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UNiTED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20<\GO 

Dear Rc<dcr: 

Aircraft noi~e ls na~ a sign!flcant problPm for m.ny people living cear 
ail;:icirts. Part of til(': S(•1utiou to this pcoblem ra11 he found in ;-.batei;,ent 
actions wl,ich are specific to individual cocmnunity/ airport sitt:ati1_~11H. 
Acioution of ~~uc}1 airµt.rt ::sµt'.cif.ic action::; rnu8t he preceded by tho 1naJy:..;1 

an,. <lepft;t.~Gn oi hoth Cl:rrenl stt.uations and ;.;. ll feasible abatenf>nt 
or,_ ions. 

Ur:til now, the analysis of noise abAtemen~ options has often been ~quated 
witl1 complex and expensive computer operations, the co~: of which may he 
beyond the capabilities of some airport p1-oprietors, involved ccnununities, 
or lc1cal land use planners. Th.ls rn<:.nual will allow one to calculate, on 
an air µcrt specific bas ls, the day-uight average sound leve I (L ) 
whicr, n>sults from civil aircraft operations <ind thus predict tg~ noisf> 
impact in areas nC'ar the airport. This "desk calculation" of aircraft 
noise levels i;.·as adapted from the type of computer systems now in use by 
both the Fec!eral Aviation Adrnin..i.stration and the Environmental Protection 
Agency. 

We at EPA believe that thi.s manual desk calculation process is a major 
step forward with resp"!ct to aviation no;_se abatement and cor:1patible 
land use planning. 

Charles L. Elkins 
Ue~uty Assistant AdminisLrator 
for ~t·ise C0ntrol Programs 

I ..../ 

http:s�t'.cif.ic
http:air�t.rt


A method is described for ca:culatin~ values of Day/Night 

Levels (Ldn ) at a -ooint due :c aircraft operat~ons from civil 

airports. Two levels of sophistication are detailed -- at 

the basic level, such facto~s as type of ta~eoff and lan~ing 
I 

procedures are· co::isidered, but aircraft range and non-stc:.r.dard 

approach glide slopes are exc:.ud12d; "':;he detailc:d r:1ethod takes 

account of the latter parameters. The procedure is to de

termine dista~ces between t~e poi~t !n question on the ground 

and the aircraft flight tracks and r~nway. A series of charts 

provided in the report give~- values for different typesen 
of aircraft 1~ terres of these distance parar.eters. An ad

justment is made to the noise levels for each class of air

craft to take account of tr.e r.umber cf operatio~s, and these 

adjustment levels are then added logarithmlcally to producce 

an overall noise level. Th~s ~ethod is ~at suitable for 

generating !loise contours (l~nes of equal Ld value) although
n 

a method is described for es~iiatlng a~ea and size of any 

giYen cor.tour. 
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CALCULATION OF DAY/~IGHT LEVELS DUE TO 

CIVIL AIRCRAFT FLIGHT OPERATION 

SEC'T'ION I 

INTRODUCTION 

This manual presents procedures and information for 

calculating the day/ni~ht noi~e level (Lan) due to flight 
operations in the vicinity of civil airports. Use of this. 
procedure and aircraft noise information presented in this 

manual will enable you to estimate the day/ni~ht noise level 

at specific ground locations resulting from aircraft takeoffs 

and landings at an airport. Charts are provided in the ITanual 

which provide noise information on most civil aircraft cur

rently operating in the cou~try. ~oise charts are presented 

for takeoff and :anding operations including special noise 

abatement procedures. 

The basic steps in calculating day/ni~ht levels arc rela

tively simple and straightforward. Hcwever, the number of 

calculations multiply by the number of types of aircraft and 
the kinds of operations involved, so calculations can be quite 

lengthy when calculating noise exposure near an airport where 
the noise is due to operations ~rom several runways by a variety 

of aircraft. 

The handbook provides information for est~mating day/ni~ht 

average levels at two levels of pre~ision: 

{a) 	 a preliminary assessment when detailed information on 

aircraft operations is not available and 

(b) 	 a detailed assessment when accurate infornation on 

~ircraft flight operatio~s and ~light paths is known. 
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The latter assessrrent requires ~ore extensive informa

tion on a~rcraft operatLons and rr,ay be more time consuming 

to calculate. 

This rnar.ual has been especially developed for desk cal

culation of day/night levels values at specific ground locations. 

The procedures are not intended for developing noise exposure 

contours around an entire airport since the calculat1o~s wo~ld 

generally be too time consuming and laborious. When noise 

contours over a considerable area are needed, several computer 
programs are currently available and should be used. 1 

' 
2 * The 

basic noise informatior. provided in this manual is identical 

to that used in some of the other current computer programs 

for calculating day/nigjt level cont8urs. 

This mar.ual does not include information on ffiilitary 

aircraft, her.ce it cannJt be used ~or calculat:ng Ldn values 

for a military airport Jr where nilitary aircraft operate 

from a civil airport; i~formation on no~sc fro~ grou~d r~nup 

operations is also excluded from the handbook. No~se data 

are also restricted to fixed wlng aircraft, so tha~ noise 

from helicopter operati8ns cannot be calculated. However> 

tne basic calculation procedures can be extended to cover 

those aircraft simply by providing separate noise charts for 

the aircraft not covere1 in this manual. 

This manual does Lot provide information on criteria, 

standards or guidelines for interpreting tte day/night level 

*References are listed together at the end of the text. 
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in terms of land use or conmunity response. Such i~formation 

may be fo~nd in application ~uides published by various local, 

state and federa~ agencies. 

The next section of the manual provides a brief descrip

tion of the calculation procedure. Section III describes how 

to calculate Lan values at a poin:, and Section IV describes 

a method for determining approximate Lan contours. Section V 

gives additional procedures for detailed no~se assessment or 

non-standard flight profiles. The noise inforrration to be 

used in calculating the day/~j~ht levels is provided in 

Appendix A. Appendix B provices backgro~nd technical infor

mation concerning the calculation of noise graphs and basic 

modeling assumptions and sources of technical information. 

/ 



SECTION II 


OVERVIEW 


The day night average sound level (Ldn) is a measure 

of the noise envircnment at a prescribed location over a 
24-hour period. It is equivalent in terms of sound energy 

to the level of a continuous A-weighted sound level with 

10 dB added to the nighttime levels. The Lan may be 

measured or computed in several ways. If the noise is 

monitored continuously, tne noise levels existing over the 

24-hour period can be sununed on an energy basis (adding 

10 dB to the nighttine levels). 

A second approach is adopted for calculating the Ldn 

values due to airport operations. In this approach, the 

noise contributions from each significant aircraft operation 

(takeoffs and landings) occurring over a 24-hour period are 

su:nmed on an energy basis to obtain the Ldn value. In this 
case, the nighttime adjustment may be introduced by either 

adding 10 dB to the nighttime levels or by muZtipLying the 

numbe~ of nighttime events by 10. This latter procedure 

is the one adopted in this manual.* 

To provide a systematic basis for calculations, air 

craft noise intrusions are classified by type of aircraft 
and type of operations (takeoffs and landings). (The 

classification for an aircraft is based on the airport 

noise characteristics and its takeoff and landing capa

bilities.) An Ldn value (called a "partial'' Ldn) is first 

*Daytime is taken as the period from 7:00 a.m. to 10:00 p.m., 
nighttime is the period from 10:00 p.m. to ?:00 a.m. 
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the r:.um.ber of sir;r:i fie :u: t ope:::·a tlon::; c ccurrir;;:; in L'.:1e G.ay

time and nigr.ttine. These 11 partic-:..::.. 11 Ldn values G.re the;i 

sumned on an c:nc::'.'gy bcL:>J s tc ~;btaj n t::w total L_. .
:...Jn 

A. Sound Exposure Level (SEL) 

The noise exposure contr~hut~.on ~ru~ 2a~~ air~rRft 

operation is described in te.::·:ns of ~ou:--id ex_pm>U!"'e lev2l 

(SEL). Referring to F:gure 1, which shows a ~y~ical tine 

pattern of the noise l2vels existin~ durinp ar:. aircraft 

flyover, the SEL is t~~ A-we~ghted sound level inte~ratea 

over the entire noise 2vent and norTnl~zed to a reference 

duration of l second. He~ce the SEL e:ves the level of a 

ccnlinuous 1 second si.:;nc..~ v:hi.ch cc:1ta.i:1s "'.:-he same arr~ount. 

of energy as the noise event. ~~P l second reference dur

ation acts like a ccrnrr.<Jn de:1on~r:ato~, t:errr:it~i;1g -:he 

addition of ~ew events of varying du~ations. 

Note that while the SEL is measured i~ terns of the 

A-weighted sound level scale, the SEL is ge~erall.y not equal 

to the maximu.m A-level oc2l.lrring durint:; the nolse event 

(see Figure 1). Most aircraf~ noise intrusions last more 

than 1 second, so SEL value will in general be higher than 

the maxinum A-level fo~ t~e same event. 

B. Calci..;.lation of Pa:::-atia:. :::,dn Values 

The Ld ,n for one cJ.ass of airc!"'a:'t ar.d rr:odc of operattcn 

alonD' one flirrht track is called the "uartial" L. . For 
Q "'"' - en 

aircraft class, i, and cpera~ional ~ode, j, ~he partial Ldn 

(i,j) is given by: 

-6
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Reference Duration 
( 1 sec) 

co SEL =Time Integration
~ of A-Level Divided by 
·-c Reference Duration 

Both figures have the same total weighted sound energy when 
integrated over time 

TIME 

FIGURE 1. ILLUSTRATION OF SEL CONCEPT 
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Ldn(i,j) = SEL(l,j) + 10 log(N0[i,j] + 10 NN[i,j])-49.4 (1) 

where 	ND = number of daytime operations 


NN ~ number of nightime operations 


The SEL(i,j), the firs~ term in the above equation, is 

dependent ~pen th~ type of aircraft, its power setting and 

the distance of the aircraft from the listener at the 

closest point along its flig~t track. The second term of 

the equation involves the number of operations for the given 

type of aircraft and mode of operation. The last term, a 

constant of -49.4, reflects the normalization of Ldn to a 

24-hour day, rather than to the 1 second reference value 

for SEL.* 

For convenient calculation, equation (1) may be re

written as: 

Ldn(i,j) = SEL(i,j) - K(i,j) 	 ( 2) 

where 	K = 49.4 - 10 log(N0[i,j] + 10 NN[1,jJ) 

C. Calculation of Total Ldn Value 

After the partial Ldn values are calculated for each 

significant aircraft intrusion, they may be summed on an 

energy basis to obtain the total· Ldn due to aircraft 

*The aonstant of 49.4 equals 10 log(number of seconds in a 

24-hour day), or 10 Zog(86,400). 
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operations. Mathematically this is expressed as follows: 

Ldn ( i 	'j) 

10 10 

Close to an airport, the Ld con~ributions from air n 
craft will generally be much greater than that from other 

sources, hence the total L, value due to aircraft will an 
equal the total Ldn value for the site. At distances 

further from the airport, or near other major noise sources, 

the Ld values resulting from aircraft may not fu:ly ac-n 
count for the noise exposure at the site. In such situa

tions, noise from other sources must be taken into accou~t 

in deterrr.1n1ng the total Ldn for that site. 

D. 	 Calculation Summary 

In summary, the ma:or s"'....eps ir: determining the day/ 

night level at any given posi~io~ near the airport are as 

:'allows: 

(A) 	 Obtain airport and aircraft operational information to 
identify types of aircraft ~nd types of operations 

that contribute to the noise environment at the de

sired position. Also determine the distance of the 

aircraft from the ground position and the number of 

operations for each type of aircra~t. 

(B) 	 ~etermine the SEL for eaah contributing noise event 

using the noise charts given in this manual. 
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(-::.::) 	 Compute the parti.aZ Ldn value for each significant class 

of noise events from the SEL and number of events per 

day and night. 

(J) 	 Add aZZ the part~al Ldn values together to obtain the 

total Ldn for aircraft operatio~s. 

The next section will describe each of the above steps 

in detail with examples to j_llustrate applications to real 

life situat:..ons. 

-10
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SE~'TTOK II: 

CALCU~ATTON OF Ld VALUES AT A POINT 
r:. 

The basic proble~ :o be sclved is illustrated ln 

Figure 2 for the simple case of a land parcel exposed to 

noise fro~ takeoffs of a 3i~gle type of aircraft. To de

termine the Ldn for the land parcel, you must be able to 

identify the type of aircraft, the type of operation and 

the number of a!rcraft noise intrusions pe~ dRy ~nd per 

night period. You must fi~J out the location of the air~ort 

r~nway and the fligit path ~ith respect to the land parcel. 

~h!s sectio~ describes the calculatio~ of Ldn values 

at a single point. For snall la~d parcels where the ex

pected variation in noise levels throughout the land par~el 

~s of the order of l dB or less, calculations at a sin~le 

position should be suff~c~cnt. For larger parcels where 

the expected variation in ~cise is greater than 1 dB, 

calculations at several points may be needed to adequately 

determine the noise exposure fer the land unde::· study. 

Section V-C ~rov!des gu!delines ~or determining whether 

calculations at or.e or nore oosit~ons are needed. 

A. Acquire ~ield ~nforma~io~ 

Before starting to collect information, a few words 

of advice may be appropr!a:e for anyone not directly con

nected with the airport opera~ions. In alnost every case, 

the best source of informa::ion is the airport manager; 

either he wi11 have the ir:forrnation that you want at hand, 

or he can direct you to someone who has this information. 

If the airport has a control tower, the FAA tower personnel 

will also be a major source o~ information, and the airport 

manager will probably pass your requests on to them. 
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AIRCRAFT FLIGHT PATH 

RUNWAY 
/1

I I 
I I 

----......_.._ II ~ 
........ , I 900 


I 
/ 

/
~)

I /' 

/ /"' 90° ~ 
I // / ' 

I // // ' 

// 	 / ' LAND PARCEL~~ / 	 ' 

~ L 	 , 
AIRCRAFT 
FLIGHT TRACK ON GROUND 

PROBLEM: TO FIND DAY-NIGliT LEVEL (LON) FOR LAND PARCEL 

DUE TO AIRCRAFT OPERATIONS FROM AIRPORT 

FIGURE 2. 	 BASIC SITUATION FOR CALCULATION OF 
DAY-NIGHT AVERAGE LEVELS DUE TO AIRCRAFT 
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This report also suggests alternate sources of information, 

if for any reason you wish to wor~ independently of the 

airport manager. 

Data 	acquisition involves the following six steps: 

1. Determine the physical layou: of the airport runways 

and the length of the runways for the flight paths 

of concern. 

Runway descriptions are given in FAA Form 5010 9 and 

instrument approach prcedures published by the National 

Ocean Survey and Jeppesen 4 
' 

5 
• Many airports will also 

maintain plans containing runway information, and most 

airports are also shown in Coast and Geodetic Survey 

(C & GS) maps. Whatever the source, a check should be 

~ade to be sure that the airport information is current. 

2. 	 Determine the location of the major flight tracks 

over the ground and the distances D and D2 .1 

The path of the aircraft project on the ground is 

called the track. This track must be located to determine 

actual distances from the land parcel to the aircraft in 
flight. Once the track is determined, the distances D and1 
D2 , detailed in Figures 3 and 4, should be calc~lated for 

each 	track. 

For takeoffs, shown in Fi.gure 3, D1 is the distance 

along the flight track from the start of the takeoff roll 

to a perpendicular drawn from the flight track to the point 

where the Ldn is :o be determined. If the flight track is 

-13



AIRCRAFT FLIG KT PATH 

I I 
I I h 

11=.::;:;:;:;;;:;;:~a:::~~ - - -- I l 
-...-.......'-..../ I


\ 
\ 1' l 

\-- START OF TAKEOFF ROLL I )1


I / ' 
. I // /"' 


I / / ' 
'/ ' 
// 02 ' 

LAND PARCEL --~/ //', 

/ 
/ 

AIRCRAFT / 

FLIGHT TRACK ON GROUND 


FIGURE 3. DEFINITION OF DISTANCES AND o FORo1 2AN AIRCRAFT TAKEOFF 
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curved, the distance D1 must be measured along :he arc of the 

curve. D~ is the dlstance along the perpendicular drawn from 
c.. 

the flight track to tr.e desired posi:ion. 

For landing, as shown in Figure q, is the distanceD1 
along the flight track from the landing threshold* to the 

perpendicular drawn f~om the flight track through the lanj 

parcel. D is the distance along the perpendicular from the2 
flight track to the gr9und position. 

Figure 5 provides a forrn for tabulating the D1 and D2 
distances. The maps and sketches which provide the basic 

:rack information from which the D1 and D2 distances are 

determined should accompany th~s fore. 

Unfortuantely, aircraf~ do not fly along flight tracks 

like cars along an expressway. The actual flight tracks 

flown tend to fan out fro~ the noninal flight track as the 

aircraft get further from the airport. Locating the t~rning 

point of just one aircra~t will not necessarily be repre

sentative of the mea~ flight track. 

*The landing threshold identifies the beginning of the run
way -that: ie avai"lable and suit;able for "land-~ngs. Fo:r 

most runways the landing threshold coincides with the 

physical beginning of the runway. However, at some 

airports the landing threshold is displaced along the 

runway. This displaced threshold Wokld be noted in the 

instrument approach procedure charts but will not be 

indiaated on Coast and Geodetic Survey Maps. 
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Aircro~ Flight Path 

~~~~------ I I 
a:. I ----, I ~ 

r------ D1 '/' I 

Landing J ~ )', 

Threshold // ; /',, 

~--/// D2 /'',,," 
Land Parcel , 

Aircro~ Flight Track 
on Ground 

FIGURE 4. DEFINITION OF DISTANCES AND o FORo1 2AN AIRCRAFT APPROACH 
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Several sources may have to be contacted to obtain 

reliable track info~mation. Often, the best source of 

information will be the FAA tower or airpor~ operations 

personnel. The appropriate taxeoff and approach charts 

from the Jeppesen Guide 5 may be of sone help (these char~s 

rnay be obtained ind~vidually from the publisher). Direc~ 

visual observ~tion nay be needed to resolve conflicting 

information, or to help determine t~e extent o~ variations 

in flight trRCk3 for diffe~ent aircraft. 

3. 	 Determine the types o~ aircraft prcducing the noise 

intrusions. 

For convenience, aircraf: are classified into dif

ferent aircraft types deter~ined on the basis of their 

noise characteristics and operational characteristics. 

Table 1 presents the aircraft classification to be used in 

this report. The table lists the general aircraft types 

with specific examples. The aircraft types are listed 

approximately in order of their noisiness. The ai~craft 

range from the 4 engine turbofan airnraft such as the 

Boeing 707 and DC 8 series down to the smaller p~s~on 

engine propel:er aircraft such as the Cessna 180. 

Most airports will handle operations of several types 

of aircraft. Start by ceterrr,ining.the number of aircraft 

operations for each type of aircraft beginning w~th the 

top of the list in the table. Where the number of jet 

aircraft operations (transport and general aviation) exceed 

more than 5% of the total oper~tions, you need not obtain 

detailed information for the propeller aircraft operations. 

-1'1
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4. 	 Determine the mode of operat!o~s (Takeoff or la~ding) 

for the aircraft producing noise ir.strusio~s. 

Noise prod~ced during takeo!f and landing may differ 

cons~jerably. Similarly, the flight paths followed by 

aircraft in landing and takeo~~ may differ s!g~ificantly. 

For those reasons the ~umbe~ of operations for each class 

of air~raft must be ident~fied by mode. If a detailed 

~nalysis is being performed, ta~eoff operatio~s must also 

be bro~en down by trip length (see Section V-A). 

5. 	 Determine the number o~ operatio~s per day~ime and 

per nighttime period. 

The average number of operations per day shou:d be 

determined for each a!rcra~t cla3s and mode of operations. 

For most purposes, the numoer of operations over a one year 

period should be used as the basis fer deterrn~ning the 

average n~rnber per day. For same detai:ed investigations 

you may wish to consider the number ~f opera~~ons occur

ri~g over a shorter period. For exa~ple, when pronounced 

changes in aircraft operatio~s occur du~ing di~ferent 

seasons of the year, you might wish to calcula~e separate 

day/night levels for the d!fferent seascns. 

Determini~g the nu~ber of operations for each aircraft 
class and mode of operatic~ rnay ~8t be easy since detailed 

aircraft operational records arc not usually available. 

The log of operations maintained ty the FAA tower person~el 

will provide the yearly number of air carrier, air taxi, 
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general aviation and military operations.* However, the 

FAA records do not identify t~e type of aircraft. 

Sources of information fc~ identifying transport 

aircraft are the Offjcial Airline Guide** (OAG) and the 

flight schedules published by ~he individual airlines. 

Some airports also provide a schedule of aircraft arrivals 

and depart~res. And, do net neglect to check on freight 

operations. 

Discussion with the airport operator and tower 

personnel will generally provide good estimates of the 
number of business jet and propeller aircraft operations. 

The information as to number of operations obtained 
from different so~rces may be fo~ differing time periods 
for example, daily, monthly or yearly totals. For cal

culation purposes, th1s information should be corrected 

to a common basis - the average number of takeoffs and 

landings per day. The number of daily takeoffs and 

landings should then be entered on~ form (Figure 5). 

* 	 For airports having FAA to~ers, this information is pub

lished in "FAA Air Traffic Activity", a publication 

issued by the FAA usually on both a calendar and a 

fiscal year basis. 

** 	Published monthly by the Reuben H. Donnelley Corporation, 

2000 Clear~ater Drive, Oak Brook, Illinois 60521 

-20



AIRPORT 

TRACK 

AIRCRAFT 

OPERATION 

ND 

NN 

I 
I'\) 
I-' 
I 

01 

02 

CHART 

SEL 

K 

PARTIAL LON 

TOTAL LON 

FLIGHT TRACK D MAP DorHER 

·---

FIGURE 5. LON DATA 
 COLLECTION AND CALCULATION CHART 




6. Detern~ne the flight path ut~l~zaticn. 

Track utilizatio~ is dcf1.ned as the proportion of 

operations in each direction along the f:ight track. 

Takeoff direction alon~ the runway reay well reverse during 

different periods of t~e day or year due to cha~Bes in 

wind direction or traffic ~eeds. Sorret~mcs the same fl~ght 

track will be used for aircraft dcpart!~g and ~or a~r

craft landing.* In ot::-.:er cases, ':.L::: f::Cip;:1t t:::--ac:-:. may 

differ for takeoff and lar_di:ig ope: rat.:ons. F:)r example, 

the landing track nay je s~raigh~ into the ru~way while 

t..te takeoff nay lnvolv~ a turn after l~~toff. 

Accurate inforrrat~on en ru~way or f:ight trac~ utili

zation is sometimes difficult ~c ob~aln. This !nformation 

may be provided by t..he alryurt.. c..;_;Jera.1.. ur, FAA luwer or 

traffic personnel. Where detailed records are r.ot avail

able, estimates o~ track ut~lizat~~n may be obta!ned by 

studying wind rose information (see reference G). 

Obtaining the abcve informatio~ co~pletes t~e col

lection of data for the basic Ldn calculations. The 

infor~ation collected should be sufficient to conplete 

the t8p seven rows of ~he data collection a~d calculation 

form (Figure 5). 

At this point, it is irnporta~t to chec~ that the ac

quired information on numbers of takeoff or landings and 

*Note that in this case although the 8Gme flight track is 

used, the distance D wi ii differ' for takeoff ar:d landing1 

by the length of the Punway. 
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path utilization arc in the desired !orrnat. The values of 

ND and NN to 1be entered in Figure 5 are the number of 
takeoffs or approaches per day along the specified track. 

Thus, if you know the total number of takeoffs of aircraft 

type j per day for the airport, and the utilization of 

track k, then the number of takeoffs of aircraft j on 
track k is: 

N(j k) = N(j). UC1 ,k) 
' 100 

where ~(j,k) = Utilization of track k by aircraft j, in 

percent. 

The traffic data may not be given in the desired 

format, and there are certain pitfalls that are easily 

fallen into. Check, for example, whether the distributions 

of landings or takeoffs on each track are given as a per

centage of all operations on that track, as a percentage 
of landings or takeoffs at the airport, or as a percentage 

of all opeerations at the airport. At each stage in the 

calculations, it is most important to check that the total 

number of operations is correct. 

In general, calculating the number or operations to 

two significant f!gures is sufficient, but do not ignore 

r.ighttime operations just because they may be an order of 

magnitude less than daytime operations. As explained 

earlier, the number of nighttime operations is multiplied 

by 10 in the calculations, hence nighttime operations, 

when they occur, will likely be significant. 
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7. Special takeoff or landing procedures. 

When making a detailed ncise assessment, additional 

operational information may need to be acquired. 

(a) Special noise abatement takeoffs 

The basic noise charts assume ATA (Air Transport 

Association) takeoff procedures for civil jet transport 

operations. Special noise abatement prccedures involving 

reduction of engine thrust as specific altitudes may 

either be implemented at some airpor:s or may be con

terr.plated as part of a noise reduction proEram. Inforn1ation 

on the procedures including the description of the pro

cedures and the aircraft using the procedures sho~ld be 

collected. Section V discusses the usage of such infor

mation in detail. 

(b) Special landing profi~es 

For basic calculations, assume a 3° glide slope 

for all turbojet aircraft and the larger propeller air

craft; for smaller propeller aircraft, assume a 4-1/2° 

glide slope. For other approach angles, see Section V-B. 

In some cases, a two-segment approach may be used, in which 

aircraft start their approach on a 6° glide slope and then 

transition to a 3° glide slope at 2 nautical miles from 

the landing threshold. These approaches have special 

noise charts associated with thcrr; these are identified in 

Section III-B. 
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8. Data collection example (Example 1). 

Two small parcels of land P and Q are the subject of 

an investigation of aircraft noise at Mythical Airport 
(see Figure 6). Distances frorr. the runway and flight 
t~acks are as shown, and the followlng operational data 

have been collecteg: 

Total daily operations "'at airport: 150* 

Distribution of landings or takeoffs on 

each track as percentage of all landings 

or takeoffs at airport 

27A 27B 09A 
Landing 0% 10% 90% 
Takeoff 30% 60% 10% 

Distribution of operations by type of aircraft: 

B-727 70% 

DC-9 30% 


Distribution by time of day: 

Day Kight 

B-727 75% 25% 
DC-9 80% 20% 

*Note that this total is equal to ?5 takeoffs anc ?5 lan.dir..us. 
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The first step is to calculate tte distance D1 and D2 
for the points P and Q perta:~ing to each traGk. These 

dista~ces are tabulated in Figure 7. 

Remember that D does no~ ~ave the same value for1 

takeoffs and landings. For takeoffs, is
D1 
measured along the track from the brake release 
point, which is :he pain: whe~ the aircraft starts 

its takeoff roll (i.e. the far end of the runway 

for aircraft coming towards you). For landings, 

D1 is measured to tte land!ng threshold which is 

usually the near end of the runway, except in 

the case of a displaced threshold. 

The values of D1 and D2 can be meaRured directly off 
Figure 6, and accurac~ to two sign!ficant figures is quite 

adequate. In this example, both types of aircraft con

veniently start their turn after takeoff at :he same point. 

More often, however, the fl~ght instructions would call 
for a turn at a given altitude, and since aircraft have 

differing rates of cli~b, the turn would be initiated 

at different poin~s. 

The next step !s to calculte the total number of 

operations at the airport broken down by type, i.e. 

B-727 150 x 0.7 = 105 


DC-9 150 x 0.3 = _i2. 

Total = 150 




Break these numbers down into day and night operations: 

Day )Jight Total 

B-727 105 x . 7 5 = 79 105 x .25 = 26 105 

DC-9 45 x .80 = 36 45 x .20 = 9 ~ 
150 

These aircraft must be distributed on each flight 

track: 

Track 27A 

Landing Takeoff 


Day Night Day Nigh'; 


B-727 0 0 12 3.9 

DC-9 0 0 5.~ 1. 4 


Track 27B 
B-727 4 • u " 1. 3 24 7.8 


DC-9 1. 8 0.5 11 2.7 


Track 09A 


B-727 36 12 4.0 1.3 

DC-9 16 4.1 1. 8 0.5 


Check on ~otal operations ... 151. 5 

(the discrepar.cy he:'e is due to round:!..ng error) 


The data ~as now been broken dowr. so that the Ldn 

collection and calculation chart can be completely filled 

in (Figure 7). 
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B. Determine the SET. for each Contributing Aircraft Noise Event 

1. Check the Distances D1 and D2 

The knowledge of D1 and of the aircraft takeoff and 

landing profile determines height of t~e aircraft above 

ground (see Figures 3 & 4) as it passes near the ground 

position. You do not have to calculate the height. It 

is automatically calculated and taken into account in the 

noise ahaPts. 

2. Select the Proper Nolse Charl 

All the information has now been assembled for sel

ection of the proper noise charts. The selection of the 

noise chart is determined by: 

Aircraft type (in accordance with Table 1) 

Mode of operation (takeoff or landing) 


Distance D1 


The noise charts are listed in Appendix A. Each 

noise chart covers a range of the distance D1 , and several 

charts may be needed to cover the entire range of D1 
values ~or each aircraft and mode of operation. 

Noise charts are identified according to the code 

listed below. This shows an example of the cod~ng used by 

the charts for the basic Ldn calculation: 

4 - T - TFL(Q) - TO(I) - N - 1 
(1) (2) (3) (4) (5) (6) 
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(1) 	 The first number identifies the number of engines in 

the aircraft. 

(2) 	 This letter signifies either transport aircraft i!1_ or 

general aviation aircraft iQl. 

(3) 	 The next group of letters identifies the type of 

engine, as follows: 

TJ Turbojet 

TFL Low bypa;,s ratio turbofan 

TFH High bypass ratio turbofan 

TP Turboprop 
pp Propeller driven by recipro~ating 

engine 

LPP Propeller driven by reciprocating 

engine (large) 

SPP ?ropeller drive~ by reciprocating 

engine (small) 

TFS Turbofan (small) 

The appendix (Q) signifies a quiet nacelle 

engine. 

(4) 	 The mode of operation is identif'ied with a TO f'or 

takeoff and ~for landing. (I), (II) or (III) refers 

to the takeoff profiles associated with different 

flight trip lengths when a detailed noise analysis 

is being performed (see Sectio~ V-A). If the trip 

length is not known, use profile (II). 
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(5) 	 This group of letters refers to the special procedure 

that may be used. The interpretation of tbe coding 

is as follows: 

S Standard ~akeoff er landing 

N Northwest Orien~ Airlines noise abatement 

takeof:~ 

F FAR Fart 36 takeoff 


T Two-segment approach 


(6) 	 ~he last nurr.ber of the code ~dentifies the nunber in 

the set. Tte graphs within a set encompass different 

ranges of tbe d~stance D1 . For the turbojet and 

t~rhofan aircraft there are usually three graphs in 
a takeoff set a~d two graphs in a landing set. For 

the propeller aircraft there are two graphs in a 

takeoff set and one graph in a landing set. 

For a given type of aircraft, look up the chart code 

ln Table 1 (page26) whlch will give the first three groups 

of the code. If the operation is a takeoff and stage 

lengths are not known, use the chart with TO (II) in the 

code (if the stage lengths are known, see Chapter V). 

Check also whether tte airport uses standard or special 

takeoff and landing ~rocedures. Finally, look through the 

subset of charts for the chart that shows the a~propriate 

range of D1 . The desired SEL value is determ"ined by first 

establishing the o2 distance along the horizontal axis. A 

perpendicu:ar is then drawn on the graph to intersect the 

proper D1 value. The appro~riate D1 distance is established 

by interpolation between the bracketing D1 curves. From 
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this intersection, a line is drawn horizontally to inter

sect the vertical. The point of intersection gives the 

proper SEL value. 

c. Complete the partial ~d value n 

1. Cal~ulate the correction for the nunber of operation:3. 

The SEL value for a given type of aircraft and mode 

of operation must now be adjusted for the number of times 

this particular type of aircraft flies along this track. 

This adjustment is made by subtracting the variable K which 

is dependent on the nunber and distribution of day and 

night flights. The equation* for K is 49.4 - 10 log (~D + 
lONN) and its solution is graphed in Figure 8. In Figure 8, 
find the nearest whole number value of K for the inter

section of the number of daytine U~;) and night':;ime (NN) 

operations for the given type of aircraft, mode of operation 

and track. 

?
'- . Calculate the partial T. value.

~dn 

The partial Ldn value [Ld.:1(i,~)] :.s simply the arith

metic difference of the SEL value found above and the ap

propriate K value: 

Ldn(i,j) = SEL(i,j) - K(i,j) 

The process is now completed for obtaining an Ldn(i,j) 

*See Equation 2, page ? 
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value for class of aircraft ar.d mode of aircraft operation 

j. Repeat for each major a~rcraft type and node of op

eration. Repet!t1J~ will result i~ a set of Ldn(i,j) 

values. The total aircraft noise envi~onrnent is then the 

sumr'Jation of' thesP partial Ld.n 11;::,l1;es. 

D. Add the partial Ld~ va:ues to obtain the total Ldn 

fer aircraft Jperations 

Since the partial Ld values are expressed in decibels,n 
they cannot be added together by ordinary arlthrnetic. In

stead "decibel addition" is involved.* A chart for adding 

sound levels quite accurately by "decibel addition" is 

given in Figure 9. This chart can be used to an accuracy 

cf 0.1 d3, but most applications wjll not require (nor 

just!fy) this degree of precision. A more practical ad

dition p~ocedure for quickly estimating the sum of two or 

~ore decibel ~evels is given in the top of Ta~le 2. The 

use of this table will yield a sum that !las a:1 accuracy 

within : dB. An accuracy within 1/2 dB can be obtained 

*Remembe~ that the decibel scale is logarithmio and ex

presses the r~tio of two quantities related to power 

(u:ith one quantity being a Peferenae value). When Ldn 

valuea to be combined are (ndecibel addition"), the values 

are combined on an energy basis. The rigorous prooeiure 

for doing this is to convert the decibel ~umbers to 

relative powers, to add the po~ers and then convert back 

to the corre3ponding deaibeta. The availability of 

scientific calculators that have lOx and log x functions
10


makes decibel addition very easy and precise. 
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l 

TABLE 2 


RuLES FOR COMBINING SOUND LEVELS BY "DECIBEL ADDITION" 

A. 	 For noise levels know or desired to an accuracy of t 
decibel: 

Add 	 the following 
Whe~ two decibel ar.10un t to the 
values differ by higher value 

0 or 1 dB 3 dB 
2 or 3 dB 2 dB 
4 to 9 dB 1 dB 

10 dB or more 0 dB 

B. For noise levels known er desired to an accouracy of t % 
decibel: 

Add the following 
When two decibel amount to the 
values differ b~ hi~her value 

0 or ~ dB ·3 dB 
1... or l~ dB 2~ d3 
2 to 3 dB 2 dB 
3* to 4-t; ciB l~ dB 
5 to 7 dB 1 dB 
7t to 12 dB ~ dB 

13 dB or more 	 0 dB 

(Far greater accuracy, refer to chart in Figure 5) 
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by using the lower half of Table 2. This degree of ac

curacy !n comparing Ldn va:ues will generally te adequate 

for most calculat~on~. 

When a number o: par~jal L. values arc tc be added,or: 
using ?able 2 or F!gure 9, they should be added two at a 

time, starting wi~h the lower valued levels and continu~~g 

the addition procedure of two at a time unt!l cn:y one v2l~e 

remains. To illustrate, s~ppose lL is desired to add the 

following five levels, usi~g the summRtion prccedure of 

the upper portion of ~able 2: 

68 dB 

75 dB 

79 dB 

= 90 dB82 dB 

88 dB 

Addition of the partial Ldn values ~ompletcs the 

procedure. Table 3 sumna::·lzes the basic calculation steps 

that have been described. 

E. Examnles 

The following two examples illustrate the procedure, 

the first for a single aircraft operatic~ and the second 

for multiple aircraft operat :.ons. Cal culat ions for tltese 

examples are given i~ ?igurc 10. 
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F.xar.ip ~ P ? 

Co?lsidcr c. site exposed t~ noise from t2keofi's of 

1!-er:gl;1e LB::'R tu:>bofan alr~Taft wi ":h the aircraf't 

departing alone a curved fligtt path essentially 

as sho~n in Figu~e 3 (page??). There are twelve 

operations dur:tng daytime hours (between 7 an and 

10 pm) and two nighttine O?eratlons (betweer: 10 p~ 

and 7 am). The s~andard A7A tRkeoff procedure is 

used but the stage lcr:gths are unknown. 

Measurenent of the fli~ht track on a map shows 

that the distance D, is 22,000 feet and the distance .... 
D~ :i.s lOCC :'cet. 

c:: 

Er.tering the takeoff' chart 4-T-r:::'FL-":'O(II)-S-3 

which covers distances from 18,000 to 190,000D1 
feet and ~sing dis~ance D~ value of 1000 fee~, an ,, c 

SEL value of 101.3 dB is obtained. Note that a 


curve for D1 equal to 22,000 feet is located two


fifths of ':he dicta.nee betwer:,:1 the D1 curves f::ir 


20,COO and 25,000 feet. 


The interpolaticn here cnn be done by inspcctjon or 


by calculation: 


At = 1000 ft,
D2 

S3LDl 


20,000 102 


25,000 ion. '.2 
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.....,Thus, the SEL for a ::if 22,'.)·:)J ft. isv~ 
,,;. 

22 2 000-20 2 00J102 + . ( 1. 8)
25,000-20,00J 

= 102 - 2 ( 1. 8) = 102 - 0.7 = icr:.35 

From Figure 8 J the "K" value for ~~D equal to 12 and 

:~N equal :o 2 is 34.5 dB. Therefore, as shown ir. . 

Tcolumn 1 of Figur:: 10, "::t.e is 66.8 dB..wdn 

Exanple 3 

~onsider the sane site as in Example 2. The airp8rt 

is considering a change in aircraft jeparture paths, 

such that a large proportion o~ aircraft wo~ld ~ake 

a "straight-o~t" depart~re as ske":;c:'1cd ir: E'ig~re 1:.. 

'l'he total number of df::partures is uncnar.ged. What 

will be the cr.ange in noise exposure a: the site 

as a result of thiH change of operat~ons? ~r.e 

needed operational infornation is tabulated i~ 

columns 2 and 3 of Fig~re 10. Eight daytime flights 

have been changed from flight path A to ~light patt 

B. The two night operations have been sp~~t between 

the two paths. 

The distance D: and D2 are tabulated in Figure 10. 

The SEL values from 4-T-TFL-~O(I)-3-3 are also 

tabulated. The new flight pa:h results in an 

SEL that is 2.3 dB lower than that for f~!ght 

path A. 
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FIGURE 10. LDN DATA COLLECTION AND CALCULATION CHART 
EXAMPLES 2 & 3 
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FIGURE Jl. FlfGHT PATHS AND DISTANCES FOR EXAMPLE 3 
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Subtracting ~he "K'' values obtained from Figure 10 

resu~:s in partial Ldn values of 63.3 dB and 62.0 dB. 
Adding the two partial :,d~ values by means of 

Table 2-B results in a total Ldn of 65.8 dB as shown 

below. 

63.3 - 62.0 = 1.3 dB. By ~able 2-B, 
2.5 dB should then be added to 63.3 dB 

63.3 + 2.5 = 65.8 dB 


(More precise calculations yield 65.7 dB.) 


Thus, the change in flight pa:hs has resulted in a 
decrease in ~oise exposure at t~e site by 1 dB. 

The procedures involved in this section are su:nmar~zed 
in Table 3. 
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1. Obtain opcr2t!cna: !~p~t i~formation: 

Aircraft :,ype 

~ode of operat~o~s: '..,akeoff or land!ng 

~ur.iber of opera~i2ns for: 

Jayt :.r.ie ( E ., ) 
...; 

t,Ji g:!'°;,..:;: ~;ne CiN) 

~lig~t L~ac~ locat:cn in the ground 

')
'- . obtain dista~ces and 

3. 

4. 

Se:ect profY:r alr:.:rci.ft no.:'...:::c cha:::>:, bc:.sed on: 

Alr;.;raft, '..-ype 

~ode ct operatio~ 

Dista:i~c D,
_L 

Fro~ ttc no~se chart, de~errr~ne the alrcraft sound 
exposure lP.'.,-el (SFL) by ente~'.:..r:g the ciart using 

cl is '.,ar"ces D1 anr.i D2 . 

6 • 

8, us':.ng 

.Sv.ttrack K .:'."rom 

'1T ~r(]·
1,1 L· c~. ,, 

.SE~. ·~::.) 

"\T 

":r 
ot~aln the partial L .. 

an 

aircraf: type and ~ode uf operaticns Lh~t would 

contr!bute to t~e ~cise expcsurc at the la~d 

parcel. 

?h~s, for each alrc~a~t :yre ~, and ~ode o~ 

opera~ion j, one will ob:ain a corrcscor:ding 

8. ''Add'' t:-i:; Ldy ~i,j) va::.t..;_es cis.:..r:r; 'Ic.ble 
.• l 

Fig~re 5 ~o obtai~ the total aircraft 

2 or 

--'dn • 



SECr:1ION IV 

METHOD FOR DETERMINING A.PPHOXIMATE Ld CONTOURS FOR
r: 

A SINGLE FLIGHT PATE 

A. Calculate the Equivalent SEL Value 

The procedures given in this manua: enable you to cal

culate the Ldn value at a given ground posit~on. They do 

not provide an efficient way tc deter~~r:c contcurs (lines Jf 

equal Ldn values) which nay cover q~ite large land areas. 

As noted ea~lier, standard computer programs are available 

for generating Ldn contours. 

For some planning purposes, it may be desirable to make 

an estimate of contour size and dimensions for a spec!fic 

flight path. To accomplish this limited aim, this section 

outlines a way of determing the approximate size and area 

of a specified Ldn contour. The basic approach lies in 

deternining the dominant mode of opera:ion (takeoff er 

landing), the most sign1:fir!ant air>cr>aj't in terrr:s oi' noise 

contribution for that path, and then calculating an equivalent 

SEL corresponding to the desired L~n values for which contours 

are needed. 0!1ce the equivalent s:::::., value is uetermlr1ed, the 

approxireate contours can be determined, as outlined in Section 

IV-B. 

This procedure has several linitations. Ldn contours 

nay be influe~ced by both takeoff and ~anding operations but 

in_ this method, only the doninant node of operation ls con

sidered. Another limitation is that in many locations, the 

Ldn values are influenced by ccntributions from more than 

one flight path; this procedurP. is based upon noise fro~ 

aircraft on only one flight path. 



The ~ethod f~r calcLllating the equivalent SEL value is 

described in tte fo::a~=-~g seve~ s~eps: 

; Identi~y tte aircra!t types ar:d n~mber of takeoffs and-· 

:andings per day for :he three "noisiest" classes c£' air 

craft. Jn ranking the aircraft i~ terns of thelr contribu

tions to L1e total nolse ei:vironr.'ler:t, CJSe tt.e rankir:g cf 

a!~craft given in Table l*. 

Tf takeoff operat~o~s comprise 40% ur more of the total 

operations, omlt calculations for a!rcra~~ on approach. 

takeoff operat!ons comp:>lse less thar~ 3J% of the operaticns, 

neglect :~e takco~~ ope~ations. Where takeoffs range be
tween 30% and 39% carry out calcu:ntions for both takeoff 

and land~ng air~raf~. 

2. List the ti1r•ee cla:::;ses 0£' a.=_rc~aft ide!'l.tifled in 2tep 1 

in ':he foY'r:i given i:: "2"::gu~e 5 ~ogelher· ;dth ~~he number of 

day and n~ght takccffs or la!1.di~gs for each a~rcraft. Also, 

list ~he appr~p~iate takeoff or landin~ SEL values from 

Table 1 for each aircraf<..::. This val;.ie is :.der:.tified as the 

rcfer2nce SEL vu.l i.<c ( S?~LP.) for that a:.:r,craft a::id nod~ of.' 

operatior.. 

*Table 1 lists the typical noise levels at a distance ap

proximately 15,000 feei fr•om start of takeoff OP 6,000 

fr>om threshold on l.ancli'.ng thr>eshoZd. The r>elative ranking 

of ca·::m tri.b u tions may iJe ZZ ohange for diffe Pent pos1.'. ti ons 

hence the listing in TabZe I is to be used for the purposes 

of this analysis only. 
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3. Deterr:iine from F'igure 8 the adju.stnent factor "!<" for 

the nu~be~ of day and night operations and list on Figure 5. 

4. For each aircraft c:J..ass, subtract the K values from the 

partial day/night levels. 

(L ' = S~L.R - K . .•. (4.1)d!1 1 R 

5. Add ~he partial Ldn values as described in Section IIT-C 

to obtain the reference Ldn value for takeoffs and/or for 

landings. In cases where both landing and approach Ldn 

values have been calculated (see Step 1), compare the landing 

a~d takeo~f values. If the landing value exceeds the ta~e

off Lan value by more than J dB ~eglect the ta~eoff value in 

future calculations. If this is not the case, neglect the 

landing values in further calculations. 

This assessment results in selection of the dominant 

mode of air-craft operation and es:abllshes the reference ;:_,dn 

value. 

6. Identify the dominant aiPcraft, which is the aircraf~ 

that has the highest partial L~ value for the dominant mode 
c~n 

of operation. 

7. Obtain the equivalent SEL, SELE' for the reference ~dn 

value. The equivalent SEL for the domina~t aircraft is 

calculated as follows: 
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where Ldn is '.:,he level ;1hose ccntour you wish 

to calculate 

(Ldn)R is the re~erence value of ~dn 
SELR is the reference value for the dominant aircraft 

'T'he SEY,E contour s1 ze and sha!JP. is approxirr.ately the 

same as the referenc·e Ldn contour. The SE:.iE is then used 

in Section IV-3 to ~a1culate th.e size and area of the L. R ar. , 
contour. 

Exar.iple 4(a) You wan~ to determine tr.e approximate 

size anc area for the Ldn = 60 contour for operations along 

the track 278 at Myth~cal Airport (see Figure 6); ATA 

takeoffs are used, but stage lengths are unknowr.. The 

brea~dov:n of operati.cns on a~ average daily basis along 
this track is now as follows: 

l1verage Daily Averae;e Daily 
Liar.dings Tai{eoffs 

Aircra:'t r::'ype 
KD NK ND NK 

Boeing 747 	 3 1 10 3 
,Boeir.g 707 	 ) .::." 14 6 

DC-9 	 7 2 20 5 
Convair 440 	 5 1 16 3 
•rwin Otter 	 3 :J 9 0 

Looking at the ranking of Table I, it can be seen that the 

Convair 440 and Twin Otter can be elim!nated I'rom further 

consideration, since only the th~ee noisiest classes of 

aircraft are to be considered. Looking, therefore, at the 

747, 707 and DC-9, it can be seen that there are a total of 

58 takeoffs and 20 landings. ~akeoffs comprise oore the~ 
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Wr~te the vnlues of ~J ~nd ~'~ ~~r en~h n1rcraft type on th2 

Da~a So:~ection C~art (Figu~P 12) and calculate the values 

of K. Jsincr. :te refeY'e::-1:'e SEL valL;es (SEL,J, cc.::i..culate th·:;
h n 

··~"1 ial L values at the re~erence d~s~ance using 8EL~ ~~· J dn rt 

values frc~ ~able T, thcr the reference L by1n 
addition c~ the partial T~is results in a 

rPference Ldn c. 1 f 79.7. ::<_:_;~all.;, calculate thf~ equivalent 

SE:::.i us=..r:g equa:.ic:1 ( 4.?) ::;(; Lh::=:,L 

cr1 ''n ~q 7) + i-~ ~...:>L • . = ~ :::i L - / _.• , U { • '.::;
L 

= g~,1 • .3 

This value of SEL~ is ~seJ in the next sect!on to 
IC,, 

ca:culate the shape for the :d~ = 6C contour (in Exa~ple 6). 

B. Deternine the A~nroximnt~ Size of 2n S~L Contour 

The procedure outlined in this subsection prov~des an 

appraxinate ~ethod of dcterni~i~g ttc width, length and ar0a 

of a~ S~L cunluu~ for a sp~c"fi~ a~rcraft cpc~ation (ta~e-

or:· or _:_anding) ::r of dc.,ter•r:il:i:~rn~ '.:1:1 L - (!on'..,our using an ... c.r! 
ccu: valc:n t s;:;;:, vril :1c ( SEL,~). 'l1!1e pr0cedurc somcwha t over-

est irea~es the size of L~e acL~al contour sir1ce it considers 

o~ly air-tc-grou~d ~o!se p~opa~~~ion 2~d ~eg!ects the in

creased qttc~uation due ~o ~round-to-gro~nd propn~ation 

wlth respect ta the listc~cr.* 

*The inc reas e d a t t oz u a ti on o:· r: cd s e f o r ground - to - erour. d 

propaJation wiZZ mainly Ped~ue lhe size uf lhe contour 

--~) __ _ 
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-
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--------- --- f-- 

PARTIAL LON 75.7 76. 7 7/ 
TOTAL LON 79. ] 

FIGURE 12. LON DATA COLLECTION AND CALCULATION CHART 
EXAMPLES 4 & 6 



Select the pro~er noise charts for the given aircraft 

and mode of operaticn (if calculati~g an Ldn contour, use 

the dominant aircraft and mode of operation). The set of 

curves can be identifiej as described in Section III-B. 

2. Determine the approximate contour alosure distanae. 

The contour closure distance is the distance (from start of 

ta~eoff roll or frorr the landing threshold) at which the 

desired SEL value is attained along the flight traak. This 

distance is identified as A in Figure 13. 

The closure distance can be determined from the noise 

charts by finding the distance DJ a:ong the left vertical 

axis for the desi~cd SE~ value. (Note that since the 

clo3ure distance is measured along the flight trackJ D2 
is zero). Interpolate between the curves to find theD1 
desired D value, and identify this distance as A.1 

3. To find the maximum width of 'che SEL contour, de

termine the maximum value of D2 for any· value of o1 . To 

do this, draw a horizontal line or. the char:(s) at the 

specified equ~valent SEL value. Find the intersection with 

a D, curve that occurs farthest to the right of the ahart . .... 
Read ofI' D2 on the horizontal axis corresponding to this 

intersection, and denote this as B. Where there is more 

than one chart to a takeoff or landing set, as will usually 

be the case, one should repeat th~s procedure for each chart, 

and take the largest value of D2 as B*. 

*As indiaated in FiguPe 13, this pPoaeduPe ~ill resuit in 

determining B1 the maximum width of the contour. At 

distances closer to the runway the noise contour may be 

narrower than those caiculated from the above method 

because of the influence of gPound-to-ground propagation. 
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4. Calculate the approxi~ate area of the contour. The 

approximate area of the contour is found from the following 

expression: 

Area 1.5"7 x Ax B •••. (L.3) 

This expressicn approximates the contour as a section 

of an ellipse. T~1is area is greater than ~he actual contour 

size because the ground-to-ground transmission of sound is 
neglected. 

Exarr.ple 5 

You wish to find the approxi~ate area iffipasted 

by noise levels of 107 SEL and above as a 

result or 8tandard takeoffs of 4 engine LBPR 

turbofa:1 a::rcraft (707/DC-8). ?irst, go to the 

approximate set of noise charts 

(4 - T - TFL - TO(II) - S - l, 2, 3). 

Figure 14, a copy of the secor.d chart of this 

subset, shows tha: when D2 is zero (i.e. looking 

along the vertical axis) an SEL of 107 occurs 
for a value of o1 = 15,000 ~t. Now moving· 

horizon:ally along the l~ne for SEL = 107, it 

can be seen that the largest value of D2 is 

ab cut 1350 ft. ('rhis occurs for D1 = 8000, 

but there is no need to record this.) Check all 

the charts in the set to see tr.at this is, i~ 

fact, the largest value of D2 . 
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Thus ~ = 15,500 ft. 

B = 1,350 ft. 

Area Impacted = 1.57 x 15,500 x l,350 

= 32.9 x 10
6 ft. 2 

Exar.iple 6 

This is the continuaticn of Example 4 in which 

an SEL value of 87.8 was obta~ned as equivalent 

to an Ldn value of 60. Turn :o the takeoff noise 
charts for the domh1ant aircraft (4-T-TFL-TO(II)-S); 

the third chart of the series shows a contour 

closure distance, D1 , along the y axis of 

90,000 f~. The max~mum width, stown on the 

second chart ~n the series is 10,000 ft. Thls 
g 2

results in a contour area of 14 x 10 ft. 
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SECTTO~ V 

ADDITIOKAL PROCEDJRES FCR DETAILED KOI8E ASSESSMENT 

OR KON-STMD:>.P.D ?LIGHT P~OFTL:<:S 

A. Use of Snee-: a 1 Cha!'t s f o::-' r::_if fering Ta~-<cof:' We"'.. ghts 

The gradient of the takeoff fli~ht path af~ec~s the 

noise impact on the ground, and ttis g~adient depends upon 

~he takeoff weights of the aircraft. The takeoff weigh~ 

depends o~ the amount b~ fuel carried, which jn turn de

pends on the stage :e~gth cf the particular flight. 

For de~ailed noise calc~lations, takeoffs for each class 

cf medium or long ra~~e aircraft should be further troxen 

down by stage length fo~ that trip. The categories of 

stage length depend on tte actual type of a~rcraft and are 

shown in ~able 4. The data coJlection form should be 

completed in the format as shown in Figure 15. The noise 

chart should then be selected that has the same Roman 

numeral ir. the fcurth code group as the stage length 

ca.:egcry cede. 

3. Adjust~ent for ~on-Standar~ Approach Glide S:ope Angles 

The approach noise charts for a jet aircraft given in 

this handbook assumes a 3° glide slope, and although this 

~lide s:ope is fou~d at many airports some exceptions may 

occur. Th~s s~b-section provjdes a method for adjusting 

the noise charts to p~edict SEL values for other glide 

slopes. 

Besides a change in flight geometry which results in 

a change in the height of tte aircraft at a given position 
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STAGE :::.iENGTHS ASSOCIATED WlTH TAKECF? CATEGJRIES 

Stc.ge Lengtr. 
Aircraft Code Catego~y I Category II C2tegory :rr 

4-T-'l'FI., 0-l.000 1000-2000 > 2COO 

3-T-rrFL 0-500· > ::>00 

2-T-TF:::., 0-500 > :'.)00 

l.-'l'-T?H 0-lCCO 1000-2000 > 2800 

3-T-'IFH 0-1028 lJ00-2000 > ;:; GOO 

4··T-TP ALL 

4-T-?P ALL 

2-G-TJ ALL 

2-G-TFS ALL 

2-G-TP ALL 

2-G- .....PF ALL 

2-G-SPP ALL 

1-G-PP ALL 
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u~der the flighL pa~l1, a cta~ge in gl~de slope also may 

::nvolve changes .i:! "' '.r spi?ed and e:1glnc lnr·1s:: whicl: also 

prod~ce c~anges in ~t:e ss: values. The ~ethod described 

pr8vides adjustments f~r tte gcomctr~c chang~s bu~ dces ~ot 

provide adjustme~~s for ai~ speed and engine ~hrust changes 

L1a t nay accompany t:1e chaq-:;e ir. g::..ide slope. Fo!"' rr.inor 

changes in glide ang_e, th~ a!r soeed and thrust c~anges 

arc likely to be quite small. Por :arg~ angle changes, 

thrust and air speed chR~g~3 rnqy affect the nnise levels 

ap~rcciab:y. 

x0Given a glide slope of and a pos!:ion along a per

pendicular to the flight path at a distance D, (x), the 

adjustne~t to the noise charts consis~s of finding the 

equivalent D1 [(J1 )E: for a 3~ glide s:ope that has the 
sa~e height (as ill~stra~ed in Figure 16). For glide 

slopes grea~er than ~ degrees, ~te equivalent distar.ce 

will be larger d!s~a~ce than the actual (x); for glideD1 
Slopes l~ss ~~an ~ the '~ ' will be Jes~).'-'• vJ:' .) 

0 
' ·.. 'LJl): - • 

Figure 17 provides & s1mp~e ~omograpl1 for f~ndlng ~he 

equivalent D distan:e ~o be used !~ the noise cha~ts for1 
g:ide slopes rangi~g fro1 2.~ to 7°. Th!s nomograp~ simply 

so:ves the ~ol:owjng eQ~at~on. 

x 0tan= D.,
.L tan 3c . . . . ( 5 . i ) 
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Example 

For 	a glide slope of 4° and distance D of1 
25,000 ft., find the equivalent D, fo~ a 3° 

glide slope. In Figure 17, draw a line through 

25 on the left vertical sca:e (D: al BN) and 

thrcugh eN = 4°. This line intersects the 

right vert!cal scale (D1 at 3°: at 33,600 ft. 

C. 	 Guidance in Determining the Number of Po~ltlons for 

Ldn Calculations 

For a small parcel of land calculation of the La at . n 
one position is sufficient. For a larger parcel, where 

there may be a significan~ var!ation with!n the parcel 

bo~ndaries, calculation at ~ore than o~e point may be 

desirable. The practical q~cs~ion :o be answered is, 

"w11at is a small land parcel?" Th'_s ques:::ion can be an

swered by considering the accuracy of the calculations and 

the magnitude of the variations in noise levels that ts 

felt to be significant. In tr.e gu~dclines to follow, we 

shall consider. a small parcel as one where the expected 

variation in Ld or SEL values will be or the order of 1 dB 
~ 

or less. For such parcels, calculalicn at one position 

should be sufficient. A :arger parcel is o~e where it is 

anticipated that the variation in noise leve:s ~ill be 

larger than 1 dB. Given this definition, general guide

llnes can be developed that will apply for the cases where 

the a~rcraft is airborne -- the guidelines will not gen

erally be accurate for positions off to the side of the 

runway where the land parcel is exposed to noise from air 

craft generated as the aircraft moves along the runway prior 

to taking off. 
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1 1. Determine D1 and d~stances. ueteroine and D ,D2 D1 1 
and n2 and n2 

1 as shown ln Figure 18. Kote that o
1 

is the 

distance along the flight track tc a ccrpe~dicular drawn 

from the flight track to the edge of the parcel nearest the 
1runway; D2 is the dista~ce to the edge of the parcel 

fa'l"thest fr>om the 'l"unway. Sir:lilarly, is the distanceD2 
from along a ~erpendicular dra~n from the fl!ght track to 

the edge of the parcel nearest the flight track and 0
2 

1 

is the distance to the edge of the parcel farthest from 

the flight traak. Thus D1 will always te lar·ge Lba.n n
1 

' 

and D2 will always be larger than 02 
1 

• 

With the and distances determined, the fcrnalD1 D2 
guidelines described in the following steps may not be 

necessary in determlnlng the need for calculat!ng Ldn 

values at ::nore than one position. One may simply est:..matE'. 

the expected vartation 1n r:cise over the land parcel by 

lnspectior1 of the appropriate SEL cr1arts, using the D and
1 

D2 values determined in this step.* Where several aircraft 

are involved, select the SEL charts for the aircraft likely 

to be the dominant aircraft, i.e. the aircraf~ lixely to 

have the highest part!al Ldn value. 

2. Determ~nc adjusted D1 values. To apply the guidelines, 

the measured values, as obtained above, must be adjustedD1 
to represent the actual dis:ance along tte flight track 

from the point at which the aircraft left the ground. 

*This approach must be used to estimate the variation in 

levels for a p2rcel exposed only to noise from aircraft 

during the takeoff roll. 
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~ )(a, 	 ?or lancings, the adjusted D1 v2lues (D1* 
and '*) are equal to the neasu~ed ~D1 

val~es plus 950 ft. 


(b) 	 For takeo~fs, adjusted D values are equal to1 
rneas~red n1 values minus the d~stance fro~ 

start of takeoff roll to the poi~t at which 

the aircraft leaves the Ground (liftoff point). 

The liftoff dista~ce which is, cf course, 

always less than t~e r~nway distance may je 

es:imated from Figure 13- 3 tr.rough B-9 given 

in Appendix B. (High precision is not 

needed.) 

3, Apply size tests. Calcu:ate the quantity d where: 

d = 

If d is less :ha~ 0.12 the parcel may be considered to be 

small with regard to variations ~n noise along the direction 

of the flight track. If d is equal to 0.12 or gre2teP, 

the parcel should be considered large and calc~lations a~ 

more than one posilion 8huuld be considered. 

To estimate the variation in levels perpendic~lar to the 

flight track, enter Figure 19, with the two quantities: 

D1* 
~' rr.easurec along ~he horizontal axis 

2 

D2 I - ])2 
~--~~, measured along the vertical axis 

D2 
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Locate the poi~t o~ the figure. lf this p~int falls below 

~he approrria ~J e curvt3 ( takc:n :'.'f r r· app~·oach) Vie parce:::._ 

shou:d be considered as smal: a~d hence has a~ expected 

variatio~ of 1 dJ er less. If the po~nt falls abcve the 

appropriate curve, the expected varjation rray w0ll be reorc 

than 1 dB, and ~ore than one calculation pcsi~ion should 

be considered. If the value o: D:*/~2 ~s less t~ar. 1 for 
ta k e offs, ( L·2 

1 
- D2 ) ID2 sho u 1 d be 1 e s s ~h an the 0 . 1 for 

the parcel to be cons~dered srrall. Similarly, for the 

approach, whe~ D1 */D is less than 2.~, (D~' - D~)/D~2 t:. c (;;. 

should be less than 0.1 for a Bmall parcel. 
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r11: 1·~1,:urx A 

This epp~ndix co~tains the sound exposure level (SEL) 

charts needed for calculation of day-ni~ht levels (Ldn·) 
for civil aircraft opera~ions. The selection of the ap

prcpriate no~sc chart is determined by: 

Aircraft type 


~ode af operation (takccff' or landing) 


Dlst::i~ce D * 
1 

Aircraft types for ~hich SEL i~formation ~s provided 

are identified in Table A-1 of this appendix. The types 

are listej ln or·der of app:::'oximate noisiness. Table A-2 

provides a~ index to the !~dividual noise charts. 

Each noise ctart cover~ a ra~ge of the d!stance D~ , 
.l 

an::i several er.arts :nay be ncedeu Lo cover the entire raLge 

of D1 values for each aircraft and node of operation. 

Noise ch~rts ~re ide~ttf~cd according to the code 

listed below. ~his shows a~ example uf the ceding used by 

tne charts for the h:::i s i :~ L_, calculation: un 

4 -	 T - TFL(Q) - TO(I) - N - 1 

(1) 	 (2) ( 3) ( L ) (5) (6) 

(1) 	The first number ide~tif::.cs th~ nurr.her of engtnes ir_ 

the a:.rcraft. 

*Distanaea D and v a~c defined in the text (See Figures J1 2 
and 	4). 
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(2) 	 This letter sign:lfies either transport ai1•craft (T) 

or ger:eral aviation aircraft (G). 

(3) 	 The next group of letters identifies the type of engine, 

as follows: 

TJ - Turbojet 

TFL - Low bypass ratio turbofan 

TFH - High bypass ratio turbofan 

TP - Turboprop 

PP - Propeller driven by reciprocating 

engine 

LPP - Propeller.driver. by reciprocating 

engine (large) 

SPP - Propeller driven by reciprocating 

engine (small) 

TFS - Turbofan (small) 

The appendix (Q) signifles a quiet nacelle 

engine 

(4) 	 The mode of operation is identifted with a TO f~r 

takeoff and~ for landing. (I), (II) or (III) refers 

to the takeoff profiles associated with different 

flight stage lengths when a detailed noise analysis 

is being performed (see Section V-A). If th~ stage 

:ength is not known, use profile (II). 

(5) 	 ~his group of let:ers refers to the special procedure 

that may be used. The interpretation of the coding 

is as follows: 

S - Standard takeoff 

N - Northwest O~ient Airlines noise 
abate~ent takeoff 
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F - FAR Part 35 Lak~urr 

'I - Twc-segmon: n.priron.ch 

(6) 	 The last number of the code identif~es the nunber in 

the set. The graphs within 2 set encompass a•fferent 

ranges of the distance D1 . For thA turbojet and 

turbofan aircraft there a~e usually three graphs in 

a takeoff set and two graphs in a landing set. For 
the turbojet and turbofan aircraft there are usually 

three graphs in a takeof~ set and two graphs in a 

la~ding set. For the propeller aircraft there are 

two graphs in a takeoff se~ and one graph in a 

landing set. 
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TABLE A-2 

Index of Koise ~harts 

PagesAircraft Types l\ircra:'t 
Code ·:::iak:eof f Ap;_iroach 

4-Engine LBPR turbofan 4-'::1-T?L 8o-rn6 187-JJ'.~ 


111-137 132-lLJ
L-Eng:..ne LBPR turbofan IJ-T-T?L( Q) 
(quiet nacelle) 

3-Engine LBPR turbofan 3-T-TF:'.:., :.J,2-159 160-163 
3-Engine LBPR turbofan 3-T-r:::;i:, ( Q) 1611-181 182-rns 
(quiet nacelle) 
2-Eng:.ne LBPR turbofan 2-T-TFL 18G-?J3 ?.04-~!07 

2-=:ngine LBPR turbofan 2-T-·::1FL(Q) 208-225 2?6-228 
(quiet nacelle) 

4-Er.gine IIBPR turbofan il-':'-TFH ?29-255 25C-::?~9 

4-Er..gine HBFR :urbofan 1.-T-TP~I ( Q) 26cj-2s6 227-2:io 
(quiet nacelle) 


3-Engine HBPR turbofan 3-T-T~'H 291-327 3::.8-3?J.
I
4-Engine turboprop 4-T-TP 322-324 325-3~~6 

4-Eng:.r.e propeller 4-T-PP 327-329 330-J:n 
turbojet; ' ':(l?-~~42-:::n~ine GA 2-G-':'J _,_,. j_, 335-33ri 

2-;<:ngine GA turbofan ?-S-r:"?S 337-338 339 
2-Er:gine GA turboprop 2-G-'::'!:' 3110-3111 3L2 

2-Engi!'le GA propeller( large) 2-G-:::OPP 343-J4L 3t5 

2-Engine GA propeller(small) 2-C.l-SPIJ j1!6-~47 34B 

l-Eng1ne GA propeller l-~}-P'? 31t9-350 3)1 
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Power Cutback at 18, 000 ft. 
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3-ENGINE HBPR TURBOFAN TRANSPORT 
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3-ENGINE HBPR TURBOFAN TRANSPORT 
(DC10/L1011) RANGE >2,000 N.MILES 
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Power Cutback at 18,000 ft. 

Flight Track Distance Range 
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APPSNDIX B 

DEVELOPXENT OF THE AIRCRAFT SEL CHARTS 

This appendix brie~ly describes the analytical mcdel used 

to develop the SEL ~urves presented ln this hacdbook. The 

appendix also su1:rnar2.~es ;_,he noise and aircraft profile 

information and data sources. More extensive information 

and details may be found in the noted references. 

A. Noise Model Assumpticns 

The S~L curves given in the handbook were developed from 

two basic types of information: 

(a) 	~oise level curves showing the variation of SEL 

values as a fu~ction of distance from the aircraft 

at known air speed a~d thrust conditions. 

(b) 	Takeorf and landing profiles for each aircraft 

showing the height of the aircraft above ground 

as a function of distance from start of takeoff 

roll (or landing t::-1re 3hold). 

From a knowledge of the flight profiles, one can determine 

the distances between the aircraft and the observer at any 

point underneath or to one side of the aircraft (see Figure 2, 

ror example). Knowing the altitude and distance nf the 

observer from the ground track (which form two sid~s of a 

right-angled triangle), one can calculate the distance from 

the observer to the aircraft. 
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For each aircraft, SEL curves were developed for both 

air-to-eround a:1d grol.;.nd-to-ground propaeat ion in accordance 
with the siop~e analytlc ~odels given in Reference 1. These 

curves assume air absorption for sta~dard day conditions 

(59°F and 70 RE), as provided in SAE ARP 866A. The ground

to-ground curves also assumed excess cround absorption and 

a ~ d~ a~fsct to acco~nt for partial shielding of the air

craft noise sources at lo~ angles of elevation. 

rhe transition bet~een air-to-gro~nd and ground-to-gro~nd 

propagation is baaed upon the angle of elevation between the 

aircraft at the closest point cf approach and ground observer. 
This angle, e, is used to deter~ine a transition coefficient, 

T, where ~ is a function of e and varies between 0 and 1. 

For e eq~al or less than 4.3°, T = 1 and the ground-to
grounj propagation curve is used. For angles of e or greater 

than or equal 7.2°, ~ = 0 and the air-to-ground propagation 

curve is used. For intermediate angles, (4. 3° < O < 7. 2°), 

the fol:owing function is used: T = 2.5 -0.3491"6. 

N~ correction is used for the poss!ble fuselage shield

ing effects of multi engine aircraft at ground positions to 

the side of the al~craft flight track. 

These assumpt!ons are identical to those used in the 
NOISEiYIAP con:puter progrc.m developed for the Air Force and 

currently used for both civil and military aircraft Ldn 

calculations. 2 It sho~ild be noted that different assump

tions as to the transition between air-to-ground ground

to-grounc propagation and sh1eld1~g oay be err.ployed in 

ether computer programs. 3 
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B. Noise I)ata 

~or the larger civil tra~sport aircraft, se~s of noise 

curves (SEL as a function of distance) were available for 

different engir.e thrusts and a:_r speeds. At specified poir_ts 

along the flight path, changes were ~ade to basic no1se levels 

to allow for differences in aircraf~ speed and thrust from the 

reference condi~ions. For the smaller aircraft, generalized 

takeoff and la~Jing noise vs. distance curves were available. 

Simplified takeoff profiles were used requir1ng fewer adjust

ments of noise level data. 

The major source of noise data was Reference 4. This in

formation was supplemented by.generalized curves for general 

aviation aircraft provided in Reference 5. Figure B-1 shows 

a typical set of noise data for one cf ~he larger civil air

craft and. Figure B-2 shows a set of a composite data used for 

the smaller general aviation propeller aircraft. 

C. Performance Data 

For larger civil aircraft, basiq takeoff profiles were 

developed for d1ffcrcnt operating gross weights assu~tne that 

the aircraft follow ATA procedures. The interpretation of 

the ATA procedures used in developing these profiles is giv2n 
in Table B-1. The ATA takuof'I' µ:::·ocetlures u::;ed f'or the transpor 

aircraft are shown in Figures B-3 through 3-7. 

For other aircraft, generalized takeoff profiles were 

employed. These are shown in Figure B-8 and B-9· 

A 3° glide slope was assumed for the :anding profiles 

of all jet aircraft and the heavier propel:er aircraft. 

For the smaller general aviation airr.:raft, a.. glide slope of 

4.5° was assumed. 
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Reference 1 provides most of the basic data for developing 

the takeoff prcfiles and for deter~ining thrusts for the take

o~f and landing operations of the larger jet aircraft. 

D. Specia~ Takeoff Profiles 

For the civil turbofan ~ransport aircraft, SEL curves are 

provided for two possible noise abatement procedures. One 

special procedure is based on that :ievelopment by Northwest 

Orient Airlines. 7 The other special procedure is based on 

the allowable thrust cutback permitted by FAR 36. 8 The 

interpretations of these procedures are given in Table E -1 • 

.ft'igure B-10 shows a comparison of the three procedures 

( ATA, NWO Airlines and FAR 36) for a 4-eng.ine LBPR Lr·ansport 

aircraft (707/DC-8). It should be noted that the handbook 

graphs are based on thrust cutbacks at the heights specified 

in Table B-1. Cutbacks at these heights may not represent 

the "optimum" noise abatenent procedure fo:::- allevlatlng noise 

at individual airports. 



TABLE B-1 TAKEOFF PHOCEDURES ASSC~ED FOR PHOFILES OF CIVIL TURBOFAN TRANSPORT AIRCRAFT 

ATA 	 Northwest AL "FAR 36" 
Takeoff to 700 ft. ( 4-engine) 

First Phase Takeoff to 1500 ft. Takeoff to 1000 ft. or Takeoff to 1000 ft. (2,3-engine) 

TaKeoff (TU) thrust TO '.-hrust TO thrust 

v2 + 10 airspeed v_ + 10 airspeed v2 + 10 airspeed
c 

TO flaps 	 TO !'laµ:; TO flap:; 

Second Phase 1500 to 3000 ft. 	 1000 to 3000 ft. 700 ft. or 1000 ft. and Above 

Reduce thrust to maximum At 1000 ft., lower nose, Reduce tr.rust to that required 

climb thrust accelerate and retract for climt gradient of 4% (orIJ...' 

o:i Maintain V + 10 airspeed 	 flaps; at VZF' lower that required for level flight°' 	 2 
I and TO flaps. 	 nose, reduce thrust with one engine out) 1 ,maintain 

to maintain climb of v + 10 airspeed and TO flaps.2 
1000 FP~ 1 and hold VZF speed. 

Third Phase 3000 ft. and Above 3000 	 ft. and Above 

Accelerate to 250 Kt, Increase to normal climb 

retract flaps 011 schedule thrust, accelerate to 

while maintain!ng 500 F?M 250 KT and continue 8limb. 

climb, then cl:mb at 250 Kt. 

1. E~gine thrust adjusted for operating gross weight 
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