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"FOREWORD

This Volume I {User's Guide) is intended for use by persans wishing to perform
a simple but accurate noise prediction at selected points around an airport with o
programmable calculotor. These persens need not have acoustical training, Acquointance

with basic airport operations and with the Texas Instrument Model 59 Calculator are

requlred,
Volume 11 constitutes a report on the study that resulted in this method, It

gives background information, some delails on calculotor internal computational
procedures and dota sterage formats, as well as sources of aircroft noise and performance

data.
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1.0 INTRODUCTION

In the pust, the assessment of airport noise has been primarily in the domain of
the experienced analyst. This method has been designed to provide an accurate day-night
average noise level (Ldn) analysis tool for use by individuals with wide-ranging backgrounds
and levels of technical experience.

The computer program used fo implement the method has been written for
the Texas Instruments T1-59 Progrommoble Calculater, with optional input and output
recordedon the PC 100-A Printer. This powerful pocket-sized calculator,
an aleport area map, ground fracks, o distance measuring device, and aircraft mix

information, form the tools needed to perform an airport analysis,

The intent of the method is to provide the means of eomputing the Ldn at a peint
due to aircraft noise. Although it is possible to develop a complete contour of equal
nolse about an airpert using the method, the number of iterative calculations involved

bacomes very time-consuming.

Data for a wide range of air carrier and general aviation aircraft types are
provided for use with this method. This enables the user to conduct analyses at airports
of all sizes; however, complex situations with large numbers of flights often found at

international airports are more efficiently hondled by large digital computers,

Airport data, types of aircroft, and sound exposure level (SEL) noise data used in

this methodology are compatible with recent work done for the U,5. Environmental

Protection Agency [n the field of airport noise. 12
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2.0 AIRPORT ANALYSIS

The accuracy of predicted Ldn values Is entirely dependent upon the quality of the

input data obtained. To determine the Ldn at a point, the required information includes
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a scaled airport area map with runways and major ground tracks drawn and o deseription
of the aircraft fotlowing these ground tracks.
This section describes the acquisition of information required to perform an L dn

noise exposure analysis at a point in the vicinity of an airport.

2.1 Alrport Area Maps

Scaled airport area maps with runway configurations drawn on them are often
available from the airport operator or local planning agencies. lIn the event that they
are not available, maps containing the alrport area can be obtained from the U.S,
Geologlieal Survey (USGS).S The runway configurations printed on USGS maps are
often out of date and need to be modified. Up-to-date runway deseriptions ean be
obtained, often locally, from the airport, from published approach procedures by the

National Ocean Survey, or from ,_leppesen.“’

2,2 Ground Tracks and Distances

A ground track is defined as the projection of the flight path of an aireraft upen
the ground. Although aireraft do not precisely@_v_e}ﬁ;)uny particulor ground track, it is
reasonable to define o set of average ground tracks which adequately describe an airport
pattern.

The primary sources for this information are FAA tower personnel, the airport
operator, and airlines servicing the airport. It is important that the developed ground

tracks be verified visually or in conjunction with one or more of the above sources.

Once the acquisition of ground track information Is complete, scaled drawings
are then made on the airport area map or fransporent overlay, All ground tracks In the

vicinity of the areo{s) you wish to analyze must be shown and numbered.
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2,3  Approach Pattern Procedures

Pattern troffic structure varies widely from airport to airport., Local geography,
air traffic, and flight instrument conditions affect the procedure by which a landing is
conducted at an afrport. AH available information about the glide slope used by alreraft
te approach the runways and holding pattern positions and altitudes should be noted on the

ground track drawings. Section 3.2 discusses the utilization of this information for noise

caleulations.

2.4  Ajreraft Mix Data and Track Utilization

Aircraft types and numbers of operations using each ground track in the analysis
must be identified. This is accomplished through tweo basic techniques designated as
{1) the direct assignment method, and (2} the percent utilization method, The direct
assignment method involves determining only the distinet aircraft types and operations
using the track, This is the preferred and most aceurate method; however, It may be
impractical, especially at general aviation airports. The percentage utilization method
involves developing a percent use for each track. Every aircraft type using the airpert is

then applied to coch track, multiplying their operations levels by the track percentage.

The caleulation of L dn 18 based upon developing for each aircroft type the average
number of operations during the doy (0700 - 2200 hrs) and night (2200 - 0700 hrs). The
average number of eperations for aircraft noise impact assessment wsually represent arithmetic
average values over an entive year. To assess the impact of seasons] varlation, these average
values may be calculated for the porticular time span of interest.

For air carrier deportures, it is important to determine the distance to be traveled
by an aircraft since the differences in aircraft weight requirements produce significant
variations in takeoff performance. This trip length need only be opproximate, and is
expressed in nautical miles.

Table 1 presents aircraft types to be used with this method and associates each

type with a data reference number. Aircraft data cords to be used os input to the caleulator

8 ~ WYLE LADORATORIES
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Table 1

Alrcraft Descriptions

Alreraft Aircraft Representative
Number Type Alrcraft
! 4 Engine HBPR Turbofan 747
2 4 Engine LBPR Turbofan 707, DC~8
3 4 Engine LBPR Turbofan 707 (QN)
{Quiet Nacelle) DC=8, (QN)
4 3 Engine LBPR Turbofan 727
5 3 Engine LBPR Turbofan 727 (QN)
{Quiet Nacelle)
é 4 Engine HBPR Turbofan 747 (QN)
{(Quiet Nacelle)
7 2 Engine Business Jet ' Jatstar I, il
(Composite) Lear Jet 23~34
8 2 Engine LBPR Turbofan 737, DC~9
9 2 Engine LBPR Turbofan 737 (QN)
(Quiet Nacelle) DC~? (@N)
10 3 Engine HPBR Turbofan DC-10, L1071
L} 4 Engine Propelier DC=4, DC=6 -
12 4 Engine Turboprop Electra
13 2 Engine Turboprop Twin Otter
King Air
14 2 Engine Propeller DC-3
15 2 Engine Propeller Cessna 310
{Small)
16 2 Engl(nsiq;lrlr)bofan Cessna Citation
7 1 Engine Propeller Cessna 182

Piper Cherokee
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program are identified by this some data reference number. The aircraft types are

numbered in order of approximate noisiness. The aircraft numbering order must

be strictly adhered to in the coding of the aircraft mix data.

At medium to large sized airperts dominated by air carrier operations, the best

source of dota on aircraft types, number of operations and destinations are airline guides

*
and schedules. - Sources for the information at smaller airports are local airlines, the

airport operator, and if the airport has a tower, the tower personnel, While it is often

difficult to obtain accurate information on track usage, the most reliable sources are

tower personnel or the airport operator.

2.5  Data Acquisition Summary

ll

3.

Obtain scaled local airport area map covering all areas at which the Ldn
noise assessment is to be made. Be sure the runways are correctly drawn

and displaced londing thresholds noted.

Develop accurate ground tracks definitions. Draw all ground tracks in
T

M

_the vicinity of the area for analysis on the airport area map or overlay.
1t 1s always best to include tracks where doubt exists as to the noise

contribution made by the aircraft using them.

Determine approach pattern procedures and altitude information and note
this data on the ground track drawings, (This requirement will become clear

vehen studying the subsequent sections of this guide.)

Develop aircraft types, number of operations day and night, and departure

distance (érqge length) (for air carrier aircraft only) in navtical miles for

each ground track to be analyzed,

" Official Alrline Guide.
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3.0 USING THE PROGRAM

A familiority with basic keyboard operations and the reading/writing of magnetic
cards on the TI-5% calculater is required to successfully use the program. Two program
cards and up to 17 aireraft date cords, one for each of the aircraft types listed in Table 1,
are required for running the program. Each aircraft data card contains sound exposure
leve!l (SEL) noise and ground attenvation data, departure profiles, approach information,
and program constants. Appendix B [lists the contents of these data cards. Appendix A
lists the contents of the two program cards. These two appendices are pravided for the
user in case magnetic cards become inoperative or lost, Magnetic cards can be recreated

from these appendices. However, Volume II of this report series is required to understand

the details.

3.1 Meosurements

There are two distances (except for the special coses described in Section 3.3) which
must be measured for each ground frack in the vicinity of the location at which the Lﬂ.n is to
be computed. These ara designated as: distance along the track (DAT) in feet, and distance to
the track (DTT) in feet. DTT is measured from the point of closest approach of the track to the
location at which the noise is to be calculated. DAT for departures is measured from the start
of takeoff roll to the point of closest approach. Figure 1illustrates these distances for depart-
ures. DAT for landing is measured from the landing threshold to the point of closest approach.
The volue of DAT is positive for measurements outward along the track end negative for

measurements backward along the runway. Figure 2 illustrates these distances for landings.,

Yisual determination on the ground track map of the point of closest approach will
provide sufficlent occuracy. This point can also be defined as the shortest perpendicular line
that can be drawn from the track to the focation at which the calculation is to be performed,
It is suggested that the DAT measurement for curved tracks be done with a deviee known as o

mop measure, fo save time and increase accuracy .

Care must be taken in cases where @ track has both departures and approaches, It is

bost in these coses to use two track numbers to differentiate approach and departure tracks.
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Figure 1. Definition of Ground Track Distances DAT and DTT for
Departure
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Landing
Threshold

Figure 2, Definition of Ground Track Distances DAT and DTT for
Approach ‘
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3.2  Departure Profiles

Departure profiles for air corrier aircraft, Types 1 through 6, 8, 2, and 10 in
Table 1, were developed using recent Air Transport Association (ATA) noise abatement
takeoff |::r<:.ceciurc=.s.6 For these aircraft, up to three different profiles are provided
corresponding to different destination categories. The different destination categories
are represented for input to the calculator program by a stage length code. Table 2 lists
the different stage length codes, the operation type and program interpretation. For all

other aircraft, generalized single segment departure profiles are used. |

Table 2 i

Stage Length Codes

Stogéolé:ngfh OP:;::” Program Interpretation
3 Departure Destination > 2500 nm
2 Departure Destination 1000 to 2500 nm
1 Departure Destination Q to 1000 Am
0 Approach Glide Slope/Runway
-1 Approach Leval Flight (DAT = Altitude)
-2 Approach Pattern Entry (DAT = Altitude)

3.3 Approach Profiles

Approach profiles for all aircraft are bosed upon three separate segment options,
allowing the user to tailor the calculations to specific airport sttuations and procedures.

These options are glide slope/runway, level flight, and pattern entry .

The glide slope/runway option is used from the point the aircraft intercepts its
glide slope through the complete lunding process. This option should be used for all straight-in

approach paths and when level flight is not specifically indicated. It is assumed that air carrier
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aireraft use o 3° glide slope and all others use a 4.5° glide slope. Instructions for

modifying the glide slope are given in Section 4.5,

Level flight and pattern entry aptions both require the user to substitute the
aircraft altitude in feet above ground level for the distonce along the trock {DAT) as
tnput to the program. The leve! flight option is used fo assess such operations as go-
arounds and holding pattern troffic where level flying aircraft may cause noise intrusions,
The pattern entry option is used primarily at large airperts where high flying aireraft are

thought to be a noise source as they enter the traffic pattern.

Table 2 lists the stage length codes for these approach options.

3.4  Coding Instructions

Figure 3 illustrates the eoding form to be used for each calculation loecotion. It
prevides space for coding the user defined frack number, distances, aireraft number,
stage length code and operations,

The order in which the developed data is placed upon the coding form can reduce
the number of calculations required to compute the correct Ldn' The three basic guidalines
are as follows:

1. Always list first those tracks with aircraft whose numbers from Table 1

are 7 or less,

2. Ust the departure trocks first, unless the distance to an approach track

is less than one-third the distence to the departure track.

3. List the lowest aircraft numbers on a track first unless an oircraft with a

higher number has more than twice the number of night operations.

These general guidelines will not produce the most convenient ordering in every
case. Experience with the method at a specific airport will enable the user to improve

the guidelines and further simplify the calculations. Section 4.1 discusses simplifications

during the caleulation process.

9 WYLE LABORATORIES
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Dato Coding Form

Alrport Location Date
Distance Stage Operations
Track Alreraft Length i
Number DIT DAY Number Code Day Night j
i

Figure 3. Data Coding Form

10
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3.5  Progrom User Instructions

Table 3.provides a step-by«step procedure for executing the aircraft noise
program on the TI-59 calculator. The operation of the program is divided into the
following categeries:

o  Steps 1 through 3 describe program initialization procedures.

e Steps 4 through 7 describe input, calculations and reinitialization procedures.

o  Steps 8 through 10 describe logical decision options,

The “enter" column lists items to be input either to the keyboard or magnetic card
reader. In the "press” column, the caleulator keys to be pressed at each stage of the
procedure are listed, The "display” column lists the value that will appear in the
calculator display as a result of the enter ond press Functions. The "printer" column
describes the Interactive input prompts and title infarmation In quotes, and input/output
values printed on the PC-100A printer. Although the use of the PC~100A is optional,

the value of a complete calculation record and of ease of interactive input strongly

suggests s use,

1
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Table 3

Alrport-Nolse Program User Instructions

pe—e s pmrdmarh e

Step Procedure Enter Press Display Printer
1 Partition the Calculator 4 2nd Op 17 639,39
2 Read Progrem Cards CLR 0
a} Read Side 1 Card 1
CLR 0
b) Recd Side 2 Card 2
CLR 0
¢) Reod Side 3 Card 3
CLR 0
3 Read Aireraft Data Card
Read Side 4 Card 4
4 Program Start
Key A A 'D to Track!
5 Input Distance to the
Track {DTT, feet) DTT R/S 0 DI7
'D AL Track'
Input Distance Along the
Track (DAT, feet) DAT R/S 0 DAT

'SL Code'
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Table 3 (Continued)

[Ty ra——
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P——tm.

Step Procedure Enter Press Display Printer
é Input Stage Length Code
(5LC) SLC R/S 0 SLC
‘DN Cps'
Input Day Operatiens
(DOPS) DOPS R/S 0 DOPS
Input Night Operations
(NOPS) NOPS R/S NQPS
Value ! ﬁn.
Aireraft
All Tracks and Aircraft
Complete = End = Otherwise
Continue to Step 7
7 Read Next Alrcraft Data Card CLR 0
Card » Read Side 4 4
8 For New Track ~ Key A A 0 ‘D to Track'
Continuve at Step 5
9 Some Track, New Aircraft C 0 'S Code’
Key C«Continue at Step 6 '
10 New Caleulation Location CLR 0
Clear Previous Ldn Value STO 30 0
Continve at Step 3




1

i

B

4.0  ANALYSIS OF CALCULATICNS

In the assessment of airport noise, there is no substitule for having experience with
the method and tools used to perform the analysis. The following sections are intended
to provide the user with this experience to develop facility with the method using the
T1-59 calculator. 1t is recommended that the user execute and fully understand the

example In Section 4.2 before utilizing the method in an actual case,

4.1 Unnecessary Calculations

During the caleulation process, the structure of the input data combined with the
Ld output allows the user, in certuin situations, to eliminate calevlations thot will not
significantly contribute to the cumulative Ldn value. This situation oceurs when o noisier
aircraft (lower number) on a track contributes less than .05 decibels to the cumulative L dn
value, If the next aircraft types to be used in the calculation have higher aircroft
numbers and the same or less operations by day and night, they may be neglected. It is
not advisable to neglect an entire track, even if used by very quiet aircraft, in the
calculation process. At least the first two aircraft on the track should be analyzed to

assess what contribution, if any, they have to the cumulative L dn®

4.2 Example = Fictitious Airport Analysis

The fictitious airport canstructed for the example analysis contains situations found
at large and small airports, It has been designed to fully illustrate the major program

functions and optlons to be used in realistic sitvations.

Figure 4 shows the scaled airport area map with ground tracks drawn, The Ldn is
to be caleulated at location P and each ground track to be used in the analysis is numbered,
with the point of closest approach to location P indicated with dashed lines. Tracks 1 and 2
are used for departures and tracks 3 and 4 for approaches. A displaced threshold for
approaches to Runway Number 27 is drawn and indicated on the runway. Also, pattern

altitude information for level flight on track number 4 is shown.

14
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Distance along the track (DAT) and distance to the track {DTT) were meosured in
inches with a mop measure ond ruler, These distances, except for track 4 where DAT is
an altitude, were then multiplied by the scale factor to obtain the correct units in feet,
as indicated in.Figure 5, the data worksheet. Figure 5 also shows the aireraft dota to be
entered on the coding farm (Figure 3), associating aircraft types with number, destination
distance, and calculation option with stage length code (SLC) and operations day and night.

The aircraft on each track are listed according to the eriteria in Section 3.4,

Information from the data worksheef is transferred to the data coding form, shown
in Figure 6, for input to the program, The DTT and DAT dato need only be entered into
the program once per track caleulation and should be listed with the first aircraft entry for

a track. Tracks are listed according to the criteria of Section 3.4.

Program execution begins by entering the codes data Inta the pregram by the
sequence deseribed in Table 3, Airport Noise Program User Instructions, Figure 7, Example
Printer Qutput Listing, illustrates the complete calculation process. Intercctive data

prompts, input date, output cumulative L dn and aircraft type number are shown.

From the listing of Figure 7, It can be seen that several of the indicated
caleulations from the coding form were not performed. Figure 7 should be carefully studied

and the application of simplification procedures to the aircraft indicated in Table 4

understood.
Table 4
Aircraft Eliminated from Example Calculations

Track Aircraft
Number Number

1 10
3 8&10

17

16
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DISTANCES

Track
Number

1

W N

Distance -
Caleulation  DTT

1.5" x 4000 = 6000
35" x 4000 = 1400
1.5" x 4000 = 6000
50" x 4000 = 2000'

Distance
Calculation  DAT

9.3" x 4000 = 37200
B.5" x 4000 = 34000
4,0" x 4000 = 16000"
Altitude = 1500

AIRCRAFT DATA

Track
Number

1

Track
Number

3

Departures
Aircraft Destination
Type Number Distance (NM)
747 1 3000
DC-8 2 2600
747 1 1500
DC-10 10 1500
727 4 1200
B.Jet 7 -
737 8 300
DC-10 10 300
Appreaches
Aircraft Calculation
Type Number Optien
747 1 GS/Runway
707 2 "
- 727 4 "
737 8 n
DC-10 10 "'
King Atr 13 Level Flight
2 Eng Prop 15 "
1 Eng Prop 17 "

Operations

SLC Day Night

3 2 1

3 5 2

2 1 0

2 1 0

2 16 6

1 30 0

] 15 é

1 7 1

QOperations

S1C Day Night

0 3 !

0 5 2

0 16 é

0 15 6

0 7 1
~1 30 10
-1 50 12
-1 80 20

Figure 5. Data Worksheet for Fictitious Afrport

17
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Data Coding Form

Airport _Fictitious Location Date
Distance Stage Operations
Track Alrcraft Length
Number DTT DAT Number Code Day Night

2 1400 34000 4 2 16 6

7 ] 30 10

B 1 15 8

10 1 7 |

] 6000 37200 ] 3 2 1

2 3 5 2

1 2 ] 0

10 2 1 0

3 6000 16000 1 0 3 1

2 0 5 2

] 14 ]

0 15 6

10 0 7 1

4 2000 1500 13 ~1 30 10

15 -1 50 12
17 -1 80 20

"Flgure 6. Fictitious Airport Caded Input Data

18
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Column 1 : Column 2
Track 2 Track 1

D TO TRACK

D TD TRACK

1400, SO0, 00
I AL TRACK I AL TRACK
T 34000, "aPE00, 00
L CONE - sL CODE
2 3, 00
IoH OFS. BN OPS.
6. 2, 00
6 1. 00
26, D2EE367E LIN : 76,47 LIM
4, 00 | 1, 00
L COIE 5L CODE
: .60 ‘ S 3,00
D/N OPS. | DN OPE.
50, G0 . 5. 00
- Yo, 00 3. 60
76.58 LN . 76,49 LM
7. 00 : 2. 0
&L CODE S . &L COIE
.00 %, O
DM OPS. D/ OPE.
500 - | i, 00
€. 00 0. oo
76.45  LIH 26,49 LIN
g, 00 - : 1. 00
SL CODE

DN OFS.

1. 00

10, 00

Figure 7. Example Printer Output Listing

19
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D AL TRACK

CDeH OFS.

Column 3
Track 3

D TO TRACK
G000, o
160040, o0
SL. CODE
€, 0N
/N OPE,
3. 00
1,00

SL COrE

JD/s7H OPS.

SL CODE
0. 00

1€, 00
6. 00

76. 54
4. 00

Column 4
Track 4

nTO TRACK
2000, 00
I AL TRACK
1500, 30
&L CODE
-11 EID
-4 DOPS.
20, Q0
10, 00

LDH 76, 54 LIN
13, OC

SL CRIE
-1, 00
I/ OPS,
S0, 00
12,00

LIN | o 76, 54 LN
15, O

LDH

Figure 7 (Continued)
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4.3  Errors, Recovery and Glide Slope Modification

Errors on input data are completely recoverable up to but not Including the R/S
press entry, Step 6 in Table 3, for night operations, To recover, press A if revised distance
entry Is required, or C to correct stage length codes or operations entry errors. Recovery
from distance entry errors will destroy the 'D AL Truck' program prompt, but this does
not affect the data input process.,

Computational errors require the user to input and store in register number 30,
the last correct cumulative L, I value and continue on from that point. The reading or
writing of magnetic cards for this method must always be done under the partitioning
Indicated in Step 1 of Table 3.

If, for any reason, damage to o magnetic program or aircraft data card oceurs,
Appendix A contains a program listing and Appendix B contains aireraft data card listings
from which new cards can be mode.

To modify the approach glide slope of an aircraft, the user should read into the

caleulator the desired alreraft dota card and execute the following key strokes from the

keyboard:
4 2nd INT RCL
INV X 30
2nd Log RCL =
STO 30 2nd INT
30 = ' X2
1/x : xZt =
X ‘Enter Glide Slope  STO
RCL in Degrees’ 26
26 2nd TAN ‘Wiite Block 4 to New
= X Magnetic Cord'

2
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Jeppesen and Co., 8025 E, 40th Avenue, Denver, Colorado 80207,

Air Transport Association Operations Policy Manual, OPS-9, Revision No. 1,
November 18, 1977,
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4518814112,
Sid4o1e999,
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912800524,
212040,
16a9g10vve,
4800479,

Lty

AIRCRAFT DATA

" AIRCRAFT TYPE 4
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B-3

Register -
Number

oo
01
oz
03
o4
as
0

10

r.;rl'\'rh)r-_‘rrgmn—l-u-l-sl-numl-so--u
-\LH-F-(.-JI'QHD\QCO'QO‘\UI-P-".'."I'\Jf-*

R

2
-1

[l

[ xM]
o0 Oy




=3

=}

=)

)

-3

[

i3

i

3

[

i}

RSN RIS Tieder e o e e g g

THITA et e o e g
-
s ™ 3

i

=

AIRCRAFT DATA

AIRCRAFT TYPE 5 - AIRCRAFT TYPE &

) Register Register
Dats . Number Data . Number

o 26, ao

26, 0
Feevo0ins:, Y . 0
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S cl? ' ' 5-“ é
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e
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© 2118 e 9ﬁ°“dz§?£- }z

5 L5 N ' Pt G &

1301010115, 28 6000052110, 19

2101311102, 2 1341010303, 20

3553013093, 22 2021211253, £l

465231410195, 23 SEEI012ESY. 22

5314016959, 2+ 4763214552, 28
412010094, 25 S42401E939, 24
SOEOO0SES, 26 - S400104.5, 23
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2149010294, 26 e BlE1L2, 27
644004£3, 29, 351011352, 2g
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Data

Sé.
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1800000010,
10000000,
490000000,
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