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Hnvironnnental FrotectEc n Agen*V
1V01 f,:irst ,Avenue, fulaywood, lL" 60153

stz/345-9780

January 20, 1984

Ms. Christia.n Moffett, CIerk
Illinois Pollution Control Board
309 l\rest ltlashington, Suite 300
Chicago, Illinois 60606

F"# I
Re: PCI] #R83-32

Dear Ms. Moffett:

Enclosed is the Agencyts respouse to the-subject request fgt a

sitelrp".ific allowable ol2erati.oiral 1eve1. Please enter this into
tlre publ ic record.

Sincere Iy, Yours ' n
z-\71 1 ' 
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Y '\ lwr a lCt*au"-?')<

Ma!or deahn, Jr., Asst. Itfgt.
Field Operations Section
Div. of Land Pollution Control

MH: pgb

cc: File
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.Y I \qi\,-lal,{'*,{!rbY: Maior lrieari, Jr.""'- tl

Januarl' 20, 1984

R83-32Site Specific Operational LeveiRCqUESt bY VAUGHN q BUSHI\IELL NIANIJFACTURING COMPANYBushnell, Illinois

The vaughn li Bushnell Mlnyf acturing co. srates i.n its petitionthat it has been situated at igr pr"i"f,t rocation since t940. Tlrus,it clearl)' qualifies as an "*Ii;rIng-,1;r;i-F;;;lr;^;;.ration.,, l.heAgency has no data to refute the p"iicibner,s cIa'.iri rirat its presentoperation emirs noise in excess oi the nurnerical Li.mits of Rule206(c) of chapter g of the Board's .ui"i and regurations. Inaddition, the-Agency does not have the manpohrer to conduct thenecessary sound surveys to substantiate this ctairn. --Ho""u"r, 
sincethe Vaughn 6 Bushnel [' ivranuflctu;i;;-a;;p;ny operat ion appears ro betypical or rh: ilt::t-rorging.operitioni ii rili;;iil ana sincetypical inpact f orging -op6raIioirs in tr,ir state have been found roemit noise in exceis or ine numerical limits of nure eoo(.), we haveno reason to doubt the petitioner,s ctaim.

. Tl" Agency has ne\ter received citizen complaints about noiseemissions f r'm rhe Vaughn G Bushnetl ,Vanuf;;;;;i;;";o;;uny. Thrrs,the Agency has ne\rer recorded ,ornJ-a"i"'on residEnti;i propertynear the peticioner's factlity. The puiitionerct"i", that ,,theestimated worst case ernission measurei at the closest class A lancli.s 65 [,eo". Thg Agency has no reason to c!arrenge this claim, an,J.re 65 teq tevel eiceeds the numericaI Limits of Rule 206(c).

.41 inportant consideration in determining whether or not thepetitioner is eligible for a. sit" lpuiiri. all.owabte operationallever is rhe ,pil Ityt inability of afi;-i;;ili!y ro reduce its 
'oiseemissions to rvi rh in rne timi c! of Rute- t06(aj,. -ir,r"ilJiru 

pro jecrTask Force spgnsored.by thg Forging inarJt.y Educacionar andResearclr Foundation -(ptenp) studi"i th;-iorging noise problen andcorlcruded, "to rhe dare of rhis guiderine afr;;;r,l"igiz5, there is nofeasible rnethod of controiling lfiluri"-"oii" emiitioni'frn* forgehanmers at tbe source, nor is"theie-on"--rithin ii;;;:; The FIERFTask Force f urther corlcluded tnat rornd 
"n"rs.y raI i;rtecl f rorn f orgehammers to the surrounding neighborr,ooJ."n be) red,,ced throurgh'facous t ica L s t rengthen ingn of inq forge it.,op st ruc t ure sucrr asreplacing metal roof decIs rvith decks"cont"ining ;;b;!to, materials,replacing sheet netal waIr.s rvith bricr o,r concrete bl0crs andrgqlali,rg plairr glass wirJows with doubr.e glass *in;;;;;. Inaddition, the size of ventilarion gpeni;qr"in-io;;;-.;rrrp, cansometirnes be reduced to provide noise leduct ion i; tilu-".u" of ,,sdB(A) per area harving'1,'and sou'd-iuairtua i;;*-er"ri"a revelopenings can be reduced by erecting free standing-rruiii"r, roprouide sound reduction i;l the ran[e oi-S to lS dB(A). The barriers
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should-have no openings, should have a surface density of at least 4

lbs/ft2 and the insid6 iace should be covered rvith a sound
irbsorptive materLal. The cost of such a barrier was estirnated by
the T'ask Force to be approximately $5.95 per square f oot. (See
Exhibits #l E #2).

Another rnethod of reducing irnpact noise emissions from forge
shops is the addition of duct silencers for ventilation openings. 

-

Such siiencers consist of alternating Layers of free air space and
sound absorbing naterial. The silencers range in price from $22.50
- $46.00 per square foot, and provide attetluation frorn 15 - 36
dB(A). I{owever, such stlencers constrict air flow and they cannot
be used in forge shops where air florv is already aL a rninimrlm
level. (See Exhibits f I tt ltZ)

Final ty, noise emissions to the surrounding neighborlrood from
forge hamrners can be rcduced by installing gravity ventilators on
roof openings. Gravity venlilators are of more complex construction
then natural draft roof openings, and Ehey have surfaces nhich
reflect the sound back to reduce the radiated noise. (See Exhibits
#l 6 f2)

Alt of the above-outlined noise abatement measures must be
considered on a site-by-site basis. Although the use of each
measure will bring about noise reduction, each measure mighl also
result in obstruciion of air flow in the forge shop and/or
obstruclion of passage ways r'ritnin the s11op.

According to the slte-specific operational level petition filed
by the Vaughn G Bushnell Manufacturing Co., the existing forge shop
buildings lrave :;tructural limitations, space requirements and
ventitaiion dernands that make the lmplernentation of the
above-out Iined noise abatenent neasures extremely difficult and
prolribit ty expensive. Although the petition contains no cost
tigures, the Agenc;y has no reason to doubir the validity of the
petitioner t s assertion.

The petitiorter staces, ". . . venc ilaLion essential to a safe
operation, especially during sunmer months, necessLtates that
virtuatly the entrre perimeter be open in order to generate
suificient air flcw to the work area." The use of gravity
ventilat^'-, duct silencers and any reduction of the ventilation
openings in the building woulcl redrrce air flow to the work area.
Thrrs, ihe use of these measures to reduce noise enissions frorn the
petitionerrs forge shop i9 Questionable. In addition, the
ieticioner sLates that "additional rnechanical ventilaCion cannot be
ptaced on wal Ls or roof s, or hung f rurm beams wi thout altering the
bx i st i ng load -car:ryi ng caPac i t ies".

t
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III

IV.

MH: pgb : gec

cc: Fi te

II Tire Agency has no reason to doubt that the subject irnpact
forging operation enits noise in excess of the limits
of Rule 206(c).

Although technically feasible rroise reduction nleasures for
forge slrops exist, we believe that these are noL technically
feasibLe nor economic:a11y reasonable to reduce noise
emissions from tlre Vaughn & Bushnell Manufacturing
Company.

If a 65 Leo site-specific operational level is granted,
I.S.0. Reccimmendation R1996 indicates that comnunity
reaction to the noise would range from "strong - tlrreats of
conmunity action'r to "very strong - vigorous community
action". The inhabitants of the 50 residences potentially
exposed to sound levels in excess of "53.5 Leq"should
have a response ranging from frnone - no observed reaction"
to "little - sporadic complaintsrr.

If a 65 Leo site-specific operational level is granted,
thc U.S. EPA "Levels Document'r indicates that there rvould be
no danger of hearing loss to area residents.

V.
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frer,i.*lc Norse
Methods for !{elshborhood Nolee Control

The noise controL methorls outllned here are.'tllrected to-sarcls reclucing

the sound euergf radiated to tbe nelgbborhoorl througb acoustical letrength-

eningtf of the forge shop structure.

Ventilatl_ofr-gpenlnes are elnost al"rays the bulLdtng elenents through

which most of tbe sound energy 1s rattlated. .The appltcation of control

metbods rnust tslre lnto account the effects on ventlLetton concurrently. The

control-s are as foll-ows:

L. Reduce the Openlng Sizei (noise recluctlon ls 3 aIBA per area halving)

Sonetines the vent openlngs ln forge p1-ants ere muctr lerger than
they need be - especially lf the pLant has an open roof - end slgnifi-
cant reducticns ln the nelghborhood nol.se leveL can be nade fairly sinP-
1y by partially closing steel d.oors over ti.r vent openings. Broken ancl

open vinclovs can be replaced and closed; w'indovs higherrabout 8 feet
fron the shop floor, do not help the ventllatlon of the work area and

may even detrar:i: fron it-

2. Shield the Lover Hal1 openings with a Free standing l|lall

The sound ra.liated. from ground level openings can be reduce{ by a

free standing vall as sho'.m iri Figure V.10. The sound retluction avail"
able practicatl.y j.s in the range of 5 to 15 dBA. For exa.nplen if H =
lt tt ana B = 20 ft, then the nolse reiluctlon at a distant neighborhood
point voulcl be about I0 ttBA. The baryiers shoulil have no openings '
should have a surfsce density of e.N least lr tts/ft< a.nd the inside
face should be covered, vith a sowrcl ineulating materlelr e.8., L L/2"
plastic rnraPPed fiber gLass.

ilc' GuruellArEs'ro 
- v.3z

Co"rrna Lt T|f:ta.e. \ | q7)
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BOLT BERANEK A NEWMAN INC v.
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V.10. Estfur*,ed Shteldlng Effects of Free Stending Walls l,lear liower
Well. Openings.
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f- Table V.8 glves tht estimatecl eoets for L types of free stand.ing shleld.\.2

vra.].ls:

. TABLE v.8. Estlnated costs for a Free $ta^ndtng sbteltt walrrf
210r x 10'?" = 2226 eq.fb.

- 
Roinl" Co*rc. itEo. @ l0 o.c. e $ 2.25/rA. ff. rrclt
Strw. Steel Frorme = ' 3.70
Slruc. Frome + l:ound, Tg5/sq. ft. woll

l" wood T. & G. 1.50
Inryco Acoustiwoll -L-2i 4.00(f) Totol with l" wood = 22?.6 sq, ft. @ $iiF5/sq. ft. = $25,q98

Slr. Frome + Found. = $ S.95/sq. ft.
'rAcousliwoll" 4.00
3/8" Asbeslos Cem.. Boord Siding = _!r19_

(2) Totol with Asbeslos Cem. Siding. 2226 sq. fr. @ $1t,35/sq. ft. = $25,262*

Struc. Frome & F ound. 1i.95/sq. f t.rrAcousliwoll" 4.00. Sht. Steel Siding _2,00

(3) Totol wilh Sht. Steel Siding' 2?.26 sq, ff. @ $ll,9Slsq. fr. = 926,600

Struc. Frome & Forlnd. 5.95/sq. ft.frAcoustiwoll" 4.C0
.. Mosonry Woll (8" C,B.) 3.00

(4) Totol witlr Mosonry Woil
2225 sq. fr. @ $12"9,5/sq. ft. = $Zg,eZe

i irom reference 13. There mry t,e other ttr1es that cost less.

3. Apply Duct Silencers to the Openings

Slleneers consist of alternating layers of fr..e'e eir- space and sound
absorbing naterial as ghown ln Figure V.1I.

L

L
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Fi gure v' 11' 
f il'il'*-#ifim*Ut'*m'i'$.i15,
eor."""i* silence"ri^Iir"1p"r, lr"" plus the Acoustr-

Silercer Face A:rea

ca1 Lining Area''

Rioiit
dt Cl ttai

(n)

t*o types of ratlngs for sllencers are lmportant - their

c'nce &s neasured by lnsertlon loss and' their aerod'ynarnic

sured by their pressure drop characteristics' Table V'9

lencers f:om a porticular manufacturer'

TABLE V.9

(g)

acoust,ical Perform-

performance &s me&-

gives these for si-

9eles!:e!-94:
$!9!9.-qt.lg

15 dBA 
e-! -f3:#-'

20 dBA o'oogl 0"0145

25 dBA o'ooez 0'0330

32 dBA o'ol'1'5 0'0450

3q dBA 0'0280 o'I050

r Cost does not lnclr-rde lnstallotlo[

(Ouurtesy of Korfund Dlrnanlcs

w:y8"3
$22 " 50

34-00
34.00
46"00
46:00

- f9T5 Prl ces '

CorPoration )

g +-9nc9r TvPg

36 LP
60 LP

60 l,iP

84 l'{P

84 SP
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Tlte lnsertlon foss refers to the aoise reductlon that rvirl be meesured on pJ-ac-itt6 a silencer in a duct (nhere there had been none before). ghe sltuation lnwhich sileneers are applred to attenuating sound radlated. fron forge shops 1s

sonenhat dlfferent but the noise rec'rctlon rilr egatn be about equar (or a, 
'.*

d3 less) to ttre insertlon loss' rf for exaopre, it lras found tha.r, a rorser varlopening concribut ed T6 dBA at a aei8hborhood point r placlng 15 d&{ slleneersi:l ihe openlng shouLd reduee thr
to 15 dBA. 

-- 'vuusv cne ncige level at the neighborhood point by ta

The press ure drop charecterldtics of siierrcr--rs rate their. constriel;ingef:'ect on eir flov. This is especially important for natural. draft ventile_tion in nhich pressure drops nust be llnlted to only about 0.0r lnches oftrater. ft is not possible to usc sllencers rrjth insertlon losses l_arger.tha;:about 15 dBA with rratural draft ventiLatlon. fn silencer appltcation, t,eiac'-' area of the silencer rrlr-r- ex--oed the open aree required to prov , I Igiven air volume as given in ?able V.lO below.

?ABLE V.10. 
lf1_arn""xiuate Ratlo the Siten,upen Area Requireu to provid" 

"t:i,,l:ce.rrea 
toul.ven Air Volume.Sr].encer fnsert,J op Lc,ss Silencer 

. Face, f\rea/Ongn Aree_10..dBA

l, dBA 31

20 d-8A

30 dBA

Lo aryr

J..2

1.6
2,0
lr. O

Silencers, especial_ly in the high inse'tjon loss range are very expensiveand thelr u*e shculd be weighed ce.re.frrlly againsta*e a'vallable from a rrumber of firms includlng, 
tn" alte:'natlves. sir.eneers

( Burgess fndugtrles
f,nvirorunenl,aL Grsror cu;;;;;;;,.";'uo
our i*",' ii " 

li'i,r'r' 
u 
"" ",

2L\ /fib.rt4l|

Solfu:d -{namics Corp.
f'u.Box a35
r"antrague Road
weotbury, Ny ll59O

t
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l+. Cravity Ventilators on Roof Openings

Innatulaldraftventi],ation'aroofopenlngisrequir.edtoexhaust
the heated eir from the rore"-pi;rrtt ttu "gor.opening 

must be fairly

iarge and is usually one of tir-"-io"i irnportant iontritutov"s to the rreigh-

borhr.,od noise IeveI. Many f";;"*;i;nis'utilize a sinple open roof in

vhich two helves of the sryriett 'are reised. to fom| a clear sound' pabh

to the outslde. A roof ventilator ls of more complex construction; lt

has internal surfaces vhich ""ii""t 
the sounri baci' to reduce the radiated

noise. The ettenuation of r ;;;;-;"niir.to" is ln the range or B to 15

dBAdependingon+.heconstruetion.Forexarnple,eoundabsorbingmater-
iai pl_acea oi internal- ref}..;iil surfaces of the veniilator rdll red'uc:e

the transrnitted' sound'

?igr:re v.l2 shovs a simpJ-e open roof (courtesy cf A' Finlt} & Sons) and a

gravitv venti-lator manufact'red by H. H. Robertson Co" l+OO Holid'ay Drive'

p.o" Box 16212, Pittsburgh, PA 152\2 u+L2lg22-9300)' Gravity ventilators are

also manufactured by the Burt Manufacturing co., Akron, oH' The cost of the

ventilators depends on their size and

fecturer.

are best obtained' by calling tbe m&nu-

Acousiical Str:eE{tt'enilJg of Wal1 ' noof Cove

rf sound radiation frorn building openings is effectivery controrled'' the

noise l-evel in the neighborhood can be determined. by radiation through wa]'l

androofcoverings.Thisisespeciallytrueifthecoveringmaterialsar,e

lighi' €.8. , 25 gauge corrugated steel'

Thesoundracj.iationthroughanelementcanbereducedbyincreasingthe

transmission loss of the elenent covering material (see Table V'l+ for st:me

transmlssion loss data) ' Fo:: single layers of a materiel' the transnission

Iossvi]lincreasewitirthesurfacemassdetrsity,roughlylr.'dBAprl)rsllrface

density mass dorrbling. conposite walls (material layers separated by an air

sDace) vill noi fol'Iow the mass lev if the separation of the layers is less

t,harr one the transmission loss will exceed that pred'icted by heving

twice fhe mass density in a doubl-e vall' For ha"uuner ncrise' the trannmission

Iossofadoublewa]lwi].}exceedthatbasedonsurfacemassriensitydep.'nd-,
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antl ar, Open Roof Ventilator (tt. H. Robertson Co.).
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ing on the seporation; for a I L/zn air space adrl lr dBA, 3f'air space aclcl g

tIBA antt a 5" air. space adcl 12 ttBA.

There are nu[erous connercial sound barrier covering systerns offered by

manufaeturers (a recent llsbing is available ln I'Conpend.ium of Materials for
Noise contror,rr contract No. HsM 99-?2-99, u.s. Departnent of Health" Educa-

tion and werfare, ,rune r9?5 (for sare by superlntendent of Doerrnents, u.s.
Government Printing Office, l{ashington, DC 201+02). Some of these are lieted
belov:

t

Inland Ryerson Construction products Co.
Box 393
Milwaukee, WI 53201

U.S. Glpsum Co.
101 South Wackerr Drive
Chlcago, It 50505

Peticcal 7r5/239-6\Lr
Cornell Corp.
Cornel1, WI 5\732

Johns Manville Structural Systens
P.o. Box l+35 609/Lb8-g?oo
BricL';ard Road
Cranburg, NJ 08512

The transnission losses for sound banier materiels are usuelly given in
octave bands. In order to obtain t.he transnission loss in dBA, the distribu-
tion of sound energy in the octave bands is required; forge,hammer sognd

(Z>OO lb hammer) tras the frequency spectra given in Table V.Il below:

(L

312l321-l|0oo

I
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2500 lb

TABIE V '}}' Octave
Rammer

Band sount^ ::"-:i5:.iti*"'-"H$ 
"

i,s1$fiii?X""Tut'. 1T"
S4o-a Pre"sure Levef -' ag

d
\

t25
250

500

I000

tist' 
'!trr" - ' ^\

o-^' &b5orPtlve 
treatmenr"> 

I '

ShOpS ri""' ^^+rnefrts

tlol- S-e L ''1--

rlnd in gi^lencers carr be ugeful'

B9

99

10I

101
1 n'l

2000

The above informarion 
vould enable the rnanufa"-t::;..-: t"5;ffiF

rerltrl Lo derersnine 
the transrnissibn 

loss tt t^"t";j 

";"-t 
harnner sources) '

noi.se (ttris sourrd spectra can be used to approxinate 
other harnner

,.i.,, sou4l gfglPtt"l 
. -+ i aally "6aro"

;:':-::::':1::"'
surraces lhar rerlect sorrnd ""'"'rJ,:t::":;;;J r"*eased leve' in the shop

in t'he shop is '""'""""' i:::' :;5;:::;"rhood -^i ohborhood eouid

ll *Jil:f-' ""- *:" "*:d :,"i ""'*""'rh"d 
e'uid

Theoreticarly' 
reductions^".ar"" 

materiar.s 
to the forge shop interior

be slade by ,1 ,^*rn* sound absofl 
e.reas to be covere* in or-

lil i:"; 
, J$ill*: illh {X ii 

'x 

I
cosrs vould be hish' In 

T::" iayer of prastis' vilr tend t'o

unless covered ";' - protect'ive 
ffi ;J n*" o""" experienced 

in rorge

mist' '"" '";"";" 
;':::::"i."'*' 

(tvo n'l 

.^ ror nelsEer'or
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Neighborhoodnoisecontro}planningnustbeginrriththegeousi;ieally

veakest element shieh is rrsually one or aeveral of the ventilation openings'

Thestepsonthefor'muler.,ionofanolseeontrolplanisbestdonethroughan

i]'lustration_thatofthehypothetica}forgeplarttreferrecltoinprevious

sections.FigureV.gSivesthepertineltdetaneededtofornulal,enoise

contror pranning. ,,he data in Figure v.9.5 and v.9.? shov the usual situe-

tion _ that ttre ventilation openings must be considered first in noise control

planning.Theyalsoallovestimationsofthecontributionsoft}reindividual

ventilationopenings.ThemeasrrrednoiselevelsinFigurey.?.?areveryuse.

ful.Forexample,theradiationfronthelgrrrl!eastopeningalonevouldgiv.e

a noise level of about ?6 dBA at point B bectruse the resultant level of T0 dBA

(rad.iation from the balance of the bullding elenents) plus T6 d'BA' ucui-d give

the resul'bant level of ?T d'BA' Likewise ihe cpen easi valL vinclovs yieid about

?3dBA,the]"owersouth(ornorth)wallopenirrgs?0tlBAandtheopensouth(or

north)vallvindowsabout5Sasa.Themaximul.reductionthatcanbeexpected.

from controlling the radiation through openinlgs ls about 9 dBA'

Therr.ethodsavailab}eforattenuatingt)resoundfromtheopeningsare

discussed below:

Methocl 1: Ctose all shop openings' Fxlrected Reduction: B to 9 dBA

Air air circulation would stop and vithin tens of minutes the forge slrop

vour.. be excessively hclt on surrirner days. Method is not' possibre unless a me-

chanica}venti}ationsystemcapableofsupplyingalloftheairisinstalled.

Mgf!oq3:Closetheeasbwallopeningsandallofthevindous(repairif

necessary)' Expecterl Beduction: lr to 5 dBA

The air circulation vla vind pressure may be

control appears feaslble' It is inexpensive and

duction, 
X

somevhat harnPered but the

affords a'n epPreciable re-
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(, Thesoundlevelat,pointAisnovdeterurineiibitradlal:lonthroughthe

north and south vaII openings (?o dBA i.a.ch) pLus the balonce of the building

(=?0 dBA) for a resu]tgvtt J,evel of ?5. i,]he trert step must lnvolve reducing

the sound from tb.e north anq south walL'--':nlngs' One approach vould tre to

sinply reduce ttre open area by a factor of 2 or 3 try partlarly closing the

steel doors. Hosever, Vith nost of the ventilation supplled naturally vith

wind pressure' closing dovn these openings y:l,.hoirt maklng some other provi.

sion for increasing tbe air flov will- not be sr''-uisfaetory' At this polnt'

no further significru,l ;-ed.uctioni can be ma6e turless the ventilation for the

building is revisci. For example, sountl radiation fron tbe'north and south

valls could not be re..uced vith silencers or free stencling valLs because

they nould lnterfere excessively ulth air clrculation'

uettrorl-l: Close the easb vall openlngs and ell of the vind'or"s (repair jf

ntrcessdrj).

AdtlaroofgravityventilatorSftvldeoverthelengthoftheforge

shop'PlacelodBA.insertlon}osssilencersinboththenortharrrlsouthval}

openings (l2o9 ft2 of silencer face area)' The sound pressu!'e level at point

B can be estimated and is given ln Table V'12' From Tabie V'I2' the noise

reduction at point B is predicted to be about I asa over the existing plant

tndon}y3tobbetterthanthatforrret.hod,2.Thereesoncanbeseenin

Tablev.12.Theeontributionsofbuittlingelenentssuchasthevindovs

(50+55.r'r55'5=62'l'the25gaugesteel'walrcoverings(6:+59'3+

59.3 = 66.il and the rooJ' covering ( 6?3) &re nov maJor factors in d'etermin-

in6thesoundl,:ve]inthenei,ghborhooclandurrlesstheyarereplecedwith

materiafshaving,highertransmlssionlosses,nofurbherreductionsinthe

neighborhoocl noise level can be made'

,r*w
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TABLE V.12. Cal-cuLated Sound Pressure LeveL at Neighborhood Point 8
(figure V.9.2) after Closing the Eest Wa1l Openings, All
the windovs, ancl Adcting en op"n Roof ventilator and 1,0 clBA

Insertion Loss SlLenceis ln the l{orth'antt $outh WaIl Open-

ings.

(

Eidr IJEIUII.IE !gIg!/"EEMg. $!swlg!g'
tuAsts!.l toloo Coatrot Borerrob PnJcct

pr^Ar,r -llHrafi'?i"L Fd€t?le'aT - Etc+ T.q
I. ln-Plmt llolse Lewla

( 
") 3ffi:,:rt ;;" Wr::r-ffiL'"' lrfr:.YH

DAlE

IiBATilDS

lr' Butrdine stmcture 
gn(area) Dtltucc io il€tgh-

borhood Polntr %
C6nstruetloE

ltaterl al( a )

AI,T

. rl roet#) AL
2

I
L ra-Li- -ALr -4ia

Rn

(

E,1 cnent

-ta

(
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@!.:
1. Ciose the east and west wa}l openings ancl all of the windows (repair if

necessary).

Add a roof gravity ventilator B ft vide over the length of the forge shop'

The interior surfaces have absorptive materiat'

Place'20 tlBA insertion Loss silencers in bbth the north and south vail

open].ngs.

h. Replace the east, south ancl north vaLL 2€ geuge steel with 3/8" asbestos

(a5 ann tra'smission l-oss), a'total of b5OO squere feet.

The sound pressure level at point B can again be calculated ds' shown in Table

v. 13.

On comparing tlre resultant overall level in Table V'13 vith the very ex-

tensj.ve 
"trange" 

meder,one can realize the difficulties on effective control

of neighborhood noise near ha,uuner forge shops. Any further recluction woul<l

obviously reguire changes j.n almost every builtiing elenent on the east, south

and north wal1s of the build,ing. ?he vindovs vouid. have to be replaced' the

roof re6one, silencers worrl-d ha.re to be applieal to the roof ventilator, the

roof propellor fans replaced vith vanea:<ial fans rlth silencers oR ^r,he cx:

haust side. Even i;hen, it i-s cloubtful vhetber the regulation }evel of 56

d.BA could be r"eached. rn order to do that, each of the 13 elements vould

have to be changed to bring their individual contributions to abc,'ut \\ annt

Es$inlated Cost s -of Nei qhborhood Noi gg-Co}f lo-l

unfortunately, there is no actual gxperielge on vhich to base the costs

for reductlons in neighborhood noise levels '

Bolt, Berenek and i{ewman have estinated the costs for specific ll}inois

forge plants that reflect inprovements wlth regard' to adJoining Class A

3
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TABLE V.13' Caleuiated Sound Pressure Level at Neighborhood

th"';;;;;"s itt Method' l+ 'o're Cornpleted"

3J4E Pu8txlrt:n El!',vlvEml l'Arlir: cllg!!4Mli'i

IBdutlrlat notlc Consrcl narcrrcir PtoJ'c+

v. L5

Point B After

I

DATE

HEAflIEN

3



v.46

(residential lands). Ttre sost eetfunates contained Ln ttre re[nrt were

averaged for the varLous noise reduction ranges and are reported in

T,.able v.14 in terms of, rlollars,/sq.ft. of strop elevation invoxved in

the improvements (for exanrple, in tlre hypotlretlcat f,orge pt'ant of

pigure V.9 the east, nortlr and south elevatlons vtere arodlified as dia-

cussed in Table v.12i ttre to&rl building elevation area involved was

98oO ft2) -

TABLB V.ltr. Estirnates*of Neighborhoocl Noi.se Reduction Costs per Square

Foot of Revised ShoP Elevatlon

L976-77

Noise Reduction 5 ABA 10 atBA 15 dtsA 20 dBA 25 eiBA

Average Cost Per ft2 $16. oo $ao. oo $: t. oo $3U. oo $bo.0o

Highest Cost Per ft2 21. 00 27.OO 30.00 lr8. oo 5?. 00

Lowest Cost Per ft2 10.00 1b. 00 19.00 28. 00 33. 00

prlces



EX t-+ tB ir #2.
Cone-| -Tftnnn:- Er.-rcrLrEEerNc e'*,,n**rrrr€S .t_a

ENGIT{EERING GUIDELTNES: NEIGHBORHOOD uoTsE co riIot

A. PROBI,EM STATB,'U|{T

The naJor. sources of nelghborhood nolses fron forge pLants with thelr
control possibillties are given belov: i

Source: Inpact forging cperations

The loud and. dlstlnctive inpulse sornd.s from lapsgi fcrging

constitute Uy {* the Single most tmportant nelghborhood

noise problen for the forgin6 tndustry.

: Acoustical strengthenlng of the forge plant structure

as a sound, barrler. Tl:erc ts no technlcall; feasible uethod.

for c.ntrol at the source ancl practice.l, acousticarly

effective harnngr encrosures have not been cemonstrated..

Sor.rce: Roof stea.u exhausts

This source resur-ltg in continuluri, broad. band sound from

roof lccations that usually lreve unobstrueted. paths to
receiving property.

control Metho€: This souree can be controrled (see sectlon rv.G, rv.13)

Egglceg: Shearing and stock hand.l.i.ng

rnpulse nolses fron these processes can give ylse to neigirborhood

problerns lf the operetions are carrled oul; near buirciing

openings or outdoorg.

Control Methods: Source ccntroL (see fV.Er pase IV.ll) or source

enclosure.

v.

Ij



Sqqiqe: Van eoolers and furneces

These noise aourees errit contlnuous sounds partlcutarly

- notieeable at night vhen the balance of the plant is inoperative '

g@-u*uqjl:Sourcecontrol(seeTV.F,!88e1V.2arrdIv.A,pageIV.5)
ofstrengtheningoftheforgepi.antesgnacoustical-.lrarrter.

Sog-9e9: Warning bells ' buzzers and horns

qu',j*.@: Reduce roudness or rerocate source I reduce sound

transmiss icn from'building

The control of neighborhood nolse can gener*11 O" separated uith

lhe following tasks:

I. Detennination of the existence of neighborhood

thro'.rgh a noise gurvey aird a comparison of the

wlth the appficable regulatlons'

2. T.dentification of the piant noise source(e) givine violations'

3. Formu-Iation of a Noise Contro-]' PIan'

lt. Im:lenentation and concwrent evaluation of the Plan'

In eome cases it nay be advisabte (or even required) to have

theNoiseContro}Planevaluat,edby+,heappropriateregulatolvagencyllriorto

proceed'ing with lmplementation of the PIan'

B. NEIG}IBORi{OOD NOISE SURVEYS

v.2

Ins-UitxJeng Lg{t

The selection

ernitted gowd

l{ature of the Sound'

Contlnuous

Contlnuous

ImPulslve 3

gBs-$!!199 e9-**
A-veighteC r'lnlt

Octa're band' tinlt

A-velghted llmit

Tr''e Peak l"irntt

noise Problens

measured levels

m'-o I )rJ rv -.

.\
Tlqpe r ),

of e sound levei neter depends on tl e nature of the

and on the speclficatlon of the noise limits:

Al}ovable Noige Level l4eter Selection

Type 2 (or

TyPe I

Type 2 (or

TYPe I
InPuleive
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v.3 -

l!gq@.'
r. Measure the neighborhood nois€ levers on the slde of the

ttworgttt condltlon

- the nolslest equilnent (".g., the largest ha.mers)
are operatlng

- The temperature is ln the range of 75o to g5of and thevenbllatlon opening3 are fully opened

- there are lcw wind veLocltles (ress then 10 nph) towarttsthe measurenent polnt fron the source.

2. cal-lbrate; attach the nind screenr set nbter to sceles,

responses reguired Ln applLcabl.e regrri.atlons

3. Make measuremer.ts'at the neerest receiving land. property lines;
avoid lf posslbre locetions that are not in line-of-slght
of the forge pJ-ant or those near reflectlng surfaces of buildlngs,
etc.

lr. Keep careful records (see Vo!.rne II, page V.5) tfrat, include

nolse source ldentiflcatlon

C. NEICHBONHOOD NOISE CONTROL FOR EKISTING PI/TIfTS

This sectlon eonsiders controL of neighborhood rroise through incree.sing

the acoustical strength of the plant building structure. The rnethods ore <ilrected
touards hernmer impulse nolee eontrol ln the rrelghborhood but can be aprlied to
other in-plant nolse source' grving nelghborhood, nolse probrems.

PreJimlrary As,ssqggegL

t

A preltminary essessnent of a forge plantrs inrpursive nolse

eituation can be made wlth the ald.il rable v.1. (page v.lr)
E,cample: you operate a forge plant with Looo rb. p,ravrty hammers.The nearest residentlal receiver llne ls lroo feet o*ay; theaLlosable sound level at the receiver line is 56 dBA.

t. what is approxlraate nolse lever at the residentra..l. receiverllne? About T5 dBA (TZ+l added for U.S. ptant,s).

j I
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2. Is tt ltkeJ"y that your pl.ant can meet t|e regulatory value
vith feasible revlsion? tfo! Table V.3. ,>redicts e leve1
ot 69 dBA (65+f) for revised u.s' forge plants'

3. If you built a neu forge p)-ant speclflcally deslgned for
neighborhood nolse control on the garne site, vould the
regulation be net? hobebly. Table v.l predicts a level of

" about 56 (:g+:) dBA.

See Volqne II, pa€es V.8,9 for an extension of this metho<l for

large stean hammers and other in-plant nolse soulces.

DetaiLed calcr+Iatlons of. goJlg snisslon from Forge Eremt.s

It is posslble to make preciictlons of the neighborhood noise

levels for a forge plant on a more detalled besis. The general

ictea of the methott (after 'UDI 257L, referenie.2, Volume Il.)

is that Lnpact forging creates impulsive sound within the plant;

some of thls eound is radiated from the plant through building

elements (openings, waiI", roofs, etc') to neiglrborhood points'

Tbe sound radlated through eeclt buildlng element ean be calculated

given lts area, sound transmlssion loss (abiLlty to act as a sound

barrler), the shie).ding of the el-ement and dlstance to the

neighborhooti point. The. rnetho* ls lmpo:9ant beaus-e 1! lctenllfies

the !-rrildlne gleurents thet nust 9: tqegted. ig g1|gl to r9duce

neigb!@.191/-els-, and can plggig!- lhe reduction obtainable.

(See Volgne II, page V.13 to V.I9 fo.r an explanatlon of the method

and a samPle calcul"ation).

forse Plant Ventilation

Sound radiation through ventilal;ion openings al-rnost always determine

the nelghborhood nolse levels near forge plants. Therefole, the

ventilatlon reguirements for a forge ptant must always be considered

before a noise control plan can be drefted"

I I
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The ventilation needs (Cfl,! ot outslde air) of forge plants

can be calculated given the ftrel consurnption of stock heating

furnaces (Volurne II, pages V.20-21)

The vall (air intake) and roof (air exhaust) opening areas

for natural draft ventilation can also be calculated (Volune II,

pages \.22 to V.26)

It shouLd. be noted that almost a-tl U.S. forge plants rely mainly

on natural ventilation, and that a forge plant successfully

ventilatetl by mech'anical means has nql been demonstrated.

NeirEhbcrrccd lloise Contrq! Ef e4q1gg for Existing Plants: Necessary Prelirninary Tasks

fdealllr, the objective of neighborhood noise control planning

voulC be to detern:j.ne the nost cost effective methods of reducing

sound. levels to regrJ-atory values. Unfortttnately, conpliance

cannot be achieved for most existing forge plants through feasibLe

control nethods. The obJective of noise control planning then

becomes less clear - one of attenpting to de'ter:nine what can

be done through a reasonatle effort. The decision as to vhat is

reasonabie will probably be nade by tbe regulatory agency or the

board overseeing the administration of bhe regulations. This

guidellne makes no atternpt to deter"mine what changes are reasonable

but does show rrhat changes night be made, indieates the eost of

the changes, and estimates the effect of the changes on the

nej.gtrborhood sound Levels.

Iteighborhood {oi,se sln!:g].. Firgt Rgguireg The A!"eglLllg of I!9 Fol}gvitlE rnf:c"Irlation.:

l. a copy of the neighborhood noise rufes and regulations that

apply'

2. a neighborlrood noise sur\,'ey vlrich gives the sound le.rels at

receiving-lantis measuled in accordance with the applicable , -
t4

regulations "

I

(

\

'I
*triuitl4d tt'atinrmqE
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3.asc8-Iesltetayoutforyoufforgeptantshovingt,tre}ocation
of tbe forge shop (and otber noise sources) givin8 rise to

neigtrborhood 
noise problerle ' Tlre receivlng lands should be

classified and the regulatory levels for egch land classificatio:l

given' . .- and hs@er shop floor plan' The

\" Forge shop elevetions *u n*::.:,;"- 
elements 

(areas'

elevations should describe the building elel

covering naterials) ' The floor plan }ocates problem noise

sources anrl giv'es' Li' the in-plant sound presstrre rever frorn

each source' 
rte .st,andardst' ttrrough vhich

It is also im'Portant that You cree

changes in ttre sound level "* 
O"- deterrnined' accurately:

B' Select a }imiied number of neighborhood 
test points in

most serious problem areas for use ln calculations e'nd as

measureBentpointstoraonitorctlarrgesintheneighborhood

sound levels with changes in the plant etructure'

b' ldentlfy the bamer(s) glving tlre bighest inrpulse sorrncl

l-evels at the test points and select a forging that you make

ofien e.s the "trest" forging; ttre fi'nishing blovs vj'l} then

create a standard irr-ptant sound level'

c' Def ine a staudar' "-"::"::,: :::. : J" :-"'::":;H.
is noroal for suruner oPer

are se! as usual for the hot days'

(see vorume 

",';"il1l'"?J':;' 
i rll i;i;' i 'li'ii']" 

3'1""': 
' 1l' '

for a sampll

"ii itt above)
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fhe fol]or.,ing steps 1n forrnulating the neighborhood noise control plan
can now be done:

1' Detailed celculation of the contribution of th_e pltirit brrir-dins
elements to the noise levels ln the neighborhood..

2. Calcu]ation of the ventilation re,quirements.

3' Measurernent ot' the neighborhood sound. pressu:e revers r+ith
the forge plant ventiLation openings both cl,)sed and .jpen.

(See r/olune fi, Figures V.9.5 , v.g.5 ano v.g.7 for examples)
Neighborhoog Nqise Contrgl plag Formulation

Fron the proceeding you shouLd have obtained understanding of your neighbor-
liood noise situatiotr, 4.g., a rough idea of the noise red.uction you may be
abr-e to attain an<i which of the building elements ,,contribute,, 

most to theneighborho.d l_evels.

Noise reduction planning rnust begin'ith noise contror" tr.eatnrents
at the acoust'ically 'weakest" elements, whicli are usuar-'y the
ventir-ation openings. The co:rtrols ava.ilab-r.e are (see vor.urne rr, page v ,32):

1' Reduce the opening sizes (:ara red.uction per area halvl'g)
if penritted by ventilation requirenenrs

2' shie''d '.:he r-'wer ua'1 0penings vith a free stand.ing walr
3. Apply duct siLencers to the ofJenings
lr. place a gravity ventilator in roof <lpening.

calculations vi1l probably show that after ore or more of the above coirtrolsis e.ppLi.ed,rad.iation through other building element.s becomes significant
(see volume rr' page v.[2 - method 3) and that fur.t,her neighborhood noise
reduction requires replacing walr- an,l roof eler.ents vith acousticallyttstronger'o barrier materia-r-s, €.g. 25 gauge steer roofing with an acousticafroof crfck' (see vo'rrrne rr, pages v.37 through V.rro). At this poi't it

I

j
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shouLil be clear rr\y netghborhood noise control for forge plants is so

difflcuj.tandvhythefeasib}ereductlonsqreusuallylimltedto5to

IOdBA (recal} Table v'f)' Reelly effective noise control (rO to 20dBA

soundlevelreductionsneededinnaoycasesforconpliance)requires

plant reconstruction'

Theoretical}y,reductionsinthegound.levelintheneighbor.oodcould

bemadebyattachingsoundabsorptivenateria}stotheforgeshopinter..lor

valls an,3 oiher irr'uerior surfaees ' Ilowever ' the a'reas io be covererl ln

order to obtain a substanti'al reduction' €'8" 6 dBA; are very large and

thecostswou].dbetrigh.Inaddltion,theabsorptivematerialsareporous

andunlesscoveredwithaprotectivelayerofp}astic'villtendtocollect

oil nist. This leads to e real fire hazard (two have been experienced in

forge shops fron absorptive treatnents) '

(
'rrge plant interiors for neighborhood

I{ence, a!s94!*e treglments --or- rt

noise contror qre__.!go.!-recgwr44. Note, hovever, that & more timited

applicationofabsorptivesurfacessuchasonroofventilatorreflecting

sl'Jfaces encl ln silencers can be usefuf '

Unfortunately, tirere is no PctualJlMrien€ on

for reductions in neighborhood noise levels '

For specific rllinois lorgs P]4s

Boit,BeranekandNer.manhavees+.imatedthecoststhertreflectimprovements

vithregardtoadJoinlngC}assA(residential)lands.Thecostestimates

contalned j.n ttre reliort were s.veraged for the various noise reductlon

rangesandarereportedlnTab].eV.2tntermsofd'olters/sq.ft.ofshop

elevation involved in the improvemetrts '

(

which to base the costs

I



TABLE V.2 Estlnates of Neigbborhood l{<:'{'ar'* E,:'i'rrc'lj-cn
per Square Foot of Revi.sed lii:cp iiJ-rv&tlon

Noi se Reduc"i;ion 5 dBA i{) ilBA t5 rlBA

Average Cost per ft2 $16. oo $2Lr.00 $23.00 $rlr. oo $ho. oo

v.t o

Costs

20 dBA 2> 
'IBA

Highest cost per ft2 2r.00 77.0r1 30.00 b8. oo 57 .00

Lowest cost per ft2 10.00 -l.tr .00 1 C :tfr 28.00 33.00

D. NOISS CONTNOL AJ\ID SlT[ $B],AJI]-ON FON NEW PI.A}ITS

?he outlook for effective no.ir;e ccrrt"ro-]. ln Lire hr:.ldirrg pf a new forging

pient is:i:rch brighter. Although the'3-j.ze c.8 iuprrct. forgirrg equipnent wlll be fixed

by manuracf.rring needs, the builder has the,rf,Lions of pi.ant',"ype and plant site

r:el.ereti.ons.

The .,lost cost-effeetive sele.;i'.,o;r irru.st clee.rJ..'; cons).1:e-' the relative

costs of the plant consl;rt'-c+;ion and plant :,';1,<:1 pfrlnts con,gtruc.r,ed incorporating

.:i,"ectire noise control zil.-l- be rnore.ixpensivr bu'L t,he land ii-:r,',:rl. required for

corclrlia'-rrce wi';lt noise reguJ.titiols vi.il. tre red,uceci.. .4n examp-ie ,)f estiurating

the site requirenents for a bypoi,l-,ir1;it:al l'orge shop wi.t.):3 Lypes ot'construction

{l cilfferlng a;:,;;stj.cai barrler strengthg) ts given iir r1s1,1-;ns II , page V.bB.

I3

t.rliff,r?;i#J#ftt;1 Ffffi



C VI. FORGA ilAMMER II'{PACT NOISE

T-o E d.ate of thlg suldelins- 1!I4.-I9J1) , fl$g j-g- E leasiblq.

rngq[g-q of coltrollinE lS3ukg nqisg ggssion @ l'plgg' ha:nme'rg gt thg-

source , nor iq th-erq onq wltJrig gigitt'

Resea:-chdlreetedtovarclsharnnerimpactnoiseeontrolcontinues

in +-he united states, west Gerzany, sweden and the united Kingdom'

ChapterVIofVo].tmelldescribestheresultsoftheseefforts

anC d.iscusses some of the prospects for control in the future'
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ACOUSTICS

ASSESSIJIENT OF NOISE

rtirH REsPEcr To cc)\4i'luNlrY RES?oNsE

INTRODUCTION.

Thercdircricn,orlinit;tion.Ot'noislv"iri:itcauscsinn())''licisoii;lc:;:rsin'q'g'c:ieralir':?:;:':i':: 
ThislSORecoat'

mcndation sur:rsrs n::r*rrds f"rr rncrs'.:rin3.",ri.rr^s'tt;tt{tl l::l':lritt' iniusrtitl an.trellic arcal rvit}' icslrct

to ll,eir in:etic;eicc *itit;' ;';iLin;' cii'l;tnty" io-titt a;tiviri':s aad tranqrriiiirl"

Br.siccs;roi:.. thcr., lnal'bc oihcr iacto:s in conncctionrvith sound;rocuctio:r r,rd reiii:rtion, tor csrni;re n:cchr'ni'"ul

vibr:rio;ls, \.Lich rlro give rise to Lr,noi.rn;e r" e.t,lt"rtt r,,;;;ilradivhicli i:al:c tlie asscssrn'"nt tiiorc ccrr'plcx'

iro Eci:errl r:.rerhod ..ri.r, .'ifr..rci! ro riku. ..r5;;;;iih.r. i.r,orr, uuir'rc appricrrio:r of nuriit/ers qi'!d coiicciions'

otlir th.rn those d.'scriJ:i.;;;il;*i"i'it i" sonre crscs'

Tl:c rrr:tr:od d:s;ribrc in r':s rSo Retor,ri.::cncrtion is consiccred suitrbra for p;ccictiu; :''pproxiltratcly tl"e publ'c

rcactio;"r likely ro o. ,rrr.J't i noise, and nuy rr.i-p'ou,irotir:tt to 3!'i liilrits for noisc lcvels'

sonrepro.orensrc*,edtoaircrrftnoisearetrearedseparatery;seersoRecomrnendationR50?r. 

procctlurelbrde

tt,i 5i,ig aircraft noise arout rJ. ctt airpttr I'.

I
I

l. scoP[

This lSo R!.coilitrlcnietio^ is ini!'ncco as.a^'1.'-tce to the nrtasur*nc;:t of thc accr'p":rbilitl'of noise in c'ri^':l;uaii:r's'

Ir s;,:cifies a Err.riloi for rlre rrr'JSUir'^ltilt "i;";r;:,i;;'-riii"tl"^ "lco:rLtctioris'lo 
11ig p;slsureci ie'cii (a"corcri"3

ro r,uration, rr..,run,l,,.;;.;;;;;'J p.rl i..1.1!l,j1jl t'o'tptttiton oi'iii t""t;igJ lgvels rvith a noisc critc;ion

rvhich tsk,'s rc;ount 
" 

; ;';;;;;; * ;ti ;on nie rrt: I r'tc tors'

The mcr'orJ rivcn ror rriirr; nois:.s rrilh rcspc-;r;o co:.1i..;nit),rcsronsc forms a 535i5 gn.vrhich linrits for norsr's in

variour siturtions n.,ry'U. ii, by the corrlpere;rt autirortties'

Themcthor|ofrrtinginvcrlr.csthafiicasure;i.iL.ntoftheA'rr'ci3lrlcdsoundlcv..lindecibcls(cornnonll,crlle.Jdl}(A))*,

\u^ncrr cor:cc!i\.c tilca jurcs aru r!.quirt.it. r.fr..qtlcncy a;lrl1.sis ntii,.bc n1;ts53ty' Thc resultin; dltl t:11v b.r conrp::ed

. rvi..h nci,. r.r rin;: cun cs. toi insta.r.lc rle rii'c'nc;, ;;;;it; ro l'i*nrlfy tiie iitrusive [requcr:iy bri:ds' T:''is nio;;

' 
;i;;;;;;; p,o.;'du" is dcs;ritrcd in 

'\PPcnJix 
Y'

r-I"iifrilrvlo. 3 
,.. -^..-..,,...t6.t..1nr 

'ic 
l\uhrisrrirrn l?e./'rcr 

;

oo 4. d1(inr;! in r,,c F,,hric.r:i^n l l.r, AccnryrrrcrJrrrip nr 

^>r 
tou^! rcter',cltr!" nr ilic l\uhrisrtiun r ?l' I'rccttitttt Jrrr,trl l.'r'l ttl.,'r'rr
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1. .\OiSE l.r t-.AS UR Etrr t..r"T

?.1 lrieasuriugc;luipnreitt

' The filclruicliir'!it: slroalC bg mrCe rvit!r a :r,rrd l:r'ci rnrl:!r as s1;::ified ii: il-C p,;bii;itirr;r 
J Z.i, riir<.rr.,r.nrcrdtiiotts lor sout:J ievt! rn;i".,s, or llC I'ubli;lrio:r tig,Prei;siatt srrttt;c larel n;e!eri. Tl.c,.r.:ru;;..,i:;-,;netwotk and fasi tNspon)c slioulij be uscu. Ti.c sou:-,d level s;io.;ld bc mcasurcd ar rllc p!;cc ar.i ii;r,,: ol t!.rcanaoyafice.

lioTE - oll'ct nle:rtur!n; rq'.:i;,nn-ni includ:i3, fo; cxariTie, a lcvel iccorlir or i:,rc r jcoi..:c r, r..tf L:rrrcc if tlic o.r:,.:llperfor.nance ccntoi;iis rriJr tir! cirar;cle'.iiciof r ro.rr:,i lerlel nrat.,, oi,i, A.se:jrir:3 ni,rra.ork and r;i:;r f*r rcl;,o'is:,

I\lcasurcnrent conJitior.s

fle mr.:sure;r:.'ni.s s!lould g;ii;;.rlli,bc ni.ll ..r.iilr,r".i::corvs clcs:c. lirlic roonr
open rtii'lcov,'s, nl:ri5uldiiicnts snould aiso be :nad; undor lllis crrnrjirion.

3. DATF.RTItNATioN oI: TIIE IIAI'INC soU\D I,EVEL,-

2'2'l outccorr;:elsirrer':cntss!:oulcbenadca'l.2i,ol.5mabolcrh:gloundani!,iipruclic;ll,p.tl.:.itl.it;r
from rvalis, buiiilir:3s oi oihEi soulrd retlccri,)1 s:rrrctirrcs. \i,'f,c:i cir;unrj:i;)cc5 irt,j:c;lc, ntu;rurs;::i;rismay bc I;:rCe ei tieJlcr hr'i.:hts r;i.l closer to ilie uail (l'o; c,r;;;:plc 0.5 rn in fron:. c,i *,., oprr^ wirrco*),providci.i rii; is sirr'clir.:ci ald rakcn jnro con:idcrr:lo;r. ' "" *r"

NOTES

is tr5irlaily uscC rril;l

l,l Tiie p;o;:,1urc is as foilou's :

J.l.l -(tc;;r, rrrris: (sucL as r;;;; no;s.,) rr.iihour ir.rprlsi...e ch:rr:rcilr or air,iiblc
1,1 ;n di;(A), nir.ii)icd b1, ::i:r;:s oi'ti:c j0und l,,r.cl nicicr,

tones ii ritcd b1, thc sour:c ir.r'r,.1

j



.\t.rl ... t'tltt-

3.1.2 Srcadv noir: v'iih an irnptilsive ti::,:t::l'"th a:' h;';rncrirlq:11'lttins) or with Ci::l:tt rroisc i:r;ti'":!scs

is rrrcsl by rl:r so*nd lcvct lL i;r c3(A) ?'r;;;. ;;;t,'ction 3'iv:n in Tablc l 
' 
ltrst entty'

Thercarlingtobcukenisth:a,c,;g.ofthcrar.ei;numd.:fleclionsot.ttrepointcr.

NOTES
. l. othcr te.:h;:que' fc,I rr.casurir.; .::d.:::..:il11u|rivc tloi;e mry becornc alprogriat:. csprcirl|y whcn rccomlrr;Jaltonl

fol cuitrblc n""tiu'ii; intuu';J:.t't r:c libl;rhrJ'

.2. If the!ounjtctcltatiilovcrrlr;geran;c, 
l},eptocc.iutcrlrrcribcdincllurc3.l.5rhouldbeused.

3.l.rstcadynoisrrsliiihcorrtains;ruilbiel(':iccottrPor'cn:s(foreratnptrv"lrinc'ssrrechorhtlm)isratcilby
the sound tcvcl /'^ iir dll(A) p'l';s 

"he 
t"tt;;;;;;;it;n in Ta'olc l ' 

second cntty'

3.1.{ rf thc noisr is i;r..e;nrprcd try r-l_rr.r (for.cxrnil,la alr;tort ur:clrar,i;in3 facrory noise rasring for screral l:our:

. 
fo'owe<! by a pause), ?. co(rccii,1i,.ai."r;;;,{:i'ii.-i, tiii"r t"i';:fi;;;ui aiirlcl tJ ttrc sour'd lev"l

/,1 to ts\e ott"ii'Ji tic rcdu:cJ durs:io:t oi 
"l:c 

ntrisc'

Tite. rjirraricn of :h: noisc.shoulj br rcj*c:tct| ovlt a.rclcr.zrrt.rinic pcriod rv}jclr m:y bcrct accor,|'ia3 to

rrif sp.cir;:or,:-T::lffil;l;;l;liilj;,I:jlit;t',1"?;;""'J',#iilIilruft;H';3";l;;ii"
drytimr' illc t'-'e mcsl 'u'r'J-r'v:'-:--;::i'.t" 

lirr':ir t'oi the so:nd I

mav bc .c"n''i"ii"iiil';;;;i;; tu'ot*t' tirnit t'oi the so:nd level'

iT;,:-r::lr':l"r:: I::".i.'lll.:r'-i,ll..',$;:l:iil{iJ.##"'j''1fiit.;iiiilffiiffiiili:*i;;::'
,u'.1'or ; : ii i : : i <'t'li;; I I litt.:t:) -1"':':1t.t':
insoecc it "'"i 'ltii 

;'dry" ltils i'rc;r 05'00 until i t'00' "cv! r':r;t

,. ;;T:,;:'.tj;lll, N:i:L:l.1,:ll:oiurc rirnir cu;ing c'er'i::s^rr'd ni;ht' rhc int'rucncc or noirer $ith trr;h tDrcir

and $crt t''"t"ioiii tt'ij;;;;t"" Sucit norre m;i hc 'irrturbing 
ior si'rup'

3. !frp;uticut.lit.oirclouricir:"t.::.li]l9.,.caruc:..ctlJ,,tiidi:iU.t!ft..t]f,t3n:urt.rkeiti|o3ccountthccirc:lr't::roccs
of tlrc *cct:cr"?' for craurplc u:' "tt"un"; 

iiio;;i;;;;;Jt"'lc al thc tclcvrnt tlxir'

lf tire noisr v;11!;5' r'riih titnc in 
'. 
nl','.'::"'i]::::l #ki':1,'J;:,lli';;:iili'f::[:':';ttfttii:':'3.lJ lf lire noisr vrr!is vriih titnc in 3 nlcrcco:il?lrirt'j.J "rr""!' '"'-""- 

i,l a srar:t:ic;t anrll'sis bf tlrc ti:"'c

tn. cqtii"'.':s'|i' 'orr"i'i"'i 
r" 'lLl].llT'.::::';.::;::::l'+;i;i: I?;;;;;i;i* o' nti" sPcctrur'rtir': cqt,i"":,,it serrnJ L'vel /"" si"ruiu c: 'rrrir't'!r"';;:;;;i;i;i; i for peak factor or noire spcctrur't

h ist o rr' o f t iie' i'-\\ e ir: :t tc rJ scii;' j l t'r :l i]:,:::i:;"
:;::iJ,;; ii;,i;;i;; ;; a;ipri;.: rvlicn r;proprirt.'

:,lT:::il;5::ii:'::.:jil,*'..j-liii;:r:.:r**I::::i,:.;i:l[,]'l1f$:ilil,::!']:'i;:
;l;:lj:5;;::ii'lllliill!lli'J:':1:]il:'Iiitniffii;t"iii'iiit-"iion 

i'v obscrvii':s 
'lhc 

sounJ

irllili;il; ^i'1,'itl'ii'.i'"'.ri "i 
tinre bv a s;rrip;ing t'l:illl:,

il:J;:[;:.i;[ijJ_" ,Jr_, *;;;;, o, .,..o0." accorrin3 ro rhe charactcr of rrrc noisci in r:ios, cases

.ii*tttt c,f 5 dD u'ilI be app;opriltc'

lril;il;:;ilffiil rJ;.i."i.". rrom a rornula brsctl on rhc cqual cndrsv principrc :

ioq = iolo;1e [#Itttt'rtol

where

Lcc

L1

ft

Tlrc rcl,'vrnr ti:it': lcriod sltoulil bc choslt rccor'ling to iltt' sp*cil'icatiotrs of thc locll outhoritics (scc

chus* .1.1.'i). . ot

is ilre cquivalcnt sounti lcvcl irr dl)('\); .

is thc sounrl lcvcl in CB(A) corrcsponiiing lo thc chss'nridpoint of the chss i

(fc,l .'l:ss intencis t:ct !tcsici rh:n i 'iB('\) th'. aritlirirc:ic tll€irlli can bc uscdi

ior lrrgcr irttcnrls ro;"i';i-it tvcrl';in'3ihouid b* uscd);

is thrt tin:c'intcn'l! (c:r''tr"ss"'l ri r.1'c;;cnt;!'t'cl'thc lclevrnt tiri:c pcriod) for rvhi;lr thc

t;;;;i i;;ti is rvitl"in'tl"c lii;i:s of cl'iss i'



TABLIi I - Coi;cciioili l(r l:rg'l'1(':'!url''! s'lunrt l"zcl in Ctt(A)

Orlrrlrc,igiiC f,:!:urt:t ol ire noi,C
Corrrction

dil(A)

{-5lr:;ouls:vc r,cis*
(e.i. r'ro:;. !:et;'lln: ri i:3)

.\u tjibi:: ione co;l'tPoiienls ltc3snt
(c.3. u lir.c)

Be'.s'.'c:': :

100 ard 55
56 atl'J 16

t8 and 6
6 anJ 1.8

1.8 an,l 0.6
0.5 ar.r! 0.2

Lcss tl:;n 0.2

3.2 llcnce, ihl ratin"l sound lcvct i's drtrnnilcd a:l'ollows:'

- for noiscs of cot:siailt lelcl, bY

Lr= L** 5 r..htn ll,e u(tist is in;pulsivc cr nhcn it co;ti::i;is audlb!c lotlc conli)onents or both

*correctionfordurstiottlr.hcnthcnolseisintcri'.ri..tcnt;

- for nois:s of lltrcrtittir:3 t::':l' b1'

L,=L,e't5 rvhrn,.!trnois.:isilnpulsiit.orrr,!tc:titcc:r,.rlnsau<Jib|:tol..ccoinponcntsorbotlt.

4.1 Noi'tc in 5.'nt'rcl

Pcak factor

4. riolsE c:Rlrtr.lA

Itt g..n::a|, a n,..risc is Iirble to provokc ccl:.:;lrliitils lr.!..t,t,.t|,|i its |cr,cl cxfc!.ds by a ccrtain mlrgia tliat oI ilic 1rrc.

.l"ii"l fi.lground noirr, or'"i..rr ir aiis:ns a ccriiliii :rbsolultr lcvcl.

Thencrrroc.ilati;:;noiseisbiscdor:aconp;risonoi't!rcr;rtingsr)und!:'r'clrvitrrccrircriorrlcvclrrlri;lrtrlics
Yarioul fea',ur"s of tl:c.'nvii,.ratnetlt illio t"ou'ii' litt ililc;ioi is r"lrt':'J to thc ptc'cxisiing bsck;iouiid lcvcl'

eithrr iixcd io, o rrriuin'ron. irt 3.n.rrl or tiirecily rncssured tot speci3l !'as!'s.

TheniclhoJror4glivirlsa;riictio::ioirrrtin-:nois':i:tgtrtc;:]ii::rt)tttirlcfor':'onin3'purposes)isgivcnincl;usc'i'i;
tlrc nrcrltc,J for rrtirrS iicis: i; s',c;i:rl cai;s,6:.s.'d o. tilc ri'icrsu;c'J Uicl;!;ountt lc"cl.' ii llrvcir irl clluse i'l lrr

secrion 5 a rou.:ir t";;;;;;; t'Jru,.i,', puiti; i';r;tion rnC no:sc cxc!'dqi;1; ihc critcrior" is 3i'cn'

.'01r. g1li,rriJ itl grr,;;.i|, espr;ir.il1'

r,i,tttS c0tri;l ioili ftrr ti;'ite of ciy
for t!:c lli'tpr)si oi zo::i::1:. cln b" ttcrit'c{ flo:ir tr;lc trlsi!'v;luc by

rnd coric;:rotrs for tlt; rlilr'rc;lt l)'Pcs ol dlttllct'

The ira;i; vrlue for a countty hrs ro t'c cEtrhiishc;l ;'|ccotcing lo thr liring hrbirr of titc pcoplc'

}io;r'.-.I.ircb.r;rt.li:c||onforrcriJln:iilptrl;ttilctlliou|Julu;.|lybtin.|hcl.t;6ct'lj5to.l5jl}(A)lblout.joo'
noirc.

It

0
-s
-10
-15
-?0
-?s
-.30

S1;ccirunr chstrctJr

Dur;rtion t,f thc nclse

with sounil lllcl /,,q

it a p.t,.nt.1;.' of the

rclcvani tinie Pcriod
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4.1.1 The corrccii.:ns to ti: tr;i: griierion for dii;ci:r,t ti:::cs of Czy aregiren in Tabls 2..

TAbLf, 2 - Gonsclionr io bt::c ctit,rii,rn foi diffcrcr,t tlmcr of dry

1 mry, b; ap7;oprllic lo usc only day.f l;c and ;,i;ht ti;ric v.'iih thc corcctiois givcn abover tnd to onlit

evenLrg.

4.1.2 Tlrc corrections to rhc basic noisc criterion for lesidential ptc;:tis:; for diffc;laf ro"ur rr. Sivr'rr in Table 3.

Lo.-.ri e.rp..ri:ica in diffcr:nt couritries rrill lcrd to different dct'iaitions oi thc relcvrat tTirss of z.oacs,

takin; inio trcount cxisii;r;, tl'.'s or prcs;;ipii'.rns.

TAF.Lf: 3 - Corricriont to basic cril,.rion fo: reriijrnti:l pr:.;nics in difft'rr'nt Tone'!

Type of diltrict

Ririii r':siCs';ilil!, z.onr'! rrf hosTi::i;, tJ;rc3l;on

Su bu rbi.r rcsi.lcirti;'1, little road t ;ti;'ic
Urban rcsiicritiai

UrL'ln rcsij"';r:i.r! qiih so:;re worisl:;,ps o; r'.'iih
busin.'ss or rvilh ntrin roa,js

Ci r 1' ( [.rr sirrcss. ti.idc. a dnr;n istratio;: )

Pr.' C o ::i i;x n ti i' i n C'.1 s t rii I 3 tr'.I (l'.! 3\' in il".r sl 1')

0.
+5
*lo

+t5
+20
+25

Spccial cases

For rating, ncis: iir speci:rl c;r:cs, ior exan:ple in c:s"' of complaints of a ccrtiin Iloisg sourcc al a certaitr

place, tlte t'iciltto'lnd noisc lct'cl scn'cs as ilic ciitt'rion. :

Thc bicki:rou;rC (tnrcir.;ri) noise l:vcl is llll n:c;n;:',inimurn soui:C lci't'l rt tlrc rel*cnt pirc.'lrti linlc
in rhe abiclicJ 9i'r;.lc ltriie slii..h is all;-:..; :c bc .rl;.':ttlin3. l: sloulii hc obl.iirtr'C b1'rrbr':nirl3 tllc

foirler oi 1lir. s.r;ld l..r'".1 ;:rricr i;ici b1, tcj.:;ii,'l ili; !grrvr'st lcrr'l rvhi;h is r"p.'a:r'd s'.'!'trirl tit;rcs (t::.'ln

ininiinu;r). \\'hcn !,litisiicat ;ril)'.ris of tl".c.s.:u;:tl !cr'.'! is us!'d, ilic brckgiound noise lcrcl should bc tlkcn

as th:r l.'r'"1 s'lti;h is crccr:icd ior 95 iL of :!:e obs"nrtio:r tilirc'

NOTIS

l. Tlrc brci."::o:ilij nor.c lcrcl ircluC..r:ppropr:ilci;' !\r'i;:i'.uin;t't of th.' lypr ot'Jirtt:ci. lhe lclro:r rnJ tl:c ti:'r'r of
'- ;t,;;i i.r co;;ccti.r:r li.rr to h: r:r:i.1, lt r,'^{\ ;:r ll:; s::c rt,.v tbr ,l\i.'rri:cnl oi noir.' ottisiC!' oI insr.jc J b;riulrr:;,

urih .rrr,j.,* r cicn or iic.rcJ. ploltjld it ir r..':r':t':i ur..jr'r thc stnrc cond;tiont ar thc noirt.

2. To pter..lt J ir!.!.i:nt i,::.'.lui,iiy'ii..';crrin5) b:;il:;o;ni r.risc lcv;1. it r:r.,1'bu uc:fill tr' lo;:r?t:!'thc ni.':trut,lC blcl'
- 

irc,rnl iirrrl 1urt5 thd 1:ii:r.rl t;itc;ior /1's1r(C iJtoijrr:!:!. ci,tt,r; i.l lor t:',.: rtlcr.;tl Ct.irict ilti t:;';,g'

I

C,tttr:eliVn t:r LlsiC C;iterion
d5(A,
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ln Or..,er tO asseSS tl',c nCis: ltifh rC:p':;t to i:if cl:?:Ct..J coninrltnii]'tr'tpali53' th!'riiitil' s'runJ lcvcl es cbiair'cd

accordir;3 ro 5!i'.ioir 3 ;;;iJ;; .coprrcd u';rit'-'r.;ttllct;tr i'ttiut'g;""i in cl;usc'i'l .i clau'':4'?'

lf tl.,c ;atin3 c:rrr.d llr',jl i):c(..Cs tlie crlttlitrn val'::, tlle noisc iS tiktly to dvr',!:e rcspcl"''i f:oiIt lli,.r cc';:;.:i:;-ii j''

Diiic;:rrcE; oi 5 Ci;(,\) or lcss are oi i;r;;;r:l ,:eiiilit"t"*; cc:ipi:'ir'r: :;:''y ccr:riniy 1r* ;'rp:1icd 
ii iie di;;c;c;:ce

reaclr.:: l0 ca(,\) Di r.:ir-.,rc. r\n cirii-narc c,l ric pl,ii:ir..ri,""',Jrt,.ii,t"l'it out:':'id rvircie the' r;ii;'3 sounc lcvcl

o:cccds the criierion va!t'c by a ccriair a:nount isgivrn in fab!c 4'

TADLE 4 - EstimrtcJ corrltnri;ri:y rct?onsc to no'5e

Ertii-.rtcd con;;ru ni tY rc\Pon ic
A;lr'runt in rlt'(A) LY rlhi:h u\e

trtin3 ..rru::,! l.:\ .l I r c\ccc j;
tl,c noi*^ critcrion

()

(

l0

l5

1n

C:rtr;c rY

.iriorrc

Littlc

IlcCitrnr

StrorS

Very stron3

Dcscription

No obslrv.'d tclition

Sporadlc coni;rliin:s

\','ici:sprtaC conPla:nts

Tirrcats of comntunitY action

Vi;orcus cor.ununi:Y ac"ion

6. STATTIiE\TS IN TtIF. REI'OR

The rcPcit shoirld siaic :

(o) thc neasutcd sound level ln in dB('\);

.:..(i,)tlredutaiionoItlr.:nolseor,forr'rryingleveIs,tl:gs..atisticrldistr;bution;

(c)oPcrciii.SconJitionsofthenoise5l'g1;ean<ls.3etlierconditions(v,.hereappIicrble);

(athetirneofcal,o;rr...niclithcnoiseoccursandlh..n]easu!.)mcl.t!shar'ebecnnradc]

(t) tlie corrcctions rPPiied to L^;

U) thc ratilii sound l*'cl l, i

G) thc mlasurcd back;rou:rd ncisc lrtcl (v"ltcrc rppli;iblc):

(/r) thc nois: ;rilurionrrlu; dg1ir":il for thc lilcr'rnt ti;:lc altd distri;t (ir';"etc apllli;;'blc)'

t I
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Thc retcnta{.;,JcC r;iriLc,J of ii.ii;t::, b::: j ir;t mc3sur:'mints ('f ilie A'wcillrcd sounC l;r'cl'.is !;\i:n in t!:c l:o:li'
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oI r,,ri.i: tatin: crtr\':i. s;::r r.;hi:!i tl'.e r:,c;iI;.:C sir-'trl:!:'l <:l't:ic r,ni'c crn lrL'cotiipali'i, ci'ii b" c;::;lo1 .];"fir;>
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of rvh;ih is th.r Nri':ul'.'cs.
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APPENDI)i Z

. RATiliG lliDcto;r No:s!:

Gcncrrl crit'.:rirr;i vstues fol tlii;:3 t'circ i:lsiCc rcsirjcetirJ p;c;lircs c:n b'c

sl.::ificil i;', clirui:.1 f , b:, tll:t8'co:ie;tiot:s a:iorc!lr3 to lhc dccrc:rsc in

*itl, op.t, ar.ci cio:cJ rvi:'"jows'

Ther: co;rgctio:'.s ar': givcn in l'abl'; 6'

derivcd fron tttosc for outiloor ncrilr'

iound levtl ft<r;n ouidoors to indoo;s

TADLE 6 - Corrr'ilions to thc gcnctll noilc critction for outC'ror nolsc

16 {1'1ivc gcl:crll noirc crilrrion for indoor noisc

\Tiado*s, oPcn

Sin;lc rvir,dows shui

Doutl.' rvindon's sllu" or non'op:iirtrle

rvi;rJ.or'.'s

Corrcction dli(A)

-10

- t5

-20

-.r 

t-#

It'ir:rjorv conJitiont

'.'

Usuall;', tlrc noi:e critrric'n sholl'l nor bc r"t b':lc"r :0 C:r(A)'

NOTE.-Tliccoi;c;tior'\rt:1l:ttcr\ii:i:tioirr'rn'iti"ltri"ystii'il'r'ai:;1r:'3rh'!'\atr,|iiinclrl'Jtionoftllclin'iorvl:ndth'rrounj
.i,i-rii^^,",h",;;;"1'ii;:;.;ii;";;i;;; a|ri;;;;:,i;'nrtJ',rrrd vriucs sr;oi;is bc tnrr'rtcrr'

For noi:r insi.ic non.resiJc;rriir prcrnises, ciiteric :lrc prorrrrsirJ in Trblc ? r':;orilin3 to thc ciiiurr/ri purl'o:'rs oi

thc rolr;is, rs ro;,3 as r:o *i;i..r*oturr.or"ul':'Jt"i:; ij;;iffi;:it;'b; irt ttit*tl,, Srvcn in scct:on'1' corrccicd

accordi;i3 to fable 6'
' ; rvltich originltc outsidc tlte roonr'

{:- These vaiurs rcfer mainly to rooln nolse!

TADl,F. ? ; Ex:mPh:s for ru3;':stcj noirc critcrir for non'rcsidcntill toonu

3

Noisr critcriorl rjli(,\)
Typc of ro,tt;t

Lni gt r oifi ;.', t'rrsi ri; ss st orc' d!'p'1 it'illcnt

stoic. nt;ctirig rrro:;r, quici rcstiitrr'1nt

La;5:r ;.'si';t:r3:lt' $rciclrrill ol :lcc

(rvith tiicrvritcr)

Ll r6tr t1' ;''ing, halls

\\,orkslrops (tcc,.rdi;:3 to ini''irC"'j tr se)

35

45

55

45 to ?5
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Impulsel{oise 4fi SreFG;tr/, U'lt' E'9{+

It is difficult to idantify s ainBl+number limit requisite to protect against adverse effects

from impulse noisr because it is essentiai tr: take into aceount the circumstances of exposure'

the type of inrpirlse, the effectiTe duration, and the number of daity exposues' (3e Annendix

c). 1

Hearing

Revicw of temporary thresirold shift data leads to the conciusion that the impulse

noise limit requidte to prelent rnore than a 5 dB permanent hearing loss at 4000 Hz after l0

years of daily exposure is a peah sound pressue level (sPL) of i45 dB' This level applies in

the case of isolat.r{ svcnts. irrespective nf tnr type, duration, or incidence at the ear' How'

ever, for duration of 25 microseconds or les$, afeat level of 16? dB SPL would produce the

same effect, (see Figure 4)' -' i

l. f)*;atlon Correction: When the duraiion of the imyrulse is l'rss than 25 micro'

seconds, no correction for duration is necessaly. For:ciutations exceeding 25 microseconds'

the level should be reduced in accordance with the "modifierl CFIABA limit" shown in

Frgl.rre 4 and Figure G-l of Appendix G'

' 2. Correction for Number of Impulses:

Number of imPulses

per day: I l0 100 103 104

Correction Tactor:

(More detaile<t infornration is provided in Figue 4')

Furthermors, if tha average inlerval between repeated impulses is between I

and l0 seconds, a third qrrr{rction factor oi'5 dB is applied' Thus' to prevcnt hearing loss

duetoimpulsenoise,their|eniifiecllevelisl45dsspl..orl6?dBpcak$PLfcrimpulses
lessthan25..nicroseconds,foro;leimpulsedaily'Forlongerdurationsolmorefrequer't
exposules' the equivalent levels are as shorvn in Figure 4'

j

t5
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Figure 4. Set of Modified CHABA Limits tol Ually r:lpusure ru lmpulse Noises- 
Having B-Duratiorrs in the Range 25 Microseconds to I Second. (Para'
rneter: number (N) of impulses per daily exposue. Criterion: NIPTS
not to exceed 5 dB at 4kHz in more than l07o of people.)

(Derived from Appendix G)

26



Non'Auditory Effects of Impulsive Sound

|.mpulsesexceedingthebackgroundnoisebymorethanatloutl0dBarepotentially
startling or slecpdis,riuinr. if repeated, impursive noi"' can-be ciisiuri'irrg io some intiividuals

if heard at a\(they may be at revers ueto*-ine iverage noise reveril. However, no threshold

level can be identiheO at ttris time: nor is there *y 
'ttut 

evidence or documentation of any

permanent effect on public health and welfare'

Sonic Booms

Littleornopublicannoyanceisexpectedtoresultfromonesonicboomduring
the daytime below the level of 35.g1 pascals 1b.25 poundsper square foot) as measured on

the ground (see eppendix G). The same low ptoU"tUity of annoyance is expected to occur

for more than one boom per day if the peak ievel of each boom is no greater than:

Peak Level = pascals

WhereNisthenumberofbooms.Thisvalueisinagreementwiththeequalenergyconcept.

35.91

^ffi'

t
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