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EFFECTIVE PERCEIVED NOISE LEVEL VERSUS DISTANCE

,_ CURVESFOR CIVILAIRCRAFT

I. INTRODUCTION

This report provides effesLlve perceived noise level (EPNL) data

for civil aircraft in a form useful for noise exposure forecast

(NEF) calculations. The EPNL noise data are presented in graphi-
cal and tabular for_l; the report also summarises the data sources

and technical analyses used in developing the noise data. The Inoise data will also be furnished to the EPA as a punched card
.J

deck, directly suitable for use in the USAF/EPA/NEF computer

pr°gram!'2* .:

Noise data included for all major current U.S. civil trans-
are

port and business Jet aircraft and for most general aviation air-

craft. Data are also provided for possible retrofit of four-
engine low bypass ratio (LBPR) turbofan aircraft, with acousti-

cally lined nacelles.

The correlation of noise level data with aircraft operations (in

terms of aircraft speed and engine operatini_ parameters) varies

in detail, from specific curves for different engine parameters

and speeds for major civil transport aircraft to generalized noise ."
curves for z'ather br.oad categories of propeller a_rcraft.

_& Sectlen II presents the noise data. Sectiun IIl descr/bes the

I_ sources of noise data, describes analysis methods used to develop
-- the eul.vesand discussessome of the technicalproblems involved :

,., in developing _he noise curves.

•References are listed together at the end of the text.

m
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II. NOISE DATA PRESENTATION

, I

_J The noise exposure forecast (NEV) procedure for calculating the

noise environment in the wlcinity of the airport utilizes the

_] effective perceived no_se level as the basic noise event descrlp-

tion for a moving aircraft. Since this noise information is

_I needed at varying distances from the aircraft, the general inputu_
requirement is for a set of EPNL values tabulated at various

,_ distances (typically from 200 feet to 25,000 feet). The NEF
aircraft model assumes that, for a given civil aircraft, an

effective perceived noise level can be defined from the knowledgeof the type of aircraft, basis engine operating parameters, air

speed and atmospheric propagation conditions. Two sets of EPNL

versus distance curves are used:

a. Air-to-ground propagation.
b. Ground-to-ground propagation.

In the program, algorJthmu are provided for the transition between

air-to-ground and ground-to-ground curves. _ The alr-to-groundpropagation curves assume atmospheric absorption in accordance

with SAE _%hF 8663. The ground-to-ground propagation curves assume

similar atmospheric absorption plus excess ground attenuatlon I.

"_ The noise level versus distance c[_rves [_iven Jn this report
are

developed for utar*dard day condltiomu (59°F and 70% relative

humidity). Curves developed for the_;e ct)ndltlol*s ger]era].ly pno-
vide _.ather conservative estimates of noise levels for the _"ange

... *Briefly, air-to-ground curves are used for elevation angles (at
ground positions) of greater than approxlmate]y "fdeg1'ees.

-- ground-to-ground curves are used for angles of less than approxi-
slately 4 degrees, with infierpo]atinn between curves for Jrlter-
mediate angles. {_o shielding adjustment ef engine nol._e sources

_ for multi-engine aircrai't is prowided irl the current model.

--2--
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of tempez,atures and humldlty often encountered in civil airports

in this country I. The basic NEF computer pregram does permit

.... entry of separate noise level curves for special conditions,

,4._"___ when deemed desirable.

The noise data are presented in [_,raphical and tabular form in

Appendix A. Table A-I provides a guide 1;o the se]ectlon of noise

i_ information for' both genera], aircraft classlf_catlons and specific

aircraft types. EPI_L curves for air-to-ground propaF_ation are

shown in FiF.,ures A-I through A~Ig. For muny aircraft, the ground-

_ to-ground curves are also shown in the [_raphs. Table A-2 includes

_ tabulation of both air and C,reund propa_al, lerl curves.

For' the turbojet and turbofsn dreralt, noise curves are referenced

in terms of an en[_ine operatlnI_ parameter, typically net thrust.*

The specific thrust values to sse for a partlcular takeoff or land-

ing profile, taking into account specific operating procedures,

operatln_ weights, airspeed, flap settings, etc., can be determined
from the calculation procedure and a.[rcraft data provided _n Refer-

ence4.

For most aircraft included in thi_ r.epcr', nolse data are tabulatedfor typical takeoff and approach thrust settings. }{owever, for

the two, three and four-el]_[ne low b_pass rat lo turbofan transport

aircraft, a morn complete set of curves is prtJvlded. For these

aircraft, typical approach and takeoff curves are also indlcated_

to be used when more detailed ]nforma1_ion about specific engine
operating parameters Is not known.

-- In the current NEF computer, programs, one additbonal correction -

_- is applied to the ;Lolse data. The EPNL values are adjusted for

*See Sectlo_l III.C for further d_scu[_:_i_n.

I
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j .

aircraft altitude on the b[Lsis of' an acoustic impedance correction,

Ape:r

PoC o
_ pc

wh_Po :

p = al_, denslty at al_'crai't a],t.[tude

o speed of sound at aircraft altltudu

T = absolute temporulun'e at aircraft ;_ititudc

and subscrlp_ "o" _,efe_,s to sea level stan_lr_r'd day unless specially

'1

71 '

;
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J'; III . TECIINICAL BACKGROUND

_ A. General Approach

l.J For NEF calculation, EPNL values as a function of distance are

" needed over a range of distances varying from the order of 200

_ feet to the order of 25,000 feet, as a general case. Field

noise data for any particula__ aircraft and operating condition

i are typically available only at one, or at most, a few distances.
q'hus_ to generate curves there is a need for both: ;!

:' _ a. Accurate noise level measurements at one or more
distances. ;_

: I_ b. An analytic model for generating EPNL values as

a function of distance.

_P,,_ have heal1measured _ver a rather wide Paste uI'dis-

tances, a model for generating EPNL values as a function of

distance is valuable.

Analytic models o9 varying complexity can be developed for pre-

b._ dieting aircraft noise. The more complex models often require

more complete noise information than is generally available from

._ most reportedfieldmeasurements. The basic approachfor this 'i
study has been to utilize a relatively simple analytic model to

generate sets of EPNL curves from selected sets of noise data. i
Where available, noise data from several different sources have

,I'_ been used, particularly in developing the noise curves for the !
,j _.! major transport aircraft. The resulting noise versus distance

curves have then been compared with noise curves from previous

! studies. As a general case, this procedure will disclose differ-

enees and inconsistencies among sets of noise curves. Engineer-

-_ ing Judgment has been made to select what is bel_eved to be the

i

_- iI
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most representative set of carves. Because the amount of noise

'i ._ data and the number of check points varies considerably with the
J_ type of aircraft, the degree of cross checking and comparison

varies considerably among the different aircraft.

I!
As will be shown later, the EP_JL curves developed with the analy-

._ tic models will often show minor "kinks" In curves or variations

"- in slopes over small distance ranges that result from details of

the particular rlolse spectra used. Sometimes such kinks result
from the use of the current tone correction procedures used in

calculat]ng EPNL's.* A number ef these "kinks" or irregularities

in curves have been removed.

m,
¢_ B. Anal_tical Nolse Model

The model assumed for develop'[ng EPNL valses at the different
distances assumes that the EPNL at any d.lstance .[_;equal to the

maximum 5one-correc_;ed perceived no.[:_elevel, PNLTM, plus a
"duration _'aeto£'"_ D:

EPNL Pi']LTM+ D

If the quantities in the above equation are known at one distance,

Xo_ and the PNLTM can be estimated for ariel;her d_stance, x, the

duration adjustment, AD, is assumed to be simply ]0 times the
logarithm of the ratio of the two distances:

AD i0 log Xo

[_ The woz'king equations can be developed In more complete form with

_, reference to F'Igure 1. !,'orslmplic_ty _t'discussion we assume

-_ *The tone correct.lens flood in calcul.%t_ng the tone corrected per-
ceived noise levels are lhoso given Jn _'AR 36. The improved tone

-- correction procedures, ,_1'SAY. ARP 1071 "_,}lav_ not been omplo;/ed.
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;] level flight noise data has been obtained at position P (see

Figure l) with all data adjusted to standard day conditions and

the desired aircraft altitude and reference air speed.* At P,

: _ the distance of closest approach, Xo, is known. Also, corrected

_. values of the effective perceived noise level, EPNLXo, and the

one-third octavo band spectra at the time of PNLTM, SPLixo, are

'_ known. The angle of radiation f_.om the a_rcraft that produced_t

SPLixo, 0, is also known.**

I

'_ At any distance x, Jt is assumed that the PNLTM at x can be

calculated from the corresponding one-thlrd octave band levels:

a i

SPLIx SPLix° (x-xo) - 20 log x (i)- sing" xo
U

where ai are the one-third octave bang] atmospheric absorption

. : _ coefficients at standard day conditions.

With PNLTM x known, EPNL x is given by:

EPNLx EPNLxo+ PNLTx PNLTxo+ i0 logxoX (2)

This model, then, _'equlres knowledge of the one-third octavo band

spectrum observed at the time of the ma×imum tone per-
corrected

oeived noise level, and the angle of radiation, either known or

i_ assumed. In applying the model to available data, values of O

were often not known, and estimates of _ were then used.

* Reference 6 outlines the calculation steps for correcting level

flight data to reference conditions.

**As discussed in Reference 6, a choice of 0 and accompanying

_-; noise spectra based upon FNLM, rather than PNLTM, will reduce
! the extent of underest_matlon of EPML values at large distances.

For simplicity, this distinction is ignored in the analysis

given above.

! --8--
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'.j
C. Net Thrust

T
In thls report, the EPNL curves for turbojet and turbofan aircraft

_ are identified with a net thrust value (Fn). In many of the

curves published by a_rframe manufacturers, the noise curves are

given in terms of the "referred net thrust", F /6, where 6 Is then

ratio of the atmospheric pressure at aircraft altitude to the sea

level atmospheric pressure. For turbofan aircraft, airframe

manufacturers often reference the noise curves to the "corrected

low pressure rotor speed", NI/_/_, where e is the ratio of the

absolute temperature at the aircraft altitude to the absolute

temperature at sea level.

,_ It is beyond the scope of this report to examine, in any detail,

the reasons for the choice of reference condition. Mast controlled

field noise measurements taken at relatively low altitudes
are

(between 400 and 2,000 feet), where the 6 and 8 adjustments are

relatively small. Thus, it is difficult to show conclusively,
from examination of such field data, the need for the pressure

and temperature adjustments.

The argument for using Fn as the basic engine parameter rests on

the assumption that the sound power output from the engine is most

likely to be proportional be the actual net thrust produced rather

than a (fictitious) thrust corrected back to sea level conditions.

In other words, it is assumed that as the aircraft climbs at a

constant air speed, and net thrust decreases as atmospheric pres-

sure decreases, the noise output will also decrease.

It is recognized that the actual varlat_on of noise output, for

complex engine designs, will not vary simply with any single para-

meter over the entire range of possible operating conditions.

However, net thrust appears to he the most useful slmp].e parameter

for many engines.

i --9--
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D. Sources of Noise Data

'-_ A number of sources of noise data have been used in developing

-q EPNL versus dlstasce curves. The sources of data, with reference

to the general type of measurement condition, can be classified

as (a) controlled tests and (b) airport measurements (uncontrolled).

The use oi' the word 'controlled' Implies control, and/or knowledge
oi' aircraft performance and engine operating parameters. The

j quality of the noise data [n terms of accuracy of the acoustic
measurements often is not significantly diJfelen, between the

controlled o_' airport tests, but aircraft Information is lessdetailed in the latter.

Data from all'port measurements ._srvc well in obtaining typical

shapes of EPNL versus dlstanee curves. IIowever, to peg the EPNL

curve as a function of'known engine parameters, the controlled

tests are of'tellmesh useful. _ Table I provides a brief summary

of the sources of the data for different major aircraft types.

BBN-supplied data includes a:I.rport measu|.ements obtained at air-

: ' _ ports such as Los Angele _, Internat;lona] Alrport, San Jose Municipal

Airport, Orange County Airport and Anchorage, Alaska, among others.

_j The business jet inJ'orslation provided by BBN came largely fromcertification tests conducted in full accordance with FAR 36, plus

other controlled and airport tests. Most propeller aircraft meas-

urements were _'L_rportmeasurements; however, results from some

controlled measurements were also utilized.

The data from the aircraft manufacturers includes noise spectra

information furnished informally by Boeing and Douglas. The data
also includes noise curves and spectral information contained in

-_-[

*Even here, the airport data serves as a check upon controlled
[ tests where data may not have been obtained during realistic

aircraft operating conditions.

J

-10-
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-- TABLEI

SUMMARY OF AIRCRAFT NOISE DATA SOURCES

A1rf'rame

Aircraft Type BBN Manu_'acturer Other

-- 4-Engine LBPR (707, DC-8) Airport Controlled Controlled
Transport

_ 4-EngineLBPR (707,De-8) - Controlled --
TransporZ
Ret_'ofit

2, 3-EngineLBPR Airport _ortrolled Controlled
Transport (?37, PC-9,
721)

4-Engine H_PR (7117) Alrprn.t Controlled --

3-Englne HBPR (DC-10) Airport Contro]]ed --

BusinessJet;Aircraft Contz'o]]ed_ ....
Airport

PropellerAircraft Airport, -- Controlled
Controlled _

iControlled includes noise certification tosts (FAR 36) as well asother Formal aircraft flight test measurements.

q
J

-il-
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,I

a number of draft reports prepared for the FAA 7-12. and data

reported to NASA _3. Other sources of information include tests

_-_ conducted for'the FAA_-17

_J Some comparisons of noise curves derived from different sources

will be given in the next section• In general, there are Incon-

sistencies in the noise data and there is lack of agreement in

noise curves reported by different airframe manufacturers for i

aircraft utilizing the same engines. Even for aircraft which !

have been in service for u number of year's (civil turbofan titans- 4]

ports powered with JT-3D and JT-SD engines for, example) there is }i

considerable disagreement and current controversy about noise !

output•

" Where a choice had to be made between d:[fferdng and conflicting

i__ data sources, or' curves, we have selected curves that predict

higher levels rather than lower levels. Generally where there

was large disagreement in data so_rces, we have been able to cross

check curves by reference to dat,a frum other sources or from other'

[_ aircraft having engines of near]y similar characteristics •

With regard to the general slope of the EPNL versus distance' curves, there is good consistency in curves for:

• turbojet aircraft (high thrust only)
• high bypass ratio turbofan a]x'craft

• piston-powered propeller alter,aft

There are more inconsistencies in EPNL curves ai,io,_gengines and i

power settings for,:

['_ • turbojet alrcraft (intermediate and low thrust)

!

f_ *In some cases, the draft report noise data may differ from that
appearinginthefinalreports. _

I-? i

_ -12-
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' low bypass ratio turbofan aircraft

'._ , turboprop aircraft

I._ E. Comparisons .of Noise Curves

In this section, some EPNL versus distance curves from different

h; sources and for, different assumptions will be compared.

6. The EPNL versus distance curves are somewhat sensitive to the

choice of the radiation angle in the analytic model used.

__ Figure 2 illustrates this sensitivity by showing curves developed
from takeoff and approach spectra _ for two assumptions as to the

PNLTM radiation angles for each spectra. It can be seen thatthe curves are net extremely sensitive to choise of the angle

of radiation. Obviously, as angles are either made larger or

smaller than 90° , the slope of the curves as a function of dis-

tance gradually will increase.

To illustrate the effect of differences in spectrum shape,

Figures 3 and 4 compare EPNL curves for typical approach and
takeoff conditions for four-engine LBPR aircraft (707 and DC-8'S).

The noise spectra used in generating the curves are presented

in Figures 5 and 6.

Of most inte_,est in Figures 3 and 4 are the curve shapes rather

than the absolute levels. Note that the approach curves, i_l

partlculaL _, show sizeable differenc,es In shape In the distance

" range between approximately 2,000 feet and i0,000 feet.

F. Compari, s,on of EPNL Curves from I)il'foront Sources

-- The EPNL curves presented in thls report differ in varying degrees

from curves developed previous].y. F];,_ures 7, 8, 9 and 10 compare

_ the curves developed in th:ts _tudy for tw_J, th_,ee and four-engine

. -13-
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FIGURE 4. COMPARISON Of EPNL VS DISTANCE CURVES BASED ON NOISE SPECTRA
FROM DIFFERENT SOURCES - DC-8 AND 707 APPROACHS
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"' LBPB aircraft with curves reported from several other sources.

Figures 7 and 8 compare tlle noise curves for four-englne LBPR

aircraft (70?'and DC-8 series aircraft) with those developed

earlier under FAA sponsorship and widely used in NEF eomputa-

[.I tlo_s. _'_ Also shown are curves reported by Douglas and Boeing

in draft reports to the }_AA.?-s*

With _.eference to the VAA curves, the takeoff curve of Figure

7 shows slightly higher noise levels in the range from about

1,000 feet to 6,000 feet with slightly lower levels at either

smaller or greatez' distances. The increased slope of the EPNL

curve at large distances results from consideration of air absorp-

tion at lower, frequencies (500 |[z and lower.) which was generally

neglected in the earlier FAA curve development.

, Comparison of the approach curve with the earlier FAA curve

(Figure 8) show that the current curves lie above the FAA curve

_._ over the entire slant distance range, except at very large slant

'_ distances. The differences amount to several dB in the frequency

range from approximately 2,000 to 8,000 feet.

Comparison of the curves for two and three-engine aircraft,

'_!_ shown in Figures 9 and i0, show that the current curve for take-

off generally exceeds the FAA curve .for distances between about

_ _00 feet to 20,000 feet. Difgerences in excess of 2 dB occur

in the range from about 1200 feet to 10,000 feet.

The differences between the current and FAA curves for approach

i! noise for the two and three-engine LBPR aircraft (Figure i0) a_e

;j most significant in the range from about 2,000 to 8,000 feet

u5 *Note that these curves are identified with a particular draft
report and may differ from those in the final version of the

: reports.

i -23-
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where the newer curves are typically of the order of 2 to 3 dB

-_ higher than the FAA curves.

._J

_ In general, the current curves agree well with the Boeing and

Douglas curves (with the exception of the Boeing curve for 737

takeoff noise) for distances of about 2,000 feet or less. At

larger distances, differences tend to increase._J

0. DC-8 and 707 Aircraft Retrofit..with Acousticall F Lined
Nacelles

Figure A-2 in the Appendix presents sets of RPNL curves for

D0-8 and 707 turbofan aircraft retrofit with acoustically-lined

nacelles (sound absorption material [SAM] retrofit) These

curves are based upon measurements on a 707 reported by Boeing

in Reference 12. The acoustic performance of'similar, retrofits

_'_ fez,DC-8 series aircraft may differ due to differences in nacelle

._ design.

Figure ii compares the curves for retrofit and non-retrofit air-

_ craft for takeoff thrust and a representative approach thrust.

At takeoff, the retrofit is moderately effective (producing reduc-

tion of 2 dB or more) only at distances of less than about 1,500

feet. Sizeable reduction in approach noise (5 dB or more) occurs

_' at distances less than about 6,000 feet.

*Again, the curves given in final drafts of References 7 to 12
may differ from those shown in this report, thus larger differ-
ences may exist between the curves developed in this report and

._ those glven in final versions of these references.

-24-
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APPENDIX A

-- TABULATION AND GRAPHS OF EPNL VERSUS DISTANCE

-- DATAFOR CIVILAIRC[{AFT

This Appendix contains EPNL versus distance data for civil aircraft

in both tabular and graphical formats. The noise data are presented

--_ in Figures A-I tbrough A-19, and in Table A-II. Table A-I is a
guide to the selection of the appropriate graph or section of Table

A-II. Aircraft are identified by general classification and by
specific model where appropriate.

Engine thrust settings for jet aircraft are identified either in

terms of net thrust (Fn) per _ngine, or, in the case of high bypass

ratio (HBPR) turbofan transport aircraft, in terms of the engine

low p_'_suure r'otor speed (NI).

For most aircraft, two sets of data are provided: one set for typi-

cal takeoffs, and the other for typical approaches. For the larger
civil transport aircraft, additional sets of noise data at inter-

mediate engine thrusts are provided.

The EPNL values are stated for a reference airspeed Vo. For another

airspeed, V, the EPNL values should be adjusted, by the addition of

AV, where:

o (dB)AV = i0 lee _-

C

A-I



L _ TABLEA-I

TO AIRCRAFT EPXJL VERSUS DIHTMICP: CHHVES
Ir_DEX

CUpVe _0 I'(pJ' tO

1 deneral _Ipel'aPg Type Sp_+elrl_ Al_.c:.aft Type AIPzr_:ft Engine T_pe Fl+;_ures T;d_h,

i_ 1+-Englne LBPR +.Ptil,bOl'_nTranspol'_ Boeing 707 SepIes JT3D SePll!s /%-1 A-II-!

Douglas D0-B Sel'le_ JT3D Seri.n

11-EIIgl;_eLBPH TurboJ'an Tl.ansport Boelng ?07 _et'les JT3D _ol'i(+_ _I-2 A-TI-2

wl_h lle_l'oflt :lacell_ll Dougla_ D_-8 Sel'les JT3D lli!pie_

• 3-Engln_ LBI']_T_Pbofall TP&/ZS_OPt Boelng 727 Seples JTSD Sez.leg A-3 A-Ill3

,_' _, 2-Englne LBP2 TaPbofan T:'an_poPt Boelng 737 JTgD Seple_ A-3 ;%-II-ll

'll,;i pouglan DC-9 JTS[+ l;eele_i

l+-Englne IIBP_ TPan'apoz'_ _oelng ?I+_-i00,% JTgD-3A A-I+ _'_-II-5

Boelng 7;17-I00D. -_00g JTgD-3A.-7
3-_rlglne IIBPB Tr_n_po_'t pouglas 11C-10-I0,-30 CF6-6D a-5 _-Ir-_

rlouglaa DC-I 0-II0 JTgD-20 A-u

_: Bu'alne_s Je_s Ceg'ana Cltt_ion (_) JTISD-I Tu*'bofan_ h-7 h-II-_

Coi_zadoi,,_Je_ (2) CJ610-5 Tu:+boJe_ _-g

,_ Jeg (_) ¢F700-2 Turtlol'_m:l A-9
Da_ault F_n

'. _ I"al¢on 20
Gatea Le_."Je_ 2;_/25 (21 c.I+_10-6 TurboJeg_ _-!0 A-TI-,_

2.: _1,ulNnan Gull'lltPeam II (2) Spuy 511-8 Tuz*buJet_ A-l]

Lockhued Jet:star i (ll) I'T 12A-6A Tul.boJet_ A-12 A-II-9i _l_y_h American Sabru 6_ (2) P'r ]2A-If TIJpbOJe_S A-l?

IloPth Ame:'Icen Sabpe 80 (2) C.T700-211-2 Tul.hofans A-]I+

p

+.

_l-EngIIte TuPboppop T_nspcI'_ Lockheed EleCtp_, Lock- Allison T56 _:ePlo. A-15 A-II-]O
heed Hel'_ules (C-13O)

2-Engine Tu_'bop_'op Tvan_por_ P_l:+chlld F-27, II_-?_8 Roll'_ Royce Da:,t Sel, le_l A-16 A-I$-I_
; _ I _ _Ol[aVlll+_I3d DHC-6 Twln ]'T(__+PP!e_ A-17

llC I;ep

_l-g:lglne Pl_on Tl'_Ii_pOl'_ _--_i DC-7_ Corlz_elli*- A-18 A-II-II_; , tion

2-gnglne }Iston Tz,a_s_oP_ COIIVU[:' 3110. I+_0_ DC-3 A-I_ g,-/I-ll

I_ (>12_500 l_ _laX. EPO.gS W_Igllt)

2.Englne Pl'aton AII'_p_f_ Cu'_na 310_ Cessna 337, ,%-19 t,-II-12
(<12,500 iba max, EpOSS welglIt) Piper' Azcec_ Beech

_u_en Air
l-g_glne Platon AIPep_f_ Ce._na lg_ <]80 horsepower A-19 _-_1-12

Pipe:' Chel,o_ee

• ; _Im,_ 8eooh Bonanza

r_

, r

- I
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TABLE A-II-I

TABULATIOU OF EPNL VALUES FOR DIFFERENT AIRCRAFT

Alrcraf$: Four Engine LBPR Turbofan Transport Aircraft - 707 & DC-8
with JT3D Serles Englnes

(No_e: Subtract 2 dB for DC-8-63 Alrcraft)

Gpera_lon: Approach Takeoff
Airspeed: 160 Kt 160 K_ 160 Et 160 Et 160 Kt 160 Kt
Power: _n _ 8000 Ibs Fn - 6000 ibs Fn o 8000 lbs Fn = i0000 Ibs Fn - 12000 lbs Fn - 15000 Ibs

EPNL I dB EPIILI dB EPtlLI dB EPI_LI dB EPNL I dB EPNL I dB

Ground O_,o_ind G_.ound Ground Sroun_ Ground
Distance, Ai_ to to Air to to Aiz, to to A_" _o to Air to to Air to to

ft. O_ound Ground Ground Ground Ground Ground Ground Ground Ground Uro_n_ Ground G_ound

200 120.0 120.0 122.5 122.5 124.5 124.5 126.0 106,0 107.0 127.0 127.5 127.5

280 118,5 118.8 101.0 121.0 120.9 122.9 124.4 12_.4 109.4 125.4 125,9 125.9
318 116.9 i16.9 119.J_ 119.4 121.2 121.2 122.7 122.7 123.7 123.7 124.2 124.2

400 115.0 119.0 i17.5 117.5 119.5 119.8 121.0 121.0 122.0 120.0 122.5 122.5

500 i12.9 112.9 115.4 115.4 117.7 117.7 119.2 119.2 120.2 120.2 120.7 120.7

630 ii0.7 110.7 113.0 113.2 115.7 i]8.7 117.3 117.3 118.8 118.4 118.9 118.9

800 108,4 108.3 110.9 110.8 113.4 113.3 115.2 115.1 116.5 116.4 117.0 116.9

1,000 106.0 105.8 108.5 108,3 iii.0 110.8 113.0 112.8 114.5 114,3 115.0 114.7

1,250 103.6 103.3 106.1 108.8 108,9 108,6 110.8 110,5 112.3 i10.0 113.0 112.5

1,600 i01.I 100,7 103.6 103.2 106.2 105,8 I08.5 108.1 Ii0.0 109.6 110.8 ii0.I

2,000 98.5 97.9 I01.0 i00._ 103.5 102,9 106.0 105.4 107.5 106.9 108.5 107.5

971lOO.99981o2.9lO2.OlO06lO3.7lO6.O10,.42,500 95.5 98,6 &_
3,150 90.0 90.7 93.2 97.0 95.7 99.3 98.0 101.4 I00.I 103.3 100.7

_,000 88.0 86,0 90.5 _t:_88.5 93.0 91.0 95.5 93.5 98.0 96.0 100.8 96.9

5,000 8_,0 81.2 86.5 83.7 89.0 86.2 91.5 88,7 94.4 91.6 97.7 92.5

6,300 80.2 79,2 82.7 78.7 85.2 81.0 87,5 83.8 90.5 86.9 94.8 88.3

8,000 76,5 71.0 79.0 73.5 81.5 76,0 83.9 78,4 86.9 81.4 91.9 83.6

i0,000 73.0 65.8 75.5 68.3 78.0 70.8 80,5 73.3 83.5 76.3 89.0 79,2

12,500 69.8 60.0 72.0 6_,5 74.5 65,0 77.3 67,8 80.3 70,8 86.1 74.6

16,000 66.0 54.8 68.5 96,8 71.0 99,3 7_I.0 62.3 77.0 65.3 83.0 69.0

20,000 60,5 48.0 65,0 90.5 67.5 53.0 70,6 56.1 73.6 59.1 79.6 63.4

25,000 58,9 40.9 61,4 43,4 63.9 45.9 67.0 _9.0 70.0 52.0 76.0 57.5



TABLE A-II-2

TABULATIOII OF EPNL VALUES FOIl DIFFERErIT AIIICRAFT

Aircraft: Four Engine LBPR Turbofan Transport Aircraft - 707 & DC-8
wit;h JT3D Series Engines with Het_,oflt Lined Nacelles

Operation: Approach Takeoff
Airspeed: 160 Kt 160 Kt 160 KB 160KB 160 Kt 160 Kt
Power: Fn = 4000 lbs Fn : 6000 lhs Fn -- 8000 ibs Fn = 10090 ibs Fn : 12000 ibs Fn : 15800 ibs

EPNL_ dB EPNL_ dB EP[]LI dB EPUL_ dB EPI]L;dB EPHLt dB

Gz'o_nd O:'ound Ol,ou_d gl_ound ground O_'ound

DisDance, Air to $o Air to to Air co to Air to to AI_'to _o Air to to
ft. Ground Ground 0_ound (;round 0POUtld ¢_!.otlnd 0rou_id Ground O!'otlnd ground ground Ground

200 108.5 i04.5 108.0 i08.0 111.5 111.5 llI1.5 iiii.5 117.5 117.5 120.5 120.5

250 i03.3 103.3 106.8 106.8 110.3 110.3 i13.3 113.3 116.3 116.3 119.8 i19._

315 101.9 101.9 105.5 105.5 109.0 109.0 i12.0 110.0 115.0 115.0 118.2 118.2

/400 100.5 100.5 104.0 104.0 107.5 107.8 110.5 110.5 113.5 113.5 I17.0 117.0

500 99.1 99.1 102.3 102.3 105.7 105.7 108.8 108.8 111.8 iii.8 115.8 i15.8

630 97.6 97.5 100.6 100.5 103.8 103.7 107.1 107.0 Ii0.i I10.0 ll1_.6 118.5

800 96.1 95.9 98.8 98.6 101.9 i01.7 105.3 105.1 108.3 108.1 113.3 113.1

i_000 94.8 94.4 97.0 96.6 i00.0 99.6 103.5 103.1 106.5 106.1 i12.0 111.6

1.250 92.6 91.9 95.1 911._ 98.0 97.3 101.6 100.9 i0_I.7 109.0 110.6 109.9

1,600 90.7 89.6 93.2 92.1 96.0 94.9 99.7 98.6 100.9 101.8 109.0 107.9

2,000 88.5 86.8 91.0 89.3 94.0 92.3 97.5 95.8 101.0 99.3 107.0 105.3

2,500 86.1 83.4 88.6 85.9 91.6 88.9 95.2 92.5 98.8 96.1 I0_1.8 102.1

3,150 83.3 75.5 85.8 82.0 88.8 85.0 92.7 88.9 96.5 92.7 i02.5 98.7

4,000 80.5 75.5 83.0 78.0 86.0 81.0 90.0 85.0 94.0 89.8 i00.0 95.0

5.000 77.6 71.4 80.1 73.9 83.1 76.9 87.1 80.9 91.1 84.9 97.4 91.2

6,300 74.6 67.1 77.1 69.6 80.1 72.6 83.9 76.8 87.9 80.8 98.7 87._

8,000 71.6 62.8 74.1 65.3 77.1 68.3 80.7 71.9 8_.7 75.9 91.9 83.1

1O.OOO 68.5 58.J_ 71.0 60.9 74.0 63.9 77.5 67.8 81.5 71.8 89.0 78.9

12,500 65.1 53.6 67.6 56.1 70.6 59.1 7_.3 62.8 78.3 86.8 86.1 74.6

16.000 81.5 48.5 64.0 51.0 67.0 58.0 71.0 58.0 75.0 62.0 83.8 70.0

20,000 57.9 83.1 60.4 45.2 63.4 88.6 67.6 52.8 71.6 56.8 79.6 64.8

25,000 54.3 36.8 56.8 39.3 59.8 _2.3 64.0 46.5 68.0 5O.5 76.0 58.5



TABLE A-II-3

TABULATION OF EP_IL VALUES FOR DIFFERENT AIRCRAFT

A_rcraft; Three Engine LBPR Turbofan Aircr,aft- 727
with JTSD Seyies Engines

Operation: Appl'_ach Takeoff
Airspeed: 160 Kt 160 Kt 160 Kt I60 K0 160 Kt
Power: Fn = 4000 ibs Fn = 6000 Ib_ Fn = 8000 ibs Fn _ 10000 ibs Fn - 12000 ibs

EPNL_ dB EPNL_ dB EPNL_ dB EPNL_ dB EPNL v dB
ground ground Oround g_ound Ground

Distance, Air to to AI_ to to AI_ _o to Ai_ to to Air to to
ft. 0round ground G_ound Ground Ground Oround Ground g_ound Ground Ground

200 112.0 112.0 114.5 iI_.8 116.5 116.5 118.5 118.5 121.0 121.0

25O 110.7 i10.7 113.2 113._ 115.2 115.2 117.3 117.3 119.8 119.8

315 109.2 109.2 111.7 111.7 113.7 113.7 115.9 115.9 118.4 118.4

400 lO7.5 107.5 iio.0 ii0.0 112.o 112.0 114.5 114.5 117.o 117.0

500 105.3 105.3 107.8 107.8 109.8 109.8 112.7 112.7 115.6 115.6

630 102.7 102.6 105.2 lO5.1 107.6 lO7.5 110.8 11o.7 114.1 114.o

800 100.I 99.9 lO2.6 io2._ 105.3 lO5.1 lO8.9 108.7 112.6 110.4

1,000 97.5 97.1 100.0 99.6 103.0 100.6 lO7.0 106.6 iii.0 110.6

1,250 94.8 94.4 97.4 96.8 10o,7 i00.I lO5.O 104.4 109.4 108.8

1,6oo 92.0 91.1 94.7 93.8 98.4 97.5 lO3.0 lO2.1 lO7.7 106.8

2,000 89.0 87.8 92.0 90.8 86.0 94.8 lol.0 99.8 lO6.0 104.8

2,500 85.9 83.8 89.2 87.1 93.4 91.3 98.9 96.8 104.0 101.9

3,150 82.7 79.8 86.4 83.5 100.7 87.8 96.8 93.9 lOl.8 98.9

4,000 79.5 75,0 83.8 79.0 88.0 83.6 94.8 80.0 99.5 95.o

5,000 76.2 70.5 80.5 78.8 85.3 79.6 92.2 86.5 97.2 91.5

6,300 72.8 65.7 77.4 70.3 82.6 75.5 89.9 82.8 91&.9 87.8

8,000 69.4 60.9 74.2 65.7 79,8 71.3 87.5 79.0 92.5 84.0

I0,000 66.0 56.2 71.0 61.2 77.0 67.2 87.5 75.2 90.0 80.2

12,500 62.5 51,4 67.8 56.7 74.2 63.1 82.2 71.1 87.2 76.1

16,000 59.0 46,2 64.5 51.7 71.0 58.2 79.0 66.2 84.0 71,2

20,000 55.2 40.5 60.9 46.2 67.6 52.9 75.6 60.9 80.6 65.9

25,000 51.3 33,4 57.1 39.2 64.0 46.1 72.0 54.1 77.0 59.1



TABLE A-II-II

TABULATIO}I OF EPTJL VALUES FO]{ DIFFEREIIT AIRCRAFT

Aircraft: Two Engine L}IPR Tu_.bofan All.craft - 737 & DC-9

with JTSD SeI'les Engines

Opel.arden: Ap[_roach Takeoff

Airspeed: 160 Kt 160 Kt 160 Kt 160 Kt 160 Kt
Power: FZl = 4000 ibs Fn = 6000 Ibs Fn = B000 Ibs Fn = 10000 ]bs Fn = 12000 Ibs

EP_IL1 dB EPI]LI dB EPI]L_dB --EP_!L_ dB EPIJLT dB

Oz'ound GrQund 0_,ound Ground Gl_ound

Distance, AdD to to AIz_ to to _iI- to to Air _o to Alp to to

ft. O:.ound Ground Gz,ound Ground 0round O_ound fl'ound Ground Ground Ground

200 110.0 110.0 112.5 112.5 114.5 1]II.5 116.5 116.5 119.0 119.0

250 108.7 108.7 111.2 ill.2 113.2 i13.2 115.3 115.3 117.8 I17.8

315 10%2 107.2 109.7 109.7 111.7 111.7 113.9 113.9 I16.11 116. II

_00 105.5 105.5 108.0 108.0 i10.0 110.0 112.5 112.5 119.0 115.0

500 103.3 103.3 105.8 105.8 107.8 107.8 110.7 II0.7 113.6 113.6

630 100.7 100.6 103.2 103.1 105.6 105.5 108.8 108.7 112.1 I12.0

600 98.1 97.9 100.6 100._I 103.3 103.1 106.9 106.7 110.6 ll0.1_

i_000 95.5 95.1 4__ 98.0 97.6 101.0 100.6 105.0 104.6 109.0 108.6

1.250 95.,, 98.798.1lO3.OlO2.,,107.,,lO8.01,600 I_OD 89.1 92.7 91.8 96. II 95.9 101.0 100.1 109.7 ]011.B

2.000 87.0 85.5 90.0 88.8 94.0 92.8 99.0 97.8 104.0 000.8

2,500 83.9 81.8 87.2 85.1 91.1_ 89.3 96.9 94.B 102.0 99.9

3.150 80.7 77.8 811.4 81.5 88.7 85.8 9_1.8 91.9 99.8 96.9

4.000 77.5 73.0 81.5 77.0 86.0 81.5 92.5 88.0 97.5 93.0

5,000 74.2 68.5 78.5 72.8 83.3 77.6 90.2 84.5 95.2 89.5

6,300 70.8 63.7 75.4 68.3 80.6 73.5 87.9 80.8 92.9 85.8

8.000 67.II 58.9 72.2 63.7 77.8 69.3 85.5 77.0 90.5 82.0

10,000 6!1.0 5_.2 69.0 59.2 75.0 69.2 83.0 73.2 88.0 78.2

12,500 60.5 I19._I 65.8 54.7 72.2 61.1 80.2 69.1 85.2 7_i.i

16.000 57.0 _H_.2 62.5 z_9.7 69.0 56.2 77.0 611.2 82.0 69.2

20,000 53.2 38.5 58.9 44.2 65.6 50.9 73.6 58.9 78.6 63.9

25,000 _19.3 31.J_ 55.1 37.2 62.0 IH_.I 70.0 52.1 75.0 57.1

. • _,;:_ • %, ; _ : , :.,,_ . , ....
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TABLE A-II-5

TABULATION OF EPBL VALUL'S FOR DIFFERENT AIRCRAFT

Four Engine 8BPR Turbofan Transport Aircraft

Aircraft: Boeing 7117-10OA Boeing 747-100A Boeing 747-I00D Boeing 747-I00D
Blow-ln-Door Blow-in-Door Fixed Lip Fixed Lip
Nacelles Nacelles Nacelles Nacelles

JT�D Engines JT�D Engines JT9D Engines JT9D Engines
Operation: Takeoff Approach Takeoff Approach
Airspeed: 160 Kb 160 Kt _-%,! 160 Kt 160 Kt

Power: NI - 3300 NI = 2400_/_,- NI = 3350 N1 = 2400 _

EPNL_dB EPBLp dB EPIILI dB SPIILI dB

Ground O:'ound Ground Ground
Distance, Air to to Air to to Air 0o to Air to to

ft • Ground. Ground Ground Ground O_'ound Gl,ound Sround firouDd

200 123.5 183.5 i17.5 i17.5 118.0 118.0 110.5 110.5

250 122.5 122.5 116.4 116.4 i17.0 117.0 109.4 109.4

315 121.3 121.3 115.1 115.1 115.8 115.8 108.1 108.1

408 120.0 120.0 113.5 I13.5 114.5 llll.5 106.5 lO6.5

500 118.5 118.5 iii.7 iii.? 113.0 113.0 104.7 104.?

630 116.9 116.8 109.9 109.9 111.4 11]..3 102.8 102.9

800 115.0 I15.o i08.0 107.9 109.7 109.8 101.0 lO0.9

1,000 119.5 113.1 106.0 105.7 108.o lO?.6 99.0 88.7

1.250 111.8 111.2 103.9 103.4 I06.2 lO5.6 96.9 86.4

1,600 109.8 108.9 I01.7 100.9 104.4 lO3.5 94.8 94.0

2,000 i07.0 105.8 99.5 98.4 I02.5 ioi.0 92.5 91.1;

0,500 104.3 101.9 97.0 95.9 100.6 98.2 90.1 88.5

3.150 101.5 97.7 93.7 90.6 98.6 94.8 87.6 84.5

4,000 98.0 93.8 90.6 85.9 96.5 92.3 84.5 79.9

5.000 95.5 89.9 86.9 80.8 911.3 88.7 81.9 75.8

6.300 92.4 85.4 83.3 75.7 81.9 84.9 79.2 71.6

8,000 89.8 81.1 79.7 70.6 89.5 81.1 76.4 67.3

I0,000 67.0 76.2 76.0 65.4 87.0 76.2 74.0 63.4

12,500 84.3 72.3 72.5 61.3 84.3 72.3 70.9 59.7

16,000 81.5 6?.9 69.0 55.9 81.5 67.9 67.5 54.4

20.000 ?8.5 63.0 65.6 50.3 78.9 62.8 64.1 48.8

25,000 711.5 56.3 62.0 41.6 74.5 56.3 60.5 40.1
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TABLE A-II-6

TABULATIOG OF EPHL VALUES I"GH DIFFI']HEI;T AIRCHAI_T

Thz,ee Engine HBPR Tu_'bofan Transport A_rcraft

Aircraft: DC-IG-10 D0-I0-10 DC-IG-10 DC-10-J_0 DC-10-80

CF6 Series CF6 Series OF6 Ee_.les JTGD Series JTGD Series

Engines Englne_ Engines Englnes Englnes

C50 ° Flaps) (2fi° Flaps)
Operation: Takeoff Approach Approach Takeoff Approach
Airspeed: 160Kt 16G Kt 160 Kt 160 Kt 160 Kt

Power: N 1 : 31¢20 N 1 - 2600 II1 : 2300 III = 3350 gI = 21_00

EP_ILI dB EPHL_ dB EPIILI dB EP;IL_dB EP;JLt dB

Ground Ground Ground Ground Grc,und
Distance, Air to to Air to to Air to to Air to to Air to to

ft. Ground Ground Ground Ground G_,out_d G_,ound Ground Ground Ground Ground

200 112.0 112.0 109.5 109.5 106.0 106.0 113.0 113.0 108.9 108.5

250 111.0 iii.0 108.4 108.9 104.7 108.? i12.0 112.0 107.4 107.4

315 109.8 109.8 107.1 i07.i 103.2 103.2 i10.8 Ii0.8 106.1 i06.1

900 108.5 108.5 105.5 105.5 101.5 101.5 109.5 109.5 i0_I.5 104.5

500 107.0 107.0 103.7 103.7 99.7 99.7 108.0 108.0 102.7 102.7

630 105.9 105.3 1Ol.9 101.9 97.9 97.9 106.8 106.3 100.9 100.9

_O0 103.7 103.5 100.0 99.9 96.0 95.9 i0/4.7 i0_1.5 99.0 98.9

1,000 102.0 101.6 98.0 97.7 94.0 93-7 103.0 102.6 97.0 96.7

1,250 100.2 99.6 95.9 95.11 91.9 91._ 101.2 100.6 9_.9 94.11

1,600 98.4 97.5 93.8 93.0 89.8 89.0 99._I 98.5 92.8 90.0

2.000 96.5 95.0 91.5 90._I 87.5 86.4 97.5 96.0 90.5 B9.9

2.800 911.6 92.2 89.1 87.5 85.0 83._ 95.6 93.2 88.1 86.5

3,!50 92.6 88.8 86.6 83.5 82.3 79.2 93.6 89.8 85.6 82.5

4,000 90.5 86,3 84,0 79.11 79.5 7JI.9 91.5 87.3 83,0 78.4

9,000 88.3 82.7 81,4 75.3 76.7 70.6 89,3 83.7 80.11 71_.3

6.300 85.9 78.9 78.7 71.1 73.8 66.2 86.9 79.9 77,7 70.i

8,000 83.5 75.1 75.9 66.8 70.9 61.8 811.5 76.1 7_.9 65.8

10.000 81.0 70.2 73.0 62.4 68.0 57._i 82.0 71.2 72.0 61.4

12,500 78.3 76.3 69.9 58.7 64.6 53._ 79.3 6?.3 68.9 57.7

16,000 75.5 61.9 66.5 53.4 61.0 I17.9 76.5 62.9 65.5 92.4

20,000 72.3 56.8 63.1 47.8 57.!_ 42.1 73.3 57.8 62.1 _$6.8

25.000 68.5 53.3 59.5 39.1 53.8 33.4 69.5 51.3 58.5 38.]



TABLE A-11-7

TABULATIOII OF I'-'P[IL VALUI<S FOIl DIFFE]tEIIT AIRCRAFT

Business Jet Aircraft

Alrc_aft: Cessna Cessn_ Colnmodol.e Jet Commodore Jet D_ssault Fa_ Jet Dass_ult F,_n Jet

Cita01on Cltatlon Commander i121 Comlnander 1121 Falcon. Two Falcon. Two
Two JTISOD-I Two JTI50D-I Two 0J610-9 Two 0J610-5 0J700-2B CJ700-2B

Turbofan Eng. Turbofan Eng. Turbojet Eng. Turbojet Eng. Turbofan Eng. Turbofan Eng.

Operatlon: Takeoff Approach Takeoff A_proach Takeoff ApproachAirspeed: 115 Kt i19 _;t 145 Kt i10 Kt 140 Kt 140 K_

Power: Fn = 1950 ibs. Fn _ 510 ibs Fn = 2470 ibs. FN = 1170 ib._.

EPNL_ dB EPIILI dB EPIILt dB EP_L_ dB EPNLI dB EP_IL,dB

G_ound Oround Ground Gl.oui_d 01.oul_d O_.ound
Dlstance, All• to to A_-r to "Go Alr _o to Air to to All" to to Air _o to

ft. Oi_ound Ol.ou_d Ground _rou_d Ground around Ol.oL_d Oruund GPound G_ound 01'Gund Groun_

200 101.0 i01.0 91.2 51.2 123.3 123.5 110.5 110.5 111.9 iiI._ 108.0 108.0

250 99.7 99.7 89.9 89.9 121.9 121.9 109.3 109.3 109.7 109.7 106.6 106.6

319 98.4 98._ 88.5 88.5 120.9 120.9 108.1 108.1 i07.8 107.8 i05.1 i05.1

400 97.0 97.0 87.1 87.1 118.9 118.9 106.7 106.7 106.0 106.0 103.6 103.6

500 95.6 99.9 85.6 85.5 117.3 I17.3 105.3 105.3 104.3 104.3 101.9 101.9

630 93.9 93.8 83.9 83.8 115.6 115.6 103.8 103.7 102.5 i02.9 100.i i00.0

800 92.4 92.2 82.2 82.0 113.8 113.7 102.3 182.0 100.4 ]00.2 98.0 57.9

1,000 90.8 90.4 80.3 80.0 111.8 iii.6 100.6 100.3 98.3 98.0 95.7 55.9

1,290 89.1 88.5 78.J_ 78.0 109.6 109.2 98.9 98.4 96.1 95.5 93.2 92.9

1,600 87.4 86.4 76.7 76.0 107.2 106.7 97.0 96.3 93.7 92.9 90.4 89.8

2,000 85.5 84.2 74.8 73.9 1011.7 103.9 95.0 94.0 91.1 89.9 87.2 86.4

2,500 83.6 81.6 72.8 70.9 102.tl i01.0 92.7 91.3 88.9 87.1 83.7 82.4

3,150 81.5 78.3 70.7 67.4 i00.0 98.0 90.3 88.3 86.4 83.9 80.2 77.8

4,000 79.3 74.7 68.6 63.4 98.6 94.3 87.6 84.8 83.9 79.9 76.9 73.3

5,000 77.0 70.6 69.9 58.5 95.0 90.2 85.0 80.6 81.2 75.5 73.8 68.7

6,300 74.9 66.2 63.1 52.8 92.3 85.7 82.3 76.5 78.6 70.8 70.5 63.7

8,000 71.6 62.7 60.1 97.9 89.3 8].9 79.5 73.1 75.8 66.9 67.6 59.5

!0,000 68.6 58.9 56.7 113.2 86.1 77.7 76.5 69.2 72.7 62.7 64.6 54.7

12,800 65.3 63.3 52.8 36.8 82.5 73.2 73.2 64.6 69.5 58.0 61.3 48.9

16,000 61.!_ I17.2 118.5 28.8 7S.5 68.2 69.4 99.1 55.9 52.2 57.6 42.2

20,000 56.8 38.8 I;3.7 0 711.0 62.4 65.2 53.1 61.8 44.8 53.6 30.5

25,000 51.6 24.3 36.7 0 69.4 55.11 60. I_ 4Z_.5 56.8 34.5 1_8.5 13.9



TABLE A-II-8

TABULATION OF EPNL VALUES FOR DIFFERE_JT AIRCRAFT

Business Jet Aircraft

Aircraft: Gates LeaDjet Sates LearJet Grumman Gru_nan

24 & 25 24 & 25 Gulfstream II Gulfstream II
Two CJ610-6 Two 0J610-6 Two SPEY 511-8 Two SPEY 511-8

Turbojet Eng. Turbojet Eng. Turbojet Eng. Turbojet Eng.
0pera_ion: Takeoff Approach Takeoff Approach
Airspeed: 155 Kt 150 Kt 175 kt 155 kt

Power: Fn = 2500 ibs. Fn = 1050 Ibs Fn = 9300 ibs. Fn = 3200 Ibs.

EPNLI dB EPNL_ dB -- EPIIL1 dB EPNL1 dB

Oroul_d Ground arotlnd Ground

Dls_ance, Air _o to Air to to A_r to _o Air to to
ft, Ground Ground Ground 0_ound Oroll_d Grotl_d Grotlnd Ground

200 123.3 123.3 105.0 ]05.0 120.3 120.3 102.8 102.8

280 121.9 121.9 103.8 103,8 118.2 119.2 101.6 I01,6

315 120.4 120.4 102.6 i02.6 118.1 118.1 100.3 lO0.3

400 i18.9 118.9 lOl.2 101.2 i17.0 I17.0 99.0 98.9

500 117.3 117.3 98.8 99.8 115.9 115.7 97.6 97.5

630 115.6 115.6 98.3 98.2 114,7 i14.5 96.1 96.0

_00 113.8 113.7 96.8 96.5 i13.5 113.1 94.5 94.3

1,000 111.8 111.6 95.1 94.8 112.2 111.7 92.9 92.5

1,250 109.6 108.2 93.4 90.9 110.9 ii0.I 91.0 90.4

1,600 107.2 106. 7 91.5 90.8 109.3 i08.I 89.2 88.4

2,000 i04.7 103.9 89.5 88.5 107.8 106.2 87.5 86.3

2,500 102.4 i01.0 87.2 85.8 i06.1 i03.5 85.6 83.7

3.150 100.0 98.0 84.8 82.8 i04.3 100.6 83.6 80.8

4,000 97.6 94.3 82.1 79.3 102.5 97.3 81.5 77.5

5,000 95.0 90.2 79.5 ?5.3 i00.7 94.3 79.3 73.8

6,300 92.3 85.7 76.8 71.0 98.5 90.5 76.9 69.9

6,000 89.3 81.9 78.0 67.6 96.4 86.9 74.3 66.5

!0,000 86.1 77.7 71.0 63.7 94.0 82.8 71.5 62.8

12,500 82.5 73.2 67.7 59.1 91.5 79.1 68.3 58. 7

16,000 78.5 68.2 63.9 53.6 88.8 74.8 611.9 53.3

20,000 74.0 62.8 59.7 47.3 85.4 70.0 60.9 47.3

25,000 69.4 55.4 54.9 39.0 81.8 64.5 56.2 39.8
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TA BI.E A-II-9

TABULATIOII OP EPNL VI]LU]_S FOR DIFFEGEIf]' AISCIIAFT

Bllsdness Jet Alrcl'aft

Aircraft: Lockheed Lockheed North American North American IIorth American ]forth American

Jesstar I/C-140 Jetstar I/C-140 Sabre 80 Sabre 80 Sabre 60 Sabre 60
Four PT 12A-6A Fsur PT 12A-6A Two GF700-2D-2 Two CF700-20-2 Two PTI211-8 Two PT124-8

Turbojet Eng. Ttlrbo_et Eng. Turbofan Eng. Turbofan Enc. Turbojet Eng. Turbojet En_.
A proach Takeoff Approach

Operation: Takeoff Approach Takeoff i_0 kS. 135 kS.
Airspeed: 145 Kt 138 Kt 140 l<b. 145 let.
Power': Fn = 2800 ibs. Fn = 1270 lbs. Fn -- 3450 lbs. Fn _ 868 ibs. Fn -- 2800 ibs. Fn -- 800 lbs.

EPtIL I dB EPNL I dB EPIIL I dB EPI_L_ fiB EPIIL_ dB EPIIL t dB

Ground Ground Oro_r,d Ground Orour.d Oro_d

Distance, Air to to Air to to Air so to AI._. to to Air to to Air so to
ft. Ground Ground Ground Ground G_.ound Ol.oui_d G:.ound Ground Gl.ound Ground 0roulld Ground

200 ia3.9 123.9 109.7 109.7 116.4 116.4 104 .i 104.1 121.9 121.9 iO4.Z 104.7

250 122.6 122.6 108.5 108.5 114.7 Ii11.7 102.7 i02.7 120.6 100.6 103.5 103.5

315 121.2 121.2 107.3 _07.3 i12.8 112.8 101.2 101.2 119.2 119.2 102.3 102.3

400 119.8 119.8 106.0 i06.0 iii.0 iii.0 99.7 99.7 117.8 117.8 101.0 i01.0

500 118.3 118.2 104.7 i08.7 109.3 i09.3 98.0 98.0 i16.3 116.2 99.7 99.7

630 116.7 116.6 103.3 103.2 107.5 107.5 96.2 96.1 114.7 114.6 98.3 98.2

600 i15.0 114.8 i01.7 101.6 105.4 i05_2 98 .i 94.0 113.0 112.8 96.7 96.6

1,000 113.1 112.8 I00.i 99.9 103.3 103.0 91.8 9!.6 iii.i 110.8 95.1 94.9

1,250 Iii.i 110.7 98.4 98.0 i01.i 100.5 89.3 89.0 109.1 108.7 93.4 93.0

1,600 109.0 108.3 98.5 96.0 98.7 97.5 86.5 85.9 107.0 106.3 91.5 91.0

2,000 106.8 105.7 94.5 93.7 96.1 94.9 83.3 82.5 104.8 103.7 89.5 88.7

2,500 104.6 102.9 92.2 91.2 93.9 92.1 79.8 78.5 102.6 100.9 97.2 86.2

3,150 102.3 99.7 89.8 88.3 91.0 88.9 76.3 73.9 100.3 97.7 84.8 83.3

4,000 i00.0 96.1 86.7 84.6 88.9 8_.9 73.0 69.4 98.0 9_I.i 81.7 79.6

5,000 97.6 91.9 83.5 80.6 86.2 80.5 69.9 64.8 95.6 89.9 78.5 75.6

6,300 94.9 87.4 80.1 76.3 83.6 75.8 66.6 59.8 9_.9 85.4 75.1 71.3

8,000 92.0 83.7 77.0 71.9 80.8 71.9 63.7 55.6 90.0 81.7 72.0 68.9

10,000 88.8 79.7 73.9 67.3 77.7 67.7 60.7 50.8 86.8 77.7 68.9 62.3

12,500 85.4 75.3 70.3 61.6 74.5 63.0 57.4 45.0 83.0 73.3 69.3 56.6

16,000 81.8 70.2 66.2 55.7 70.9 57.2 53.7 38.3 79.8 68.2 61.2 50.7

20,000 77.9 60.4 61.9 48.8 66.8 49.8 49.7 20.6 75.9 62.4 56.5 43.8

25,000 73.4 57.5 56.1 37.3 61.8 39.5 44.6 10.G 71.4 55.5 5!.1 32.3



TABLE A-II-] 0

TABULATION OF EPIJL VALIJEG FOR DIF]IERE[ITAIHCEAFT

Aircraft: 4-Engine Turboprop T_lanspo_'t 2-Englne Turboprop Transport 2-Engine Turboprop Aircraft

Lockheed Eleet_'a, Wltb Dart Engines with PT 6 Engines
C-130 F-27, HS-7_18 DHC-6 Twin Otter

Operation : Takeoff Approach Takeoff Approach Takeoff Approach
Airspeed: 170 Kt 140 Kt 140 Kt 120 Kt 70 Kt 65 Kb
POWer:

EPNL I dB EPNL I dB EP_]Lr dB EPIIL_ dH EPNLI dB EPIIL1 dB

Ground Ground Ground 0round O_,ound G_'ound
Distance, Air to to Air to _o Ai_.to to Air to to Air to to Ai_'to to

ft. 0round G1'ound Ground Ground Ground G_,ound O_ound G_ound Ground G.-ound Ground G_,ound

200 104.5 104.5 102.2 102.2 107.4 107.4 1G7.7 107.7 99.7 99.7 96.3 96.3

250 103.3 i03.3 100.9 100.9 106.3 106.3 106.4 106.4 98.5 98.5 95.0 95.0

315 102.2 102.2 99.7 99.7 105.1 105.1 105.0 105.0 97.1 97.1 93.6 93.6

400 i01.0 100.9 98.3 98.3 103.9 103.9 103.5 IG3.4 95.7 95.7 92.1 92.1

500 99.7 99.7 96.9 96.9 102.7 102.7 101.6 101.8 94.3 9JI.2 90.6 90.5

63O 98.4 98.3 95.3 95.3 101.5 101.q I00.0 99.9 92.7 92.6 89.0 88.8

600 97.1 96.9 93.7 93.5 100.2 i00.0 98.0 97.8 91.1 90.8 87.2 87.0

1,000 95.7 95.4 91.8 91.5 98.8 98.4 95.8 95.6 89.4 88.9 85.2 85.0

1,250 94.2 93.7 89.9 89.4 97.4 96.7 93.5 93.0 87.7 86.7 83.1 82.7

1,600 92.7 91.9 87.9 87.6 96.0 94.9 90.8 90.1 85,9 8_1.3 80.8 80.7

2,000 81.1 89.4 85.8 85.2 911.5 92.9 87.9 86.7 84.0 81.6 78.2 77.4

2,500 89.4 86.2 83.5 82.5 92.9 90.0 84.7 82,9 82.1 78.7 75.4 74.3

3,150 87.4 82.8 81.3 79.4 91.2 86.7 81.6 77.7 79.9 75.3 72.5 70.8

4,000 85.3 78.11 79.1 75.5 89.4 82.7 79.0 73.6 77.8 71.6 69.2 66.9

5,000 83.1 74.7 76.8 71.5 87.5 78.11 76.5 69.1 75.5 67.3 65.4 62.0

6,300 80.9 70.7 74.4 67.3 85.4 73.8 73.9 64.2 73.1 62.8 60.9 55.7

8,000 78.5 67.4 71.8 63,9 83.2 71.2 71.I 59.2 70.5 56.6 57.1 49.0

10,000 76.1 63.6 69.0 60.1 80.8 68.2 68.5 53,9 67.7 50.9 53.0 41.6

!2,500 73.5 59.6 66.0 56.5 78.1 64.8 65.7 _16.8 64.7 43.8 I_8.G 30.5

16,000 70.8 54.5 62.5 50.4 75.2 61.1 62.6 39.5 60.6 33.4 41.5

20,000 67.9 48.8 58.6 42,1 71.8 56.6 59.3 26.6 56.1 31_.6

25,0o0 64.7 111.6 54.4 31.6 66.9 I_9.o 52.6 50.9 26.2



TABLE A-II-II

TABULATIOn] OF EPGL VALUES FOR DIFI;I*]I_Et]TAI}{CRAFT

Aircraft: 4-EnginePiston 2-EnginePiston
Tr_ns;)ol.t T_.anspo_1;

(>12,500 Ibs. Max. Gross Wt.)

Operation: Takeoff Approach Takeoff Approsch
Airspeed: 140K_. 120 Kt. 140 Kt. 120 Kt.

EPI_L1 dB EPIILT dB EPIJL_dB EPIILt dB
Ground Ground Ground Ground

Distance, Air to to Ai_'to t_ Air to to Air to to
ft. Ground Ground G_.ound Ground Ground G_,ound Ground Ground

200 111.7 111.7 101.7 101.7 I08.7 108.7 98.7 98,7

050 110.6 110.6 100.5 100.5 107.6 i07,6 97.5 97.5

318 109.4 i09.4 99.3 98.3 106.4 106.4 96,3 96.3

_00 108.2 108,2 98,0 98.0 105.2 105,2 95.0 98.0

800 107.0 106.9 96.8 96.7 i0_I.0 103.9 93.8 93.7

630 105.7 105.4 95-;_ 95.3 102.7 i02,4 92.4 92.3

_00 104.4 104.0 9_.0 93.7 101.4 i01,0 91,0 90.7

1,000 103.0 102.4 92.5 92,0 i00.0 99.4 89.5 89.0

!,290 101.5 i00,5 90.9 90.1 98,5 97,5 87.9 87.1

_,600 i00.0 98,6 89.3 88.0 97.0 95,6 86.3 85.0

2,000 98.4 96.4 87.6 85.8 95._ 93,4 84.6 82,8

!,500 96.7 93.5 85.8 82.9 93.7 90.5 82,8 79.9

3,150 95,0 90,4 84,0 79.8 92.0 87,4 81.0 76.8

4,000 93.1 86.8 82.0 76.3 90.1 83.8 79.0 73.3

5,000 91.2 83.3 80.0 72.5 88.2 80.3 77.0 69,5

6,300 89.1 79,8 77.8 68.8 86.1 76.8 71_.8 65.8

8,000 86.8 76.3 75.5 65,0 83.8 73,3 72.5 62.0

I0,000 84.5 72.9 72,9 61.3 81.5 69.9 69.9 88.3

!2,500 81.9 69.3 70.2 57.1 78.9 66.3 67.2 5J_,l

]6,C,50 79.2 611.9 67.3 52,0 76.2 61,9 64,3 49.0

20,000 76,2 80.4 63,7 44,6 73.2 87,1_ 60.7 41.6

2_,000 72.9 54.0 59.6 35.2 69.9 51.4 56.6 32.2



TABLE A-]I_12

TABULATIOI_ 0F EPIILVALUES FOH DEFFh'HENT AIHCIIAFT

Aiycl_fZ : 2-Eng_ ne PistonAircraft 1-Englnepiston
Alrcr_ft

(<12.500 ibs. Max. Gross Wt.) (180 hp or less)

Opera_lon: Tal_eofP App_.o_ch Takeoff Approach
Airspeed: iioKt. 90 Kt. 110 Kt. 90 K_.
Power:

EPNL I dB EPtlL 1 dB EPNL_ dB EPIILp dB

Oro_IDd G_'oul]d O_'oui_d _.ound
DlstaDce, Air to to Air to to AI_ 0o _o AI_"_o to

ft. (Tt,ound Gr,ou_d 171'o_Nd (;round G*'ou_d Gl_ound GPouDd _ro_sd

200 97.6 97.6 92.2 92.2 94.6 94.6 89.2 89,2

250 96.5 96.5 91.0 91+0 93.5 93.5 88.0 88.0

318 95.3 99.3 89.8 89.8 92.3 92+3 86.8 88._

400 94.2 94.2 88.5 88.5 91.2 91.2 85.5 85.5

500 93.o 92.8 87.2 86.9 90.0 89.8 84.2 83.9

630 91.7 91.3 85.8 85.2 88.7 88.3 82.8 82.P.

600 90.4 89.9 811.3 83.4 87.4 86.9 81.3 80._I

!,O00 89.1 88.3 82.8 81._ 86.1 85.3 79.8 78.4

!,-_50 87.7 86.5 81.2 79.3 84.7 83.9 78,2 76.3

1,600 86.2 811.8 79.5 76.9 83.2 81.6 76.5 73.9

2,000 84.6 82.3 77.7 71i.6 81.6 79.3 74.7 71.6

2,500 83.0 79.6 75.9 71.7 80.0 76.6 72.9 68.7

3.180 81.2 76.3 73.6 68.3 78.2 73.3 70.6 65.3

4,000 79.4 78.0 71.8 64.4 76._t 70.0 68.3 61.4

5,000 77.4 69.5 68.8 60.0 711.4 66.5 65.8 57.0

6,300 75.4 65.9 66.3 511.9 72.4 62.9 63.3 51.9

8,000 73.2 62.1 63.7 ;19.5 70.2 59.1 60.7 I16.5

!0,000 70.8 58.1 61.0 1111.1 67.8 55.1 58.0 lll.l

!2,500 68.2 53.8 §7.8 37.5 65.2 50.8 911.8 34 .5

!6,0o0 65.5 49.0 54.1 28.2 62.5 46.0 5] .I 25.2

20,000 62.9 I_2.6 90.2 18.0 99.5 39.6 .'17.2 15.0

25,000 58.6 32.5 115.§ 8.0 55.6 29.8 47.5 5.0
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11o I I I Ill I I
Curvesore for Two EngineAircraft.
Subtracf 3 dB for Single Eng e AircraFt
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.E •
AK FF, 1

.J

z _
APPROACI" 90

I_ 7O

",?I\
', %1"

4O
200 400 700 1000 2000 4000 7000 IO,OOO 20,000 40,000

Distanceto AircraFt in Feet

FIGURE A-19 VARIATION IN EFFECTIVE PERCEIVED NOISE LEVELS WITH DISTANCE -
ONE AND TWO PISTON ENGINE PROPELLER AIRCRAFT (LESS THAN
12,500 LBS MAX. GROSS WEIGHT)


