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Dear Reader: [
1

Aircraft noise Is now a significant problem for many people llvln8 near iI
airports. Part of the solution to this problem can be found in abatement
actions which are specific to individual co_unlty/ airport situations.

Adoption of such airport specific actions must he p_eceded by the analysis
and depiction of both current situations and all feasible abatement
options,

_ntll now, tile analysis of noise abatement options has often been equated

with complex and expensive computer operatlonsp the cost of which may be
beyond the capabilities of some airport proprietors, involved communltles,
or local land use planners. This manual will allow one to calculate, on I

I an airport specific basis, the day-nlght average sound level (L,n)

which results from civil aircraft operations and thus predict t_e noise
impact in areas near the airport. This "desk calculation" of aircraft

,else levels was adapted from the type of computer systems now in use by
both the Federal Avlatlon Admlnlscratlon and the Environmental Protection

Agency.

We at EPA believe that this manual desk calculation process is a_Jor

etep forward with respect to aviation noise abatement and compatible

land use planning.

Charles L. Elklns

Deputy Aselatant Administrator
f0r Noise Control Programs
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SUMMARY

A method is described for calculating values of Day/Night

Levels (Ldn) at a point due to aircraft operations from civil

airports. Two levels of sophistication are detailed -- at

the basic level, such factors as type of takeoff and landing

procedures are'considered, but aircraft range and non-standard

approach glide slopes are excluded; the detailed method takes

account of the latter parameters. The procedure is to de-

termine dlstancesbetween the point in question on the ground

and the aircraft flight tracks and runway. A series of charts

provided in the report give Ldn values for different types

of aircraft in terms of these distance parameters. An ad-

Justment is made to the noise levels for each class of air-

craft to take account of the number of operations, and these

adjustment levels are then added logarithmically to produces

an overall noise level. This method is not suitable for

generating noise contours (lines of equal Ldn value) although
a method is described for estimating area and size of any

given contour.
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CALCULATION OF DAY/NIGHT LEVELS DUE TO

CIVIL AIRCRAFT FLIGHT OPERATION

SECTION I

INTRODUCTION

This manual presents procedures and information for

calculating the day/nlght noise level (Ldn) 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/nlght noise level

at specific ground locations resulting from aircraft takeoffs

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

which provide noise information on most civil aircraft cur-

rently operating in the country. Noise charts are presented

for takeoff and landing operations includin_ special noise

abatement procedures.

The basic steps in calculating day/night levels are rela-

tively simple and straightforward. However, 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 from several runways by a variety

of aircraft.

i The handbook provides information for estimating day/night

average levels at two levels of pre'cision:

(a) a preliminary assessment when detailed information on

aircraft operations is not available and

(b) a detailed assessment when accurate information on

_ircraft flight operations and flight paths is known.



The latter assessment requires more extensive informa-

tion on aircraft operations and may be more time consuming

to calculate.

This manual 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 calculations would

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 information provided in this manual is identical

to that used in some of the other current compuSer programs

for calculating day/night level contours.

This manual does not include information on military

aircraft, hence it cannot be used for calculating Ldn values
for a military alrporb or where military aircraft operate

from a civil airport; information on noise from ground runup

operations is also excluded from the handbook. Noise daSa

are also restricted to fixed wing aircraft, so that noise
from helicopter operations cannot be calculated. However,

the basic calculation procedures can be extended to cover

I those aircraft simply by providing separate noise charts for

the aircraft not covered in this manual.

I This manual does not provide information on criteria,

standards or guidelines for interpreting the day/night level

*R_ferencee are _istad _ogether at the end of the tsmt.

-2-
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in terms of land use or community response. Such information i

may be found in application guides published by various local,

sta_e and federal agencies.

The next section of the manual provides a brief descrip-

tion of the calculation procedure. Section III describes how

to calculate Ldn values at a point, and Section IV describes

a method for determining approximate Ldn contours. Section V

gives additional procedures for detailed noise assessment or

non-standard flight profiles. The noise information to be

used in calculating the day/nlght levels is provided in

Appendix A. Appendix B provides background technical infor-

mation concerning the calculation of noise graphs and basic

modeling assumptions and sources of technical information.

l

-3-



SECTION II

OVERVIEW

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

of the noise environment at a prescribed location over a

24-hour period. It is equivalent in terms of sound energy

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

i0 dB added to the nighttime levels. The Ldn may be

measured or computed in several ways. If the noise Is

monitored continuously, the noise levels existing over the

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

l0 dB to the nighttime levels).

A second approach is adopted for calculating the Ldn

values due be airport operations. In this approach, the

noise contributions from each significant aircraft operation

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

summed on an energy basis to obtain the Ldn value. In this

case, the nighttime adjustment may be introduced by either

'adding l0 dB to the nighttime levels or by muZtipZy£ng _hs

number of nighttime events by 10. This latter procedure

is the one adopted in this manual. N

To provide a systematic basis for calculations, air-

craft noise intrusions are classified by type of aircraft

and type of operatlons (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

"DE_mls _S taken as the perlod from 7:00 a.m. to 20:00 p.m.,

n_ghtCime is the psr£od from _0:00 p.m. to ?:00 a.m.

-5-



calculatod for each class of aircraft, taking into account

the number of significant operations occurring in the day-

time and nighttime. These "partial" Ldn values are then

summed on an energy basis to obtain the total Ldn"

A. Sound Exposure Level (SEL)

The noise exposure contribution from each aircraft

operation is described in terms of sound exposure level

(SEL). Referring to Figure l, which shows a typical time

pattern of the noise levels existing during an aircraft

flyover, the gEL is the A-welghted sound level integrated

over the entire noise event and normalized to a reference

duration of 1 second. Hence the SEL gives the level of a

continuous 1 second signal which contains the same amount

of energy as the noise event. The 1 second reference dur-

ation acts like a common denominator, permitting the

addition of new events of varying durations.

Note that while the gEL is measured in terms of the

A-weighted sound level scale, the SEL is generally not equal

to the maximum A-level occurring during the noise event

(see Figure 1). Most aircraft noise intrusions last more

than i second, so SEL value will in general be hggher than

the maximum A-level for the same event.

i

B. Calculation of Partial Ldn Values

The Ldn for one class of aircraft and mode of operation

along one flight track is called the "partial" Ldn. For

aircraft class, i, and operational mode, J, the partial Ldn
(i,J) is given by:

-6-



RePerenceDumtlon
(1

SEL'

i SEL= Time Inmgratlon

of A-Level Divided by
- ReferenceDuration

_ _ _Maxlmum

g _
e

Bothfigures have the ==metotal weighted sounden©tgy when
|ntogratoclover time

TIME " j

FIGURE 1. ILLUSTRATION OF SEL CONCEPT
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Ldn(i,j) = SSL(_J) + lO iog(_JD[i,j]+ lO NNEI,J])-49.4(1)

where ND = number of daytime operations

NN = number of nlghtlme operations

The SEL(i,J), the first term in the above equation, is

dependent upon the type of aircraft, its power setting and

the distance of the alrcraft from the listener at the

closest point along Its flight 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 (I) may be re-

written as:

Ldn(i,J) = SEL(I,J) - K(i,J) (2)

where K = 49.4 - I0 log(ND[i,J] + I0 NN[I,J])

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

nZhs aonstant of 48.4 equals 10 log(number of ascends in a

24-hour day), or 18 Zog(S6,#O0).

-8-
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operations. Mathematically this is expressed as follows:

Ldn(i,J)

Ldn = I0 log_._ i0 i0
lJ

Close to an airport, the Ldn contributions from air-

craft will generally be much greater than that from other

sources, hence the total Ldn value due to aircraft Jill

equal the total Ldn value for the site. At distances

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

the Ldn values resulting from aircraft may not fully ac-

count for the noise exposure at the site. In such situa-

tions, noise from other sources must be taken into account

in determining the total Ldn for that site.

: D. Calculation Summary

In summary, the major steps in determining the day/

night level at any given position near the airport are as

follows:

(A) Obtain airport and aircraft operational information to

identify types of aircraft and 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 aircraft.

(B) Determine the SEL for _ach contributing noise event

using the noise charts given in this manual.

--9--
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(C) Compute the partial Ldn value for each significant class

of noise events from the SEL and number of events per

day and night.

(D) Add all the partial Ldn values together to obtain the

total Ldn for aircraft operations.

The next section will describe each of the above steps

in detail with examples to illustrate applications to real

life situations.

-lO-



SECTION III

CALCULATION OF Ldm VALUES AT A POINT

The basic problem to be solved is illustrated in

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

noise from takeoffs of a single 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 aircraft noise intrusions per day and per

night period. You must find out the location of the airport

runway and the flight path with respect to the land parcel.

This section describes the calculation of Ldn values
at a single point. For smsl% land parcels where the ex-

pected variation in noise levels throughout the land parcel

is of the order of 1 dB or less, calculations at a single

position should be sufficient. For larger parcels where

the expected variation in noise is greater than 1 dB,

calculations at several points may be needed to adequately

determine the noise exposure for the land under study.

Section V-C provides guidelines for determining whether

calculations at one or more positi'ons are needed.

A. Acquire Field Information

Before starting to collect information, a few words

of advice may be appropriate for anyone not directly con-

nected with the airport operations. In almost every case,

the best source of information is the airport manager;

either he will have the information 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 of information, and the airport

manager will probably pass your requests on to them.

-ll-



AIRCRAFTFLIGHT PATH

/
/ I

/ 1

_'"" '"_.........................i,,'r"' ',' _iJ _ ii --i\

_/,,, I 9"o°

LANDPARCEL N%
\

FLIGHT TRACK ON GROUND

PROBLEM:TO FIND DAY-NIGHT U:-WEL(LDN) I:OR LAND PARCEL
DUE TO AIRCRAFTOPERATIONS FROM AIRPORT

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

if far any reason you wish to work independently of the}

I airport manager.

Data acquisition involves the following six steps:

1. Determine the physical layout of the airport runways

and the length of the runways for the flight paths

Of concern.

Runway descriptions are given in FAA Form 5010 s and

instrument approach prcedures published by the National

Ocean Survey and Jeppesen _'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

made to be sure that the airport information is current.

.i

2. "Determine the location of the major flight tracks

i over the ground and the distances D1 and D2.'

_ 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 Dl and

D2, detailed in Figures 3 and 4, should be calculated for
each track.

For takeoffs, shown in Figure 3, DI 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 to be determined. If the flight track is

-IS-
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AIRCRA_r,L,GHTPATH\
\

?_.. !>,
L_STARTO,TAKEO,FROLL ,,' _"

i ,, \\
/,,," D_ \

_ND,ARCEL_ /\AIRCRAFT
FLIGHT TRACK ON GROUND

FIGURE 3, DEFINITION OF DISTANCES D 1 AND D 2 FOR
AN AIRCRAFT TAKEOFF
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curved, the distance DI must be measured along the arc of the

curve. D2 is the distance along the perpendicular drawn from

the flight track to the desired position.

For landing, as shown in Figure 4, D1 is the distance
along the flight track from the landing threshold _ to the

perpendicular drawn from the flight track through the land

parcel. D2 is the distance along the perpendicular from the

flight track to the ground position.

Figure 5 provides a form for tabulating the D1 and D2

distances. The maps and sketches which provide the basic

track information from which the D1 and D 2 distances are

determined should accompany this form.

Unfortuantely, aircraft do not fly along flight tracks

llke cars along an expressway. The actual flight tracks

flown tend to fan out from the nominal flight track as the

aircraft get further from the airport. Locating the turning
i point of Just one aircraft will not necessarily be repre-

I sentative of the mean flight track.

*The landing threshold identifies the beginning of the run-

way that in available end suitable for landings. For

most runsays the landing threshold ooincides with the

physloal beginning of the runway. Howeverj at some

airports the landing threshold is displaced along the

runway. 7his displaced threshold would be noted in the

instrument approach procedure shafts but will not be

indlaated on Coast and Geodetic Survey Maps.

_15-



Land Parcel \\_%\

AlrcraFt Flight Track
on Ground

FIGURE 4. DEFINITION OF DISTANCES D| AND D 2 FORAN AIRCRAFT APPROACH
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Several sources may have to be contacted to obtain

reliable track information. Often, the best source of

information will be the FAA tower or airport operations

personnel. The appropriate takeoff and approach charts

from the Jeppesen Guide 5 may be of some help (these charts

may be obtained individually from the publisher). Direct

visual observation may be needed to resolve conflicting

information, or to help determine the extent of variablons

in flight tracks for different _Ircraft.

3. Determine the types of aircraft producing the noise

intrusions.

For convenience, aircraft are classi1'led into dif-

ferent aircraft types determined on the basis of their

noise characteristics and operational characteristics.

Table i 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 aircraft

range from the 4 engine turbofan alreraft such as the

Boeing 707 and DC 8 series down to the smaller piston

engine propeller aircraft such as the Cessna 1SO.

Most airports will handle operations of several types

of aircraft. Start by determlnlng'tbe number of aircraft

operations for each bype of aircraft beginning with the

top of the llst in the table. Where the number of Jet

aircraft operations (transport and general aviation) exceed

more than 5% of _he total operations, you need not obtain !i

detailed information for the propeller aircraft operations, i

-17-



_ABT.E ]

NOISE CHART CODES ASSOCIATED W[T}] A]RCBAFT TYPES

RANKED BY APPROXIMAT_ NOISINESS

Takeoff J,andhl_
_ELa_ _L llt

Typleal 15,000 ft. from 6,0_0 fl. I'rrJm
AII,cPart_T_p_ A_rc_aft Code Aircraft StnrI_ s_ TO L1 dB Tllr_shnld _I dl_

l_-_n_In_ IIBPR _rbofan 4-T-TF]I 747 IIi.5 i_8.3

4-Eni_e L_rR _urb_Can _-T-_L 707, DC-S 110.9 106.0

l_-Englne LBPB turboC_m 4-T-TFL(Q) 707(QN) 109.7 97.2
{qu_o_; n_co]in) DC-8(Q_)

3-EnsJII_ LBPR _u_bnfan _-T-TFL 727 109.6 101,]

3-Rn_In_ LBPR _u_bnfan 3-T-TFL(Q) 727(QH) 109.3 9h,l
(quiet nanelle)

4-Engine IIBPR tu_llofan _-T-TPO(Q) 71_7(QH) 108.6 103.1
(qui_ nacelle)

2-EnB_ne Composite Business Je_ 2-G-TJ Jets_a_ I, 10_.9 i01,3
(_u_boJe_/_urbofan) LeaPJe_ 23-25,

Lea_Jet 35-36,
Jets_ II

2-En_1,e LBPB _u_bofan 2-T-TFL 737, DO-9 ]01.9 9_.3
i

2-_n_Ine LBPR turbofan 2-T-TFL(Q) 737(QN), 101.9 93,1
DC-9(QN)

[i" "3-EnEine ]IBPR tupbofan 3-T-TFII L-1011, DC-ID 101.8 98.8

/&-En_lne p_opeller _-T-PP DC-_, DC-6 98.8 90.3

_-En_Ine _u_boprop _-T-_P Electra 97.8 92.1

2-Enslne O,h. _ _u_bop_op _-G-TP _h_In O_e_) 93.5 92,h
KInE AlP,
Turbo Commander

2-Engine B.A. _ ppopellep (IRPBe) 2-Q-LPP DC-3 92._ _ 8_._

2-Engine O,A. _ ppopeller (small) 2-O-SPP Cessna 310-_01 83.2 80.5

2-Englne O.A. _ tupboTan ismall) 2-0-TF0 Cessna Cl_a_lon 81.4 80.3

l-Englne G.A. _ propelle_ 1-O-PP Cessna 150-210, 81.8 72.9
i Pipe_ Cher_]_O-

235

IA_A (_I_ Tra_spopt hssoolatlnn) _akeoff p_oeedu_e a_ _ax. we_gh_ ca_e_ory

_3° approach

_Oeno_l aviation

-18_



4. Determine the mode of operations (Takeoff or landing)

i for the aircraft producing noise instrusions_

,I Noise produced during takeoff and landing may differ

I considerably. Similarly, the flight paths followed by
aircraft in landing and takeoff may differ significantly.

For those reasons the number of operations for each class

of aircraft must be identified by mode. If a detailed

analysis is being performed, takeoff operations must also

•be broken down by trip length (see Section V-A).

5. Determine the number of operations per daytime and

per nighttime period.

The average number of operations per day should be

determined for each aircraft class and mode of operations.

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

: period should be used as the basis for determining the

average number per day. For some detailed investigations

you may wish to consider the number of operations occur-

ring over a shorter period, For example, when pronounced

changes in aircraft operations occur during different

seasons of the year, you might wish to calculate separate

day/nlght levels for the different seasons.

Determining She number of operations for each aircraft

class and mode of operation may not be easy since detailed

aircraft operational records are not usually available.

The log of operations maintained by the FAA tower personnel

will provide the yearly number of air carrier, air taxi,

i -l_-



general aviation and military operations.* However, the

FAA records do not idsntify the type of aircraft.

Sources o_ information for identifying transport

aircraft are the Offlelal Airline Guide *_ (OAG) and the

flight schedules published by the individual airlines'.

Some airports also provide a schedule of aircraft arrivals

and departures. And, do not 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 sources may be for differing time periods -

for example, daily, monthly or yearly totals. For cal-

culation purposes, this information should be correctedto 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 towers, this information is pub-

lished in ttFAA Air Traffic Aotlvity tl, a publloation

Issued by the FAA usually on Both a calendar and a

fiscal year basis.

_* Published monthly by the Heuben H. Donnelley Rorporatlon,

_000 Clearwater Brlvej Oak Brook_ Illinois _05_I

-20-



AIRPORT FLIG_TRACK J JMAP, J JOTHER

TRACK

AIRCRAFT

OPERATION

N D

N N
h,

D 1
I

_" D2

CHART

SEL

K

PARTIAL LDN

TOTAL LDN

FIGURE 5, LDN DATA COLLECTION AND CALCULATION CHART



6. Determine the flight path utilization.

Track utilization is defined as the proportion of

operations in each direction along the flight track.

Takeoff direction along the runway may well reverse during

different periods of the day or year due to changes in

wi_d direction or traffic needs. Sometimes the same flight

track will be used for aircraft departing and for air-

craft landing.* In other cases, the flight track may

differ fsr takeoff and landing operations. For example,

the landing track may be straight into the runway while

the takeoff may involve a turn after lifteff.

Accurate information on runway or flight track utili-

zation is sometimes difficult to obtain. This information

may be provided by the airport operator, FAA tswer or

traffic personnel. Where detailed records are not avail-

able, estimates of track utilization may be obtained by

studying wind rose information (see reference 6).

! Obtaining the above information completes the col-

lection of data for the basic Ldn calculations. The

information collected should be sufficient to complete

the top seven rows of the data collection and calculation

form (Figure 5).

At this point, it is important to check that the ac-

quired information sn numbers of takeoff or landings and

*Note that in this ease aZthough the same fZight track is

usedj the distance 01 will differ for takeoff and landing

by the Zength of the runwau,
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path utllization are in the desired format. The values of

ND and NN to'be 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 utilisation of

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

track k is:

N(J,k) = N(J).U(_,k)100

where U(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 opserations 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 of operations to

two significant figures is sufficient, but do not ignore

nighttime 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 i0 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 noise assessment, additional

operational information may need to be acquired.

(a) Spsela_ noise abatement takeoffs

The basic'nolse charts assume ATA (Air Transport

Association) takeoff procedures for civil Jet transport

operations. Special noise abatement procedures involving

reduction of engine thrust as specific altitudes may

either be implemented at some airports or may be con-

templated as part of a noise reduction program. Information

on the procedures Inoludlng the description of the pro-

cedures and the aircraft using the procedures should be

collected. Section V discusses the usage of such infor-

mation in detail.

(b) Special landlng profiles - .

For basic calculations, assume a 3° glide elope

for all turbojet aircraft and the larger propeller air-

craft; for smaller propeller aircraft, assume a 4-i/2 °. I

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 them; these are identified in

Section III-B.
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8. Data collectlon example (Example i).

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

an investigation of aircraft noise at Mythical Airport

(see Figure 6). Distances from the runway and flight

tracks are as shown, and the followlng operational data

have been collected:

Total daily operations_t 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%

I
Distribution of operations by type of alroraft:

, B-727 70%

OC-9 30%

i

Distribution by time of day:

Day Night

B-727 75% 25%

DC-9 80% 20%

*Note that this totaZ io equa_ _o 75 takeoffs and 7_ Zandinge.
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FIGURE 6. EXAMPLE: FLIGHT TRACKS AT MYTHICAL AIRPORT



The fi_'st step is to calculate the distance D1 and D2

for the points P and Q pertaining to each track. These

distances are tabulated in Figure 7.

Remember that D1 does not have the same value for

takeoffs and landings. For takeoffs, D1 is

measured along the track from the brake release

point, which is the point when 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 the landing threshold which is

usually the near end of the runway, except in

the case of a displaced threshold.

The values of D1 and D2 san be measured directly off

Figure 6, and accuracy to two significant figures is quite

adequate. In this example, both types of aircraft con-

venlently start their turn after takeoff at the same point.

More often, however, the flight instructions would call

for a turn at a given altitude, and since aircraft have

differing rates of climb, the turn would be initiated

at different points.

The nex_ step is to calsulte the total number of

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

B-Z27 150 x 0.7 = 105

DC-9 150 x 0.3 = 45

Total = !50
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Break these numbers down into day and night operations:

Day Night Total

B-727 105 x .75 = 79 105 x .25 = 26 105

DC-9 45 x .80 = 36 45 x .20 = 9 4_

150

These alrcraft must be distributed on each flight

Stack:

i Track.27A
Landing Takeoff

Day Night Day Night

B-727 0 0 12 3.9

DO-9 0 O 5.4 1.4

i Track27B

B-727 4.0 1.3 24 7.8
DC-9 1.8 0.5 Ii 2.?

Track 09A

q B-727 36 12 4,0 1.3

• _ DC-9 16 4.1 1.8 0.5

Check on total operations = 151,5

(the discrepancy here is due to rounding error)

The data has now been broken down so that the Ldn
collection and calculation chart can be completely filled

in (Figure 7).
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B. Determine the SEL for each Csntributin_ Aircraft Nolse Event

i. Check the Distances D1 and D2

The knowledge of D1 and of the aircraft takeoff and

landing profile determines height of the aircraft above

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

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

is automatically ealeu_at_d and taken into account in the

noise charts.

2. Select the Proper Noise Chart

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 l)

Mode of operation (takeoff or landing)

DistanceD1 J

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 for each aircraft and mode of operation.

Noise charts are identified according to the code

listed below. This shows an example of the coding used by

the charts for the basic Ldn calculation:

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

(1)(2)(3) (4) (5)(6)
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(i) The first number identifies the number of engines in

the aircraft.

(2) This letter signifies either transport aircraft (T!.or

general aviation alrcraft(G).

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

engine, as follows:

TJ Turbojet

TFL Low bypass ratio turbofan

TFH High bypassratioturbofan

TP Turboprop

P__PP Propeller driven by reciprocating

engine

LPP Propeller driven by reciprocating

engine (large)

SPP - Propeller driven by reciprocating

engine ismall)

TFS - Turbofan(small)

The appendix (Q) signifies a quiet nacelle

engine.

(4) The mode of operation is identified with a TO for

takeoff and _ for landing. (I), (If) or (Ill) refers

to the takeoff profiles associated with different

flight trip lengths w_en a detailed noise analysis

is being performed (see Section 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 the coding

is as follows:

Standard takeoff or landing

Northwest Orient Airlines noise abatement

takeoff

FAR Part 36 takeoff

Two-segment approach

(6) The last number of the code identifies the number in

the set. The graphs within a set encompass different

ranges of the distance DI. For the turbojet and

turbofan aircraft there are usually three graphs in

a takeoff set and 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

in Table 1 (page26) which 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 the airport uses standard or special

takeoff and landing procedures. Finally, look through the

subset of Charts for the chart that shows the appropriate

range of D1. The desired SEL value is determined by first

establishing the D2 distance along the horizontal axis. A

perpendicular is then drawn on the graph to intersect the

! proper DI value. The appropriate D1 distance is established

by interpolation between the bracketing D1 curves. From



_his intersection, a line is drawn horizontally to inter-

sect the vertical. The point of intersection gives the

proper gEL value.

C. Complete the partial Ldn value

1. Calculate the correction for the number of operations.

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 number and distribution of day and

night flights. The equation" for K is 49.4 - 1O log (ND +

IONN) 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 daytime (ND) and nighttime (NN)
operations for the given type oi' aircraft, mode of operation

and track.

2. Calculate the partial Ldn value.

The partial Ldn value [Ldn(i,J)] is 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 8, page ?
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value for class of aircraft and mode of aircraft operation

J. Repeat for each major aircraft type and mode of op-

eration. Repetition will result in a set of Ldn(i,J)
values. The total aircraft noise environment is then the

summation of these partial Ldn values.

D. Add the partial Ldn values to obtain the total Ldn

for aircraft operations

Since the partial Ldn values are expressed in decibels ,
they cannot be added together by ordinary arithmetic. 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

of 0,1 dB, but most applications will not require (nor

Justify) this degree of precision. A more practical ad-

dition procedure for quickly estimating the sum of two or

more decibel levels is given in the top of Table 2. The

use of thin table will yield a sum that has an accuracy

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

*Remember that the decibel scale Is Zogarlthmic end em-

presses the ratio of two quantities related to power

(with one quantity being a reference value). When Zdn

values to be combined are ("decibel addition"), the values

are combined on an energy basis. The rigorous procedure

for doing _his is to eonvert the decibel number8 to

relative powers, to add the powers and then convert back

to the corresponding decibels. The availability of

scientific calculators that have I0m and Zog10x funotlon8

makes decibel addition very easy and precise.
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TABLE 2

RULES FOR COMBINING SOUND LEVELS BY "DECIBEL ADDITION"

I

A. For noise levels know or desired to an accuracy of Z 1
decibel:

Add the following
When two decibel amount to the

values differ by hi_her value

0 or 1 dB 3 dB
2 or 3 dB 2 dB
4 to 9 dB 1 dB
l0 dB or more 0 dB

B. For noise levels known or desired to an aooouraoy of _ #
decibel:

Add the following
When two decibel amoun_ to the

" values differ by h_._her value

0 or % dB _ dB
1 or 1% dB 2# dB
2 to 3 dB 2 dB
3% to 4# dB i@ dB
5 to ? dB i dB
7% to 12 dS #dB
13dBormore 0 dB

(For 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 in comparing Ldn values will generally be adequate
for most calculations.

When a number of partial Ldn values are to be added,

using Table 2 or Figure 9, they should be added two at a

time, starting with the lower valued levels and continuing

the addition procedure of two at a time until only one value

remains. To illustrate, suppose it is desired to add the

following five levels, using the su_ation procedure of

She upper portion of Table 2:

75 dB = 81

79dB _

82dB = 90dB

88 dB

Addition of the partial Ldn values completes the

procedure. Table 3 su_arizes the basic calculation steps

that have been described.

E. Examples

The following two examples illustrate the procedure,

the first for a single aircraft operation and the second

for multiple aircraft operations. Calculations for these

examples are given in Figure 10.
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Example 2 -

Consider a site exposed to noise from takeoffs of

4-englne LBPR turbofan aircraft with the aircraft

departing alcng, a curved flight path essentially

as shown in Figure 3 (page22). There are twelve

operations durfng daytime hours (between 7 am and

I0 pm) and two nighttime operations (between i0 pm
p

and 7 am), The'standard ATA takeoff procedure is

used but the stage lengths are unknown.

Measurement of the flight track on a map shows

that the distance D1 is 22,000 feet and the distance

D2 is 1000 feet.

Entering the takeoff chart 4-T-TFL-TO(II)-S-3

which rovers D1 distances from 18,000 to 190,000

feet and using distance D2 value of 1000 feet, an
SEL value of lO1.3 dB is obtained. Note that a

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

fifths of the distance between the D1 curves for

20,000and25,000feet.

I The interpolation here can be done by inspection or

I by calculation:

i At D2 : i000ft.

I D1 SEL

20,000 102'
25,000 i00.2



Thus, the SEL for a D1 of 22,000 ft. is

22_000-20_000
102 ÷ 25,000-20,000 " (1.8)

= 102 - _ (1.8) = 102 - 0,7 = i01.3

Fmom Figure 8j the "K" value for ND equal to 12 and

NN equal to 2 is 34.5 dB. Therefore, as shown in

column 1 of Figure 10, the Ldn is 66.8 dB.

Example 3 -

Consldem the same site as in Example 2. The airport

is conslde_ing a change in aircraft departure paths,

such that a large proportion of alreraft would make

a "stralght-out" departure as sketched in Figure ii.

The total number of departures is unchanged. What

will be the change in noise exposure at the site

.... as a result of thine change of operations? The

needed opematlonal information is tabulated in

columns 2 and 3 of Figure i0. Eight daytime flights

have been changed from flight path A to flight path

B. The two night operations have been split between

the two paths.

The distance D1 and D 2 are tabulated in Figure i0.

The SEL values from 4-T-TFL-TO(1)-S-3 are also

tabulated. The new flight path results in an

SEL that is 2.3 dB lower than that for flight

path A.
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FLIGHT PATH (B)

FLIGHT PATH (A) __

FLIGHT TRACKS ON GROUND

FIGURE .11. FLIGHT PATHS AND DISTANCES FOR EXAMPLE 3
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Subtracting the "K" values obtained from Figure l0

results in partial Ldn values of 63.3 dB and 62.0 dB.

Adding the two partial Ldn values by means of

i Table 2-B results in a total Ldn of 65.8 dB as shown
i] below.

h

il 63.3 - 62.0 = 1.3 dB. By Table 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 fllgh$ paths has resulted in a

!} decrease in noise exposure at the site by 1 dB,

The procedures involved in this section are summarized

in Table 3.

i!.
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TABLE 3. DAY-NIGHT LEVEL CALCULATION SUMMARY

1. Obtain operational input information:

Aircraft type

Mode of operations: takeoff or landing

Number of operations for:

Daytime (ND)

Nighttime (NN)
Flight track location in the ground

2. From a flight track map, obtain distances D 1 and

D2 (see Figure 2)

3. Select proper aircraft noise chart, based on:

Aircraft type

Mode of operation

Distance D1

4. From the noise chart, determine the aircraft sound

exposure level (SEL) by entering the chart using

distancesD1 andD2_.

5. Obtain the "K" value for number of operations from

Figure8, usingND andMM.

6. Subtrack K from SEL to obtain the partial Ldn.

7. Repeat Steps 1 through 6 for each separate

aircraft type and mode of operations that would

contribute to the noise exposure at the land

parcel.

Thus, for each aircraft type i, and mode of

operation J, one will obtain a corresponding

Ldn(i, J ).

8. "Add" the Ldn(i.J) values using Table 2 or

Figure 5 to obtain the total aircraft Ldn.



SECTION IV

METHOD FOR DETERMINING APPROXIMATE Ldn CONTOURS FOR
A SINGLE FLIGHT PATH

A. Calculate the Equivalent SEL Value

i

! The procedures given in this manual enable you to cal-

culate the Ldn value at a given ground position. They do
not provide an efficient way to determine eontcurs (lines of

equal Ldn values) which may cover quite large land areas.

_ As noted earlier, 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 specific

_! 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

._ determining the dominant mode of operation (takeoff or

_ landing), the most signlfi_ant a_roraft in terms of noise

ii contribution for that path, and then calculating an equivaZest

_ SEL corresponding to the desired L_n values for which contours

i'_ are needed. Once the equivalent SEL value is determined, the
_i approximate contours can be determined, as outlined In Sectionil

IV-B.

This procedure has several limitations. Ldn contours

may be influenced by both takeoff and landing operations but

in this method, only the dominant mode of operation is con-

sidered. Another limitation is that in many locations, the

Ldn values are influenced by contributions from more than

one flight path; this procedure is based upon noise from

aircraft on onZy one f_ight path.
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The method for calculating the equivalent SEL value is

described in the following seven steps:

I. Identify the aircraft types and number of takeoffs and

landings per day for the three "noisiest" classes of air-

craft. In ranking the aircraft in terms of their contribu-

tions to the total noise environment, use the ranking of

aircraftgiven in Table1_.

If takeoff operations comprise 40% or more of the total

operations, omit calculations for aircraft on approach. If

takeoff operations comprise less than 30% of the operations,

neglect the takeoff operations. Where takeoffs range be-

tween 30% and 39% carry out calculations for both takeoff

and landing aircraft.

2. List tL_ Lhree classes of aircraft identified in Step 1

in the form given in Figure 5 together with the number of

I day and night takeoffs or landings for each aircraft. Also,

list the appropriate takeoff or landing SEL values from

Table 1 for each aircraft. This value is identified as the

reference SEL value (SELR) for that aircraft and mode of
operation.

eTable I lists the typiaal noise levels at a distance ap-

proximately 1B, O00 feet from start of takeoff or 6,000

from threshold on landing threshoZd. The relative ranking

of sentrlbution8 may well shange for different positions

hence the Zisting in Table I is to be used for the purposes

of thie analysis only.
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3. Detorminc from Figure 8 th_ adjustment factor "K" for

the number of day and night operations and list on Figure 5.

4. For each aircraft class, subtract the K values from the

partial day/night levels.

(Ldn)R = SELR - E .... (4.1)

5. Add the partial Ldn values as described in Section III-C

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

landings. In cases where both landing and approach Ldnf
values have been calculated (see Step 1), compare the landlng

and takeoff values. If _he landing value exceeds the take-

off Ldn value by mo2,e than 3 dB neglect the takeoff 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

I mode of a_reraft operation and establishes the reference Ldnvalue.

6. Identify the dominant aircraft, which is the aircraft

that has the highest partiaZ Ldn value for t_e dominant mode

of operation.

7. Obtain the equivaZent SEL, SELE, for the reference Ldn

value. The equivalent SEL for the dorainant aircraft is

calculated as fellows:

f
1 SEL E = [Ldn " (Ldn) R] + gEL R .... (4.2)
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where Ldn is the level whose contour you wish
to calculate

(Ldn) R is the reference value of Ldn

SEL R is the reference value for the dominant airc_a£t

The SEL E Contour size and shape is approximately the

same as the 9eferen_e Ldn contour. The SELE is then used

in Section IV-B to calculate the size and area of the Ldn R
contour.

Example 4(a) You want to determine the approximate

size and area for the Ldn = 60 contour for operations along
the track 27B at Mythical Airport (see Figure 6); ATA

takeoffs are used, but stage lengths are unknown. The

breakdown of operations on an average daily basis along

I this track is now as fellows:

Average Daily Average Daily
Landings Takeoffs

Aircraft Type

ND NN ND NN

Boeing747 3 1 I0 3

Boeing 707 5 2 14 6

DO-9 7 2 20 5

Convair440 5 1 16 3

Twin Otter 3 0 9 0

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

Convair 440 and Twin Otter can be eliminated from further

consideration, since only the three 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. Takeoffs comprise more then
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40% of all operations, so landings need not be considered.

Write the values of ND and NN for each aircraft type on the

Data Collection Chart (Figure 12) and calculate the values

of g. Using the reference SEL values (SELR) , calculate the

partial Ldn values at the reference distance using SEL R

values from Table I, then calculate the reference Ldn by

addition of the partial Ldn values. This results in a

reference Ldn of 79.7. Finally, calculate the equivalent
SEL using equation (4.2) so that

SELE = (60 - 79.7) + 107.5

= 87.8

This value of SELE is used in the next section to

calculate the shape for the Ldn = 60 contour (in Example 6),

B. Determine the Approximate Size of an SEL Contour

The procedure outlined in this subsection provides an

approximate method of determining the width, length and area

of an SEL contour for a specific aircraft operation (take-

off or landing) or of determining an Ldn contour using an

equivalent SEL value (SELE). The procedure somewhat over-
estimates the size of the actual contour since it considers

only alr-to-ground noise propagation and neglects the In-

creased attenuation due to ground-to-ground propagation !

which occurs when the aircraft is at a low elevation angle !

withrespectto thelistener.* i

*The increased attenuation of noise for ground-to-ground

propagation _lill mainly reduce the site of the Qontour

while the airoraft is on the groi_nd during takeoff roll.
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AIRPORT FL,GHTTRACKI IMAP, I [OTHER

TRACK _'/ B 27 B 27 B

AIRCRAFT B-Tq-7 B - 707 .Z)c- c/

OPERATION T/O T/O T/O

ND I0 ILl• 20

NN 3 6' 5"

D 1
I

r_

D2

CHART 4"'[- TFL"TO_)'Z

SELR IO 9 107. _ I0 E

K 33.3 30.8' 31

PARTIALLDN 75.7 76. 7 71

TOTAL LDN 79. 7

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



i. Select the proper noise charts for the given aircraft

and mode of operation (if calculating an Ldn contour, use

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

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

2. Determine the approximate contour oZoaure dlstam_e.

The contour closure distance is the distance (from start of

takeoff roll or from the landing threshold) at which the

desired SEL value is attained aZong the fZ_ght track. This

distance is identified as A in Figure 13..

The closure distance can be determined from the noise

charts by finding the distance D, along the Zeft vertical

amis for the desired SEL value. (Note that since the

closure distance is measured along the flight track, D2

is zero). Interpolate between the D1 curves to find the

desired D1 value, and identify this distance as A.

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

termine the maximum value of D2 for any' value of DI. To

do this, draw a horizontal llne on the chart(s) at the

specified equivalent SEL value. Find the intersection with

a DI curve that occurs farthest to the right of the chart.

Eead off 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 this procedure for each chart,

and take the largest value of D2 as B*.

_As indiaated in Figure 13, this procedure w_ZZ result _n

determinlng B2 the maximum width of the aontour. At

diatanoes aloser to the runway the noise contour may Be

narrower than those calculated from the above method

because of the influence of ground-to-ground propagation.
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- !

4. Calculate the approximate area of the contour. The

•_ approximate area of the contour is found from the following

expression:

_ Area = _ x A x B = 1.57 x A x B .... (4.3)

This sxpresslon approximates the contour as a section

of an ellipse. This area is greater than the actual contour

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

neglected.

Example 5 -

You wish to find the approximate area impacted

by noise levels of 107 SEL and above as a

result of standard takeoffs of 4 engine LBPR

turbofan aircraft (707/DC-8). First, go to the

_' approximate set of noise charts

(4 - T - TFL - TO(I!) - S - i, 2, 3).

Figure 14, a copy of the second chart of this

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

alone the vertical axis) an SEL of i07 occurs

fo_ a value of D1 = 15,000 ft. Now moving.

horizontally along the line for SEL = 107, it

can be seen that the largest value of D2 is

about 1380 ft. (This occurs for D1 = 8000,
but there is no need to record this.) Check all

the charts in the set to see that this is, in

fact, the largest value of D 2.
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FIGURE 14. DETERMINING A AND B FOR CONTOUR AREA
CALCULATIONS - EXAMPLE 5
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Thu: A = 15,50U ft.

B = 1,350 ft.

Area Impacted = 1.5T x 15,500 x 1,350

= 32.9 x l06 ft.2

Example 6 -

This is the continuation of Example 4 in which

an tEL value of 8Z.8 was obtained as equivalent'

to an Ldn value of 60. Turn to the takeoff noise
charts for the dominant aircraft (4-T-TFL-T0(II)-S);

the third chart of the series shows a contour

closure distance, DI, along the y axis of

90,000 ft. The maximum width, shown on the

second chart in the series is i0,000 ft. This

results in a contour area of 14 x 108 ft. 2
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SECTION V

ADDITIONAL PROCEDURES FOR DETAILED NOISE ASSESSMENT

OR NON-STANDARD FLIGHT PROFILES

A. Use of Special Charts for Differing Takeoff Weights

The gradient of the takeoff flight path affects the

noise impact on the ground, and this gradient depends upon

the takeoff weights of the aircraft. The takeoff weight

depends on the amount of fuel carried, which in turn de-

pends on the stage length of the particular flight.

For detailed noise calculations, takeoffs for each class

of medium or long range aircraft should be further broken

down by stage length for that trip. The categories of

stage length depend on the actual type of aircraft and are

shown in Table 4. The data collection 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 in the fourth code group as the stage length

category code.

B. Adjustment for Non-Standard Approach Glide Slope Angles

The approach noise charts for a Jet aircraft given in

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

glide slope is found at many airports some exceptions may

occur. This sub-sectlon provides a method for adjusting

the noise charts to predict SEL values for other glide

slopes.

Besides a change in flight geometry which results in

a change in the height of the aircraft at a given position
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TABLE 4

STAGE LENGTHS ASSOCIATED WITH TAKEOFF CATEGORIES

Stage Length

Aircraft Code Category I Category II Category III

4-T-TFL 0-1000 1000-2000 • 2000

3-T-TFL 0-500- > 500

2-T-TFL 0-500 > 500

4-T-TFH 0-1000 1000-2000 • 2000

3-T-TFH 0-1000 1000-2000 • 2000

4-T-TP ALL

4-T-PP ALL

2-G-TJ ALL

I 2-G-TFS ALL

2-G-TP ALL

2-G-LPP ALL

' 2-G-SPP ALL

I-G-PP ALL
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K
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TOTAL LDN

DATA COLLECTION FOR DIFFERING TAKEOFF
FIGURE 15. LDN CATEGORIES



under the flight path, a change in glide slope also may

involve changes in air speed and engine thrust which also

produce changes in the SEL values. The method described

provides adjustments for the geometric changes but does not

provide adjustments for' air speed and engine thrust changes

that may accompany the change in glide slope. For minor

changes in glide angle, the air speed and thrust changes

are likely to be quite small. For large angle changes,

thrust and air speed changes may affect the noise levels

appreciably.

Given a glide slope of x° and a position along a per-

pendicular to the flight path at a distance D1 (x), the
adjustment to the noise charts consists of finding the

equivalent D1 [(D1)E] for a 30 glide slops that has the

same height (as illustrated in Figure 16). For glide

slopes greater than 3 degrees, the equivalent distance

will be larger distance than the actual D1 (x); for glide

slopes less than 3° , the (D1)E will be less.

Figure 17 provides a simple homograph for finding the

equivalent D1 distance to be used in the noise charts for.

glide slopes ranging from 2.5 to 7°. This homograph simply

solves the following equation.

tan x°

(D1)E = D1 tan 3° .... (5.1)
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i Example-

i
L

I For a glide slope of 4° and distance D1 ofi

1 25,000 ft., find the e_uivalent D1 for a 3°

glide slope. In Figure i[, draw a line through

25 on the left vertical scale (D1 at 8N) and

through 8N = 4° . This line intersects the

right vertical scale (D1 at 3°) at 33,600 ft.

C. Guldance in Determining the Number of Positions for

Ldn Calculations

For a small parcel of land calculation of the Ldn at

one position is sufficient. For a larger parcel, where

there may be a significant variation within the parcel

boundaries, calculation at more than one point may be

desirable. The practical question to be answered is,

• "What is a small land parcel?" This question can be an-

swered by considering the accuracy of the calculations and

the magnitude of the variations in noise levels that is

felt to he significant. In the guidelines to follow, we

shall consider a small parcel as one where the expected

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

or less. For such parcels, calculation at one position

should be sufficient. A larger parcel is one where it is

anticipated that the variation in noise levels will be
J

I larger than i dB. Given this definition, general guide-

I lines san be developed that will apply for the cases where

I the aircraft is airborne -- the guidelines will not gen-
I erally be accurate for positions off to the side of the
E
: runway where the land parcel is exposed to noise from air-

1 craft generated as the aircraft moves along the runway priorI

! to taking off.
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.,"/ ,/ / \
' Land Parcel _/O2 . / \

_/ "/ Aircraft Flight Track \

on Ground i

FIGURE 18. DEFINITION OF DISTANCES FOR DETERMINING LAND
PARCEL "SIZE"



I, Determine D1 and D2 distances, Determine D1 and DI',

and D2 and D2' as shown in Flgnre 18. Note that D1 is the

distance along the flight track to a perpendicular drawn

from the flight track to the edge of the parcel nearest the

runway; D2' is the distance to the edge of the parcel

farthest from the runway. Similarly, D2 is the distance

from along a perpendicular drawn from the flight track to

the sdge of the parcel nearest _he flight track and D2'

is the distance to the edge of the parcel farthest from

the fZight track. Thus D1 will always be large than Dl'

and D2 will always be larger than D2'.

With the D1 and D2 distances determined, the formal

guidelines described in the following steps may not be

necessary in determining the need for calculating Ldn

values at more than one position. One may simply estimate

the expected variation in noise over the land parcel by

inspection of the appropriate SEL charts, using the D1 and

D2 values determined in this step.* Where several aircraft

are involved, select the SEL char_s for the aircraft likely

to be the dominant aircraft, i.e. the aircraft likely to

have the highest partial Ldn value.

2. Determine adjusted D1 values. To apply the guidelines,

the measured D1 values, as obtained above, must be adjusted

to represent the actual distance along the flight track

from the point at which the aircraft left the ground.

*Thin approaoh must be used _o estimate the variation in

Zevega for a paroeZ exposed onZy to noise from aircraft

during _he takeoff roZZ.
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(a) For landings, the adjusted D1 values (DI*

and DI'*) are equal to the measured D1

values plus 950 ft.

(b) For takeoffs, adjusted D1 values are equal to

measured D1 values minus the distance from

start of takeoff roll to the point at which

the aircraft leaves the ground (llftoff point).

The'liftoff distance which is, of course,

always less than the runway distance may be

estimated from Figure B-3 through B-9 given

in Appendix B. (High precision is not

needed.)

3. Apply size tests. Calculate the quantity d where:

Dl,* - Dl*
d =

Dl_

If d is Zese than 0.12 the parcel may he considered to be

smaZZ with regard to variations in noise along the direction

of the flight track. If d is equaZ _o 0.12 or greater,

the parcel should be considered Zarge and calculations at

more than one position should be considered.

To estimate the variation in levels perpendicular to the

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

Dl*

D2 , measured along the horizontal axis

D2 ' _ D 2
, measured along the vertical axis

D 2
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Locate the point on the figure. If this point falls below

the appropriate curve (takeoff or approach) the parcel

should be considered as small and hence has an expected

variation of 1 dB or less. If the point falls above the

appropriate curve,.the expected variation may well be more

than 1 dB, and more than one calculation position should

be considered. If the value of Dl*/D 2 is less than 1 for

D2j/D 2 should be less than the 0.1 fortakeoffs, (o2'
the parcel to be considered small. Similarly, for the

approach, when Dl*/D 2 is less than 2.4, (D2' - D2)/D 2

should be less than 0.1 for a small parcel.
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APPENDIX A

This appendix contains the sound exposure level (SEL)

charts needed fer calculation of day-nlght levels (Ldn)

for civil aircraft operations. The selection of the ap- i

propriate noise chart Is determined by:

Aircraft type

Node of operation (takeoff or landing)

Distance Dl_

Aircraft types for which SEL information is provided

are Identified in Table A-I of thls appendix. The types

are listed in order of approximate noisiness. Table A-2

provides an index to the individual noise charts.

_:_ Each noise chart covers a range of the distance D1,
and several charts may be needed to cover the entire range_7

of D1 values for each aircraft and mode of operation.

Noise charts are identified according to the code

i listed below. This shows an example of the coding used by

the charts for the basic Ldn calculation:

-T-T_L(Q)-TO(1)-N-l

(1) (2) (3) (4) (5) (6)

(1) The firs_ number identifies the number of engines in

the aircraft.

*Dietanoes DI and D2 are defined in the text (See FCgu_es 3

and 4).
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(2) This letter signifies either transport aircraft (T)

_i or gene_.alaviation aircraft (G1.

(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

T__PP- Turboprop

P__P- Propeller driven by reciprocating

engine

LPP - Propeller. drlven by reciprocating

engine(large)

SPP - Propeller driven by reciprocating
J

engine (small)

TFS - Turbofan (small)

The appendix (Q) signifies a quiet nacelle

I engine

(4) The mode of operation is identified with a T_OOfor

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 the" stage

length is not known, use profile (If).

(5) This group of letters refers to the special procedure

that may be used. The interpretation of the coding

is as follows:

- Standard takeoff
i
i N - NorthwestOrient Airlinesnoise

I abatement takeoff

}
.-76-



)

"! E - FAR Part36 takeoff

, T - Two-segmentapproach

; (6) The last number of the code identifies the number in

/_ the set. The graphs within a set encompass different

ranges of the distance D1. For the turbojet and

',:i turbofan aircraft there are usually three graphs in

a takeoff set and two graphs in a landing set, For

i_i_,,: the turbojet and turbofan aircraft there are usually

_:_ three graphs in a takeoff set and two graphs in a
J_

'_ landing set. For the propeller aircraft there are

,,:_ two graphs in a takeoff set and one graph in a

'_ landingset.

t_
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TABLE A-1

BOISE CBAR_ CODES ASSOCZATBD WITU AIRCEAET TYP_

RA[IKED BY APPROXIMATE BOISaBESS

Takuoff L/£DdhH:
BEL at, ::I'H+ llt

Typleal 15,000 fL. from 6,000 t't,, l'rI_m
AIz,_r,sft: T,v[le Aircraft Bode Aircraft& _tsrt r_C TO] I dB Threshn]rJ_ I 9B__

If-Engine HBPR l+urboPnn II-T-TFH 7_I7 iii+5 io8,3

-Engine ],BPRturbofan 4-T-TFL 707, DC-8 110.9 I06._I

-Engine LBPR tt£ebofsa II-T-TFL(Q) 707(Qrl) 109,7 97,2
(nu I el; nacelle) PC-8 (Qt_)

"_-]_nc_n+, + I+BI'B_uI'b(Ifsn 3-T-TPL 727 109.6 i01,I

3-Enzfm_ [,BPH turbofan 3-T-T[:L(Q) 707(QPI) 109.3 96.1
[¢luleL nn_ello)

ll-Englne ]IBPRturbofan _-T-TFJi(Q) 7JI?(QII) 108.6 103,[
(quiet nacelle)

2-EnEine Composite Business Jet 2-UmTJ Jets_ar I, i011.9 [01,3
(turbo,le_/tLirbofan) LearJ ot 23-25.

LearJ et 35-36,
Jots_ar _I

2-Englne LBPB _urbofan 2-T-TFL 737, DC-9 101.g 911.3

2-BnE_ne LBPR _urbofan 2-T-TFL(Q) 737(Qti), _01,9 93.]
DC-9(Qrl)

3-EnElne IJI]P[( _urbofan 3IT-TFH L-IOlI_ PC-10 101.8 98,8

_i-EnElne propeller _-T-PP BC-JI, 0C-6 98.8 90,3

4-Engine turboprop 4-T-TP Electra 97.8 92,1

B-Engine B,A,I turboprop 2-G-TP Twirl O_ter, 93.5 92. II
Klng Alr,
Turbo CommandeP

2-E_glne B.A. _ propeller (larEe) O-Q-LPP DC-3 92,5 B_/+3

2-EnE1ne B.A, _ propeller (small) 2-G-SPP Cessna 310-1101 83,2 80,5

2-EnE1ne B.A, 3 turbofan (small) 2-G-TFS Cessn_ Citation 8]._I 80+3

l-Bnglne B,A. _ propeller I-C,-pp Cessn_ l_O-BiO, 81.8 72,9
Blper Cner,l_0-
_35

ZATA (Air Transport Association) t_keoff procedure at Ina_. weigh_ ca_eEory

_3° approach

*General aviation
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TABLEA-2

i Indexof NoiseCharts
L_

AircraftTypes Aircraft Pages
_' Code TakeoffIApproach

4-Engine LBPR turbofan 4-T-TFL 80-106 I07-i10
i

J 4-Engine LBPR turbofan 4-T-TFL(Q) 111-137 138-141
(quiet nacelle)

3-Engine LBPR turbofan 3-T-TFL 142-159 160-163

_,,i 3-Engine LBPR turbofan 3-T-TFL(Q) 164-181 182-185
' (quiet nacelle)
:iZ

2-Engine LBPR turbofan 2-T-TFL 186-203 204-20?

2-Englne LBPR turbof'an 2-T-TFL(Q) 208-225 226-228
(quiet nacelle)

4-Englne HBPR turbofan 4-T-TFH 229-255 256-259

4-Englne HBPR turbofan 4-T-TFH(Q) 260-286 28?-290
(quiet nacelle)

3-Engine HBPE turbofan 3-T-TFH 291-327 318-321

_i 4-Englne turboprop 4-T-TP 322-324 325-326

4-Enginepropeller 4-T-PP 327-329 330-331

2-Englne GA turbojet 2-G-TJ 332-334 335-336

2-EnglaeGA turbofan 2-G-TFS 33?-338 339

i;I 2-Engine OA turboprop _-G-TP 340-341 342

_ Z-Engine GA propeller(large) 2-G-LPP 343-344 345

-. 2-Engine GA propeller(small) 2-G-SPP 346-347 348

1-Engine GA propeller 1-G-PP 349-350 351
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APPENDIX B

' DEVELOPMENT 0F THE AIRCRAFT SEL CHARTS

This appendix hrlefly describes the analytical model used

to develop the SEL curves presented in this handbook. The

appendix also summarizes the noise and aircraft profile

information and data sources. More extensive information

and details may be found in the noted references.

A. Noise Model Assumptions

The SEL curves given in the handbook were developed from

_ two Dasle types of information:

(a) Noise level curves showing the variation of SEL

values as a function of distance from the aircraft

at known air speed and thrust conditions.

_ (b) Takeoff 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 threshold).

_ 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,

for example). Knowing the altitude and distance of the

observer from the ground track (which form two sides of a

rlght-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-ground and ground-to-ground propagation in accordance

with the simple analytic models given in Reference i. These

curves assume air absorption for standard day conditions

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

to-ground curves also assumed excess ground absorption and

a 5 dB offset to account for partial shielding of the air-

craft noise sources at low angles of elevation.

The transition between air-to-ground and ground-to-ground

propagation is based upon the angle of elevation between the

aircraft at the closest point of approach and ground observer.

This angle, 0, is used to determine a transition coefficient,

T, where T is a function of 0 and varies between 0 and i.

For 8 equal or less than 4.3c, T = 1 and the ground-to-

ground propagation curve is used. For angles of 0 or greater

than or equal 7.2° , T = 0 and the alr-to-ground propagation

curve is used. For intermediate angles, (4.3o < e < 7.2°),

the following function is used: T = 2.5 -0.3491"0.

No correction is used for the possible fuselage shield-

ing effects of multi engine aircraft at ground positions to

the side of _he aircraft flight track.

These assumptions are identical to those used in the

NOISEMAP computer program developed for the Air Force and

currently used for both civil and military aircraft Ldn
calculations. 2 It should be noted that different assump-

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

to-ground propagation and shielding may be employed in

other computer programs, s
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B. Noise Data

For the larger civil transport aircraft, sets of noise

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

different engine thrusts and air speeds. At specified points

along the flight path, changes were made to basic noise levels

to allow for differences in aircraft speed and thrust from the

reference conditions. For the smaller aircraft, generalized

takeoff and landing noise vs. distance curves were available.

Simplified takeoff profiles were used requiring fewer adjust-

ments of noise level data.

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

formation was supplemented by'generallzed curves for general

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

a typical set of noise data for one of the 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
5{
:_ developed for different operating gross weights assuming that

the aircraft follow ATA procedures. The interpretation of

the ATA procedures used in developing these profiles is given
:

in Table B-1. The ATA takeoff procedures used for the transpor

aircraft are shown in Figures B-3 through B-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 landing profiles

of all Jet aircraft and the heavier propeller aircraft.

For the smaller general aviation aircraft, a.glide slope of

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

the takeoff profiles and for determining thrusts for the take-

._ off and landing operations of the larger Jet alreraft.

D. Special Takeoff Profiles

For the civil turbofan transport aircraft, SEL curves are

provided for two possible noise abatement procedures. One
f

special procedure is based on that development 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 TableB-1.

Figure B-10 shows a comparison of the three procedures

; (ATA, NWO Airlines and FAR 36) for a 4-engine DBPR transport

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

graphs are based on thrust cutbacks at the heights specified

in TableB-1. Cutbacks at these heights may not represent

the "optimum" noise abatement procedure for alleviating noise

at individual airports.
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TABLE_-I TAKEOFF PROCEDURES ASSUMED FOR PROFILES OF CIVIL TURBOFAN TRANSPORT AIRCRAFT

ATA Northwost AL "FAR 36"

TnkeoYP to 700 ft. (_-englne)

FIV_ Phase Takeoff to l_00 ft° Takeoff to i000 rt° or Takeoff to i000 ft. 121_-on_ne)

Takeoff (TO) thrust TO thrust TO thrust

V 2 ÷ IO airspeed V 2 ÷ io airspeed V2 + i0 alrspeed

TO flaps TO flaps TO flaDs

Second Phase i_00 to _000 ft. 10OO to _os0 ft. 700 ft. o_ lOOS ft. and Above

Rod_ce thrust to maxlmum At IUOO rt°, lowe_ nose I Reduce thrust to _hat required
l
L_, climb _hruB_ accolerate and rotract for cllmb gradient of 4_ (or

QoO_ Malntaln V2 + i0 alrspeed flap_; at VZF, lower that required for lovel flight

I and TO flaps, nose, reduce thrust wlth one engine oot)1,maintain

_o malntaln climb of V 2 + I0 alrspeed and TO flaps.

10O0 _PM* and hol_ VZp speed.

Thlrd Phase _0o0 f_. a_d Above _OOO ft. and Abov_

Accolorate to 250 Kt_ Inc_oase to normal climb

_etrac_ flaps o_ s_hed_le thrust, _celera_ _o

while ma£ntainlng 500 FPM 2_0 KT and contlnue _llmb.

cllmb_ then climb at 250 Kt.

i. Engine thrust adjusted for operating grosa weight
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