) Air Comp @ present levels 696, 790 33.13
b} Adr Comp @ 72 dBA 569, 554 45, 34
@ 69 dBA 562, 501 46.02
@ 66 dBA 558, 903 46. 36
@ 61 dBA 556, 033 46. 64
Baseline date, 1983
Trucks at 75 dBA @ 50! 696, 790 1]
a) Air Comp. @ 72 dBA 569, 554 18, 26
@ 69 dBA 562,501 18. 27
@ 66 dBA 558, 903 19.78
@ 61 dBA 556, 033 20, 20
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Averape Sound Prevsure Level, dBIAL, re 20 micropaselts At 7 meters

. \

75

70

0 10 20 30
Perosnt |mpect Raduction of Construction Site Nolw

On the United Statsr Public

Figure 10-1. Effect on the United States Public Due to
Portable Afr Compressor Noise
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In view of the results of Figure 10-1, Table 10-4 shows that conatruction
gite noise impact relief, aftor portable air compressors are reduced to 76 dBA
at 7 meters, is obtained as the result of new truck noise reductions. Specifically,
shown by the data is:

1, When truck noise ai the construction site is reduced teo 83 dBA, the
percent Impact reduction of conatruction site noise increases to
approximately 30%. This represents en approximate 19% additional
(over the compressor reduction alone case) Impact relief.

2. When truck noise at the construction glte {8 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 alene case) impact relief,

The results of the public health and welfare study showed that portabie alr
compressor noise reduction to an average of 76 dBA at 7 meters produces &
aignificant and desirable impact relief. Table 10-4 has been prepared to show
the contribution of portable air compressor neise to total construction site
noise for portable air compressor reduced to 76 dBA (from a current average
level of 88 dBA at 7 meters). Also shown in the table, for comparison, is the
contribution to construction site by current compressor noise levels. Shown
by the data of Table 10-5 is that when portable alr compressors are reduced to
76 dBA, the percent contribution to the conatruction sile Is reduced approximately
one percent, down from 17.8 percent {n the worst present case. This decrenses
the lmportance of portable air compregsor as a source of acoustic energy,
from the 2nd noisiest source after trucks at present to the 16th noiafest plece

of equipment comprising the hardware mix at a typleal construction site.
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Tahle 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 .Impaet. Reduction
; Of Constraction Site

: Noise

! Portable Air Trucks

} Caompressor

I

! 88 g8 0

| 76 88 11

j 76 83 30

76 75 a5
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Table 10-5

CONTRIBUTION OF PORTABLE AIR COMPRESSSOR NOISE
TO CONSTRUCTION SITE NOISE

Percent of Site Noise

Rank at Site

Compressgor | Compressor Compressor | Compressor
Noise Noise - Nolse Noise
Site at 88 dBA* | at 76 dBA%* at 88 dBA*| at 76 dBA**
Residential 5.0 1.0 7th 16th
Public Works 6.1 1.0 7th 16th
Industrial 10,7 1.0 3rd 17th
Non-Residential 11. 8 1.0 2nd 17th

¥ Current average level at 7 meters of all compressors.
** Proposed average level at 7 meters.
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Section 11
ENFORCEMENT

Enforgement of new produet noise emigsion standards spplicable to new
portable air compressors may be accomplished through;:

e Certificatlon or production verification teating of compressor config-

urations.

¢  Agsembly line testing using continuous testing (sample testing or 100%

testing).

¢  Selective enforcement auditing of production compressors and in-use

compliance programs,

The predominant portion of any cortification 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 teat used for certification or production verification testing and any
test used for nsgembly line testing of production compressors should he the
sume test or else should be correlative so thﬂi: co;npliance may be accurately
determined. A measurement methodology that can be used both for certification
or production verification testing and any agaembly lne testing 13 a modifled
veraion of the CAGI/PNEUROP test code.

CERTIFICATION

Certification is the testing of selected prototype products by a munufacturer
or by EPA to determine whether the products conform to a standard. Certifica-
tion serves the purpose of verifying that a manufacturer has the technology in
hand and, when required, it may be used to verify that the applied technology
will laat for some period of use.

Certification may involve the testing of every configuration of 4 manufac-

turer'a production to verify whether each conforms, or configurations may be

e —
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grouped into eategories having similar emission characteristics and so that
only sclected configurations are tested. The configurations tested are then
consldered represcntative of the other untested configurations In n category.
The concept of certification has associnted with it the issue of approval
certiflcates by EPA after a manufacturer has demonstrated conformity through
testing.
Bocnuse certification normally deala with a few prototype models, It
does not give any indication of the conformance to standards of the manufacturer's
product, The ability of a manufacturer to apply the technology to a prototype
model does not necessarily mean that actual production line models will also
conform. Verification that production models conform can only be made by

actual testing of production medela.

PRODUCT VERIFICATION

Production verification i8 the testing of selected pilot line (first production
models) by a manufacturer or by EPA to verify whether a manufacturer has
the technology in hand and is capable of applying the technology in a manufac-
turing process. The tested pilot line models (or first production models) must
conform with the standard prior to any distribution of that model into commerce.

Production verification does not involve any formeal EPA approval or
issuance of certificates subsequent to tnanufncturer testing, nor Is any extensive
testing required of EPA, Any regulations would require that prior to diatribu-
tion into commerce of any manufacturer conﬁﬁurntlon, as defined within the
regulations, the configuration muat undergo production verification. A com-
pressor model would be considered to have been ﬁmduction-verlﬂed after the
manufacturer has shown, based on the application of the nolse mensurement
tegts, that a configuration or configurations of that medel conform to the
standard, Production verification testing of all configurations produced by a

manufacturer may not be required when a manufacturer can establish that the
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noiaw levels of some configurations within o meodel are consigtently higher than
others or are always representative of other configurations. In such a case, the
higher emitter would be the only configuration requiring verification. Manufnc-
turers must reverify whenever they implement engineering changes to their
products after initial verification that are likely to adversely affect nolse
emissions. Additlonally, further testing on some continuing or other perledic
basis or production line products will atill be pecessary to assure, with some
confidence, that all producta being manufactured conform te the atandards

prior to being distributed into commerce.

Production verification provides EPA with confidence that production
models will conform to the standards and limits the possibility that nonconform-
ing compressors will be distributed in commerce because initial testing ia
performed on pilot Mine or first production, models, Because the pogsibility
still exiats that subgequent models may not copform, assembly line compressor
testing should be made a part of any enforecement strategy, to determine whether

production compressors continue to actually conform to the standard,

ASSEMBLY LINE TESTING

Assembly line teating of a production compressor is a proceas by which
compressors, as they are completed on the assembly line, are tested to deter-
mi'ne whather they conform to applicable standards, This determination as to
whether production compresgsers comply with the atandard can be made by the
use of either continuous 100% testing of newly assembly compressors or by
testing of representative samples of newly produced compressors and drawing
inferences with regard to the conformity with the standard of other newly
nssembled compresdors. In the cage of the production of nominally identical
compresyor configurations exhibiting the same or similar noise emission char-
acteristics through the application of the same or similar noise attenustion tech-.
nology, the use of sample testing {s a realistic way of determining compliance
by other untested compressors produced by o manufacturer.

11-3
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Continuous, 100-Percent Testing

In the absence of a shor! inexpensive test, 100-percent testing can be
costly and time conguming and {n most cascs unnecessary in the absence of
some justification to the contrary gince sample testing can yield the desired
result. At this time, 100-percent teating is not proposed as a primary enforce-
ment tool: however, 100-percent testing may be required should a manufacturer
be diacovered to be producing compressors in violation of the regulation.
Sample Testing

Sample testing involves the testing of :'.l percentage of compressors on some
continuous bagis, the auditing of production line compressors on some random
bagis, or for specific cause. An auditing strategy would erable EPA to deter-
mine if production compressors meet any promulgated emisafon standards and
would provide a deterrent to the distribution in commerce of nonconforming
products. An auditing strategy involves the random testing olt a representative
number of production compressors. Because the number of compressors tested
under an auditing strategy is nominal, the cost and effort associated with
iniplementn.tlon of such a strategy for a conforming manufacturer is only a
fraction of the cost of o program involving continuous teating because fewer
compressors are involved,

Any sampling atrategy adopted by EPA would not attempt to impose a quality
control ot quality assurance scheme upon a manufacturer but would merely
audit the conformity of his products and would provide a deterrent to the dia-

tribution in commerce of non-conforming products.

ENFORCEMENT ACTION
The prohibitions in the Act would be violated when:
¢ The manufacturer falls to properly certify or verify the conformance

of production compressors.
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¢  Where it is determined on the basis of agaembly line testing or other
information that nonconforming producticn cormpressors are knowingly
being distributed {nto commerce.

o  When the mmufacturer 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-
hibitions of the Act, which Include fines and imprisonment, the Administrator
hag the option of {gsuing an order specifying such rellef as he determines
necessary to protect the public health and welfare. Such an order could include
the requirement that o manufacturer recall producta distributed into commerce
not in conformity with the regulations and that a manufacturer effect any remedies
whethar or not the manufacturer had knowledge of the nonconformity, Such
recall orders would be issued in situations {n which agssembly line testing
demonstrated that comprossors of a particular configuration his been distributed

into commerce not in conformity with the applicable emission standards.

LABELING

Any enforcement strategies ghould be accompanied by the requirement for
Inbeling of products being distributed into commerce. The label will provide
notice to a buyer and uger that the product is sold in conformity with appiicable
regulations, that the compressor possesses nofse attenuation devices, and that
such {tems should not be removed or rendered {noperative. The label should

also indicate the aggociated liability for such femovnl or rendering inoperative.

IN-USE COMPLIANCE
If the goal of protecting the public health and welfare 18 to be fully achieved,
the notse levels of compressors must not degrade above the standards preseribed

for assembly lina compressors, The standards should therefore extend over
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the life of the producta, as authorized by the Act. Several compliance strategles
can be used to ensure the maintenence of standards, The manufacturer s
required (by Section 6 (d)(1)) tec warrant for the life of the compressor that 1t
conformed to standards at the time of Initial aale. Recall is an approprinte
remedy (under Section 11(d)(1)} to require the manufacturer to remedy u class

of compressors that fails to conform while in actual use, despite proper main-
tenance and operation. The tampering with nolse emission control devices and
elements of design is prohibited by Section 18(a)(2), Finally, the manufacturer
can be required (by Section 6(c)(1)) to provide instructions to purchasers
specifying the maintenance, use, and repair to keep the compressor within

standarda.
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Section 12

ENVIRONMENTAL EFFECTS OF PROPOSED REGULATIONS ON
PORTABLE AIR COMPRESSORS

IMPACT RELATED TO ACOUSTICAL ENVIRONMENT

The proposed regulations will immediately stop the noise emitted by portable
alr compressors from Increasing and will limit their output to a lavel that will
reduce tho number of people impacted by construction site noise by 114, 000
(approximately). When reviewed in concert with new truck nolge regulations,
the number of people religved of impact will be 474, 000 (approximately). These
regulations are a first step in a comprehengive noise abatement effect almed
at reducing the total environmental noise to which the population is subjected.
The composite impact of all Federal noise exnisslbn r‘egulations will he aimed
at 1 level of envircnmental noise consistent with protecting human health and
waolfare,

Studies have been conducted to estimate the reduction in noise levels and the

number of people who will benefit as a result of noise.

IMPACT RELATED TO LAND
Portablo air compressor regulations will have no adverse effects relative
to Iand.

IMPACT RELATED TO WATER
Portable alr compressor regulations will have no adverse effects on water

quality or supply.

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 ut{lized to quiet portable air

compressors {8 the installation of & more efficient muffler to reduce nolse
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emlsaions. This will cause an increase in the back pressure and will reduce the
efficiency of the power source from 1 to 9%. Sources differ concerning the
increase in back pressure and resulting increased fuel consumption. Additionelly,
technology studies have been done that indicating that with the appropriate
reengineering of portable air compressors to enable them to comply with the

noise emission regulntions, fuel economy and efficiency will improve rather

than deterforate, '

There also exists a posslbility of market shifts from gasoline-powered to
diesel~powered portable air compressors, which depends to a large extent upon
the elasticity factora discussed in Secticn 9. If these shiits oceur {n favor of
diesel-powered compressors, total air emissions will be substantiglly reduced.

There nlgo exists the peasibility 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 thera will be a corresponding decresase in pollutants
emitted, .

At this time, based on the interrelationship of: (1) potential increase in
fue] consumption, (2) elasticity of the market, and (3) potential total unit volume
reduction, the possibility of the portable air compressors having an adverse
effect on nir quality is negligible,
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Appendix A
DOCKET ANALYSIS

On February 27, 1974, an Advance Notice of Proposed Rule Making (ANPRM)
inviting public partioipation in the development of a regulation for new portable
air compreagors, which EPA might egtablish under Section 6 of the Nolse Control
Act, was published in the Federal Register, There were ten submiasgions to the

ANPRM docket, four of which required no response as the commenter cither mis-
interpreted the purpose of the ANPRM, requested an extension of Hme to submit
comments, or provided no information, The remaining entries, with the excep~
tion of that submitted by Richard H, Gimer {the Washington Counsel for the Com=
pressed Air and Gas Institute, whose memhers manufacture approximately 85%

of the alr compreasors sold in the United States), are not specifically addressed

"to the 23 arens of information solicited in the ANPRM,

Insofar as possible, an effort has been made in analyzing the dooket to dis-
tinguish between informat{on and {ssues contained In the responses, The attached
dochet analysis 18 organized as follows:

1, Summary Index - (citing specific references to the docket entry in the
Information and Isgues Section)

' 2, Information Soction (pages 1=19)
3, Issues Section (pages 20 ~ 36)
Docket entrles are available for public inspection at the Office of Noise
Abatoment and Control, Environmental Protection Agency, 1521 Jefferson
Davis Highway, Arlington, Virginia 20460,

INFORMATION CONTAINED IN DOCKET
Composition of Industry and Conditions of Product Use

Mnnufacturer Data (ANPRM #15)
P.K. Lindsey stated that while not one of the larger U.S. manufacturers,

A=l
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TABLE A-1
SUMMARY INDEX OF DOCKET RESPONSES
) Docket:
Analysia
Dockee ¢ Name of Respondent Type _of Respondent Dipest of Comments Refercneces *
€001 Alabama Tire Dealers Trade Assoclation Hisinterpreted ANPRM; addresed Hone (no comments
and Retreaders Asso- comments te alr pumps ubed for required
cinotion inflating tires.
coo2 Environzencal Pro- Local Government 1} Submitted copy of New York I, Information
rtection Agency, City Code (includes noise emis=~ A3, B2, C1, 03
of New York sion standards for sale of
alr compreseors).
2) Suggested noise emission IX. Jssues
stondurds for new portable B&, B7
alr compressors
3) Recommended rotrefit pro
gram.
€003 P. K. Lindaay Company, Manufacturer . 1) Submitted information on I. Information
Inc, Deerfield, nolge levels and apecifi- Al, Bi, B5
New lampshire cations of Company's com-
pressor modelr,
¢ %) Maiptained noine reduction IL. fesuen
i dependent on quieter en- A2, B4, B}
: gincsa.
3) Questioned selection of air
compressors rather than all
construction eguipment.
!t 4) Advocated standard no lower.,
] than b%BA  ac 7 mecers and
i rengonable lead time for com-
\ pliance. :
CO04 Departzent of Environ- State Gevernaent Developing construction site I Infotmation

mencal Conservatioa,
State af New York

¢ Refer to sectlons of Appendlx A

noise regulation whicn is antie- cl
pated to be a performance stand-

ard setting deeibel linmits at

fixed distances from construccion
sites baswd on udjulning preperty
usa.
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TABLE A=1 (continued)
SUMMARY INDEX OF DOCKET RESPONSES

Docker
Analysia

Docker @ Hamg of Respondeat Type of Respondent Digest of Commenca References

€005 Horld Construetion Construction Trade Publication Submitted copies of twe

editorials;

A) nrpeing for consistency 1. Information
and loecal alr compreasor A5, CI, C2
nofse regulations,

M b} fncluding chart on exist- Il. Issues
ing fnternacional and A2, B>
U.5, gities perminsible
sound levels for com-
pressors.

Co06 Robart Daggy Private citizen Misinterpreted ANPRM: ([re~ Hene {(no comment
quested transcripts of required].
hearing proceadings),

coo? Ganoral Motors Manufacturer Asked for aktension of None (no comment

Corporation comment period required).
cocs Cummina Engine Company, Engine Wanufactuer Indicated hod very limited Hete {nn comment
Inc. faformation on povtoble air required).
compresnors and addressed

convents ro wvew truch docket.

cang Fortable Compressor Hanutacturer 1)  Recommended maximum I, Informaticn

ST R FEETEE R e

Divisfon, Ingersoll-
Rand Company

silencing of 70 d0A
at 7 metovs,

2) Contested noise levels
of MACs and estimoted
averapge costs to nchieve
levels contained in BN
draft report.

3) Contested specific srate-
ment contained fn draft
& T Kearny Report.

II. lssuc

Ba, c2

82, B7
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Name of Respondent

TABLE A-1 (continued)
SUMMARY INDEX OF DOCKET RESPON SES

Type of Respondent

Richard A. Gimer

Counsel for Compressed Air
& Gas Instirtute (CAGL mem-
bers monufacturer approxi-
mately 85% of compressors
sold in U.5,)

Specific Responses to Suppested Areas of
Information

Entry responded to 15 of the 23 sufgested
aread of informacion.

FRRTT - PRET MIVINE AW

Docket
Analysis
Dipest of Comments Reforences

Lengthy encry divided into

penerul issues and specifie Aly, A2, A3,
reseponses to suppested arcas a4, AS, Bl,
ef information solicited {n 12, B3, B4,
ANPRM Proviso; CAGL and Lts 85, B6, Cl,
mambers presume contraccor, cz, DE, D2,
NES reports etc. usod dn bl

developing repulation will
e made available for public
review gnd carnent.

1) No findlng has yer been made

that portable air compressora
are mojor noise sources and
should be nubjected to maada-
tory nolse emisslon standarde~
appeats EPA determined com-
pressors are "najor neise
sources"” on an zd hec basis,

2) EPA shauld place primiry em-

k]

[

3

—

—

phasis on safety Factors in
determining noise emlssicn
standards rather than letcing
the Lest available cechnelogy
dictate the standards as EPA
appears to be doing.

—r

Internal combustion engines shauld

be subject to nolase emission limits
rather than shifcing regulatory burden
to engine=-powercd machines and equip~
ment,

Advocated retention of CAGI-PNEUTOP
Teat Code as EPA Measurement Methodology.

EPA should comsider conditions of wse of
product.

I. Informacion
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the Company's 1973 sales exceeded $2 million. The Company manufactures air-
cooled compresgsors of thelr own design and performs the machining and fabrica-
tion of the compressors, chassls, air tanks and housing in thelr own plant,
Gimer stated that members of the Compressed Air and Gas Institute's
Portable Compressor Air Section manufactare approximately 85% of the compres-
sors sold in the United States, The twelve members of this national trade nsso~
ciation representing portable air compressor manufacturers are Atlas Copeo,
Inc, ; Chicago Pneumatic Tool Co,; Davey Compressor Co,; Gardner-Danver
Co, (Quiney Division); Gordon Smith & Co,, Inc,; Ingersoll-Rand Co,; the
Jaeger Machine Co.; Joy Mamfacturing Co.; Le Rol Division--Dresser Idustries,
Inc, ; Quincy Compressor Division, Colt Industries Operating Corp, ; Schramm,
Ino, ; and Worthington=CET, Inc.

Recommended Methods for Classifying Portable Alr Compressors
(ANPRM #13)

Gimer commented that portable air compressors have historically been

classified by power source (dlesel or gre) and by output messured in cfm.

Typical catagories are noted in Table A-2,

Table A-2

CAGI SUGGESTED CLASSIFICATION OF COMPRESSORS

Gag Powered Machine {2) Diesel Powered Machines {4)

75-124 CFM 125-249 CFM 600-899 CFM

125-250 CFM 250-599 CFM 800 and over CFM

Number and Type of Portable Air Compressors In-Service and Sold
(ANPRM #9)

Gimer submfitted the following dats compiled by the U.8. Department of

Commerce, CAGI and EPA contractors:

A-b
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e For the seven-year perlod 1966*1972, approximately 72, 000 portable
nir compressors were shipped (approximately 51, 000 were gasoline
engine powered, the remainder were diesel powered).

¢ Tatal gsales during cach of seven years ranged hetween 9,600 and
12,300 units.

¢ Approximate annual dollar value of shipmenta: 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 alr compressors nvailable for use,

Portable Alr Compressor Typical Duty Cycles (ANPRM #12)

Gimer pointed out that a high percentage of portable compreasors nre used
for less than one day in any particular location and submitted following estimates
on duty oycles;

&  On the average, portable alr compresaors can he expected to work a
normal cycla-of 60 to ?5% on [ull load requiroment and 20 to 40% on a
no-load requirement; ‘

o  Smaller portable units (up to 501 CFM) normally accumulate an average
of 1, 00D operating hours per yenr and larger units (over 500 CFM)
1,000 to 1, 500 operating hours per year.

Types of Activities in Which Portable Atr Compressors are Used, Number
Used at One Time and Contribution to Total Noise of Theae Activities
(ANPRM #16 and #17)

Gimer commented that, in most instances, portable alr compressors are

used to power other devices that in turn perform a particular woric application.
Depending upon the size of the unit, the tusk to be accomplished, and the nature
of the Job aite, anywhere from one to twelve portable air compressors might be
utiiized in n single location at one time, I a job aituntion required three or
more portable alr compressors, they would probably be widely diaperaed.

A~B
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Gimer further stated that, in most cases, the equipment powered by the
compressor or the nature of the work itself being performed with that equipment
is noisier than the compressor itsolf, This point was also alluded to by World
Construction and Ingersoell-Rand,

Current Noise Levels, Abatement Techniques and Their Effects

Current Noise Levels of In-Use and Newly Mamufactured Forelan and
Domestic Portable Air Compressors (ANPRM #1)

P.K. Lindsay submitted the following chart (Table A-3) of nofse levels

produced by current production units of their éight compregsor modela,

Table A-3

t
NOISE LEVELS OF P, K. LINDSAY COMPRESSORS
SOUND LLEVEL READINGS IN dBA

COMPRESSOR
MODEL 1 meter 5 feet 7 meter 50 feet

15-HU g9 87 75 68
25-HU 98 88 ki n
T-40HA ‘ 95 93 81 75
55-H 94 82 79 73
BOTH 96 83 81 75
125-H . 98 g5 82 76
150-A . 99 86 84 78
175-D 100 87 85 79

Teats were taken on current production units with standnrd engine mufflers.

R . et et i o omm e o e g



R PR T

These readings are in decibels on the "A' weighting network scale and are
the arvithmetic average of four readings at the compass point for each distance
from the compressor unit. Compressors are operating at [ull load (100 psig)
and the air s discharged to atmosphere beyond the test area.

Gimer submitted the [ollowing table (Table A-4) showing a range of noisc
emissions on currently available domeatic and foreign produced portable afr

compressors for standard machineg and silenced machines.

Tahle A~4
RANGE OF NOISE LEVELS OF COMPRESSORS (supplied by CAGI)
Standard Machines
82-250 CI*M - 251-1200 CEFM

92,5 dBA to 105 dBAat I meter

80,5 dBA te 92 dBA at 7 meters

Silenced Machines

82-250 CFM 251-1200 CFM

82 dBA tol04 dBAat 1 meter
70 dBA to 88 dBA at 7 meters

'.”l“his data was collected on‘a conﬁdentl;—i bﬁsis by the Compressed Air and
Gas Institute over the past two years using the CAGI-PNEUROP test cost
codified 08 a natfonal consensus standard and an i.nternationul standard In
ANSI 8. 1-1971 and 1SO 2151, respectively, Glmer placed two qualifications on
the analyais of this data. .
1. The noise emissjon data reflects side emission mensurements only,
and the precise impact on the dBA rating of any given compressor of
factoring in 2 measurement of upward radiating noise (under considera-
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tion by the appropriate IS0 committees) cannot be known. . Gimer
pointed out that tests which have been made using various propoged
methods for meaguring upward radianted noise indicate that the
addition of a top-level measurement will change the dBA rating for
most compressora currently available; and

2. The data does not reflect the ability of the entire industry to meot
any particular emlssion level. Based upon information available to
CAGI the dBA r"nting of the quietest compressor available on the
market 18 several decibels below that which the industry as a whole
is currently capable of producing.

'

Currently Available Noise Abatement Technology (ANPRM #2)

Gimer commented that the major sources of noise from portable air com-
presgorg are the nreﬁs of engine exhaust, coolfng fan, afr intakes, and mis-
cellnneous mechanical structure noisea arising from the workings of the engine
and compressor air-end, withe the engine itgolf being the primary noise
source. Current nolse-abatement technology focuses on enclosing and muffling
these engine/compressor operating components. This ia currently best
nccomplished by the applicatfon of large and often, expensive mufflers to the
engine exhauat; complete enclosure of all working mechanisms with acoustically-
lined sir-tight housinga; and attenuation of the cocling system fan-nolse through
acoustically treated airduct systems. ‘The acoustical attenustion materials
used to line the housing and cooling nirducts are usually fiberglass or plastic-
based foom materials, The basic silencing technology utilized by foreign and
domestic manufacturers is the same.

The City of New York stated that alr compressors are presently avallable as
ghelf itema that can providé reductions in noige levels by as much as 80% of cost
over conventfonnl units of approximately 9%.




Additional Noise Reduction Technology and Associated Costs (ANPRM #4

and #5)

Gimer stated that foreign and domestic individual compressor manufacturers

are currently utilizing all of the known technology to reduce neise emigsion levels

of their equipment, These efforts do not Iead to uniform results duo to the

firm's differing capabilities. Silencing a compressor adds to !ts cost and thus

to the manufacturer's ability to sell the end product, Gimer commented that

these costs can be expected to rise significantly as the noise emissfon level to

be achieved is reduced which he nsserted will be shown through data being

collected under contract to EPA,

Painting out that the sound emissions are a recognized competitive aspect

in the manufacture, promotion and sale of portable air compressorg today,
Gimer stated that In the opinion of CAGI, market forces are: (1) causing a
high degree of individual firm utilization of currently avatlable ailencing
technology; and (2) encouraging intensive research efforts aimed at further
noise reduction,

Ingersoll-Rand took izsue with the findings and atatements contained {n
EPS'a draft contractor reports, The Company submitted the following tables
reflecting nolse level of portable alr compreasorg and cost to achieve the
noise levels in Hen of those aubmitted by Bolt Beranck & Newmnn.

Table A~5

PORTABLE AIR COMPRESSOR NOISE L.EVELS, dBA*
(provided by Ingersoll-Rand)

Gasoline Diegel Diesel Diesel Diesel
Level Driven’ Driven Driven Driven Driven
Limit |75-249 CFM | 125-248 CFM | 250-599 CFM | 600-889 CFM | Above 300 CFM
. Level 1 (3) 81 dBA 83 dBA 86 dBA 88 dBA 88 dBA
: Level 3{4) 75 dBA 76 dBA 73 dBA 78 dBA 8l dBA
: Level 3 (5)] 68 dBA 70 dBA 73 dBA 70 dBA 70 dBA .

! Notes: * (1) Levels constitute a "not to exceed" criteria
(2) Maximum sound pressure level in dBA at 7 meters according
to the recommended measurement practice of IS0 2151-1872,
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(3) Level 1 is asgociated with the average quieted air compres-
gors on the market today., It would correspond to using ade-
quate enclogures, sound ingulation and mufflers.

(4) Level 2 ig associated with the besgt 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 with the best demonstrated technology,
It would correspond to Level 2 plus more insulation, sealing

and possibly double walled enclosures.

Table A-6

ESTIMATED AVERAGE COSTS
(provided by Ingersoll-Rand)

Gasoline Diesel Diesel Diesel Dicsel
l.evel Driven Driven Driven . Driven Driven
Timit |75-248 CFM | 125-249 CFM | 250-599 CFM | 600-898 CFM | Above 3500 CFM
Level 1 (2) $2.58 $2.59 $3.14 $1. 80 3l. 60
Level 2 (3) | $5.20 45, 20 $10.176 $8.00 $8.36
Level 3 (4) | $26.00 $26. 00 $10. 176 $13. 50 #2, 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
costg over standardunit to meet the dBA levels as specified
in Table I.

{3) The costs cited in Level 2 repregent the average increaged
costs over standardunit to meet the dBA levels as specified
in Table I, ,

(4) The costs cited in Level 3 represent the average increased
costs over gtandardunit to meet the dBA levels as specified

in Tablel,

Ingersoll-Rand aubmitted no datn to substantiate their altered figures, The
Company'a additional comments on the draft A.'T. Kearney and BBN reports are

nddressed under II. General Isaucs.

Estimates of Time Required to Ploce State of the Afr Technology into
Production (ANPRM #6)

Gimer stated that in the general experience of portable air compreassor
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industry memhers, a minimum of three years for market introduction of equip-
ment involving redesign is required; a minimum of five years for market {ntro-
duction of technology involving cntirely new design. He qualified this statement
hy:

¢ Varlation among firms would occur depending on flrms’ financial and

technicel position and the technology currently available to that firm

s The noise cmission standard that mugt be met has yet to be specified,

Gimer warned that any suggestion that the industry is capable of meeting
requirements significantly below the current beat available tochnology within
shorter time Intervals (18 months was cited) would be regarded by the industry
a3 inaccurate and misleading and must be clearly suhgtantiated.

Problems Resulting from Existing Noise Reduction Techniques
(ANPRM #11)

Both P, K. Lindsay and Gimer contended that quietin_g the compressor aa a
unit was limited to a great extent by the nolse emisaiona of the engine powering
the compressor. P.K, Lindsay enclosed catalog sheets citing specifications

for their various compressor models which incidentally made no reference to the
meodels' noise characteristics. All of the compressors manufactured by P.K.
Lindany are powered by Teledyne Wisconson Engines with the exception of the
smallest, which is powered by a 9,2 hp Briggs and Stratton Engine, and the
largest, which is powered by an 81 hp Ford Diesel Engine. F.K. Lindsay
pointed out that the operating noise levels of theae engines alone approach

85 dBA at seven meters.

Docket inputs dealing with the availability of quieter englnes from major
manufacturers of industrial engines, the relntl'onshlp between compressor
stlencing and engine nolse emissions, and EPS'a regulation of englne~powered
equipment prior to regulation of the engine itaelf are discussed under General
Issues in this Appendix.
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Effects of Portable Alr Compresgsor Noise Reduction
{ANPRM #10 and #19)

Gimer commented that noise reduction of portable air compressors would
affect the following performance factors:

Sizo ond Weight of Units. Generally, the manufacturesr sceks to malntain
the performance parametora for each compressor when the standard unit in each
aize catagory is silenced, ‘As a consequence, the resulting machine is invariahly
larper and heavier than the standard model with the sume capabilities. The
silencad compressor is more difficult to tow than its standard counterpart. Due
to the physical sizel increaée, in some instances the unit requires a larger
vehlcle for towing than would be true of the atandard unit of the same output
capability, Becruse it is not uncommon to transport compressors several units
at a time, Increased size has also frequently meant that additional trucks or
flat beds are required to trangport the same number of units.

" Operating Conditiona. It is estimated that anywhere from 5 to 15 degrees
Fahrenhelt lower maximum ambient temperature must be avallable for sale
operation of a silenced unit.

Maintenance Costs. Maintenance costs on silent units will be higher due to
the lack of quick accessibility to some components, and the cost to replace seals.

Fuel Consumption. Data collected recently by CAGI on a confidentinl basis
indicates that for gas-powered units an aversge increase of 5% and up to 9% in
fuel consumption in shifting from a standard to a silenced model. For diesel-
powered equipment, the average increese is 3% with a maximum of 5%.

Gimer pointed out that while data collected by the Institute was not compre-
henaive enough to accurately project on a nation-wide bnals the total impact of
silencing on fuel consumption, their studies clearly indicate that tranaition
from current standard models to silenced machines will have & definite fuel con-

gumption penalty. Gimer commented that any EPA regulation requiring silencing
beyond the nolse emission levels associated with the silenced counterparts

A-13

£t e g g e b



(ranging from 82 to 104 dBA at one meter} of current standard madels, would

have an even more scrious impact on total fuel consumption. '
Component Storage, A shortoge in both steel and platic components,

required in greater quantities in silenced units, con also be expacted. )

Current Repulations and Their Effects

Informntion on Existing and Planned Nolse Regulations
(ANDPRM #18)

The City of New York submitted a copy of its Nolse Control Code (effective
September 1, 1872) Section 1403, 3-5. 11 of which repulates both the sale and

operation of air compressors. Air compressor is dofined as a ""device which

draws In alr or gas, compresses its, and delivers it ot a high pressure.”™ The
speclilc provisions of Section 1403.3-5, 11 are as follows:

The Administrator of the New York City Environmental Protection Agency Is
to promulgate regulations for measurement procedures which must be substan~
tially in compliance with similar ones promulgated by generally recognized pro-
fessional standard-setting organizations (Including the Compressed Air and Gas
Inatitute).

Tha Code also provides digcretionary authority to the Administrator for the
testing, Inspection and registration of devices (Article II) and estnblished hours
of operation for construction activitiea with variance provisions {Article III,
Section 1403, 3-4, 1i).

Glmer commented that In a very recent request for bids by New York City
for equipment to be delivered sfter June 1974, no compressor manufacturers
were gble to reapond as the step standard effective June 30, 1874 is 75 dBA ut
one meter.

! World Construction submitted the following chart citing various International

and municipal gound levels for compressors.
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Table A-7

INTERNATIONAL AND MUNICIPAL
PERMISSIBLE SOUND LEVELS FOR COMPRESSORS
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;I‘he State of New York iz developing a cbnstruction noise regulation which
is anticipated to be a performance standard setting decibel mits at a fixed
distance from a construction site basged on the nature of the neighboring property.
Since noise limits will be established without regard to the exact type of con~
struction device generating the sound (and, therefore, will not be preempted by
EPA product regulations under Sectlon ¢ of the Nolae Control Act), the State of
New York views this s an appropriate technique for control of construction
noise ot the State level.

Impact on Industry of Ex{sting Regulations (ANPRM #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,
aud arquing that inconsistent environmental requirements replaces tariff bnrriers
with technical barriers. :
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Gimer commened that existing international regulations on compressor
noise emissions have not had a gignificant impaet on the domestic compressor
industry, since, with limited exceptions, portable air compressers manufactured
in the U.S. nre not gold for export. Gimer stated that the industry i1s concerned
with the proliforation of local government regulatory schemes that establish
atringent noise emission standards for compressors which cannot be met or
which unreasonably increase the costs of new machines (e.g., New York City).
Gimer contended that such regulations encourage prolonged use of existing units
which will result in a population of compressors with o higher overall noise
contribution than could be expected if reasonsble uniform standards were adopted.
This point was alse mede by Ingerscll-Rand,
Compllance Methodology

Product Test Methodology for Compliance and Size of Product Sample
(ANPRM #20 and #21)

Glmer stated that CAGI strongly recommends that the methodology specified

for nolse measurement in any Federal mandatory standard for portable air
compressors be that contained in ISO 2151, Gimer's arguments for the retention
of this measurement methodelogy byEPA are addressed under General Issues in
this appendix.

Gimer advocated that the full range of tests gpecified in any test code that
EPA adopts should not be performed on each and every unit manufactured, but
rather an appropriate sampling plan that could vary with the type of unit, the
quantity manufactured and the tolerances permitted by the standard,

IF EPA odopta the ISO 2151 basic test methodology, Gimer commented
that the costs of imploying this test would vary with the firm as the Induatry is
dispersed throughout the U.S., and therefore, aeasons when outdoor testing can
be pecformed would differ. If compliance testing 1s required at frequenct
fatervals, then some flrms would have to construct covered facilities or hire
their own testing staff and purchose equipment to replace their present outside

consultant.
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Feasibility of Categorizing Product Models or Confipurations According to
Thelr Noise Emission Characteristics (ANPRM #22)

Gimer recommended that the current meang of classiffcation of compressors
by power gource and CFM output should be retained. Gimer commented that as
noise emission levels and, thercfore, cost of compliance vary with each unit and
power source type, a regulatory scheme involving several different noise levels
might be warranted although confusing, Gimer gtated that the industry's poaition
would be dependent on the noise emission standard EPA adopts.

Feasibility of Establishing n Useful Life (ANPRM #23)

The City of New York states that alr compressors have an average life of

ten yoars. Gimer estimated thot it was approximately eight years, though some
compressors have been in use for as much as 20 to 30 years. Gimer stressed
the need for proper and regular maintenance to preserve compressor noise
emission performance and pointed out that the quality of field maintenance varies
widely with the end-users, comptressor applications, and operating environment.
Gimer commented that many end-users are not overly concerned with the main-
tenance of sheet metal and enclosure materials nor closing compressor doors,
High quality maintenance will bo Increasingly importunt with silenced compresgors
ag tight enclogure integrity is essential, Gimer cautioned that the responsibility
for normal care and maintenance of EPA regulated products should not be shifted
from the user to the manufacturer nor should the manufacturer be penalized
initinily, in the adoptior of noise emisgion standards, for poor maintenance
practiceg in the field,

GENERAL ISSUES RAISED IN THE DOCKET
Selection of Portable Alr Compressors for Regulation

Three dockst inputs, (Gimer, P.K, Lindsay and World Construction) ques~
tioned the validity of EPA regulating portable nir compressors at this time.
Objections were ratsed that (1) portable air compressors had not been identified
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28 4 major source of noise In accordance with Section §(b) of the Nolse Control

Act and (2) EPA was apparently singling out portable air compressors for

regulation prior to alternative product cundidates having noise contributions
that might be significantly higher,

Identification of Portable Air Compressors as a Major Source of Noise

Gimer contended thal the regulatory approach apparently being utilized by
EPA (as of Maxch 29, 1974), that of publishing gimultancously the Section 5(h)
initinl identification document nnd Section 6 proposed regulations for the
identified products, while permiasable under the Act was ill-advised for the
following reasons:

Such a procedure leaves affected industries and the public In the dark
as to what eriteria are being ugsed by EPA to develop proposed
standards and all but deprives target industries of any opportunity to
show that a particular product or group of products should not be
subjected to mandatofy 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
ligt to public scrutiny" with the advantages of focusing on Agency
priorities and helping to avoid arbitrariness in regulatory action.

With respect to portable air compressors, Gimer charged that:

o g ey ab
it b= PO ey

A vested interest in the regulation of compressors, through the expendi-
ture of funds and manhours prior to formal {dentification under Section
5(b)s has becn created.

There ia every evidence that EPA has Io fact made a determination

that portahle air compressors are "rn'njor noise sources" on an s hoc
basia, ,

It appears that EPA contractors "have neither heet requested nor have
they nccepted the responsibilities for'deﬂning the relationship between

_ A~18
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proposed emission limits and genuine safety considerations on the part
of workers or the general public't.

Gimer's eritique of EPA's regulatory approach is based on his interpretation
of EPA's activities at the time of his docket submittal (March 29, 1974). On
June 19, 1974, the identification of medium and heavy duty trucks and portable
alr compreagors as major sources of nolse in accordance with Section 5(b) of
the Nelse Control Act was published in the Federal Registor. This initinl
identification document delineated the approach used by EPA to identlfy major
sources of noise and ft:llfills Gimer's recommendation that EPA's regulatory
priorities and their derivation be available for publc scrutiny before publication
of proposed nolse emigsion gtandards under Section 6.

The EPA has continunlly stressed tha importance 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 bul
deprives target industries of any opportunity to show that a particular product
or group of products should not be subjected to mandatory emission mits' {s
belled by his own response to the ANPRM. The issuea and information con-
tained in this docket were congidered by EPA prior to publication of the formal
identification of portable alr 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 alr com-
Predsors;

- 1, Infulfilling its responsibility to {dentify thoge products or classes of
products which are major sources of noise, EPA contracted for the
preparation of economic and technology studies on a variety of product
gources. As In the cpse of portable alr compreasors, the background
data compiled moy be utilized in future regulatory activities, Neither
the exdstence 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 repulatory activities from as
brond n datn base as possible,
2, Both the identification report and Section 2 of this document explain
the bagis for EPA's determination that portable air compressors arc a
major source of nolae. In the abscnce of a univeraally accepted method
to determine which nolse sources pose the most serious threat to
public health and welfare, EPA has made an effort to take Into account
the many factors affecting public health and welfare in the identification
process. As was stated {n the Init{al identification report, "ultimately,
however, the identification of major nolse sources must he partly sub-
jective™. It does not follow from this as Gimer suggests that "EPA
has in fact made a determination that portable air compressors are
'major nolge sources' on an ad hog basts. . ..
3. It has neveor been the intention to shift EPA's responsibility to define
the health and welfare basis of regulatory activities to contractors
! whoge function is rather to compile and apalyze economic and technological
i data and submit expert reports to EPA for consideration. The two
: documents "Publie Health and Welfare Criterin” and "Information on
Levels of Environmentn! Noise Requisite to Protect Publio 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 hasis for the regulation of portable air compressora
ia contained in Section 10 of this document.
: Advocated Candidates for Prior Regulation
Three docket inputs, those of World Construction, P.K, Lindsay and Gimer
1 questioned the regulation of portable air comprpssora hefore the establishment

of nolse emission standards for other products or components.

i
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One of the cditorials submitted by World Construction cited industry objections
to compressors being aingled out for regulation by countries and munieipalitics
when "the compressor-powered .tool may be the greatest offender”.

P, K. Lindgay has assumed that EPA would establish maximum nolso Hmits
for construction equipment a8 a class rather than regulate speclfic items of
equipment, P.K. Lindsay maintained that compressor nolse reduction is
dependent on the availability of quieter engines, and under EPA's separate
item approach, an engine used on a compressor which would not meet EPA noise
emission standards could continue to be gold for use on other unregulated
construction equipment.

Gimer advocated thatnoise emission standards be established for internal
combustion engines arguing as follows:

#  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 18 frequently the case with portable air
compressors. The noige emizsions from the engine set a practieal
1imit to the amount of quieting which can be obtained on a compressor
by varioua insulating means or redesign approaches,

¢ Compressor manufscturers geneorally purchage {nternal combustion

engines from engine manufacturers rather than fabricate the engines
thempelves. Representing but a small segment of the total consumption
of engines, compressor manufacturars are powerless to dictate the
nolse emission lavels of engines. Any attempt to do so would force
engine manufacturers to divert thefr production to other end useas.

Other industries, whose products emit noige l1srgely traceable to internnl
combustion engines and who may be the target of future EPA nelse
emission standards, also have little market control over engine noise

emisgsions,
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e Section 6(a)(1)(c)(ii) of the Noise Control Act clearly contemplates that
enginea, not just engine powered machines and equipment are to he
priority targets of RPA regulatory attentlon. The nofse contribution
of internal combustion engines may be the major source of noise for
ench of the other categories speclfied in Seetion G(n)(1). However,
EPA hag shifted the focus of attention from the engine to the engine
powered device llself - a determination in conflict with the Noise
Control Act unless the Administrator finds the regulation of engines
themselves is not feasible,

Given the constraints of scarco resources and the desire to assess in depth
the health and welfare, cost and technology factors thut have a bearing on the
feagibility of noise emission controls, EPA has initiated its implementation of
Section 6 of the Noise Control Act with the proposed regulation of two products
which have been identified ag major sourcea of noise. Other products or classes
of producta identified as major nolse sources and falling into one of the four
categories specified in Secﬁon 6{n)(c) will be regulated in the future if in the
Adminiatrators' judgment noise emission stundards are feasible for such pro-
ducts. There is no validity to Gimer's assertion that EPA has chosen to ignore
the contribution of engines or motlors ag sources of noise or that the statutory
category "Motor or Engine' has been transformed to "Internal Combustion Engine
Devices", It doea not follow that as internal combustion engines are not one of
the two products for which nofge emission standards will be pregeribed initially,
they are therefore precluded from future regulation. EPA has in the past and
continues to collect and analyze cost and technology data on a variety of new
prociucts as part of the identification process of major noise sources,

As i3 delineated in Section 2 of thie document, EPA gave first priority to
sources that contribute to community noige exposure in its identification of

portable alr compressors as a major source of noise. Although, as P.K. Lindsay
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and Gimer state, engines are predominant contributors to alr compressor noise,
quieting technology is available as is shown in Section 8 and has been used by
various manufacturers to significantly reduce the noise emission levels of their
products. For EPA to have promulgated regulations incorporating noige emission
standards for construction equipment as a class, as P. K. Lindsay advocates,
might have placed an unacceptable economic burden on the construction industry.
EPA's Regulatory Approach

Several Docket Iinputs advocated specific regulatory orientations and suggested

provisions to be incorporated into a regulation for portahle air compressors
which are prescented below.

EPA Should Place Primary Emphasis on Safety Factors

Gimer stated that EPA regulations incorporating noise emission standards

L

muast have a safety related basis and cited the statutory language of Sections
6(a)(2), G(b} and &{c)(1) of the Noise Control Act as evidence of the Congressional
intent that noise emission standards be based upon genuine safety conatderations,
Gimer charged that "notwithatanding these explicit directives in the Act, the
approach apparently heing adopted (at least by the firm hired by EPA to recom=
mend a noise emission limit) is that the standard to which portable compressora
should perform {8 dictated by the level of noige emigsion attainable by the
tapplication of the best available technology'," Gimer contended that such an .
approach would violate the clear mandate of the Neise Control Act and would be
unfair to the industry by shifting the burden of proof of a regulation's safety
bosis from EPA to the industry, CGimer argued that EPA should consider not
only available tochnology, but the presenco or absence of a safety conaideration
a8 well as both Industry and congumer economic impact prior to publication of
& proposed regulation. '

EPA 18 well aware that its statutory authority to establish noise emission
stundards for porducts distributed in commerce 18 founded on .the Congressional
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statement of policy contained in Section 2(h) of the Noise Control Act - that of
promoting "'an environment for all Americans free from noige that jeopardizes
their hoalth and welfare”. In his legal interpretation of the mandates of the Noise
Control Act, Gimer seems to have shifted the statutory emphasis on public health
and welfare, counting as it does populations in the aggregate, to safety conasider-
ations. Contrary to Gimer's assertion, the Noise Control Act is very explicit
in the factors which must be addressed by ETA prior to proposing or promulgating
regulations under Scction 6. As stated in Section 6(c){l) any regulation must
include a noise emission standnrd "which in the Administrator's judgment, based
on criteria published under Section 5, is requisite to protect the public health
and welfare, taking into account the magnitude and condltions of use of such
prpducts (alone or in combination with other nolse sources), the degree of noise
reduction achievable through the appllcntionﬂoﬁfmt-l;; i:est available technology, and
the cost of complianco't. There {8 no validity to Gimer's contention that the best
available technology will be 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 henith and welfare implication,
product uge, cost of compliance, best available technology and various other
factors in its regulatory process,

Regulation Data Base

‘Gimor 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 Ges Inst{tute could not
collect and synthesize data in response to every question raised {n the ANPREM
for ant{-trust ressons, the Institute had encouraged its members to supply EPA
gnd ita contractors with sensitive coat and pricing data, He stated that this
procedure leaves both industry and the government in a difficult poaition in dealing
with the conclusions renched when the raw data fed into the decision malking pro-
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ceas is not available, The Institute is deferring any judgment on the accuracy or
appropriatencss of datn compiled or contractor recommendations until the final
reports are available for public review.

Ingersoll-Rand contested various aspocts of both the draft Bolt, Beranek
& Newman Report and the A, T, Kearney Ileport, Ingersoll-Rand malntained that
the Level Three nolge level indicated {n the draft BBN Report are completely
unrealistic as they could be extremely difficult to achieve, very expensive and
virtually imposaible to check in the market place due to the tremendous
influence of ambient neises. Ingersoll-Rand submitted tables in lisu of those
contained in the BBM Report which are presented under the information section
of this analysis, Ingersoll-Rand also contested specific statements contained
in the draft A. T. Kearney Report and questioned its conclusions which were
based on levels of noise emission and standards of cost with which Ingersoll-
Rand basically disagreed.

EPA nﬁprec_latc.é the cooperation of the Institute, its members and other
compressor manufacturers in supplying product information to EPA and its
contractors, Tn nccordance with EPA's policy of nffording Interested parties
an opportunity to participate in rule-making, the date available to EPA including
the final contractor reports will be open for public {nspection and comments
on these reports will be welcomed,

Ingerscll~Rands' comments on the draft contractor reports have been
conasidered by EPA. However, as thesc reports were preliminary findings and
as little datn was provided by Ingersoll-Rand to substentiate thelr 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.

Messurement Methodology

Glmer atrongly advocated that the meagurement methodology apecified in
any EPA reguiation for portable air compressors be that contained in the CAGI-
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PNEUROP test code which has been codified as a national consensus standard and
an internationsal standard tn ANSI 55, 1-1971 and IS0 2151 respectively. Gimer
pointed out that the code reflects tho considercd judgment of the world's leading
acoustieians and interested government oflicials in addition to that of U.8. and
European compressor manufacturers. Gimer argued that if EPA were to ignore
existing internationally recognized standards, the result would be to discournge
the masaive voluntary effort that has been made to develop these standardg and to
dry up this source of standard-making activity, In addition, Gimer contended
that changes to this methodology with which the domestic industry is accustomed,
would add to the cost of testing as many manufacturers would be forced to teat
with both the EPA and ISO 2151 methodologies.

Gimer stated that a proposal for measuring compressor noigse emisaion
hos been drafted and was being circulated for comment to the appropriate ISO
committees and members. This proposal would require measurement of upward
radinted noise in addition to the side measurements currently required by IS0
2151 and would add guldelines for determining sound power as contraated with
the sound pressure measurements currantly required, Gimer cautioned that the
precise impact on the dBA rating of any given compressor of factoring in a
measurement of upward radiatedinofse cannot be known at this time although tests

" indicate that the dBA rating for most compreasors currently available will differ

with the addition of o top level meagurement. Gimer also pointed out that
vir'tunlly a11 dota previously collected do not reflect the effects of upward
radisted noise emisaions. Gimer urged that if EPA thought revisions to IS0
2151 were needed, the appropriate action would be for EPA to participate in the
ongoing revision of that standard.

The mensurement methodology EPA is proposing is delineated in Section 6
of this project report. Following data collection using nlternative measurement

procedures, EPA detormined that the mensurement methodology specified in
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Section 6, which combines the essentinl features of the CAGI-PNEUROP Test
Code with 2 mensurement for upward radisted noise, provides an adequate
degeription of portable alr compressor nolse, EPA has and will continue to
cooporate and participate in the standards sefting activities of both national and
intornationnl professional organizations. The fact that an ISO proposal has
been draited would seem to signify that in at lonst some segments of the
acoustical community a reviafon of the CAGI-PNEUROP Test Code is considered
desirable., Finally, Gimers' contention that EPA's adoption of a measurcment
methodology other than the CAGI-PNEUROP Test Code would increase testing
costs Is not in accordance with his atatements that, with very lmited exceptions,
portable air compressors manufactured in the U, S, are not gold for export. In
maogt {nstances, 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 emizaion levels and
to glve compressor manufacturers, and the engine manufacturers upon which all
compregsor manufacturers are dependant, gufficient time to develop, test,
and get into production the quieter units desired.

As is stated in Section 7, the proposed compliance schedule is one yenr
froin the date of promulgation 6f the final regulation. In EPA's judgment, this
achedule will enable compressor manufacturers to utilize quieting technology
without unacceptable economic consequenses.

Provision for Compressor Use and Compressor Size -

World Construction submitted an ediiorial arguing for consiatency in regula-
tiona and citing deficiencies in approach and content of exipting air compressor
noise suppression atandards and regulations. Two such criticlams were that no
allowance 18 made for (1) the aize of the compreassor or (with the exceptioﬁ of
West Germany) or (2) the nature of the joh site (with the exceptfon of Japan).
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Gimer suggested EPA conagider whether it i3 justifiable to impose a single
uniform standard on all portable air compressors {or any other product subjected
to regulation) for all its uses throughout the entire country, Pointing cut that
there are differeat social implications from the neoise emitted by a compressor in
downtown New York City to that uged in an igolated rock quarry, Glmor questioned
whether the incremental cost of complying with an EPA regulation should be borne
by the product consumer in uses when the requirements were unnecessary. Gimer
suggested EPA congider a type of classification scheme belng developed in
Europe in which two or more classes of silenced units would be required in more
populated areas and one or more clagses of other units could be used nationally
except where munieipal governments adopted regulstions limiting compressors
used in specific areas to the silenced clagses, Gimer questioned the atatutory
langunge of Section 6 stating that while "the Act does not clearly require a
single standard for al! products within & category, regardless of intended use",
the "statute is clearly product oriented”", Gimer stated that the Institute intended
to submit further comment on this subject following publication of the NPRM.
Gimer also commented that not enough emphasis had been placed by users and
government officials upon reduecing compressor noise emiasions although the
use of barriers and sclection of compressor location on the job site as is permitted
in existing European regulations.

As explained in Section 7 of this project report, EPA's proposed regulation
doea not make allowance for the size of the compressor, since it has been
demonstrated that the noise generation of currently available quieted compressor
models is not afgnificantly dependent on the size of the unit.

Soction 6 of the Nolae Control Act 18 explicit in defining the division of
authority between the Federnl government and states or political subdivisions,
While, as is stated in Section 2(n)(s) of the Act, "Federal action is essential to
deal with major noige 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 leensing, regulation,
or restriction of the use, operation, or movement of any product or combination
of products. EPA doocs not have the authority to propose or promulgate any
regulation under Section 6 that would establish differing noise emission require~
ments on the basia of a products intended use. Similarly, EPA does not have
the authority to incorporate provisions for barriers or compressor site location
in a noise source regulation.

Inclusion of Retrofit Provision

The City of New York advoceated that due to the large number of compressors
in ugse with an averagze Ufe of ten yeara, EPA should consider a retrofit program
and recommended the following nolse emission standards for inclusion in a retro-
fit regulation;
"Afr compreasors rated at 600 CFM or greater should be reduced to a level
of 95 dBA at one meter while air compressors bhelow 600 CFM could be reduced
to 90 dBA at one meter. "'
The Noise Control Act does not authorizeEPA to regulate in-use products, ‘
md therefors EPA has no authority to propese a retrofit regulatlon for compressors. \
Supggested Nolae Emigsion Standards .

Three doclket inputs recommended spectfic nolse emigsion standard for EPA's

consideration, . ‘

1. The City of New York, based on its experience, stated that the following
gtandards in theiv views would not impose an economic burden on either
the manufacturer or operator of the equipment:
vAll alr compressors masufactured one year nfter passage of thig
regulation, and having a rated capacity of 600 CFM or more shall not
exceed 85 dBA at one meter. Further, all air compressors having a
rated capacity below 600 CFM shall not exceed 75 dBA at one meter",
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2, Ingersoll-Rand recommended a maximum silencing of 70 dBA at 7

meters arguing as follows: .

a. Thia level is fensible and portable &ir compressors would still
be the quietost machine on the construction site;

b. Other contributing noige gources at a construction site produce
levels well over 85 dBA at 7 meters that can only be reduced by
b to 10 dBA at 7 metera in the future; and

c. To set a lower level would (I) increase costs of all construction
work, (i) not benefit the environment becsuse of all ambient
nolses, and (iii) stimulate an extended useful life of existing
equipment thereby worsening rather than improving the noise

; levels agsociated with compressors,
) 3, P.K, Lindsay advocated that an overall limitation of 85 dBA at 7 meters

ie reasonable based on the following considerations:

; a. The operating noise levels of engines currently used to power

Lt L
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P.K. Lindgny's compressors approach 85 dBA at 7T meters.

b. OBSHA'a atandard governing occupational noise exposure sets a
maximum permissable level of 90 dBA for eight hours. A work-
man uaing a compresaor would he 7 or more meters awny except
for the few minutes required to atart or shut down the unit; and

c. If EPA were to sot a standard lower than 85 dBA at 7 meters,

P.K. Lindsay would have little Mternéuve other than to close down.
EPA has considered these recommended nolse emission atandards together

LT e

with the argumenta advanced for their selection fn the rule-maldng process. The
background datn and findings utilized by EPA in formulating the proposed regulation
for portable nir compressors are presented in thig project report,

1
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Appendix B

METHOD TO EVALUATE THE IMPACT OF PORTABLE AIR COMPRESSOR
NOISE ON PUBLIC HEALTH AND WELFARE
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Appendix B

METHOD TO EVALUATE THE TMPACT OF PORTABLE AIR COMPRESSOR
NOISE ON PUBLIC HEALTH AND WELFARE

SPECIFICATION OI' NOISE ENVIRONMENT

Environmental 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 nolse must cvalvate not only these
factors, but must also correlate well with the various modes of response of
humans to npise and be simple to mensure {or estimate),

EPA has choser the equivalent A-weighted sound pressure level in deeibels
as its hasiec measuro f;;»r environmental noise., The general symbol equivalent

level is Leq‘ and its basi{c definition is:

2

2
eq 10 ¢, -t 2
2 1 ti po

where t2 - t1 is the interval of time over which the levels are evaulated, pit) is
the ime varying sound pressure of the noige, and P, 1s n relerence pressure,
standardized at 20 micropascal.

When expressed in terms of A-weighted sound level, La’ Leq may be defined
as;

¢ L, (t) :
1 2 A :
L= 1005,y 3 ) ft 10 ( o ) dt B-2) ‘
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The primary interval of interest for residential and similar land uses is a
twenty-four hour period, with weighting applied to nighttime noise levels to
account for the incrensed sensitivity of people associated with the decrepse in

background noise levels at night. This twenty-four hour weighted equivalent

level is called the Day-Night Equivalent Level, and is symbolized as Ldn' The
b%aicil definition of Ldn in terms of A-weighted sound level {s;
sbash
ft ) - 10

2200 (LA >) 0700 ( L, )
Ldnnmlogm2—{1 15f 10 10 dt+9f )1 10 e

220
0700 (B-3)
or
.E.":i Ln + 10
1 10 10

Ldn = 10 loglo 2 15 x107 )+ (9x 10 } (B-4)

where L 4 13 the "daytime'" equivalent level, obtained between seven n.m. and
ten p.m. and Ln 1s the "nighttime" equivalent level obtained between ten p, m,

and geven 4. m, of the following day,

ASSESSING IMPACT FROM ENVIRONMENTAL NOISE

The underlying concept for noise impact assessment in the following
annlysis is to relate the change in expected impact in terms of the number of
people involved to the change that will result in the acoustical envirenment as a

result of the proposed action. Three fundamental components are involved In the

annlysis:
1. Definition of the initial acoustical environment
2. Definition of final acoustical environment

3. Relationship hetween noise environment and human impact.

B-2
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The first twe components of the agseasment are entirely aite or system
spocifie, relating to cither estimates or measurcment of the environmental
noise before and after an sction is taken. The same npproach is used concep-
tually whether one is examining one house near a highway, a housc near a con—
struction aite, the transportation system in general, or whatever nolse source
is involved. The methodology for estimating the noise environment in each
cnat will vary widely, but the concept remniné the same.

In contras't to the large number of methodologles that may be utflized to
estimate the noige environment, @ha relationship to human response can be
quantified by a single methodology in terms of the number of people in occupled
places exposed to nolse of a specified magnitude, This is not to say that
individuals have the samae susceptibility to noise; they do not, Even groups of
people may vary In response depending upon previous exposure, age, socio~
economic status, political coheslvencss and other socisl variablea, In the
aggregate, however, for residential locntfon the average response of groups of
people s atable and related to cumulative nolse exposure as expressed In
measures suchas L an °F Leq' The responae utilized is the general adverse
reaction of people to nolse. This response is a combination of such factors
ag speech interference, gleep interference, desire for a tranquil environment,
and the ability to use telephones, radio and TV satisfactorily, The mensure
itaelf consists in relating the percent of people in a population that would be
expected to indicate a high annoyance to nolse for a specified level of noise
exposure,

For schoola, offices, and aimilar spaces where criteria for speech com-
munication or a posaibility of damage to hearing is of primary concern, a
similar averaging process 18 used to estimate the potential response of people
as & group, agnin ignoring the individual variation of one person as compared

to another.
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In both instances, then, residential or similar arens and non-residential
nrcns glike, the analysis is performed in terms of the average response of
neople and {ts variation with environmental noise exposure,

A detalled discussion of the relationship between noise and human response

[1,28] in which hearing damage, speech

i3 provided in several EPA documents
nnd other activity interference and nnnayance are related to Leq and L an® 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 exists on the public health and welfare.
Thus, arhitrarily we define that if the levels identified in the "Levels Document"
are met, a zero percent impact exists. That is,if an L dn of 55 measured out-
door exlats, then there is no impact in terms of annoyance and general community
responege from poise, Similarily, {fan L, o of 45 exists indoors, which trans-
lates to an L, dn of 55 outdoors nssuming a 10 dB transmission loas with window
partially opened, then no interference exists with respect to speech.

Observation of the data presented in Appendix D of Reference 1 allows the
specification of an upper limit, that is a bound corresponding to 100% impact.
It mny be observed in Figure D-7 of the "Levels Document"m that community
renction data show thnt the expected reaction to an identifiable source of intruding
roise changes from “none' to "vigorous" when the day-night scund level increases
{rom 5 dB below the level existing without the presence of the intruding noise to
19.5 dB above the pre-intrusion level. When the combined values of the intruding
nelse and the pre-intrusion nolse levels are considered, the changing community
reaction from "none' to "vigorous' occurs when the level increases by 19,7 above
the pre-intrusion level. For simplicity aake, it is reascnable to nssociate 100%
impact corresponding to a vigoroua community reactlon with a change of 20 dB
shove the L an value identified a8 a zero impact level, This conclusion is further

valldated by the annoyance date presented in the "Levels Document", since this

B-4
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increase in noise level increases the rate of highly annoyed people in the total
exposed population by 40%.
Thug, for the purpose of this analysis, Ldn = 75 19 congiderad to be n 100%
Luabiet,
Furthermore, the data in Appendix D ol Reference 1 suggest that within
those upper and lower bounds the relationship between impact and level varies
linearly, that iz, 2 § dB exeess constitutes a 256% impact, while a 10 dB cxcess
congtitutes 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-oight sound level
indoors is 45 dB, no impact cxists on speech communication since a nolse
level intelligibility for all typeg of spesch material and would have a enlculated ﬁ
articulation index of 1. 0. '
The intelligibility of speech is & function of the material presented to the :
listoner as well as the signal to noise ratio. Data on speech intelligibility
has recently heen reviewed in soveral of the EPA documents and also by an ANSI ]
committee for the preparation of the ANST 83, 5-1969, and is summarized {n
Figure 15 of Reference 29,
It may be argued that for most conversation the material the listener nor-
mally listens to 1s in the form of sentences contalning a mixture of some known
material and some unknown naterial. Thus, for this analysis it s reasonable
to average the data on known and unknown sentences. Observation of Figure 15
of the ANSI Stnndard[%] reveals that when the noise environment s incressed by
npproximat_ely 19 dB above the level {dentified in the "'Levels Document."m
Similarily, the intelligibility for known sentences drops to 90% when the level {s
increased by 22 dB above the level identified by EPA and 50% when the level ig
fncreased by approximately 26 4B, Thus, if Ehe values are averaged, it is not
unressonable to agsume that a 20 dB increase in the noisec level above the level
ident{fied by EPA in the "Levels Document" will result in conversational gpeech
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deteriorating rapidly with each decibel of inereago. For thig reason, it ia

assumed that 100% impzeet will nccur on speech intelllgibility when the level of
the envirenmental nolse increnses 20 dB above the identified level in the "'Levels
Document'. Furthermore, obgervation of Figure 15 of the ANSI Sl‘.mud:au'd[291
suggests that it is reasonable to agsume that speech varies approximately »
linearly with the level for the range between 0 and 100% impact. That iz, with
each 5 dB excess of noise above the level identified in Reference 1, a 20% -
reduction of speech futelligibility occurs while a 10 dB excess results in o 50%
degradation.

The previous paragraphs demonstrate that for Impact analyses, it i rea-
gonable to consider that anpnoyance data, community reaction data, and speech
interference data, fall within a range of 20 dB corresponding to 0 and 100%
impact when 0% impact 18 defined as being the level identified in the "Levels
Document' and 100% impact as heing the level which is 20 dB above the levels
identified in the "Levels Document'.

For convenience of calculation, the percentage between ¢ and 100 may be
expressed in terms of a Fractional Impact (FI), where FI i8 calculated in
accordance with the following formuln:

Fl = 0.06 x (L~ LC) for I, >LC

Fim 0 forL<LC

where L is the environmental nolse level, expressed either in 1, in °F Leq. and
Lc 1g the level identified in the Levels Document.

It may be observed that for values.greater than those corresponding to 100% :
impact, the FI will be greater than unity, The effect of thiz will be to maximize , ,
the impact weight for those arens in which the impact is only marginal, The v ;
appropriate level for the computation of FIia L, dn ™ 55 dB for residentinl area
meangured outdoors and for analysis concerned with oifice huildings and other ]

type of spaces in which speech communicntion ia the prineipal factor of concern,
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the identificd I\evel isL "™ 45 indoors, which ean be translated to an outdoo
level by using sound level reduction appropriate to the type of structure.

Data on the reduction of aireraft noise afforded by a range of residential
structures are available. These data indieate that houses can be approximately
categorized into ''warm climate" and "cold ¢limate” types, Additionally, data
aro available for typlcal open-window and closed-window conditions. These data
indicate that the sound level reduction provided by buildings within a given
community has a wide range due to differences In the use of materiale, building
techniques, and individeal building plans. Nevertheless, for planning purposes,
the typlesl reduction in sound level from outside to inside & house can be sum~
marized as follows {n Table -1, The approximate national average “"window-
open* conditlon corresponds to an opening of 2 square feet and a2 room absorption
of 300 sabins {typical average of bedrooms nnd living rooms). This "window-
open' condition has been sssumed thoughout this chapter in estimating conser-
vative values of the sound levels inside dwelling units that results from outdoor
noise. '

The finol notion to be considered is the manner in which the number of
people affected by environmental noige is introduced into the analyaia, The
magnitude of the totnl impacl associated with o defined level may be assessed by
multiplying the numbers of people exposed by the fractional impact associnted
with the level of the environmentsl noise as follows;

Peq = (FI}) (B-5)

where Peq is the magnitude of tha total impact on the population and i numerically
equal to the equivalent nuraber of people having a fractional Impact equal to unity
(100% impacted); FIis tl;.a fractional impact for the level and P is the population
affected by the noise. 7

B-7
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Table B~1

SOUND LEVEL REDUCTION DUE TO HOUSES* IN WARM
AND COLD CILIMATES, WITH WINDOWS OPEN AND CLOSED

Windows Windows

Cpen Closed

Warm Climate 12 dB 24 dB

Cold Climate 17 dB 27 dB

Approx. National Averag: 15 dB 25 dB
i

*(Attenuation of outdoor noise by exterior shell of the house)

Where knowledge of structure indlcates a difference in nofse reduction from

these values, the criterfon level may be altered accordingly.
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When ngsessing the total impact of a given noise source, or an assemblage
of nolge sources, and sinee the levels of environmental notse associated with the
sourece(s) deereasec as the distance between the source and recelver increases,
the magnitude of the total impact may be computed by determining the number of
peopla exposed at each level, and summing the resulting impact. The total

impact ig given by tho following formula:
P 0 12 P,FI, (B-6)

where FI 1s the fractional impact agsociated with the 1 Ievel and I"1 is the
population agsociated with the i th level.

The change fn impact associated with an action leading to noise reduction,
or change in population through a change in land use, may be assessed by com-
paring the magnitude of the impacts for the "before" and "after'" conditions.

Another useful measure !s the percent expression:

(Peg {beiore) - PecL(aIter) )

A= 100
Peq (beiore?

®-7

Note that the percentage change may he positlve or negative depending upon
whether the impact decreases {positive percentage reduction) or the impact
increases (negative percentage reduction).

Thus, a 100 percent positive change in impact means that the environmental
nolse has been reduced such that none of the population is exposed to noise
levels in excess of the levels identified in the "Levels Document., "

To place this concept in perspective, we consider » simple example. In
the recent EPA study on " Populntion Distribution of the Unitad States ns a




Function of Qutdeor Noise Lovel, " an ¢stimate i3 provided for the number of

people in the United States exposed to various levels of urban noise. We can

use the above concepts to illustrate the current impact of this exposgure, and

then to nssegs the change in impact if all noise sources were reduced 5, 10, or

15 dB across the board. In the following computantion we take the datn from

this study defining each Pi as the population between suiccessive 5 dB Increments

of T

Ly

dn

» asgigning this population an exposure level midway betwen successive

n increments, For this example, the identifiud level is an L dan of 55 dB

mensured outdoors. .
The results, provided in Table B-2, show that a 5 dB nolse reduction

results in a 55% reduction in impact, a 10 dB nolse reductlon results in an 86%

reduction in jmpact, and a 15 dB noise reduction results in a 96% reduction in

fmpact.
The impaet assessment procedure may be aummarized by the following

atops:
1.

2.

3.

4.

6.
6.

o S e i i i b b b

Estimate the Leq or I, in produced by the noise source system as a
function of space over the area of interest.
Define subarceas of equal Leq or L an’ in Incrementz of 5 dB, for all

1and use areas.

Define the population, P,, associated with each of the subareas of

1'
gtep 2,

Calculate the FIl values for each L dn °F Le ohtained in step 2.
Calculate F‘Ii X Pl

Obtain the equivalent impocted population for the condition existing

for each subarea In astep 2,

before the change being evaluated,

pqu . }_‘1: (F1, x P)

by summing the individunl contributions of step 5,

B-10
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Repeat gteps 1-6 for the nolse environment existing over the area of

interest after the change being evaluated takes place, thus obtaining
Pqu. (Note that the subareas defined here will not in general be con-
gruent with those of step 2 above, )

Obtain the percent reduction in Impact from

(Bpq = Peg,)

A= 100

qu
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Table B-2

ESTIMATE OF THE IMPACT OF SUCCESSIVE REDUCTION OF
ALL URBAN NOISE SOURCES IN 5 DECIBEL INCREMENTS

Currsant Conditions

Noise Reduction in Decibels

DPopulation 0 5 10 15

Exposed to - - ; - : : -
Ldn Higher Ldn P[ 1"Ii I‘IiPi I‘Ii I‘[{ Pi I‘Il F:’.i]:'1 1"'[i I‘Ii Pl
-dB |~millions |millions ~millions ~millions ~millions ~millions
65 | 93.4  |34.4 0,125 } 4.3 0 } 0 0 } 0 0 { 0
60 | 59.0 4.7 0,375 | 13,0 0,125 | 4.3 0§ 0 0 : 0
G5 24.3 17.4 0, 625 : 10,9 0,375 1' 6,5 0.126 I 2.2 0 i 0
70 6.9 5.8 0.875 : 4,9 0.625 : 3.5 0.3756 { Z.1 0.126 } 0.7
75 L3 1,2 1,125 [ 1,4 0.875 [ 1.1 0,625 | 0.8 0,375 | 0.5
80 0.1 0,1 1,375 : 0.1 1125 | 0.1 | 0.875 : 0.1 | 0625 |01

|
Total Equivalent
Peaople Impacted 34,6 15,6 5.2 1.3
Paercent iteduction
Impact 0 55 a5 06
- . 7
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