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CHAPTER 1

INTRODUCTION

1al Civil Aviation Growth

The impact of civil aviation growth on the environment is evident in
the public concern regarding noise, air pollution, esthetics and ecological
disturbances. Of these effects noise is judged to be one of the most important
and a critical constraint to the future growth of civil aviation. This constraint
is already manifested in the inability to site and construct new airports or
expand an existing airport facility in locations required to meet demand and in
the reduction of existing airport capacities by noise restrictions and operational
limitations. Public pressure is increasing daily against the oirlines, aircraft
manufacturers, and local airport authorities to reduce aircraft-generated noise
in airport communities. This increasing awareness and pressure can be expected
at the very time these operations should increase significantly to meet the growing
travel and transportation demands. The decision-making process in a democratic
society as applied to the site selection of a new airport or further development
of an existing airport operations is a complex task. Its complexity orises from
the many conflicting and interfering factors which govern the design objectives
of the airport and the site. The final selection of the site is therefore, ideally,
finding an optimum solution, bringing all these factors into account such as

1

construction costs, environmental impact, surface access, rural land use, urban-

ization, operation of airlines, etc.



1.2 Objectives = Scope of the Study

This study deals with applied research in the field of environmental
noise problems, specifically the measuring of noise patterns near Mount Hope
Airport originating from subsonic conventional takeoff and landing aircraft (CTOL)
using the present runway facilities.

The results and conclusions presented in this study hopefully will assist
urban planners, both at the local and federal level, in planning zoning regulations,
establishing noise standards and assessing the severiiy of aircraft noise on the
airport community due to the proposed expansion of the airport to o regional
airport.

Based on actual measurements the results have been analyzed and
reduced to simple contour lines. This study is neither intended to be a noise
certification of a particular aircraft, nor a noise survey due to the operations
of a particular commercial aircarrier.

An attempt has also been made in this report to relate the concept of
community noise in the vicinity of the airport to specific runway configurations,
traffic density ond patterns and to provide a comparison between the ncise levels
due to the existing operations and those which may result due to the proposed
expansion.

03, BB luding that

It should be noted that all the earlier reports
given by the Ministry of Transport were based on sound surveys carried out in
the U.S.A. These sound surveys were then computerized for different types of

aircraft, traffic densities, eic. ond the computer programs applied directly to

the runway configurations for the proposed expansion of Mount Hope Airport



to provide estimated sound contours. The present study, on the other hand,
contains actual measurements taken at Mount Hope Airport.

An experimental investigation has also been carried out to correlate
the calculated PNL in PNdB and the simple dB(A) measured directly by a
sound level meter for both cases takeoff and landing.

Several computer programs were also devised which enobles a very
complex and complete analysis of sound contours to be constructed for an

airport model.



CHAPTER 2

PHYSICAL EVALUATION OF AIRCRAFT NOISE LEVEL

2.1 Introduction

Accustic noise is defined as any undesired sound and sound is, physically
speaking, mechanical vibrations in gaseous, liquid or solid media. Such vibrations
are characterized by their frequency, their amplitude and their phase.

Not all mechanical vibrations can be perceived by the hearing mechanism
of the human ear. Firstly, the vibrations have to be of a certain magnitude to
be audible and secondiy the frequency has to be within certain limits. Audible
vibraticns are found within a certain magnitude versus frequency region, called
the hearing range. This region varies from person to person and will olso depend
on the persons age, possible hearing loss, physiclogical conditions, etc.

The lowest frequency of sound that has a pitch-like quality is about 20
Hz and the upper frequency oudible to the overage aduli is about 10,000 Hz,
however, typical frequency limits of the ear could be as low as 2Hz and with
an upper frequency of about 20,000 Hz. The simplest vibration is a pure tone
which consists of a sinusoid, but most sounds met within daily life are not purely
sinusoidal vibrations. Very often they vary with time, both in frequency and
amplitude and simple mathematical relationships between the various characteristic

values do not exist for such complex signals.

2.2 The Physical Level Scaie for Noise. The Decibel.

The quantity normally measured when decling with acoustic noise is the



RMS sound pressure because it has a direct relationship to the energy content
of the signal over a certain period or increment. Because the weakest sound
pressure that is perceived by a person is a very small quantity, use has

conveniently been made of the CGS-system in scaling sound pressures. Thus,
as the sound pressure is the force per unit area caused by the sound wave the

2 = microbar (u bar).

unit is dyne/cm
Now, even though the weakest sound pressure perceived as sound is
a small quantity, the range of sound pressure perceived as sound is extremely
large. The weakest sound pressure to be detected by an average person at
1,000 Hz has been found to be 0.0002 U bar (2 x 1072 Newfon/mz). On the
other hand, the largest sound pressure perceived without pain is of the order of
1,000 W bar, i.e. the scale of sound pressures covers a dyncmic range of
approximately 1,000,000:1. The use of the unit of u bars to measure sound
pressure is obviously not very convenient because of the length of scale. It
is also a fact that the hearing mechanism responds to changes in sound pressures
in a relative rather than in an cbsolute manner. Therefore it was found more
convenient ond practical to use a relative scale of sound pressure than the
absolutz scale. Such a scale is the decibel scale (dB-scale). The decibel is
defined os ten times the logarithm to the base ten’ of the ratio between two

quantities of power. As the sound power is related to the square of the sound

pressure, ¢ convenient scale for sound (noise) measurement was defined os:
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*n fhis study the base 10 will be used for all the logarithms unless otherwise

specified,



p 2
Sound Pressure Level (SPL) = 10 log (‘P‘;> dB (2.1)

- SPL = 20 log <f-> dB (2.2)
Po

Where P is the sound pressure being measured and Po is a reference
sound pressure, normally taken to be 0.0002 y bar. The term level as shown
“in equation (2.1) indicates that the given quantity has a certain level above a
certain reference quantity.

In this study the reference RMS pressure of 0.0002 u bar will be used
as the reference value Po in sound pressure measurements, unless otherwise

indicated.

2.3 Frequency Content of Noise

A pure tone resulting from a surface vibrating in simple harmonic
motion has the form of a sine wave. In practice noise contains many different
frequencies and the waveform departs from that of the pure tone. Little can be
gained from detailed study of the waveform, except in very special circumstances,
but a greot deal can be learned about the likely effects of a noise from a
frequency analysis of the noise. Means are available for measuring the frequency
content of a noise and assessing the contributions of the different parts of the
frequency scale towards the over-oll sound level. Frequency selective filters are
used, each filter responding only o one pari of the frequency scale. For
example, one may choose a filter which responds only to sound in the frequency
band 56 to 71 Hz and the next band will respond to frequencies in the ronge

71 to 90 Hz. Thus the whole frequency scale can be divided intoe separate



bands, one band cutting off as the next band takes over. For example,
an octave band analysis has been found suitable in some applications such as
noise control in machine shops, measurement of noise emitted by machine tools,
ratings of sound insulating materials, etc. The centre frequency of one octave
band is, by definition, one half that of the centre frequency of the band above
it. For finer analysis, as in aircraft noise measurement, one third octave band
analysis is very often used, and for certain applications even discrete frequency
analyses could be made.

The frequency specifications for band filters have been standardized by
the 1SO and are shown on Figure 2.1.

A frequency analysis has the advantage of indicating the frequency
content or choracter of a noise and because of the variation in the sensitivity

of the ear at different frequencies, such a knowledge is necessary to estimate

the subjective effects of a particular noise.

2.4 Frequency - Weighting Curves

Since the response of the human ear varies with both frequency and
intensity there are certain difficulties in obtaining direct measurements with
instruments which wili give information as to the human perception of the noise
under examination. The simplest solution is to produce an instrument with
characteristics similar to those of the human ear. These characteristics are
obtained by using frequency-weighting curves and they modify the frequency
response of the instrument in such a way as to resemble the response of the ear

in an approximate form. These weighting curves are fermed A,B,C and D.



PREFERRED FREQUENCYES

The frequencies preferred for acoustical measurements are given in the table below. The
type of printing indicates the degree of preference.

The tablec may be extended indefinitely in either direction by successive multiplication or
division by 1000. In other words, the frequencies in the table may be taken if required,
as millihertz (mHz), kilohertz (kHz), megahertz (MHz), etc.

In case octave intervals are desired, the preferred frequencies are 500, 1000, 2000 Hz (c/s),
etc., as indicated by crosses in the octave column. If the intervals are 1/2 or 1/3 octave,
the preferred frequencies are those indicated by crosses in the appropriate column.

RANCE OF APPLICATION OF FREQUENCIES

When electro-acoustical devices are to be constructed, or when data are to be given at
discrete frequencies, these discrete frequencies should be selected from the table in accordance
with the particular interval chosen.

In the case of bandpass filters or bands of sound, the frequencies listed in the table should
be the geometric centre frequencies of the bands.

TABLE OF PREFERRED FREQUENCIES IN HERTZ (c/S) FOR ACOUSTICAL MEASUR.EMENTS
AND FOR GEOMETRIC CENTRE FREQUENCIES OF FILTER PASS BANDS

Prefered | 11 | 12 | 13 Prefered | 11 | 12 1/3 Preferred | 11 1/2 1 1/3
frequencies oct. | oct. | oct. frequencies oct. ' oct. ! oct. {requencies oct. oct. | oct.
16 X | x| x 160 | X 1600 %
18 ' ﬁ 180 % 1800 g
20 i X 200 | P X 2000 x | x X
24 | x| 224 f ‘ 2240 ;
25 } X 250 x| x ! X% 2500 E %
28 ‘ ‘ 280 . 2800 box
315 | x | x  x 315 | X 5 »
35.5 ‘ 355 L X 3550 ;
40 | X 400 x|l 4000 | x  x  x
45 | x 450 ; 4500
50 a % 500 X X X 5000 j X
56 i 560 5600 I x
63 X I x X 630 | X 6300 i X
71 | 710 b ox 7100 _
80 ; X 800 X 80¢0 X | XX
90 ; X 900 f 9000
100 x|l 1000 | < 0 ox  x || 10000 ‘ x
112 | 1120 ; i 11 200 | x
125 | <« | % x || 1250 | x Il 12500 | x
140 1 1400 " 14 000
160 | X 1600 x 1 16 0GC X | ox X

From Reference (%)

10.



1.

Each of the curves A,B and C were originally used for a particular range of
SPL. However, the A-weighting curve is now by far the most widely used.
The D curve has recently been introduced for measuring jet aircraft noise.
Measurement results are usually reported in the form dB(A) with the weighting
scale used shown in brackets. Figure 2.2 illustrates the four frequency

weighting curves.

2.5 Perceived Noisiness (Annoyance)

The perceived loudness of pure tones of differing frequencies and
intensities has been studied quite extensively and is well understood. However,
it has been recognized that an accurate determination of the judged loudness
of a complex noise signal such as produced by jet aircraft is somewhat more
difficult. Although the use of a sound level meter (SLM) with, say, the A-
weighting network, provides a reascnably good approximation it must be
recognized that the shape of the frequency-response curves as shown on Figure
2.2 vory with intensity and also, that these curves have been based on
psychoacoustica!l studies involving the use of pure tone only.

In an effort to establish a method of determining the perceived
loudness of complex noise signals, researchers have turned to an analysis of
the signal in terms of the SPL's in each octave or one-third octave band.

Two significant studies have been conducted in this regard, by Stevens in
1956 D1 and by Kryter in 195913,
_The Krytei study, which resulted in the definition of the perceived

noise decibel unit (PNdB) is of more interest with respect to aircraft noise.



The results and the method developed in 1959 by Kryter were refined and
modified in 1963 m. This method along with various restrictions and

extensions, has been internationally recommended by the 1.5.0. Recommendations
No. 507 B8] and No. R1761 [,

The curves developed by Kryter ] \were named equal neisiness contours
and were used in conjunction with the summation formula developed by Stevens 2
for calculating the loudness of a complex sound. | To distinguish noisiness from
loudness, it was proposed that the subjective unit of noisiness be called the
"noy" which parallels the use of the "Sone" for loudness. As an example a
sound of 2 noys was said fo be subjectively twice as noisy as a sound of 1 noy,
4 noys was assigned to the sound four times as noisy as a sound of 1 noy, efc.
The "noy" was defined as the noisiness of the one-third octave band or full
octave band cenired at 1,000 Hz and having a SPL of 40 dB. The resulting
scale of noisiness illustrated in Figure 2.4, is somewhat anaiogous to the equal
loudness scale for pure tones as illustrated in Figure 2.3.

Kryter's method for determining the PNdB unit for a particular noise
signal involved the determination of the SPLs for each octave or one-third octave
band. Noy values for each band were then determined from Figure 2.4 or an
equivalent table of values. (See Figure A.1 in Appendix A). Finally, these
individual noy values were combined by means of a summation equation to «
quantity known as the total perceived noisiness which was then converted to a
PNdB unit. |

It should be noted that the equations and the corrections applied to

arrive at the final PNdB volue will be presented in greater deiail in Chapter 4.
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2.0 Further Developments in the Perceived Noisiness Concept

Measurements taken during an aircraft flypast may be analyzed to
determine the maximum PNdB value at a certain location. The resulting
number is then a measurement of the maximum noisiness reaching that point,
with due consideration for sound intensity and the variable respeonse of the
human ear to the various frequency components of the noise. However, it
should be pointed out that certain subjectively annoying elements of the sound
event have not been considered in calculating the PNdB values. Psychoacoustical
experimentation has indicated that the addition of relatively high concentrations
of energy in narrow bands  to the overall broad band spectrum produces high
value of "perceived noisiness" when compared to a similar broad band spectrum
having the some overail energy level (without the high concentrations).

For this purpose, correction factors were developed by researchers and
applied to the measured SPL in the various bands that exceed adjacent band
levels.

In oddition to this, further studies have led to the development of the
effective perceived noise in decibels (EPNdB) which takes into account the
duration of the noise and the shape of the time history of flypast noise. A

more detailed treatment of this analysis will be presented in Chapter 4.

2.7 Recent Developments in Aircraft Noise Annoyance Rating Systems

The above mentioned units relate to the measurement of the noisiness
or annoyance of an individual aircraft flypast.  However, community disturbance
resulting from aircrafi noise must include the effects of numerous other factors

such as the number of aircraft movements and the time of duy at which they

15,



occur. The noise exposure forecast (NEF) system os discussed in Chapter 5
included considerations of these factors. [t should be noted that the NEF

is a calculated quantity end cannot be measured directly with a sound level

meter.

15,
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CHAPTER 3

MOUNT HOPE AIRPORT COMMUNITY NOISE SURVEY

Measurements of noise due to jet aircraft on the community surrounding
Mount Hope Airport started at the beginning of September 1972. For this
purpose a station wagon was equipped with sound measuring and recording
equipment. During the measurements data was recorded on magnetic tapes
and later analyzed in the dynamics laboratory of the Department of Mechanical
Engineering. Over 110 measurements were recorded at various locations, care-
fully selected to obtain as wide a coverage as possible. Of these approximately
65 were selected for the analysis to follow.

The noise patterns at Mount Hope Airport were recorded only for the
takeoff and landing operations of the Boeing 737-200 series powered by 2

*
turbofan engines.

3.1 Measurement Locations

Figure 3.1 illustrates the approximate location of measurements in the
vicinity of the airport. Forty-five measurement locations are shown on the map

and at each one of these locations recordings were taken for both landing and

* %
.

takeoff noise, depending on the runway used (06 or 24)

P " S A s T T S S o - T - — - - - — " o - - -

*  Pratt and Whitney JT809

** Runways are normally designated by the first 2 figures of their orientations
according to the composs rose, i.e. 06 stands for 060 or 60° from the north.
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The farthest location surveyed was about 3-1/2 miles to the south of
the end of runway 06 along the centre line of the runway strip, and the farthest
location surveyed off to the side of the runway was about 1-1/2 miles.

It should be noted that 9 locations were located directly under the
flight path; provided tha‘f the aircraft followed a straight line flight path during
approach and climEouf.

In the following paragraphs a brief discussion will be presented to
illustrate the merits and advantages of some of the chosen measurement locations.

(i)  Locations close to the end of the runway (less than about 1-1/2
miles) and located off to the side of the flight path with the added
proviso that the elev;:fion angle was greater than 10 degrees: upon
moving further from the flight path to the side, differences in
aircraft altitude became less important in determining the total
distance from the aircraft to the observer. At great distances to
the side, aircraft altitude effects were negligible and as a
consequence takeoff gross weight changes did not alter the
perceived noise level.

(ii) Locations close to the end of the runways and situated at great
distance off to the side with the added proviso that the elevation
angle was less than 10 degrees: at these locations ground
attenuation and the terrain introduced excessive reductions
in the perceived noise level due to absorption characteristics
as produced by some trees, tall grass, buildings, hills, .... etc.,

consequently, typical ground attenuation values were estimated



for the Mount Hope area.

(iii)  Locations situated at great distances from aircraft flight path
provided that the elevation angle was greater than 10°%: these
measurement locations assisted in the investigation of the
frequency content and noise spectrum at such great distances
in the community due to the absorption and scattering of sound
energy by the atmosphere, and also assessing the difference
between the PNdB and dB(A) measurements in view of the

reduced high frequency noise components in the energy spectrum.

3.2 Background Noise

In selecting the measurement locations the background noise was
considered as one of the major factors. Generally it is recommended that the
background noise level be at least 10 dB lower than the total noise level.
However, if the difference is between 3 to 10 dB a correction factor can be

used. If the difference is less than 3 dB the measurement should be rejected.

3.3 Acoustical Instrumentation

The principal instruments employed for acoustical measurements and
laboratory analysis were standard in range and response. Very briefly the
acoustical instrumentation included the following:
*(1)

(@) A precision sound level meter covering the frequency range

20 to 20,000 Hz. with specified tolerances. This portable

20.



sound level meter is a highly accurate instrument designed for
outdoor use and complies with International Electro-technical
Commission (IEC) and American Standards Association (ASA)
requirements,

(b)  An instrumentation magnetic tape recorder *(2) covering the
frequency range 0 to 10,000 Hz., % 0.5 dB at 30 ips tape
speed and using an FM recording playback system. Signal
to noise ratio at 30 ips was better than 44 dB.

(c) A 1/3 octave band-pass filter set @) designed for analysis,
selective measurements and selection of noise signals in 1/3
octave bands covering the frequency range 22 to 45,000 Hz.

(d) A graphic level recorder *(4) designed for accurate recording
of signal levels in the frequency range 2 to 200,000 Hz, the
recorder has a frequency response of 2 to 200 Hz and 50 dB
dynamic range.

(e) A portable high precision acoustic calibrator *(5), designed

to enable quick and accurate overall calibration of the sound

measuring and recording equipment. The calibrator produces

a sound pressure level of 124 dB at the microphone diaphragm,

at a frequency of 250 Hz and has a calibration accuracy of

+ 0.2 dB.
*(2) Philips ANA-LOG 7, EUOZO/O7, serial no. 2691
*(3) B & K type 1612, serial no. 223202,
*(4) B & K type 2305, serial no. 205241,
*(5) B & K type 4220, serial no. 221356.

N



(f) A microphone amplifier for data reduction in the laboratory
in conjunction with other instrumentation.
3.4 Measurement Procedures and Techniques

(i)

Effects of Reflections and Background Noise: Any object the

physical dimensions of which are of the order of the wavelength
of the sound will reflect the sound waves and thus cause a
disturbance of the field. The amount of disturbance depends
furthermore upon the sound reflecting properties of the object,
its shape and the angle of the incident sound wave. Experiments
have shown that the maximum sound reflections from a human body
will occur in the frequency range around 400 Hz, and if the person
operating the noise measurement equipment stands close to the
microphone a maximum uncertainty of around 6 dB may be obtained
in this frequency range. At frequencies above 1,000 Hz
approximately, reflections from the SLM may also upset the
measured results.

In order to minimize undesired effects of reflection
in the course of measurements, the microphone was mounted on
an extension connector as shown in Figure 3.2, the operator
position was maintained at a position of about 4 ft. from the
microphone, the magnetic tape recorder was located about
15 fi. away from the SLM and obstructions between the micro-

phone and the aircraft in flight were carefully aveoided.

22.



CAPTION TO FIGURE (3.2)

Acoustical Instrumentations Used In Field Measurements

: Condenser Microphone Fitted with Windscreen.
2 B & K Sound Level Meter, Type 2203.
3. Philips Instrumentation Magnetic Tape Recorder.

4. Earphones.

5. B & K Acoustical Calibrator, Type 4220.

23.



Fig.(3.2) ACOUSTICAL INSTRUMENTATIONS USED IN FIELD MEASUREMENTS




Background noise was measured before each recording
and in order to avoid further complications in adding a correction
factor for background noise, measurements were generally taken
for locations exhibiting a level of 10 dB iower than the
anticipated total level.

(ii)  Microphone Location and Direction:  Generally the frequency

response of a microphone depends upon the angle between the
direction of travel of the sound wave and the microphone
diaphragm (Angle of incidence). The microphcne used in
measurements . has a calibrated linear frequency response in
the frequence range 20 to 15,000 Hz in free field measurements
and 0° angle of incidence. Accordingly, for measurements on
an aircraft in flight the microphone was continuously oriented
so that the moximum sound received arrives roughly on a 0°

(8l

angle of incidence. As c standard proctice the microphone
was located approximately 4 ft. above ground level.

iii) Field Calibration; The tape recerder and the SLM were
F

individuclly calibrated before each recording was taken, The
tape recorded was calibrated and checked for the zere adjust-
ment by an internal reference signal buili in the recording system
while the SLM was calibrated by an external acoustical calibrator

which produces a constani SPL of 124 dB at 250 Hz.
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B & K condenser microphone, type 4131, serial no. 2057:



The entire measuring set up including connectors,
cables, etc., was also acoustically calibrated and a reference
signcl* was recorded at least once on each magnetic tape.

The reference signal was used in the subsequent analysis of
the noise recordings to adjust the zero level.

(iv) Recording: A VHF receiver was used to indicate the
approximate location of the aircraft and the recording time
was dependent on the distance from the measurement location
to the aircraft. The input attenuation fo the recorder was
kept constant while the SLM input attenuation was continuously
adjusted in steps of 10 dB in order to obtain the best signal/
noise ratio and to avoid overloading the input circuits to the
measuring equipment. [t should be noted that the SLM was
switched for operation "Lin 20 - 20,000 Hz" on the "fasi"
response scale and the microphone was fitted with a windscreen

designed and recommended for cutdoor measurements. Figure 3.2

shows the windscreen as fitted to the microphone.
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* A pure tone of 250 Hz, with a SPL of 124 dB (RMS) re 0.000y bar.
** B & K type UA0082 (note: Atienuation values for the windscreen were
included in the analysis as a correction factor).



CHAPTER 4

ANALYSIS OF NOISE MEASUREMENTS AND THE
THEORETICAL PREDICTION OF AIRCRAFT NOISE

4.1 General

In this chapter the necessary steps will be presented to explain how
the measurements recorded on magnetic tapes were analyzed in order to obtain
the EPNdB vs. distance curves.

The EPNL due to aircraft noise has been selected as a unit for this
analysis since it has been adopted by both the 1SO and SAE, and has been
selected as a unit for noise certification requirements for aircraft by the FAA.

The overall effective value of a noise environment to which a person
is subjected will be expressed in terms of the NEF index.

However, the basic data for determining NEF contours consists of
EPNL vs. distance information for various aircraft types, along with generalized
aircraft performonce data. Thus in calculating the NEF at a specific location
the contribution in EPNdB from each circroft operating from each runway is
calculated by considering the distance from the point in question to the aircraft,
and then obtaining EPNAB values from the appropriate EPNGB vs, distance curve;
as represented by the equations developed in this chapter,

In describing the aircraft noise in the airport vicinity various methods
may be employed depending on the ultimate use of the results and the degree
of sophistication required. The following poragraphs summarize the available

methods.

[
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(i)

(it}

Monitoring aircraft noise around the airport at preseiected
positions. Monitoring is understood to be a routine measure-
ment of noise levels created by the various aircraft operdfing
from an airport. This routine involves a large number of
measurements per day, from which an immediate indication of
the noise level is required. Monitoring can be carried out either
with mobile equipment, often using only a sound level meter,
or with permanently installed equipment incorporating one or
more microphenes with amplifiers located at different positions
in the field with a data transmission system linking the micro-
phones to a central recording installation. The sound levels
measured are approximations of the perceived noise level

in PNdB and the SLM with the A-weighting curve goes some
way to meeting this approximate procedurylé'. This practice is
based on the experience that for take-off noise, the difference
between the PNdB value and the sound level as measured in
dB(A) is roughly the same for other aircraft of the same class

at about the same distance from the start of the take-off roll,

PNdB = dB(A) + k
where k= a constant which depends on aircraft class,
type of operation, distonce to aircraft and
frequency spectrum of noise.

The second method is to determine the noise characteristics

received on ground from a certain type of aircraflt operating

28.



under various conditions such as different loads, different
take-off or landing profiles, etc. Then from the measured
data sets of noise "contours" are constructed which the
aircraft will produce around a particular airport.  When
such noise contours are estimated for all types of aircraft
operating from the airport in question a more reliable
estimate of the total noise nuisance produced in nearby
areas may be made. The analysis of measurements in this
case could be made in l/3-ocfcve bands or by the approximate
method outlined in clause (i).

(iii)  Measuring and analyzing the noise at a large number of different
points around the airfield over a period of time and from the

results the contours of equal levels are mapped.

The method used in this study is basically divided into two parts

1. Analysis of Actual Measurements

Ten measurements were selected for a detailed 1/3-octave band
analysis and the final results obtained are EPNdAB values. From
the detailed analysis of the 10 measuremenis two experimental
linear equations were developed to better approximate the relation~
ship between PNdB and dB(A) levels for take=off and landing of

a typical 2-engine turbofan aircraft. The approximate relations
derived were then applied to the other 55 measurements in order

to convert the simple "max. dB(A)" levels to "mox. PNdB" values,



2. Theoretical Prediction of Aircraft Noise

On the basis of some fundamental data and actual measure-
ments of aircraft flyover noise at a specific location, the
noise level in different areas was estimated theoretically.
The results of such calculations were then compared with the

actual measurements.

4.2 Analysis of Actual Measurements

Figure 4.1 illustrates the arrangements used for field measurements
and laboratory analysis of the recorded acoustical data. The output from the
tape recorder was fed to the band-pass filter set, the filtered signal was
amplified using the amplifier stage and the signals were then displayed
graphically on the graphic level recorder and also displayed on the oscilloscope
screen. A photograph of the acoustical instrumentations used in laboratory
analysis is shown on Figure 4.2

The effective perceived noise levels in decibels (EPNdB) were

calculated according to the following procedure

1. The reference signal* previously recorded on the tape during field
calibration of the acoustical equipment was used to calibrate
and adjust the zero level of the data reduction equipment.

2. An analysis of the recorded data was made using the method of
"sequential filtering" and the results were recorded on a graphic,

logarithmic level recorder. The analysis was made using 1/3 -

* A pure tone of 250 Hz, with a SPL of 124 dB(RMS)
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CAPTION TO FIGURE (4.2)

Acoustical Instrumentations Used In Laboratory Analysis

| Philips Instrumentation Magnetic Tape Recorder, Type
ANA-LOG7, EL1020/07.

2. B & K 1/3 Octave Band-Pass Filter Set, Type 1612.

3. B & K Frequency Analyzer and Amplifying Stage, Type 2107.
4. B & K Graphic Level Recorder, Type 2305.

5. Tektronix Storage Oscilloscope, Type 564.

6. B & K Acoustical Calibrator, Type 4220.

7. Earphones.
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octave bands and the output from each 1/3-octave filter
was recorded as a function of time. The analysis of each
field measurement resulted in 24 charts of the flyover noise
history for the specified centre frequency of the band from
50 to 10,000 Hz. Figure 4.3 illustrates two examples of
the flyover noise time history for two centre frequencies.

3. The charts obtained in step 2 were then digitized using a
high-precision X-Y digiﬁzer.* The signals were logged
every half second of the flyover time and then recorded on
computer magnetic tapes.

4. A computer program was developed to decode the digital data
recorded on the tape, add instrumentation correction factors
to the SPL (such as potentiometer adjustments, tape recorder
response, wind screen response, etc.) and to perform the
subsequent calculations.

Since the perceived noisiness was greater for sounds that
contain within a broadband spectrum relatively high concentrations
of energy in narrow bands as discussed in Chapter 2, correction
factors were added to the SPL of bands that exceeded adjacent
bands.

If any band above 400 Hz was abutted above and below by

bands that were both less intense than the in-between band, a

o - ] - P D\ -~ - - — ] — - - " - - - ] " - - - - — = - - -

* Ruscom Logic Digitizer, model 11,
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correction was determined from the appropriate abscissa

on Figure A.2, Appendix A and added to the SPL of the
respective bcnds[] . In Figure A.2 the abscissa is shown

as LB—[(LB_] + Lp+) /2] where Lg is the SPL in dB

of band B. (B-1) is the abutted lower frequency band,
(B+1) is the abutted higher frequency band. The addition

of L1 to Lpyp is arithmetic. The tone correction graph
could be used either for octave bands or 1/3-octave band
analysis. The result of this step was designated the "tone-
corrected SPL".

By the use of the table shown in Figure A.3, Appendix A
the tone-corrected sound pressure level af each time interval
was converted to perceived noisiness values, n, in each 1/3-
octave band. The noy values, n, for a given time interval

i were then combined using the following formula:

Np=ng HF(Ini-onpoo0) ()
where:

i = 0.5- sec inferval of time.

n. = maximum number of noys in any one band.

I max

F = fractional portion dependent on bandwidth, 0.3

for octave bands, and 0.15 for one-third octave

bands .

T n; = sum of the noy values in all bands.

N;j = perceived noisiness value in noys.
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The velue Ni was converted into a perceived noise level
(PNL), expressed in PNdB rather than dB, using the following

formula:

PNL; = 40+ 10 (log N;) (4.2)
0.30103

The result of this step was designated "tone-corrected perceived
noise level " [ PNLt]l in PNdB.
The maximum perceived noise level reached during flyover was
then determined from the previous calculations by plotting the
values of PNLt; versus time and determining the maximum value
of the faired curve. It should be noted that the time interval i
used in this analysis was equal to 0.508 seconds. Figure 4.4
and Figure 4.5 illustrates typical plots of the PNL#; versus time
for a take-off and landing respectively. The slant perpendicular
distance to the aircraft flight paths were 300 ft, and 940 ft.7or
take-off and landing respectively. The result was designated
PNLt max .
The total subjective effect of an aircraft flyover annoyance
depended not only on the PNLimgx, but also on the time history
of the noise. To take into account the influence of time, the
effective perceived noise level (EPNL) was defined as the
algebraic sum of the PNLiqx and a duration allowance.
The following equation was used to calculate EPNL:

EPNL = [0 Jog o & 10 PNL/10 4p 4.3)

S . .

f
Where To was a normalizing constant chosen to be 10 seconds

37.
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and (12 = t1) was the time interval during which the

instantaneous value of the PNL; was within a specified

)

value (not less than 10 dB of the value of the PNL; —_—

as illustrated in Figure 4.6.

>10 daB

Tone-Corrected Perceived
Noise Level PNLt,dB

|t e,
Flyover Time t,sec.

Fig.(4.6) Curve illustrating how the tone-corrected
perceived noise level may vary with time.

The integration of Equation 4.3 was performed numerically
using Simpson's formula. Figure B.1, Appendix B shows the
results obtained for the take-off noise as illustrated on Figure
4.4. In this example the PNLt,ox was found to be equal
to 122 PNdB while the EPNL was found to be equal to 116
EPNdB. The flyover noise in this example was integrated over
a period of about 13 seconds (25 time intervals).

8. In order to establish an experimental relationship between the

PNdB and dB(A) scales, the dB(A) value was computed for each

37,



time interval i during the flyover. First, the instrumentation
correction factors were added to the SPL of each 1/3-octave
band. The frequency-weighting curve A illusirated earlier in
Figure 2.2 was used to adjust the band levels. The band
levels were then added to yield the dB(A) value at the specific
time interval i. A similar procedure was used to compute the
dB(D) value by the use of the frequency-weighting curve D.
The values of [PNdB - dB(A)] [cmd PNdB - dB(D)] were
also computed at each time interval and the mean values were
estimated. The standard deviations were computed using the

formula:

|
X salion = o 2
standard deviation \/(_}1_ I X; ) _u2 (4.4)

where: -
= number of intervals.

n
X; = [ PNdB - dB(A or D)| at the time
interval i.
M = arithmetic mean value of PNdB - dB(A or D)
The preceding detailed analysis was applied to 10 selected
measurements and the computer program developed in this study

to perform the analysis is included in Appendix D,

4.3 The Experimental Relationship Between PNdB and dB(A)

Inspection of the frequency spectrums produced by the specific type

of aircraft surveyed showed a great dependence of the frequency content and



frequency distribution on two major factors as briefly outlined below.

(i) Type of Operation

Figure 4.7 and Figure 4.8 illustrates typical frequency spectrums
at the maximum level reached during landing and take=-off
respectively., It is evident that in landing generally the
acoustic energy is concentrated in the higher frequency range
while during take-off the acoustic energy exhibits less
differences between the higher and lower frequency bands.
The jet~engine noise is mainly generated by the roar of the
jet-exhaust resulting from the turbulent mixing of high velocity
exhaust gases with the ambient air and by the turbomachinery
noise associated with the turbulence produced by rotating
blades within the engine., Jet-exhaust noise, being broadband,
distributes the sound energy over a wide band of frequencies.
On the other hand turbomachinery preduce broadband noise,
but in addition usually broduce discrete frequency tones where
a substantial amount of energy is concentrated. The energy
from these sources is usually at much higher frequencies than
the jet-exhaust noise and the discrete frequency tones are
heard as a whistie, whine, or screech.

Therefore, it was expected that the subjective evaluation
of aircraft noise considering the shape of the frequency specirum,

will be different for landing than that generated during icke-cff.
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(ii) Distance between the cbservation point and the aircraft

As sound is propagated through the atmosphere, its level
progressively decreases. The first factor producing this level
reduction is due to the inverse-square law, which results
from spherical divergence of sound waves and spreading the
energy over an increasingly large surface area. This results
in a6 dB loss in sound level for each doubling of the distance
from the source and is uniformly effective at all frequencies.
In addition to this spreading of sound energy, there isan
absorption of sound energy by the afmosphere.-‘ For the distance
of interest to aircraft noise this absorption effect is insignificant
for noise at low frequency but it is highly significant at higher
frequencies. Because of this effect, a particulor sound whose
PNL is dominated by high-frequency noise near the source may
have its PNL controlled by low frequency noise at greater
distances, where the high frequencies have been attenuated to
a greater degree than low frequencies. Figure 4.8 and Figure
4.9 illustrate the frequency spectrums at the maximum PNL
during take-off and measured at a distance approximately 300 ft.
and 8,100 ft. respectively.
The experimental results obtained from the analysis showing the PNL
anc the corresponding dB(A) value were plotted for both cases, take-off and
landing s shown on Figure 4.10 and Figure 4.11 respectively. The experimental

data were approximated by straight lines using the method of the least-square
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polynomial approximation, and the linear relationship were then plotted on
the diagrams.

The empirically derived relationships between the PNdB and dB(A)
were then applied to the remainder of the noise measurements in order to
convert the maximum dB(A) levels to maximum perceived noise levels in
PNdB. The computer programs developed in this study to plot the experimental
data and compute the least-square fit of the data are included in Appendix D.

It should be noted that the maximum PNL obtained by the approximate
method was corrected for a typical time duration as determined from experiment.
The correction factors used are in the range from - 8dB to + 4dB and the value
being used is dependent on the distance between the aircraft and the observation
point.

Finally, the EPNL calculated for the various measurement locations
were then plotted versus the slant perpendicular distance in feet from the
measurement point to the aircraft flight path toking into consideration the

elevation angle between the aircraft and the measurement point.

4.4 Theoretical Prediction of Aircraft Noise

It is possible to predict theoretically the sound levels due to the
operation of an aircraft given some fundamental data. In the following a
method of estimation is described whereby the noise level can be calculated
as a function of distance to the aircraft.

4.4.1 Assumptions:

(i) The directional characteristics of tha noise field produced by

the aircraft are rotationally symmetrical.




(ii)

(iii)

iv)

4.4.

48.

It should be noted that the radiation pattern from a moving
jet is less directional than that of a stationary jet (11 & 021
The estimated error from this assumption may result in noise
levels of = 3 dB depending on the location.

Altitude Variations

Altitude variations due to different aircraft loads at the reference
point were small. The reference point was selected at a suitable
location so that any variation in the aircraft altitude would
preduce insignificant variation in the slant distance to the aircraft
flight path.

Atmospheric Conditions

Calculated noise levels at the various locations are based on
certain atmospheric conditions (59° F, 70 % R.H. and 29.94" Hg).
Attenuation of sound due to wind, temperature gradients,

atmospheric turbulence and ground effect is not considered.

Free field conditions exist for the propagation of sound waves.

2  Procedure

The noise produced by the aircraft was recorded on a magnetic
tape and the signal was analyzed in 1/3-octave bands, adjusted
for the presence of pure tones and other instrumentation correction
factors as explained earlier. The corrected frequency spectrum,
which corresponds to the maximum PNL, was used as a "reference

specirum"” for further manipulotions.



The reference point selected for estimating the reference
data was located at about 917 ft. off to the side of the run=-
vway and about 1,500 ft. from the runway threshold.

2. In order to estimate the noise level at the various distances,
an increment of 200 ft. was used and at each increment the
1/3-octave band levels were corrected for the spherical
divergence of sound waves (inverse-square low) and the
atmospheric absorption of sound energy according to the

following formula:

SPL; = SPL, - 20 log _rl -A (- To) (4.5)
where: )
SPL; = sound-pressure level in dB at a distance ry ft.
from the source.
SPL, = sound-pressure level in dB at a distance r,

ft. from the source (Note that ry fis the
reference distance). The point ry must be
in the far field of the aircraft noise.

A = Attenuaiion due to absorption in the air, dB/ft.

Recelver

SPL.)dB
Y
Source

M._\@
(SPLs)dB

Receiver
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Figure 4.12 illustrates the attenuation dB/100 ft. versus
1/3~cctave bands centre frequency as determined from
experiment []3].

The band levels were adjusted for the presence of pure tones

or pronounced irregularities, converted to noy values and summed
according to the procedure discussed earlier.  The total noy
values were converted to "tone-corrected PNL" in PNdJB.

The PNdB values were then plotted versus distance for both
cases, take-off and landing as shown on Figure 4.13 and

Figure 4.14 respectively. In order to use the theoretically
predicted PNdB values in digital computaiions, the predicted
levels were approximated by a 10th degree polynomial using

the method of least-square polynomial approximation.

The PNdB values at the various distances were adjusted for
typical time durations (obtained from experiment) in order to
obtain the EPNdB values. Figure 4.15 and Figure 4.16

illustrate the predicted EPNL versus distance for take-off and

landing respectively.

50.
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CHAPTER 5

METHOD OF DESCRIBING THE NOISE EXPOSURE ON THE

GROUND IN THE VICINITY OF THE AIRPORT

Construction of Effective Perceived Noise Level Contours for a

Single Aircraft Operation

5.1.1  Take-off

Figure 5.1 illustrates equal effective perceived noise level contours

for a typical 2-engine turbofan aircraft describing the noise field

on the ground produced during take-off, normalized to the aircraft

maximum certificated take-off weight and using maximum take-off

power. In practice the following data should be available before
constructing the contour lines.

(i) The aircraft engines power setting used during take-off and
climb-out: the power setting may be varied during the
operation in accordance with the instructions given by the
aircraft manufacturer or due to noise abatement procedures.

(ii) The fake-off profile: The take-off profile depends on the
power setting, aircraft configuration, ambient temperature,
ambient wind conditions, climb speed and especially on
the aircraft teke-off gross weight. Information about typical
take-off profiles for aircraft at various conditions are aveil -
able (14, 1131 and sometimes prescribed in order to construct

a particular set of sound contours. During take-off the
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engines produce the same noise levels at all gross weights,
but the rate of climb increases with decreasing the gross
weight. Accordingly the noise perceived on the ground

due to the flyover of a loaded aircraft would be higher

than that due to an unloaded aircraft. It should be noted
that the difference in the noise level perceived due to the
loading conditions of the aircraft gradually increases with

the increase of the aircraft forward distance from the runway.
Figure 5.2 -illustrates the adopted take-off profile* in
constructing the EPNL contours shown in Figure 5.1.

(iii) The physical data describing the noise produced by the
aircraft: The aofo could be determined by a similar
procedure to that described in Chapter 4, the appropriate
curve should be selected according to the location and
elevation angle between the aircraft and the particular
location on éround. At this point it should be noted that
values of ground attenuations obtained throughout actual
measurements may not represent all the locations around
the airport or the proposed runway because ground attenuation
depended on the topography, terrain, obstructions such as
buildings, etc., of the particular location. However, the

presented data represents a typical locality at the Mount Hope

Data as shown in Figure 5.2, obtainted from Nordair.
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Distance

é0.

area where no tall buildings exist and the surroundings
are mostly open fields with the exception of few low
density residential areas.

Computation

()

For locations directly undemeath the flight path

One first determines the aircraft altitude from the appropriate
profile curve. The effective perceived noise level correspond-
ing fo the altitude is determined from the EPNL vs. distance
curve, designated PA in Figure 5.3, in this case the elevation
angle between the location and the aircraft is 90 degrees.

For locations off to the side of the flight path

The procedure is slightly different from that given in (a).

One first determines the lateral distance from the flight path
to the locotion. The next step is to determine the altitude
of the aircraft at the given distance from the start of take-off
roll. These two distances form the sides of a right triangle;
the desired slant perpendicular distance is the hypotenuse of
that triangle. The elevation angle is also determined from
the geometry of the triangle. For the resultant distance

one determines the corresponding effective perceived noise
level from the appropriate EPNL vs. distance curve as follows.
For locations behind the brake-release point, i.e. opposite

to the direction of take-off, curve PD is used. For locations

between the brake-release point and lift-off point interpolate
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between curves PD and PC. For locations forward of

the lift-off point, the elevation angle determined must

be considered, if the elevation angle is greater than

10 degrees curve PA is used and if the angle is less than

10 degrees the appropriate value may be obtained by

interpolating between curves PA and PB. Figure 5.3

illustrates curves PA, PB, PC and PD. The construction

of the curves shown on Figure 5.3 was carried out with

the aid of Figure 4.13 and is detailed in Appendix E.
5.1.2 Landing
Figure 5.4 illustrates equal effective perceived noise level contours
for a typical 2-engine turbofan aircraft describing the noise field
on the ground produced during landing normalized for the aircraft
maximum weight and using the instrument landing system according
to the 2.5° glide slope angle prescribed by the Ministry of Transport
at Mount Hope Airport as shown on Figure 5.2. In order to
compare reguiatory procedures, Figure 5.5 shows a similar set of
contours for an assumed 3.5° GSA. In practice the following data
should be available before constructing the contour lines:
‘(i) The engine power setting used during landing: For a certain

aircraft, while there is some variations in landing noise

levels due to changes in engine thrust as gross weight is

changed, the effect is usually small (e,
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(i) Aircraft landing profile: Landing profile depends on
the glide slope angle prescribed for ILS landing or the
angle used in VFR landing.

(iii) The physical data describing the noise produced by the
aircraft: The data could be determined by a similar
procedure to that described in Chapter 4.

Distance Computation

The slant perpendicular distance between the ground location and

the aircraft flight path is calculated in a similaf fashion as in the
take -off operation. Once the distance has been determined, the
corresponding effective perceived noise level from the EPNL vs.
distance curve can be selected. Note that one curve is presented
for all locations as illustrated earlier in Figure 4.6. The elevation
angle has not been ‘considered in this case since noise due to landing

has been Found to be less than take-off noise.
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Construction of Noise Exposure Forecast (NEF) Contour Sets

for Multi-Aircraft Operations

In calculating the NEF contours, i.e. locations that have equal
exposure to noise from all operations, the contribution in EPNdB's
from each type of aircraft operating from each runway was
calculated at the given ground location. The slant perpendicular
distance from the given location to the aircraft was calculated and
then the effective perceived noise level values were obtained from
the appropriate EPNdB vs. distance curve as explained in the
previous sections.

The noise contributions from all aircraft type groupings
operating on all runways were summed on an energy basis to obtain

(4

the total noise exposure at any one location

Basic Equations

For an operation of aircraft type i, runway |, the NEF (ij), is

expressed as:

NEF(if) = EPNL(i})+10 Log[N (i“(z)ay()“)Jr Néﬁ;‘:ﬂ(”)} ¢ 6.

where
NEF(ij) = Noise Exposure Forecast value produced by aircraft
class i operating on runway j.
EPNL(ij) = E;"Fec'rive perceived noise level produced at the given
point by aircraft class i operating on runway j.

N(day) = Number of aircraft movements (0700 AM - 2200 PM).

66.
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N (night) = Number of aircraft movements (2200 PM - 0700 AM).

K = Constant normalizing the adjustment in NEF values
due to volume of operations. Different values of K
were used for daytime and nightime operations.

C = an arbitrary constent.

The value of the constant K(day) was chosen so that for 20 move-
ments of a given aircraft, per daytime period, the adjustment for
the number of operations was zero. Hence, K(day) = 20.
The value of the constant K(night) was chosen such that, for the
same average number of operations per hour during daytime or
night-time periods,the NEF value for nightime operations would
be 10 units higher than for daytime operations. Hence, K(night)
was calculated to be 1.2.

The choise of C=75 was based on two considerations.
Firstly, it was desirable that the numerical values of NEF be
distinctly different in magnitude from the effective perceived noise
level so that there was no likelihood of confusing the two values.
Secondly, it was considered desirable to select a normalization
factor which roughly indicated the amount by which the NEF
exceeded some threshold value below which aircraft noise would
most likely be imperceptible.

Using the values indicated above, the equation can be

written:

NEF(ij) = EPNL(ij) + 10 Log [N(day) (il) + 16.67 N(night) (i])] 88 5.9
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The total NEFT at a given ground location was then determined
by an energy summation:
NEF (i)

NEF = 10 log £ Z  antilog s (5.3)
i

The computer programs developed in this study to perform the

calculations and plot the contour lines are included in Appendix D.

Noise Generated by 3 and 4-Engine Turbofan Aircraft

In calculating the NEF produced by the various aircraft types

the following were assumed:

(a) 3 and 4-engiine turbofan aircraft produce noise characteristics
and a directivity pattern similar that produced by a 2-engine
turbofan aircraft.

(b) The SPL produced by a 3-engine turbofan aircraft at a
specific location was approximately 1.76 dB greater than
that produced by a 2-engine aircraft at the same location

based on the following equation:

SPL, = SPLy, + 10 log _:_; (5.4)
where
SPL, = sound pressure level produced by aircraft x
SPLy = sound pressure level produced by aircraft y
nx = number of engines in aircraft x
ny = number of engines in aircraft y (type of engine
is similar fo that of aircraft x)
Hence,
3
SPL(S engines) SPL(Z engines) © 10 log 5~



or

(c)

or

69.

SPL(3 engines) = SPL(2 snginies) + 1.76 (5.5)

The SPL produced by a 4-engine turbofan aircraft at a
specific location was approximately 3 dB greater than that

produced by a 2-engine aircraft at the same location:

” + 10| 4

engines 2 engines)

SPL(4 engines) = SPL(2 engines) * 30 (5.6)
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CHAPTER 6

SUBJECTIVE EVALUATION OF AIRCRAFT NOISE

6.1 Introduction

In this chapter the problem of subjective evaluation of aircraft
noise will be discussed briefly and some of the test results available to
describe the subjective reactions of a community to subsonic aircraft noise
are summarized.

The nature of compleints against aircraft noise

Examination of public surveys reveal that the greatest single complaint
concerns the interference of the aircraft noise with talking and iistening
(masking and speech communication), the second complaint in number is
concerned with the disturbance of sleep and rest while the third is with the
fear of aircraft crashes.

Tolerable limits of exposure to aircraft noise

The final results of this analysis is presented in terms of physical
units of noise measurements and at this stage it seems appropriate to transform
these results into sociological units of human response.

Noise environment and opinions obtained through judgement tests

Since "human behaviour - environment" is a fairly complex relation-
ship, the more or less empirically derived relations between complaint activity
or annoyance scale and noise exposure have proven to be useful in predicting,

in broad terms, human behaviour.



The relations are not precise in a mathematical sense and do not

lead to an understanding of the exact nature or basis for the human behaviour

recorded in the complaints and annoyance score scales.

As might be expected, various psychological and sociological
factors present in individuals and a community influence the annoyance felt
and the behaviour expressed by people in response to the annoyance caused
by noise. Background noise in real life as present in different communities
proved to be a contributing factor to judgement tests and community response
to the intruding noise. The spund from an aircraft flying is not as noticeable
in a high background noise as it is in a quiet environment. Another major
factor that affects the reliability of judgement tests and people's response
is the accuracy of the physical units, whether dB(A), phon, EPNdB, etc.
in predicting the judged perceived noisiness. Several statistical techniques
have been used by researchers for evaluating the accuracy with which the

physical units of measurements predict judged perceived noisiness.

6.2 Masking and Speech Communication

A major function of the auditory system is the analysis of acoustical
signals so that wanted information components in a sound wave can be
discriminated or separated from the unwanted or noisy components.

Studies have been conducted by various researchers to estimate the
understandability of speech in the presence of noise. These tests are called
intelligibility or articulation tests; the distinction being usually made on the

basis of how they are scored.

7L,
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Kryter 0171 in 1965 and Williams 8 in 1967 determined the

understandability of speech in "mean percent words correct”" and the peak

level of an aircraft flyover noise present for a specific conversational level

and rate of speech. Figure (C.1), Appendix C illustrates a typical tesf

result obtained by Williams as a typical example of the research done in

this area.

6.3

Perceived Noisiness (Annoyance)

6.3.1 Noise Exposure Forecast (NEF)

The overall effective value of a noise environment to which a person
is exposed on an average basis has been well established and expressed
in various ways. Extensive research and studies have led to the
introduction of the Composite Noise Rating (CNR), Noise Pollution
Level (NPL), Noise Exposure Forecast (NEF) and others.

In summary, it has been concluded that the NEF system offers
the capability of an additional measure of precision than was previously
available in the CNR system. As a result, it has been recommended
by the Canadian Air Transportation Administration [14) 4hat the NEF
system should be used in the determination of the anticipated response
to aircraft noise and the development of compatible lond use planning
criteria in the vicinity of airports. In Reference [14], four different
"response areas" were identified and a compatible land use table was
presented and typical cases were illustrated. The Compatible Land Use

Table from Reference [14] is presented in Appendix C for completeness.
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6.3.2  Perceived Noise Level (PNL)

In this section the data available from 5 judgement tests
are summarized and plotted in Figure (6.1). The following para-
graphs are brief descriptions of the 5 tests surveyed.

(i) The first is a study that took place on three days late in
1961 at Farnborough [19) and 60 subjects made judgements
of the sounds of aircraft flying overhead. The subjects
were asked to record their impressions on the scales =1A,
1-B and 1-C as shown on Figure 6.1. Two rating scales
were used for outdoor judgements using the criteria of
"noisiness” (scale 1-A) and "intrusiveness" (scale 1-B).

The "intrusiveness” criterion was also used for indoor tests

(scale 1-C). Noise levels were expressed in dB(A) and

PNdB.

Figure C.2, Appendix C illustrates one of the
results obtained. The principal results of the tests were
plotted so that the vertical co-ordinate corresponded to the
desired criteria and interpreted in numbers running from 0 to
10. The values plotted cre the average judgements of the
whole group of listeners, each point representing a group

judgement on one aircraft and curves have been fitted to

the data,
(if) The second is a study conducted in 1967 by William and
others (191 in which the subjects were asked to rate the
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(iii)

"acceptability" of the aircraft noise. The study concludes
that a level of about 85 peak PNdAB was barely acceptable.
Figure 6.1 illustrates some of the results obtained from the
study; scale 2-A is for a 20 seconds noise duration and scale
2-B for a 10 seconds noise duration (time was measured
between the 2 points 10 dB below the maximum level as
illustrated in Figure 4.6.

Pearsons and Horonjeff 201 conducted field tests where a wide
variety of test subjects were selected from the general adult
community and from a population of college students. These
groups were asked to judge the noise of several classes of
motor vehicles and aircraft. The results obtained have been
fitted to straight lines as shown on Figure C.3 and Figure C4,

Appendix C. Figure 6.1, scale 3 also illustrates the PNL

in PNdB (estimated from weighting network) and the correspond-

ing mean noisiness rating for all stimuli during all field test
sessions.

(2]

Bishop reported a study performed at Los Angeles in which
55 subjects selected from Los Angeles International Airport
neighbourhood judged the acceptability of noise produced by
aircraft flyovers and by recorded flyover signals. Judgements
were compared with the maximum PNL oc:urring.during the fly-
overs. Judgements on actual flyovers on a category scale were

made both inside and outside of the test buildings which

were located close to the approoch and take-off paths.

75.
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Most of the flyovers judged were of commercial turbojet

and turbofan fransport aircraft. In one of the tests,

subjects were asked to rate aircraft noise on an acceptability
scale in which four categories == of no concern, acceptable,
barely acceptable, and unacceptable == were placed at
equal intervals,

The maximum noise levels produced by the aircraft
extended from 83 to 120 PNdB for outdoor judgements, and
for indoor tests noise levels ranged from 61 to 96 PNdB.
Mean noise-reduction values for the test rooms were in the
range 21 - 24 PNdB.

In this test it was observed that for a given PNL,
little difference existed between rating of take-off and
approach noise or live and recorded noise signals.

The 2 composite curves relating PNL with acceptability
ratings are shown on Figure C.5, Appendix C and also Figure
6.1, scales 4~-A and 4-B. The dashed line on Figure C.5,
Appendix C represents the mean of the four regression lines
for indoor judgement tests and the solid line is the mean of
the two regression lines calculated from the outdoor judge-
ments. In Figure 6.1 both lines have been plotted for the
PNL measured outdoors and they represent approximately the
mean judgements of the people tested. For typical indoor levels,

the given outdoor levels should be shifted 20 PNdB downward.
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221

(v) Kryter, Johnson and Young performed a study on
residents of a military air-force base and had the subjects
judge aircraft noise on a scale of equal intervals from 1

to 13. Scale index 13 being very acceptable, 7 just
acceptable and 1 unacceptable. Two different units of
measurements were reported, Peak PNdB and EPNdB, also
“indoor and outdoor judgements were performed. Figure 6.1
illustrates outdoor judgements (scale 5~A) and indoor judge-
ments (scale 5-B). In the latter the sound measurements

were recorded indoors.

Comparison of Judgement Tests

Differences in category scales, test stimuli, dynamic range of stimuli,
and instructions given to the subjects in each test, tend to limit the
validity of comparison between various test results employing different
rating scales in order to reach a universally accepted rating scale.

In analyzing the results of the various tests, different curve
fitting equations to the data have been employed, hence there is
unequal spacing between the different categories.

Moreover, if a greater dynamic range would have been used
in some of the tests, acceptability rating scales would have spread

out or visa versa.

6.3.3  Proposed EPNL Tolerable Limits

As discussed earlier, the results of judgement tests are valid

for a particular test condition and any of these results could be used
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in predicting, in broad terms, human response to aircraft noise.
However, one of the test results, that from the Los Angeles study [2]],
was adopted in the present study since it appeared to represent the
average of all the tests surveyed. The values that correspond to
mid-point of the category scales shown in Figure 6.1 have been
taken from the original curves. For example, from Figure C.2 a
mid point value (the ordinate equal to 5.0) is 106 PNdB and shown
on scale 1-B, Figure 6.1.

The values reported in PNdB in the test were odjusted for

typical flyover time durations and the following limits are suggested

for outdoor judgement and outdoor measurements in residential areas.

82 EPNdB of no concern

89 EPNdJB acceptable

97 EPNdB barely acceptable
104 EPNdB unacceptable

For indoor judgement and indoor measurements the following limits

are suggested:

65 EPNdB of no concern

73 EPNdJB acceptable

82 EPNdB barely acceptable
91 EPNdB unacceptable

It should be noted that the indoor levels are based on a typical house

attenuation value of 20 PNdJB where windows and doors are closed.
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CHAPTER 7

RESULTS AND DISCUSSIONS

Results and Discussion

7.1.1 Ground and Terrain Attenuation of Noise

Ground and terrain attenuation of noise contributed a great deal to
community noise reduction in some localities, specifically those
located on a distance greater than 2,000 ft. along the sides of
the runwcy*. The elevation angle between the observer and the
aircraft, at which ground attenuation becomes noticeable, was
found to be approximately 10°. Inspection of the EPNL confours
shows that the effectiveness of foliage for noise abatement is limited
to a value of 4 to 8 dB reduction in noise level R4 only for those
locations opposite to the sides of the runway and provided that the
foliage comprises a belt of tall, dense trees.

Locations close to or directly under the flight path where
a substantial reduction in noise level is desirable will not be alleviated
by the introduction of foliage or noise barriers since the aircraft will
be mostly exposed during flyover and accordingly most of the sound

energy perceived by the ear will be direct sound waves.

See Appendix E for typical sound pressure levels measured in this region.



7.1.2  Flight Path

The effective perceived noise level and noise exposure forecast
contours are computed and displayed in this study for straight

flight paths during approach and take-off. Graphical techniques
are availoble to reconstruct the EPNL contours for any curvey
flight path, provided the rate of climb or descending angle is
known []5]. The developed computer programs, given the equations
of the curved flight path, could be modified to suit the requirements
of a prescribed or an optimum flight path with regards to local
noise abatement standards and air traffic control procedures (ATC).
Hence, a new set of NEF and EPNL contour lines could be

constructed for the new input data.

7.1.3 The Experimental Relationship Between PNdB and dB(A)

Figure 4.10 and Figure 4.11 illustrates the PNL in PNdB (calculated
in accordance with the procedures given in Chapter 4) versus SPL
in dB(A) for both cases take-off and landing respectively. The
experimental data are approximated by straight line relationships

of the following form:

Take-off

PNL = -9.35 +1.19 dB(A) PNdB 7.1)

For example if on take-off the measured sound level is 100 dB(A),
then the PNL would be approximately 109 PNdB.

The mean value of the difference between PNL and dB(A) for all

80.



the test points (take-off) was found to be approximately equal to

7.7 dB.

Landing

PNL = -9.78 + 1.29 dB(A) PNdB (7.2)

Again on landing if we consider a measured sound level of 100 dB(A),
then the PNL would be approximately 118.

The mean value of the difference between PNL and dB(A) for all

the test points (landing) was found to be approximately equal to
11dB.

It should be noted that the equations and values presented above
apply only to a specific class of aircraft, accordingly different
values would have to be established for other classes. On the basis
of this information it is quite possible to use the sound level meter
for direct measurements or monitoring of aircraft noise in simple dB(A)
levels and then transform the data to approximate the PNL and PNdB.

7.1.4 Comparison of 2 and 4 engine turbofan aircraft Noise Levels

[16]

Figure 7.1 illustrates the "PNdB versus distance" results by McPike
and Bolt, Beranek & Newman Inc. 08 for a typical 4-engine turbofan
aircraft as compared to the results obtained in this study for the 2-
engine turbofan aircraft. Considering the difference, in the acoustic
power and the noise pattern, between 2 and 4-engine turbofan aircraft,
the results of this study show a good agreement with the other studies

in view of the PNdB trend versus distance.
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7.1.5 Measurements

Field measurements in general show good agreement with the developed
PNdB vs. distance equations for landing take-off.

The accuracy of instruments, measurements and data reduction
techniques was carefully controlled within ¥ 2 dB; nevertheless
repeated measurements in some locations exhibited greater differences.
These differences resulted from the contribution of several factors such
as weather condition, aircraft flight path, take-off and landing profiles,
aircraft weight, etc. However, the relative effectiveness of these
factors on the readings depend on the measurement locations. In this
analysis no corrections were applied to the measurements due to
variations in weather and wind conditions, however, it should be noted
that measurements mode with wind speeds over 10 mph, extreme
weather conditions and off-course aircraft flights were rejected in the
final analysis.

7.1.6  NEF Contours For The Existing Operations

Figure 7.2 illustrates the Noise Exposure Forecast Contours for the
existing operations on runway 24" at Mount Hope Airport.

The type and number of aircraft were taken from the timetable,
over the period the measurements were made, of the major commercial
aircarrier ~ using Mount Hope Airport for a typical weekday.
Business jets and light weight private aircraft were not considered

*  Contours could be rotated 180° to show a similar case using runway 06.

** Nordair Timetable ~ effective October 1, 1972,
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since the contribution of these aircraft to the final NEF is
negligible compared with a twin-engine commercial jet aircraft
with an average take-off weight of about 90,000 Ibs.

In computing and constructing these contours it was assumed
that all landings and take-offs were on one runway only, i.e. 100%
utilization of one runway 06/24 in order to show the highest possible
value of the noise exposure index in the various locations. The
contour lines show that the NEF contours due to landing encompass
long narrow strips of land as compared to the take-off pattern, where
the noise affects a shorter but breader land area.

The area of land encompassed by the 30 NEF contour is
approximately 4.4 square miles and by the 40 NEF contour approximately
1.1 square miles. It should be noted that if a different runway
utilization factor was used in the analysis, the land area encompassed
by each contour line would have remained almost the same, but the
shape of the contours would contract or expand in certain locations,
in a manner depending on the utilization factor.

The NEF contours of the existing airport operations are
presented in this study in order to serve as a basis for comparison
with the planned operation after the proposed expansion.

7.1.7 NEF Contours For The Proposed Plans

(a) Assuming all landings and take-offs on one runway (11,/29):

Figure 7.3 illustrates the NEF contours for the proposed

expansion assuming all landings and take-offs on runway 29 %

* contours could be rotated 180° to show a similar case using runway 11.
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(b)

87.

[3]

are shown on the diagram,

[31

and the runway is located as per plan 2B .

The mix and aircraft types

In this particular case where only one runway is
being utilized, the same contour lines could be used as
well for plans 1 and 2A by just shifting the overlay.
Comments regarding the contours are similar to the case of
existing operations with a recognized increase in area under
exposure

The land area of land encompassed by the 30 NEF
contour is found to be approximately 11.9 square miles and
by the 40 NEF contour approximately 4.2 square miles.

Assuming landings and take-offs on runways 06/24 and 11/29

One of the important results of this study is illustrated in
Figure 7.4 which shows contour levels encompassing both the
06/24 and 11/29 runways. It will s moted. tht the minimom
contour level i;s rated at 5 NEF while the maximum is shown
to be 45 NEF. These contours apply only to plan 2B for a
specific aircraft mix and runway utilization. It has been
further assumed that the 5% utilization allocated to the
existing runway (06/24) will be divided equally i.e. 2.5%
for each direction. It has also been assumed that the total
number of 2 and 3 engine aircreft is divided with an equal
rumber of each type of aircraft.

Since no plan for the extension of the existing runwa
g Y
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was submitted, the utilization of runway 06/24 was
restricted in this analysis to 2 and 3 engine aircraft
only. The area of land encompassed by each contour
line was measured and found to be os follows:

45 NEF 2.4 square miles

40 NEF 4.8 square miles

35 NEF 8.7 square miles

30 NEF  14.9 square miles

These contour lines represent an average daily exposure
to aircraft noise and it would seem appropriate and a fair
practice to use these values in general cases of c’ompai-ible
land use and planning.

NEF Maximum Envelopes

The concept of "NEF Contour Envelopes", as the term and
concept are introduced in this study, forecasts the highest
noise exposure that might occur at certain locations in
the airport vicinity. ,

Since noise could be a critical factor in site
selection and constructional design of a proposed establish-
ment, it would seem appropriate to investigate the maximum
value of noise exposure rather than a value based on an
average daily basis. The latter is computed from
accumulated statistical data of the yearly prevailing

winds at the airport location, proposed runways orientation

and anticipated aircraft movements.



To construct the "NEF Maximum Envelopes", the
NEF was computed assuming 100% utilization of each runway
i.e. all landings and take-offs on one runway, the NEF
contour lines of all runways were then superimposed on the
airport map and the envelopes containing the various levels
were constructed and identified. Figure 7.5 illustrates a
typical 30 "NEF Maximum Envelope" computed for the
proposed expansion at the Mount Hope Airport using runways
06/24 and 11/29, assuming 114 aircraft movements (57 landings
& 57 take-offs) with an aircraft mix as shown on the diagram
and assuming the various possibilities of wind direction in-
cluding severe south or north winds. It should be noted that
the existing runway 06/24 would be required only in severe
crosswind conditions over runway 11/29, i.e. S or N wind
directions, and the new runway 11/29 would be used for all
other wind directions [3].

The 30 "NEF Maximum Envelope" depicted in Figure
7.5 was selected to demonstrate the concept since at this
level a marginal zone exists for further residential develop-
ment.

The area of land encompassed by the 30 "NEF
Maximum Envelope" is opproximately 29.7 square miles as
compared to 14.9 square miles for the case ond data shown

cn Figure 7.4. Furthermore, the contour lines extend to a
~ I'4
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distance of about 7.5 miles beyond the threshold of all
runways in the former case as compared to 2.4, 2.3, 5.9
and 7.2 miles for runways 06, 24, 11 and 29 respectively
in the latter case.

It is expected that this concept would represent
a realistic approach of exposure to aircraft noise and a
typical case which might happen on certain days, however,
these maximum levels of exposure may not happen for several
days, or even weeks, but the possibility is always present.

The use of this approach is restricted to specific critical

cases of land-use such as hospitals, schools, etc. The NEF

based on an average percentage of runway utilization seems

to be adequate and appropriate generally in land-use planning

and rezoning.

Changes in operational procedures

The choice between take=-off power along the entire flight path
versus power cutback at some acceptable altitude has been
recognized as a means of reducing noise in the close-in
community. Several take-off procedures and profiles monitored
in actual day-to~day operations at a major international airport
in the U.S.A., demonstrated noise reductions over the community
on the order of 4 to 7.5 PNdB. Such reductions are to be
encouraged since noise-abatement take-off procedures can be

performed effectively with virtually all present day jet transport



93.

aircraft without modification of the aircraft, with no effect
on safety and with little effect on pilot-workload.

Aircraft flap settings after take-off has proven to
be an effective method of further reducing aircraft noise,
within certain limits, and the further introduction of
avtomated flap systems, permitting speed-controlled programming
of flaps during climbout, promise to add an improvement in
the noise picture

Inspection of the NEF confours reveal that any
reduction in take-off noise mainly because of engine power
cutback will be more effective than altitude changes especially
from those locations further away from the centre line of the
flight path and off to the side; since at these locations the
relative change in aircraft altifude is very small compared to
the slant perpendicular distance to the flight path. It should
be recognized that locations close to the airport and approximately
3 miles alongside the take-off flight path will not experience
any particular noise reductions with power cutback since this
procedure is not applied in the early stages of take-off as
noise abatement procedure.

The computer programs developed in this analysis
could be used satisfactorily to compare various take-off
profiles and procedures with regards to reduction in community
noise and the relative effectiveness of such a procedure

upon noise corfours.



7.1.10 Regulatory Procedure

The present regulations at Mount Hope Airport specify a 2.5°
glide slope angle for approach when using an instrument landing
system (ILS), accordingly measurements of landing noise were based
on this angle. The experimental data has been further analyzed
to examine the noise reductions which may be obtained assuming
a 3.5° glide slope angle for approach and these results are shown
earlier (see for example Fig. 55) The fr;:des between glide
slope angle and noise for a 2-engine turbofan aircraft are illustrated
in Figure 7.6. In this analysis the 85, 90, 95 and 100 EPNL
contours; assuming 2.5° and 3.5° glide slope angles, are superimposed
and from the results it is concluded that these contours exhibited
a shrinkage in length of about 4.0, 2.9, 2.2 and 1.7 miles
respectively when the glide angle was increased by e

Another way of looking at the noise benefits of higher glide
slopes is the change in community area in square miles subjected to
a given noise level. As an example the percentage reduction in the
90 EPNL contour is found to be approximately 25%. Note that the
percentage reduction and shrinkage in length as explained above were
slightly underestimated because at higher glide slope angles the aircraft
power setting is usually decreased, accordingly further noise reductions
in the order of 2 dB might be achieved.

Increasing the GSA within limitations offers a potential for

a significant relief of the community noise problem. However, the
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effective reduction varies from one location to the other.

Results of a series of tests (23] conducted on 727-200

aircraft shows noise reductions in the order of 5 to 7 EPNdB for

o]o

increase in glide slope directly under the flight path at a

distance range of 1 to 5 nautical miles from the runway threshold.

CONCLUSIONS

(i)

(ii)

(iii)

Measurement results for a twin engine jet aircraft show that
EPNL contours due to landing (2.5° GSA) encompass long
narrow strips of land as compared to take-off (100 GWT),
where the noise affects shorter but broader strips. The
superposition of landing and take-off EPNL contours, as
shown in Figure 7.7, revealed the locations at which the
landing noise will exceed the take-off noise and also
represent the envelopes which contain the maximum levels

of noise at the various locations due to the operation of a
single aircraft.

Expanding Mount Hope Airport to accommodate 57 different
aircraft per day, runway utilization, aircraft mix and runway
location as shown on Figure 7.4, would result in approximately
2.4, 4.8, 8.7 and 14.9 square miles of land encompassed

by the 45, 40, 35 and 30 NEF contours respectively.

A comparison between the proposed expansion and the existing
operations at Mount Hope Airport; based on all aircraft take-

offs and landings on one runway, showed that the area of
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(iv)

(v)

(vi)

land encompassed by the existing 40 NEF contour would

be enlarged 3.8> times and the area of land encompassed
by the existing 30 NEF contours would be enlarged 2.7
times, due to the proposed expansion plan.

Versatile computer programs have been developed in this
study to compute and construct the EPNL and NEF for any
combination of requirements such as runway orientation,
flight procedures, type of aircraft etc. The programs have
the capability of computing the EPNL or NEF at any given
location in the airport vicinity, within the accuracy of

the techniques used. The impact of changing operational
or regulatory procedures on the community could also be
investigated.

For land use, only where the noise constitutes a critical
factor in selecting the site, the planner or designer should
use the proposed concept of "NEF Maximum Envelope" to
forecast the maximum level of noise exposure that might
prevail at the proposed site. Based on 57 aircraft per day,
the area encountered by the 30 "NEF Maximum Envelopes"
was estimated to be approximately 30 square miles.

When an effective control of the noise produced by aircraft
is desired, it is not enough to estimate the noise from
various aircraft and determine a noise exposure index. The

actually produced noise must also be measured and monitored
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(vii)

(viii)

Y7

at various key positions around the airport. Such
monitoring sysferlns and local noise regulations super-

vised by the local and federal authorities are necessary

to control the environmental quality.

A preliminary analysis concerning the possibility of

further reductions in noise shows that increasing the glide
slope angle cffers a potential for approximately 25%
reduction in the area of land encountered by the 90

EPNL contour if the existing 2.5° GSA is increased to
3.5°. However, the increase is governed by aircraft
performance capabilities, pilot acceptance and most of

all the safety of passengers and the community.

Tolerable limits of exposure to aircraft noise are presented
in Chapter 6 and displayed on the noise contours. However,
the interpretation and application of these data for the
setting of environmentai noise limits that are economical
and, at the same time, acceptable to the public in a
specific locality is a task that may require special informa-
tion and judgement about that locality.

It should be mentioned that all the aircraft used in the
analysis are what might be termed "last generation aircraft”
in that many of the engines and airframes were designed
over 10 years ago. At that time only limited attention

was given to research in the area of aircraft noise.



Next generation aircraft including the Boeing
747, e Douglas DC-10 and the Lockheed 1011 (Tristar)
have much lower noise levels and when these aircraft
are in general use there will be a significant reduction
in the area of critical noise exposure which is shown in
this study.  Aircraft presently in the design stage such
as the deHavilland DHC-7 will generate still lower noise
levels and it is to be expected that this type of aircraft

will be a primary carrier for intercity transport.
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CORRECTION TO BE ADDED.TO SPL OF A BAND

o i 1 1 1 1 i
OCTAVE BANDS 3 6 10 15 20 25 d8
1/3 OCTAVE BANDS 3 6 10 15 i) 5 30 48
Le-1* Lgnr
Lg- —————

2

dB correction to be added to SPL of band that exceeds adjacent
bands by amount on abscissa. The parameter is band-center frequency.

Fig.(A.2)

From Reference (10)



In order to facilitate programming the calculation of perceived noisiness with a digital computer, the following
information is provided.

The value of n in noy in Table 2 is related to the band pressure level L by the equation :

n= 10"’ (L-Lo

where m and L, depend on the band centre frequency and on the range of L. For the bands with centre frequency
from 400 to 6300 Hz inclusive, single values of m and L, suffice to define the noy value in each band. For each
other band it is necessary to define two values of m and L, depending on whether L is greater or less than a
critical value.

The coefficients m and L, are given in Table 3 below.

Coefficients m and Lg

Band centre Lower range of L Upper range of L
frequency

(Hz) L m Lo L m L
50 64 to91 | 0.04348 64 2to 150 0.020 10 52
63 60 to 85 | 0.04057 60 86 to 150 0.030 10 51
80 56 to 85 | 0.036 &3 56 86 to 156G | 0.030 10 49
100 53to79 | 0.036 83 53 80 to 150 | 0.030 10 47
125 S51to79 | 0.03534 51 80 1o 15G] 0.030 10 46
160 48 to 75 | 0.03333 48 76 to 150 0.030 10 45
200 46 to 73 | 0.033 33 46 74 to 150 0.030 10 43
250 44t074 | 0.03205 44 75 to 150 | 0.030 10 42
315 42t094 | 0.03068 42 95 to 150 | 0.030 10 41

. Full range of L
490 40 10 15G| 0.030 10 40
500 40 to 150 0.030 10 40
630 ) 40 to 150 0.030 10 40
800 40to 150 0.030 10 40
1000 - 40 to 150 | 0.03010 40
1250 38 to 148 | 0.030 10 38
1600 34 to 144 | 0.029 96 34
2000 32 to 142 0.029 96 32
2500 30 to 140 0.029 96 30
3150 - 29 to 139 | 0.029 96 29
4000 29 to 139 | 0.029 96 29
5000 30to 140 0.029 96 30
6300 31to 141 0.029 96 31

Lower range of L Upper range of L
8 000 38t047 | 0.04229 37 | 48to 144 0.029 96 34
10 000 41 to 50 | 0.042 29 41 51to 147 0.029 96 37
Fig.(4A.3)

From Reference(8)
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Fig.(C.l) The mean percent words correct plotted
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very noisy )
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COMPATIBLE LAND USE TABLE

20.
From Reference(1l4)

Aircraft Noise Considerations Only

BTG N o R

Y ZZ 70N ZZ7 77 7]

L JYes|

- Indicates that new construction or

development of this nature should
not be undertaken.

This particular land use may be
acceptable in accordance with the
appropriate note and subject to
the limitations indicated therein.

The indicated land use is not con-
sidered to be adversely affected

by aircraft noise and no special
noise insulation should be required
for new construction or development
of this nature.

Noise Exposure Forecast Value |[Over 40 40-35§ 35-30 [Below 30
Response Area 1 2 3 4
Land Use
1. RESIDENTIAL
Detached and Semi Detached w‘w NoE 7 ABU A7 AN}
Town Houses, Garden Homes . EER No vrs-s'» NomBEZZZZZAZZZj
Apartments SRR NoEENgNNRE NoB 77| B /A7 Z7AACZ 72 .
2. PUBLIC
Schools 7 ZICY 72
Churches | 77N CPZ 7]
Hospitals ZZjCEZCZ

Community Centres
/

Auditoriums
Libraries

Cemeteries

| ZACTZZ

23 CCL L]

IR No BuR7aDG
Eﬂ\o%*ﬁ@ NoER”7 4 DV Z A7 7 Ce77]

]Yes] JYes]

JYes [_’—T Yes [:j




21,

Noise Exposure Forecast Value Over 40 40-35 35-30 Below 30
Response Area 1 2 3 4
Land Use
3. COMMERCIAL
Offices V7AF V7 WV 7 AE PZZ 71D 77— 3 Yes[]
Retail Sales 2 F U ZAZ 73DV ZY 1 Yes[ I JYes[]
Restaurants 7\ F ZZA7 7 ADZZIZZ1D P77 JYes[]
Indoor Theatres ESSS NoBm” ~ NG Z /7 71DV Z /¢ JYes[]
Hotels & Motels R NoWNW” 7 AF A7 771G ZZ 2] Yes[]
Parking Lots [ 1YesU | J1YesUO}__dYes[J _JYes[]
Gasoline Stations [ YesE-f ——JYesEl 1 YesiE | _—lYes=]
Warehouses [ IYes[ [ JYes[__]Yes[J_1Yes[]
Outdoor Sales V7 AE UZNZ7ZAKZZ]__dYes[{__1Yes[]
4. INDUSTRIAL
Factories 7 A1 ZZA 7731727 dYesC I Yes[Z
Machine Shops VAIZZAZ 73127 JYesl ] Yes[—
Rail Yards | [ JYes[ I 1Yes[}_JYes[| _JYes[]
Sﬁip Yards - [Yes | JYes[}  JYesC1—JYes[]
Cement Plants V711 ZZ7Z V7 AT 7 dYes[+ __JYes([]
Quarries JYes[— JYesC lJYes r—“—n"es:
Refineries 1237731 | JYes A —JYes[]
Labor;tories SRR NoE 7 7 ADV ZI  JYes[ | JYes[]
i
Lumber Yards | JYes[ | — ]Yes| ]YeS[_‘——TYeSCf
Saw Millsv 211z 7 L 1)\ T 1Yes[ JYes ]




Noise Exposure Forecast Value | Over 40 40-35 35-30 Below 30 .
Response Area 1 2 3 4
Land Use

5. MUNICIPAL UTILITIES
Electric Generating Plants JYes[— JYes[]_JYes[ [ JYes(]
Gas and 0il Storage lYesl( ] Yesl l1Yes[ 1 Yes[ ]
Garbage Disposal 1Yesl JYesC I _JYes[ I —JYes[—
Sewage Treatment lJYes! JYes[lI_JYes(_{ 1 Yes[]
Water Treatment lYes[— JYesC}J—JYes[— I _1Yes[]
Water Stc;rage - 1Yesl ] Yes( 1 ¥es [ Yes[—_]

6. RECREATIONAL - OUTDOOR
Athletic Fields 2 AR g ) Yesi
Stadiums ¥ 71 KIZZ /] Yes[_
Theatres - Outdoor ENOM‘M No B2 No i~ 1 H 77 7]
Racetracks - horses 7 K ZZ ] Yes(]
Racetracks - auto 1Yes[— IYesCh __JYes({_JYes[_]
Parks and Picnic Areas B No T 7 AK D ZT ] Yes[— IYes|
Fairgrounds | - T K EZ 7773 K TZ4d— Yes —I— Yes ]
Golf Courses —1YesI ) YesLC ] Yes[CI__J Yes[]
Beaches and Pools [ YesI JYes[I " Yes[1] Yes[:
Tennis C’ourts 3 Yes[1—] Yes(—]
Playgrounds W AKZZAZ ZIKEZZ _JYes C_ I JYes]
Marinas JYes[ JYes I _JYes[J__J Yes [

Camping Grounds

No EZIIEEa No m"mlzz H 22
i
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Noise Exposure Forecast Value [Over 40} 40-35 |35-30 Below 30
Response Area 1 2 3 4
Land Use

7. TRANSPORTATION
Highways ] YesC—J Yes[ JYes[ T 1Yes[]
Railroads — 1 Yes[CJ _JYes[j1Yes(| _JYes([
Shipping Terminals [ JYes[] ] Yes JYes[ 3 Yes[]
Passenger Terminals v 73D ZZ 1 Yes[[I JYes[ {1 Yes[]

8. AGRICULTURAL
Crop Farms  JYes[_JYes[} JYes | __1Yes([]
Market Gardens — JYes[f JYes[T IYes[— I JYes[
Plant Nurseries  JYes[C JYes[JYes 11 Yes[]
Tree Farms [ JYes[J JYes[j JYes[{ ] Yes[]
Livestock Pastures P Z7IM I Zl__dYes[IJYes[{ 1 Yes (]
Poultry Farms AL 7 2L Zy 1 Yes i1 Yes[ ]
Stockyards FZIMIZZI 3 YesOQ JYes[} _JYes [}
Dairy Farms , 7 ZIMIZZA—JYes(J_JYes[ I ] Yes[]
Feed Lots ZZIMUPZZ __JYes[ I JYes l:l: Yes (]
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RESPO

NSE AREA *COMMUNITY RESPONSE PREDICTION

1

*

(over 40.NEF) Repeated and vigorous individual complaints
are likely., Concerted group and legal
action might be expected.

" (35-40 NEF) Individual complaints may be vigorous.
Possible group action and appeals to
authorities.

(30-35 NEF) Sporadic to repeated individual complaints.

Group action is possible.

(below 30 NEF) .Sporadic complaints may occur. Noise may
interfere occasionally with certain
activities of the resident.

It should be noted that the above community response predictions are

generalizations based upon experience resulting from the evolutionary
development of various noise exposure units used by other countries.

For specific locations, the above response areas may vary somewhat in
accordance with existing ambient or background noise levels and pre-

vailing social, economic, and political conditions.

ve



EXPLANATORY NOTES:

It is important to understand that the locations

of the lines between noise zones cannot be fixed exactly.

It will be necessary in some specific cases, therefore, for
the responsible public authority to make an appropriate
interpretation of what regulations are to be made applicable.

A.

A marginal zone exists near the 30 NEF where air-
craft noise may begin to annoy some residents.

It is recommended that developers be made aware of
this fact and that they undertake to so inform
prospective tenants or purchasers of residential
units. In additicn, it is suggested that develop-
ment should not proceed until the noise environment
is assessed and it is established what noise
control features, if any, should be included in

the building design.

The developer should be made aware of the noise
problem and he should be required to relay this
information to all prospective tenants or pur-
chasers orf residential units. Moreover, con-
struction should not take place unless a detailed
analysis of noiSe requirements is made and the
required noise control features are included in
the building design.

It is advisable that these facilities not be
located close to the 30 NEF. However, should a
decision be made to proceed with this type of
development, it is stronaly recommended that the
restrictions outlined in Note D be applied.

" These uses should not be approved unless a

detailed analysis is conducted to determine
the noise reduction requirement for the
development being considered, and the needed
noise control features are included in the
building design.

When associated with a permitted land use, an
office may be located in this zone provided
that all relevant factors are considered, and
a detailed analysis is conducted to establish
the noise reduction features required to
provide an environment suited to the specific
office function.

25,



M.

26.

This specific use may be permitted only if re-
lated directly to aviation oriented activities
or services. Conventional construction will
generally be inadequate and special noise
insulation features should be included in the
building design.

Generally these facilities should not be per-
mitted in this zone. However, where it can be
demonstrated that such a land use is the most
appropriate in a specific instance, construction
may proceed provided that a detailed analysis

is made for the development in question, ang
needed noise control features are included in
the buklding design.

It is advisable that this use not be located
close to the 30 NEF contour. Prior to con-
struction a detailed noise analysis is recommended.

Many of these uses would be acceptable in all
NEF zones. However, an analysis should be
conducted to establish the levels of internally
generated noise, acceptable noisec levels in the
working area, and the degree of sound-proofing
required.

Undesirable if there is spectator involvement.

It is recommended that serious consideration be
given to an analysis of peak noise levels and
the effects of these levels on the specific land
use under consideration.

The construction of covered enclosures should
be undertaken if this use is to be permitted.

Research has shown that animals condition to
high noise levels. However, it is recommended
that peak noise levels be assessed before this
use is allowed.
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679

678
111

585
6384

1700
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THIS PROGRAM COMPUTES THE PNDB VSe TIME AND THE EPNDB FOR AN AIRCRAFT

—— i ———— ——————— ————— ——— — ——————— — — —— ——— ———————— S —— —— ————————————————— —— .

FLY-BY (OR FLY-OVER! BASEU ON ACTUAL MEASUREMENTS TAKEN AT ANY

THIS PROGRAM COMPUTES ALSC THE LB(A! VSe. TIMEsTHE AVERAGE VALUE OF

———————————— ——— —— ——— — —————————— ——— ——— —— ———— - —— — —————————— . —————— — —

(PNDBT-DB(A)) s (PNDBT-DB(D)) AND THE STANDARD DEVIATIONSe.

DIMENSION DBIN(245317sDBLC(24931)sDBLT(24931)9BNOY (24531

DIM

DIM

ENSION XT(244+31)4PNDBT(31/sFUNC(31!
ENSION ATTEN(24)sCMIC(24) sCWINU(24)CTAPE(24)

DIMENSION DBA(5C) sDBD(50) sOIFFA(50/sDIFFD(50)
DIMENSION COBA(24) 4CDBDI(24)

NT=
NT=
NF =
NF =

NOe OF POINTS CONSIDERED ( AT TIME INTERVALS OF 04508 SECONDS !
311

NO+ OF ONE THIRD OCTAVE BANDS

24

READ (59200 (CDBA(JF) s JF=19NF!

FOR

MAT(16F5.0)

READ (54201) (CDBD(JF) sJF=1sNF)

FOR
REA
FOR

MAT (16F5.0)
D(5s680) (TMIC(JF)sJF=1,NF)
MAT(24F2.0)

READ (59681 ) (CWIND(JF!) sJF=1sNF!
FORMAT (20F 440)
READ (5+682) (CTAPE(JF!) sJF=1sNF)

FOR
REA
FCR
DO

REA
FOR

MAT(16F5.0)
D (5+679) (ATTEN(JF)sJF=1sNF)
MAT(24F3.0)
111 JF=1,NF
D(5+678) (DBIN(JFsIT)sIT=1sNT)
MAT(13F6.0)

CONTINUE

WR1

TE(6+683)

FORMAT (LH1 s4X o #ATTENF 94X s FCMICHK 94X o ¥CW INUF 94X s ¥CTAPLE* /5K 9 ¥ D%

147X
DO
WRI
FOR

s ¥DB* 96X o ¥DBH 3 7TX 9 ¥DB*/ /)

684 JF=1sNF

TE (69685) ATTEN(JF) s CMIC(JF ) 4CWIND(JF) s CTAPE (JF!
MAT (3XsF6e293XsF6e233X9F6e292XsF6a2)

CONTINUE
PNDBMAX=0.0

WRI
FOR

SUM
S5UM
SUM

SUM

TE(6s1700)
MAT(L1HL1 94X s ¥ INTERVALF 93X 3 #PERCeNOISE LEVEL¥* 93X s *¥UB(A)¥ 93X,

I¥DIFF* 96X o *DB(D) ¥ 92X 9 ¥DIFF#/4X 9% (oD SEC)I* 433X e* (TONE CURRECTzD!*
2 /1/)

A=0e0
=04 0
50A=0.0

SGD=0e0


http:FORMATC16F5.0J

EEEY &)

30

302

303

(@
—

3¢

304

1600

DO 20 IT=1sNT
TOTALA=0.0

TOTALD=0.0

DO 30 JF=1,sNF

CONST1=12+7
DBLC(JFsIT/=DBIN(JF s IT)*CONSTI+ATTEN(JFI+CMIC(JF I +CWIND(JIF!
1+CTAPE (JF)

DBLA=DBLC(JFsIT)+CDBA(JF)

DBLD=DBLC(JFsI1T)+CDBD(JF)

ANTLOGA=10+0%%(DBLA/1040)

ANTLOGD=1040%% (DBLD/1040!

TOTALA=TOTALA+ANTLOGA

TOTALD=TOTALD+ANTLOGD

CONTINUE

DBA(IT)=10.0%ALQG1O(TOTALA)

DBD(IT)=100*%ALOGLO(TOTALD)

DBLT(1sIT)=DBLC(1sIT)

BNOY(1sIT)=ANOY(DBLT(1lsIT)s1)

BNOYMAX=BNOY(1sIT)

TOTAL=0.0

DO 40 JF=14NF

IF(JF oLEe 9 «ORe JF oEQe 24) GO TO 301

XT(JF s IT)=DBLC(JF s IT I =((DBLC((JF=1)sITI+DBLC((JF+1)siT)11/240)
IF(JF oGEe 16 o¢ANDe JF oLEe 20! GO TO 302

IF(JF oGEe 10 eANDe JF olLbe 15/ GO TO 303

IF{JF oGE el 21 «ANDe JF «LEas 231 GO TO 303

THE FOLLOWING STEPS wILL ADD TONE CORRECTION TO BANDS NOISE LEVELe

DBLT(JFsIT)=DBLC(JFsITI+((0e36%¥XT(JFsIT)I+3.0)
GO TO 304

DBLT(JF s IT)=DBLC(JFsIT !+ ((0e36*XT(JFsIT))+1.0!
GO TO 304

DBLT(JFsIT)=DBLC(JF,IT)

TO CONVERT THE DB VALUES TO NOYS USING TABLE FRUM KeKRYTERe

BNOY (JFs IT/=ANOY(DBLT(JFsIT/sJF!
IF(BNOY(JFsIT) «GTe BNOYMAX! GU TO 1600
GO TO 40

BNOYMAX=BNOY (JFsIT)
TOTAL=TOTAL+BNOY(JF,4IT)

CONTINUE

ADDING THE NOY VALUES ACCORDING TU STEVEN'S FORMULAe.

SIGMNOY=BNOYMAX+(e15%(TOTAL-BNOGYMAX! )
PNDBT(IT)=40e0+(ALOG10(SIGMNOY) /4030103
FUNCUIT)=100%%(PNDBT(IT?/1060!
DIFFA(IT)I=PNDBT(IT)~-DBA(IT)
DIFFD(ITI=PNDBT(IT)-DBD(IT?
SUMA=SUMA+DIFFA(IT)

UMD=SUMD+DIFFD(IT)
SUMSQA=SUMSQA+(OIFFA(IT) ) %*x2
SUMSQD=SUMSQD+(DIFFD(IT?1%%2
WRITE(6Es1TO)ITsPNDBT(IT) sOBA(ITISUIFFA(IT) suBD(ITIsLIFFL(IT)
FORMAT(6X 913 98X sFB8e297XsFT7e232XsFDelsldXsFTel2s2XesF5el)

28.


http:PND~T(IT>/lO.OJ
http:SIGMNOY=BNOYMAX+C.15

50

1800

20

1900

M Mo

1901

400G

401

A MY Y Y

1ATION

WRITE(7+5C)PNDBT(IT)
WRITE(7+s50)DBA(IT)
WRITE(7s50)DBD(IT)
FORMAT(F10e4)

i

IF(PNDBT(IT! «GTe PNDBMAX!/
GO TO 20

PNDBMAX=PNDBT(IT)

ITMAX=IT

CONTINUE

AMEAN= MEAN VALUE OF THE
AMEAN=SUMA/FLOAT(NT)

GO TO 1800

2%,

RECORDED VIFFERENCE BETWEEN PNLBT ANU DLB(A)

DMEAN= MEAN VALUE OF THE RECORDtD DIFFERENCE BETWEEN PNDBT AND vb ()

DMEAN=SUMD/FLOAT(NT)

SIGMAA= STANDARD DEVIATION OF THE VALUES(PNDBT-DE(A)/.

SIGMAA=SURT ( (SUMSWA/FLOAT (NT ) ) —AMEAN*¥2)
STANDARD DEVIATION OF THE VALUES(PNDBT-DB(D) )
SIGMAD=SQRT ( {SUMSQD/FLOAT(NT /! —=DMEAN¥%*2)

SIGMAD=

WRITE(691900) PNUBMAX
FORMAT (// s4X s *¥MAX PERC
RANGE=FLOAT (NT-1)*.,508
M=NT

NOISE LEVEL =

*9F9e292X s *¥PNDB*/ /)

USING SIMPSONS RULE TO INTEGRATE THe PiubT VALUES OVER THeE SET TIliE TO

OBTAIN A SINGLE VALUE

(EFFECTIVE PERCEIVED NOISE)

EPNDBe

EPNDB=1040*ALLOG10( 0 1¥FSIMP (FUNCsRANGE sM ) )

WRITE(6s1901) EPNDB

FORMAT (4Xs*EFFECTIVE PERC NOISE LEVEL =

WRITE(6+400/AMEAN SIGMAA

FORMAT(//s4Xs*MEAN VALUE OF (PNDBT-DB (A
IATION

=¥%9F5e2)

WRITE (64401 /DMEANsSIGMAD
FORMAT (// s4X s *MEAN
=%*9F5e2)

PROGRAM TO PLCT THE FREWUENCY SPECTRUM

LEVEL OF NOISE OCCURED.

Y1=20.0

¥Y2=12040

XMIN=140

XMAX=24,4,0

DELTA=1.0

LL=ITMAX~2

MM=TTMAX+2

DO 25 KK=LLsMMs1l

DO 21 JF=1sNF

X=XMIN+FLOAT(JF-1)*DELTA

Y=DBLC (JF sKK)

CALL PLOTPT(XsY1s2)

CALL PLOTPT(XsY2s2)

CALL PLOTPT(XsYs4)

CONT INUE

CALL OUTPLT

CONT INUE
PROGRAM

TO PLOT THE PNDLBT VSe

VALUE OF (PNDBT-UB(D))

I IME OF

sF9e2 92X s ¥PNDB¥*/ /)

=% 4F5e296X9*¥STANDARD DEVI

=%4F5e296Xs¥STANVDARD LEVI

BEFOREsAFTER AND AT THE

THE FLY=0DYe

MAX TMU



Oy OV Y OV O Y

24

555

23

22

556

Ny

DO 24 IT=1sNT

XX=0Ue508*%FLOAT(IT~1)

YY=PNDBT(IT)

CALL PLOTPT(XXsYYs4)

CONTINUE

CALL OUTPLT

WRITE(694555)

FORMAT (1H1 94X s ¥*BAND NOe¥ 93X 3%SePele(DBI*/)
DC 22 JF=1sNF
WRITE(64231JFsDBLC(JF s [ITMAX!

FORMAT (6X913+8XsF8e2)

CONT INUE

NRITE(79556! (DBLC(JFsITMAX! sJF=19sNF)
FORMAT (8F1045)

STCP

END

FUNCTION FSIMP ( FUNCsRANGE sM!

SUBPROGRAM FOR INTEGRATIUN USING SIMPSUN'S RULE

— —— . - ———— i ——— —— ————— — —— — ———— — . ——— ———————————————

M MUST BE 0DD
DIMENSION FUNC(1)
XX=RANGE/(3¢*FLOAT (M=1)!
AREA=FUNC(1}+FUNC(M)
MM=M-1

DO 1 I=24MMs2
AREA=AREA+4 o ¥FUNC (1)
MM=MM~1

DO 2 I=34MMy2
AREA=AREA+42 « *FUNC( 1)
FSIMP=XX*AREA

RETURN

END

FUNCTION ANQY(DsJF)

SUBPROGRAM TO CONVERT BANDS SCUND PRESSURE LEVELS

TU

30.

NOY VALUES USING

GO TO(601+602+60396049605960696UT796089609961096119612961393614

161596160617 +618961956209641 462296239624 9JF
IF(D oLTe 64401 GO TO 666

IF(D ¢GEe 6460 oANDe D oLTe 920! GO TO 11
IF(D «GEs 92+0) GO TO 12

C=.04348

E=64,

GO TO 777

C=0403010

E=52

GO TO 7717

IF(D oLTe 600! GO TO 666

IF(D ¢GEe 6060 «ANDe D «LTe 86.0) GO TO 21
IF(D «GEe 86.0) GO TO 22



21

22

603

St

42

605

51

6506

61

62

607

C=404057

E= 60

GO TO 777
C=0403010
E=51.

GO 1O 777
IF(D oLTe
IF{D «GEte
IF(D «GEe
C=,03683

E=56.

GO TO 777
C=0.03010
E=49.

GO 17O 777
IF(D oL Te
IF(D «GEe
IF(D «GEe
C=.03683

E=53.

GO 70 777
C=0.,03010
E=47,

GO 10O 717
IF(D oLTe
IF(D «GEe
IF(D «GEe
C=e402534

E=51.

GO TO T 1d
C=0.03010
E=46.

GO 10 777
IF(D oLTe
IF(D oGEte
IF(D «GEte
C=.03333

E=48,

GO TC 777
C=0.03010
E=45,

GO TO 777
IF(D  «LT s
IF(D «GEe
IF(D oGEe
C=.03333

E=46

GO TO T
C=0.03010
E=43,

GO TO 777
IF(D oLTe
IF(D o«GEe
IF(D «GEe
C=+03205

E=44,

GO 7O 777

5640)
560
8640)

53e0)
5340
8Ue0}

51+0)
5140
80.0)

4840)
4840
7640)

4640
4640
7440)

4440)
4440
7540)

GO TO 666

eANUe D oL Te

GO TO 32

GO TO 666

eANDe D oLTe

GO TO 42

GO TO 666

«ANDa D oL Te

GO TO 52

GO TO 666

eANDe U oL Te

GO TO 62

GO TO 666

eANDe D oL T

GO TO 72

GO TO 666

«ANDe D oLTe

GO TO 82

86e0)

80«0/

80e0)

160

T440)

GO

GO

TO

TO

T0

TO

TO

31

41

51

£1

81

31.



82

609

91

92

610

611

612

613

614

615

616

617

618

619

620

621

C=0.,03010
E=42.

GO TO 777
IF(D o«LTe
IF(D «GE.
IF(D «GEe
C=403068

E=42

GO TO 777
C=0403010
E=4].

GO TO 777
IF(D oLTe
C=0.03010
E=4040

GO 1O 777
IF(D oLTe
C=0.03010
E=40e0

GO TO 777
IF(D eLTe
C=0.03010
E=46040

GO TO 777
IF(D oL Te
C=0.03010
E=40,0

GO TC 777
IEFAD «LT=»
C=0,03010C
E=40e0

GO TO 777
IF(D eLTe
C=0,03010
E=38,

GO TO 777
IF(D eLTe
C=0.02996
E=34,

GO 10 777
IF(D eLTe
C=0402996
E=32.

GO TO 777
IF(D oL Te
C=0.02956
E=30.

GO TO 777
IF(D oL Te
C=0402996
E=29.

GO TO 777
IF{D oLTe
C=0.02996
E=29

GO TC 777
IF{(D oLTe

4240)

4240

9540)

40e0)

4040

40e0)

4001

40.0)

38e0)

3440)

32.0)

30e0)

29e0)

300)

GO TO 666
«ANDe
GO TO 92

GO

GO

GO

GO

GC

GO

GO

GO

GO

(7))
@]

TO

TO

TO

TO

T0

T0

T0

TO

T0

T0

T0

T0

D

oL Te

666

666

666

666

666

666

666

666

666

666

666

666

95.0)

GO TO 91

32.



33.

C=0.02996
E=30.
GO TO 777
622 IF(D «LTe 310) GO TO 666
C=0.02996
E=31.
GO TO 777
623 IF(D «LTe 3840) GO TO 666
IF(D «GEe 38¢0 «ANDe D oLTe 48.0) GO TO 231
IF(D «GEe 48.0) GO TO 232
231 C=404229
E=37e
GO TO 777
232 (C=0,02996
GO TO 777
624 IF(D oLTe 4140) GO TO 666
IF(D eGEe 4160 «ANCe D oLTe 51640) GO TO 241
IF(D «GEe 5140) GO TO 242
241 C=.04229
E=41,
GO 7O 777
242 (C=0.02996
E=37,
GO TO 777
666 ANOY=0e40
GO TO 999
777 ANOY=10e0%*(C*{D-E))
999 RETURN
END
. 6400 END OF RECORD
~30e2=26el1-22e3=196e1~16e2-13e2=10e8=U8e0=0665=04e8=03e3=0169=0U0e8+00e0+(Qeo+0U.
+0162401e24+01624+01e0+00e5-00e2=-01e1=-0265
=19e0=17e0=1440~1140-09e0-07¢0-0540-03e¢0-0240+C0e¢0+0060+00e0+00e60+00e0+0240C+0¢
+0800+410e0+11e¢0+411e0+410e0+09e0+06,0+0360
0e0060e0e¢060600e0e0e0s0e060e0¢0¢0e60e060¢0e0e0e0e04
+004+0et+0e44+0e4+0e4+0 e4+0e84+Ue4+Ce4+0e4+0e4+0e4+0e4+0e4+0e4+0e5+1 e T7+2e (H2e 7+
+0e5=1e7-3e¢0+0e3
5 5 «5 e5 o5 e5 ) * 2 «> (=] ) «D D D «5 3 K
e67 15 092 1lell3 leld 1482 25 3627
400406400640 e40640e4004004004004004004VUe40e40eb40e40e¢40040a400630030e30e300
204 2407 1853 1le89 «38 1le30 191 1e38 1629 1le49 1le66 1408 1leZ
led46 1e75 202 2603 260U 2425 273 Ze40 283 284 253 264 3eU
2¢84 2695 3629 36416 3621

1680 1652 1le72 1a36 128 1el7 1e84 1650 1680 2613 1298 222 Ze
1465 1499 1493 1:94 Le77 1489 2603 - 2640 2414 3406 2652 3edl Beit
3624 288 3s34 3632 ezl

1622 1¢24 1le44 238 107 1le73 158 192 185 2641 2663 2460 242!
2¢64 2660 2633 2871 2e4]1 2630 225 226 2637 2e37 2078 2.76 3eUt
3606 286 27T 2666 293

1e76 1625 1620 133 191 2605 2033 2667 256 287 3elb4 307 269
327 2094 3624 2635 297 3623 2e98 2648 3Belb4 242 254 2475 2e6°
272 2617 2665 2495 2665

1+B3 1599 183 le92 2416 2622 2670 2656 2867 21 299 310 248
303 2487 3610 3630 3619 3.08 318 3415 3306 315 2658 3629 2e3¢
312 2613 2671 3ell 2665

1e78 2402 2632 Z2e¢08 2eT4 2635 284 2648 2653 2606 Zetb6 2643 26l



2471
3435
le71
288
3621
le87
297
325
1.68
2498
226
1.85
297
257
1e93
2470
2ol T
208
273
2430
2431
277
206
1.79
278
2.08
1e¢S4
2476
le79
2622
2478
l.56
1.98
282
le54
l.86
3034
1.76
2018
3.00
le21
1.02
2el4

«95
le32
319
212

« 96
2427
176

e 17
1e57
1¢55

.89
169
170

N RFNNFEFOFFENFRFEFDNDNNRENDNDENDRN

[ ST

[y )

=

e20Q0 273
«66 | 2423
«83 2.09
«25 3440
e37 2e4l
e 96 le4&9
«87 | 309
«78 2480
«ll | 212
029 |3el12
60 2471
¢99 12:01
«06 3413
47 2418
«e89 2440
e 76 3407
956 (2427
14 206
o715 2070
«09 2.11
e87 223
66 2479
e01 2600
10 2.06
+52 2660
«87 2600
«1l2 2.08
66 2e4l
291l le79
+10 2603
e55 2427
«568 le45
e90 1le95
070 2elty
e39 le31
«69 le9l
832 297
¢899 Lla57
«00 2616
292 256
e1l9 1404
«20 1.06
28 250
+95 ol
26  lebtb
+87 2469
«03 2405
«03 «97
.OS 1.97
« I 1ls81
e (7 « /9
«59 1«58
«54 1e52
«89 «89
o7l 1u71
.68 106_/

2483
291
2618
297
3e34
le96
B3ebb
3606
239
2071
310
205
300
2e62
242
3602
2480
2e46
3600
2e48
2e672
3eU8
234
2w31
290
2s25
2eU5
2070
2916
2+31
2¢59
le93
2637
2073
le74
2621
3e12
2610
2eB4
2eil3
leld
le77
255

e 93
leb 7
2176
1«95
1607
1497
le75

[ Xelo)
s
153

e 91
leb7
1469

END OF FILE

el
211
le94
3e27
283
le92
357
2e67
202
3006
265
le77
333
261
2#29
3630
2e34
2020
2e84%
2026
2643
Z2eilb
192
2169
2e41
189
2e4Y
283
le50
228
221
le43
206
2041
leZu
230
2ebtt
1430
Zell
2027
.QU
le4l
le94
e 8U
lebb
2032
201
«98
1e85
le77
e 19
le55
153
«37
lebb
lebd

[hS]
. o
3
Cc &

e 80
153

«96
170

94
ls 7

le76
1'74

lelb
leD4
Lwl?
lebd

e 22

w

N

w
Noo
~

1eU6

leb7

2e6°
chi.

295"
Zel.

2eb
Zeli

le8
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DIMENSION DBL(24)sAIRATT(241)sSDIST(400)sDBLC(24) 9XT(24)
DIMENSICN PNDBT(400)sDBLT(24)sBNOY (24)
DIMENSION B(11)sA(200!

ALT=AIRCRAFT ALTITUDE AT MEASUREMENT LUCATION (FT)
ALT=6417+0 * TAN(245%0e0174532925199)
NO= NOe. OF DISTANCE INCREMENTS

ND=400

Y= SIDE DISTANCE TO MEASUREMENT LOCATION (FT!
Y=146.0

NF= NOe OF 1/3 OCTAVE BANLS UStL IN THE ANALYSIS
NF=24

DELTA= INCREMENTS OF DISTANCE (FT)

DELTA=100.
DIST= REFRENCE DISTANCE (FT’/s AT WHICH THt AIRCRAFT FLYBY MEASUREMELI
WERE RECCORDED

DIST=SQRT((YX*2)+(ALT*%2))
DBL(JF)= 1/3 OCTAVE BANDS SePslLe IN DECIBELS AS MEASURED AND AFTER
ADDING VARIOUS INSTRUMENTATION CORRECTIONS

READ(5910) (DBL(JF) s JF=1sNF!

FORMAT(8F1040)
AIRATT(JF)= 1/3 OCTAVE BANDS AIR ATTENUATION CUNSTANT IN DeCIbiLS Pt
FEET (FROM GeMeCOLESSROLLS-RUYCE LTDsUeKe! ASSUMING 5Y wLGe FsQe70 r
AND 29494 IMe HG o .

READ(5520) (AIRATT(JFI +sJF=1sNF!?

FORMAT(13F640)

WRITE(6s22)

FORMAT(IHL 94X s #¥B5ARD NOe% 94X 9 *ATMUS « ABSORP o {(DB/FT )%/

DO 23 JF=1sNF

WRITE(6s241JF sAIRATT (JF

FORMAT(6Xs13911XsF10e6)

CONT INUE

DO 30 ID=14ND
SDIST= SLANT DISTANCE PERPENDICULAR TO AIRCRAFT FLIGHT PATH

SDIST(ID)=DELTAXFLOAT(ID!

THE FOLLOWING STEPS wllLL ALJUST TrhkE BANDS Level FOr 'INVERSE=-SWUAKE
ASSUMING FREt FIELLD CONDITIONS! AND ATHOSe ABSORPTIUN UF NUISE

DO 40 JF=1eNF

DBLCUJF)=DBL(JF) = {20« *ALOGIO(SOIST(ID)I/DIST)II={AIRATT(JFI*(SLIST

1¢ID)-DIST))

CONT INUE



O Y 0N

YN

YOS O

36.

THE FOLLOWING STEPS WILL ADD CURKECTIUN FUR THE PRESENCE UF TOUNES Ii
THE SPECTRUMe
DBLT(1)=DBLC(1)
BNOY (1)=ANOY{DBLT(1)s1)
BNOYMAX=BNOY (1)
TOTAL=0.0
DO 50 JF=1sNF
IF(JF oLEe 9 «ORe JF oEWe 24) GU TO 301
XTAJIF ) =DBLC(JF!={{DBLC(JF=11+DBLCAJF+1/) /2404
IF(JF o«GEe 16 «ANDe JF olLEe 20/ GU TO 30¢
IF(JF «GEe 10 eANLe JF olLte 15/ GO TO 303
IF(JF «GEe 21 oANDe JF oLEe 23/ GO TO 303
302 DBLT(JF)I=DBLC(JF)I+((0e36%*XT(JFI)I+3.0)
GO TO 304
303 DBLT(JF)=DBLC(JF)+((0e36%¥XT(JF)I+1e0)
GO TO 304
301 DOBLT(JFI)=DBLC(JF)
304 BNOY(JFI=ANOY(DBLT(JF /! sJF
IF(BNOY(JF) «GTe BNOYMAX) GO TO 1600
GO TO 50
1600 BNOYMAX=BNOY (JF)
TCTAL=TOTAL+BNOY (JF)
50 CONTINUE

USING STEVEN'S FORMULA TO ADD Tht NOUY VALUES UF ©ANUS
SIGMNOY=BNOYMAX+(el5% (TOTAL=-BNOYMAX/ )
IF(SIGMNOY elLEe 0Oe0) SIGHMNOY=1leO0
PNDBT(ID)=4040+(ALOGLU(SIGMNOY 1 /0e030103)
30 CONTINUE

PROGRAM TO PLOT THE PNDLB(TOUNE CURRECREDL!? VSe SLANT UISTANCE
Y1=5040
XMIN=0,0
XMAX=60000e0
DO 21 ID=1sNDs2
XPL=XMIN+(DELTA*FLOAT(ID))
Y=PNDBT(ID)
CALL PLOTPT(XPLsY1ls2)
CALL PLOTPT(XPLsYs4)
21 CONTINUE
CALL OUTPLT

USING LIBRARY SUBROUTINE (LESQ!) TU FIND THE LEAST SQUARE FIT uF PUIlN
(SDISTsPNDBT) TO A CURVE Y= A POLUNOMIAL UF THE 10THeDEGREES

M=10

CALL LESU (AsBsSDISTsPNDBT 9MeNL !

WRITE{(6s14)

14 FORMAT(1H1 s *CC—-EFFICIENTS UF THE PULUNUMIAL (SLISTsPNUBTI*/)
WRITE(6,11) B
11 FORMAT(ZE24el1l4)
WRITE(7s12) B
12 FORMAT(2E24.14)
WRITE(T7:669)0



669

668

667
666

601

22

603

31

32

604

~
[AS]

FORMAT(7X9sE24e14)

WRITE(6+668)

FORMAT({1H1 94X s#*SLANT DISTANCE* 911X s ¥PNUBT*913X s*¥PULYNOMIAL* 95X
1%ABSeDIFFa¥*9/ 38X s* (FT) %9 1TXs¥THEORY* 912X 9 ¥*APPROUXN e %9/ /)
DO 666 1D=14ND

X=FLOAT(ID)*DELTA
PPNDBT=8B(1/+B(2)%(X)+B(3)# (X¥*2)+0 (4 )% (X*¥¥3)+p (5% (X*¥*4)+0(6)F (X*
1%5)+B(T7)% (X*¥¥6)+B(8)H¥ (X¥XT)I+B(9)F* (X*¥*¥B )+ (L0 ) % (X*¥*9 )+ (11 )% (X**
210)

DIFF=PNDBT(ID)-PPNDBT

WRITE(69s66T7)XsPNUBT(ID!) sPPNLGTsUIFF

FORMAT (TX3sF9e2913XsF6e2913X sF6e291UXsF6e2!
CONTINUE

STOP

END

FUNCTION ANOY(DsJF)

GO TO(6019602+603960496UD96069607906089609961096119612+6139614
161596169617 96189619s62096219622+62396241) sJF
IF(D oLTe 6440) GO TO 666

IF(D eGEe 6460 oANDe D oL Te 92«0) 6O TOU 1li
IF(D «GEe S2.0) GO TO 12

C=404348

E=64a

GO 17O 777

C=0.03010

E=52.

GO TC 777

IF(D «LTe 60e40) GO TO 666

IF(D eGEe 60e0 oANDe D eLTe 860! GO TO 21

IF(D «GEe 8640) GO TO 22

C=e 04057

E= 60,

GO TO 777

C=0,03010

E=51,

GO TO 777

IF(D oLTe 5640) GO TO 666

IF(D «GEe 5640 oANDe D oLTe 860! GO TO 31

IF(D «GEe 8640) GO TO 32

C=403683

E=56.

GO TO 777

C=0.03010

E=49.

GO TO 777

IF(D «LTe 5340) GO TO 666

IF(D «GEe 53.0 «ANDe D olLTe 80e0/ GO TO 41l

IFID «GEe 80e40) GO TO 42

C=.03683

E=53,

GO TO 777

C=0.03010

E=47¢

GO TOQ 777

IF(D «LTe 510J) GO TO 666

IF(D «GEe¢ 5160 «ANDs U «LTe 80«0 6O TO 51
IF(D eGEe 80e0) GO TO 52

37.



51

52

606

61

62

607

(2!

608

81

82

609

91

92

610

611

613

C=403534
E=51e

GO TO 777
C=0.03010
E=46.

GO TO 777
IF(D «LTe
IF(D «GEe
IF(D «GEe
C=.03333
E=48.

GO 76 777
C=0s03010
E=45.

GO TO 777
IF(D oLTe
IF(D «GEe
IF(D «GEe
C=.03333
E=46.

GO TO 777
C=0.03010
E=43,

GO TO 777
IF(D olLTe
IF(D «GEe
IF(D «GEe
C=403205
E=44,

GO TO 777
C=0.,03010
E=42.

GO TO 777
IF(D oLTe
IF(D «GEe
IF(D «GEs
C=e4U3U68
E=42

GO TO 777
C=0.03010
E=41,

GO 70O 777
IF(D oLTe
EZQOQO

GO TO 777
IF(D «LTe
C=0.C3010
E=4060

GO TO 117
R o RS Oy
C=0.03010
E=40e0U

GO TO 777
IF(D et Te
C=0,03010
E=4060

4840)
4840
76.0)

46e0)
4660
7440)

4440)
4440
7540)

4240)

4240

9540

40.0)

4001

4060)

4060

GO TO 666

eANDe U oLTe

GO TO 62

GO TO 666

«ANDe D oL Te

GO TO 72

GO TO 666

e ANDe D oL Te

GO TO 82

GO TO 666

eANDe D oLTe

GO TO 92

GO TO 666

GO TO 666

GO TO 666

GO TO 666

760)

T4e0)

7540

95.0)

GO

GO

GO

GO

TO

TO

T0

TO

61

71

81

91

38.



614

615

616

617

618

619

620

621

622

623

231

232

524

GO TO 777
IF(D oLTe
C=0.03010
E=40.0

GO TO 777
IF(D eLTe
C=0,03010
E=38e

GO 1O 777
IF(D eLTe
C=0.02996
E=34.

GQ TO 777
IF(D oLTe
C=0402996
E=32e

GO TO 777
IF(D «LTe
C=0.02996
E=30e

GO TO 777
IF(D oLTe
C=0602996
E=29.

GO 7O 777
IF(D oLTe
C=0e029596
E=29.

GO TG 777
IF(D oLTe
C=0.02696
E=30.

GO TO 777
IF(D oLTe
C=0e0U2996
E=31.

GO TO 777
IF(D oLTe
IF(D «GEe
IF(D «GEe
C=404229

E=37e

GO. TQ 717
C=0.02996
E=34

GO TO 777
IF(D oL Te
IF(D oGt
IF(D oGEe
C=.04229

E=41.

GO 70 777
C=0.02996
E=37

GO 1O 777
ANOY=0,0

GO TO 999

4040)

3840

3440)

32.0)

3040)

29.0)

29401

30.0)

31.0)

3840
3860
4L860)

41»0)
4160
51e¢0)

GO TO 666

GO TO 666

GO TO 666

GO TO 666

GO TO 666

GO TO 666

GO TO 666

GO TO 666

GO TO 666

GO TO 666

e ANDe D oLTo

GO TO 232

GO TO 666

eANDe D oL Te

GO TO 242

4840)

51.0)

GU TO 231

GU TO 241

39.



777 ANOY=10e0%% (C*(D-E))
999 RETURN
END
END OF RECORD
66426700 67453700 67479100
76480800 73463300 71485500
84412000 85445400 102.9900C

73437900
74401400
9994400

78433200
75491900
8568200

7731600
73412500
7983800

6880700 7325
7655400 79485
T4e64600 6754

0,0000040000C¢00000,00000,0000040000040000040000Ca000004000004C0000s4000004000
0e¢00050e00100e400150400250600390600610e00960e0145040215040300060400

END ©OF FILE

Ch TOoT

0297
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PROGRAM TU PLUT THE EXPERIMENTAL PiUb VSe ULo(A!) ANV TU FINU THEL

. — ———— — o | —— —— . o ——— o T o i . o o o T o o . . . o . T

DIMENSION HORIZ(3)sVERT(3)+TITLE(3) sPNUB(12I) 4UBA(LLY) sLbL(129)
DIMENSION B(2)sA(8)

DATA VERT/1UHPERCEIVED s10UHNOISE LEVEs1OHL (PNLB! /
DATA HORIZ/10HSCUND PRESs10HSURE LEVELs10H UB(A) £
DATA TITLE/1UHEXPERIMENT s 1OHAL PNuB VSs1UH DBI(A! o
NP=NOe OF TEST POINTS

NP=129

DO 10 I=1sNP

READ(5s11J/PNDB(1)

FORMAT(F10e0)

READ(54512)DBAL(T)

FORMAT(F1040)

READ(5+13)DBD(1)

FORMAT (F1040)

CONTINUE

USING LIBRARY SUBROUTINE LESQ TU FIND THE LEAST SUARE FIT UF TAdt UATA TC
STRAIGHT LINE PNDB=B(l)+B(Z)*(DBA!

M=1
CALL LESQ(AsBsDBAsPNDBsMsNP)
WRITE(6914)

FORMAT(1H1+6Xs*CO-EFFICIENTS OF THE POLONOMIAL(DB(A) sPNDB*//)
WRITE(6+15)B
FORMAT (4Xs2E15e649///)

USING THE BENSON-LEHNER PLOTTER RUUTINES

CALL DATE(THEDATE)
CALL LETTER(69¢25990e396eU33e096HGIVAMY)
CALL LETTER(109e25990e374093¢0sTHEDATE)

A NEW ORIGIN

CALL PLOT(10e092e09-3"!

YMAX=140a

YMIN=60.

XMAX=120.

XMIN=60.

XSCALE={120¢60=60e0)/640

YSCALE=(14060-60e(Q)/8eU

V=60,

W=60

CALL PLTIN(XSCALEsYSCALEsVewWsXMINesXMAXsYMINsYMAX]

TO PLOT THE BOUNDERIES OF THE GRAPH

CALL PLOT(6sus0els2)
CALL PLOT(6e0Us8sUs?2)
CALL PLOT(Ue«Us8e092)
CALL PLOT(Ue0OsUelUsZ)



0 1K i W

SERTH

XY £ Y

32

TO LABEL AXES

CALL
CALL
CALL

LETTER(30901230e031e09—0e75sHURIZ)
LETTER(305¢12990e3=0e7592e0sVERT!
LETTER(309e2590eU030eUs—1e5sTITLE!

TO CONSTRUCT A GRID PATTERN

XG=0e
YG=0e

0
0

DELTAX=1.C
DELTAY=1.0
IDELX=0
IDELY=0

NV=5
NH=7
CALL

GRIDGS(XGsYGsDELTAXsDELTAY s IDELXs IDELY s NV sNH)

TO PLOT NUMBERS ON AXIS

CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

LETTER(290e1290e09—0e1ll9=0el593H60 !/
LETTER(390e¢1290e03Ue889=0el595HTC !
LETTER(39061200eUsleB889=0e2593HE0 )
LETTER(340e1290e092e889=002593H90 !/
LETTER(3900129000’30889‘002593H100)
LETTER(390e129s0e094e884=0e255s3H110)
LETTER(330e1290e0354889=0e2593H120)

LETTER(390-1290-03-005’”00693H60 )
LETTER (390123003 =Ue530e9493m70 !
LETTER(330e1290e0U8=0e591e9493H80 !
LETTER(390e¢1230e09—06e542e¢9443H90 )
LETTER(390el12350eUs=Us5+3e94 93H100!
LETTER (3900129009 =0e594e94 +35H110)
LETTER(390e1230e09=0e595e94 $3H120)
LETTER(390e1290eUs—Ue596e94 93H130!
LETTER(390e1230e035=0e5s7e94 $3H140)

TO PLOT THE EXPe DATA POINTS

PO 20 I=1sNP
XD=DBA(1)
YD=PNDB(I)

CALL
CALL

UNITTO(XDsYDsXPsYP)
GRAF(XPsYPsUel2s3HCIR!

CONT INUE

CALL

PLOT(UetusDels3)

TO PLOT THE LEAST SQARE FIT LINE

WRITE(6s31)
FORMAT(1H1s6Xs%¥DB(A) ¥ 36X s ¥PNDB¥* 4/ /)
DO 20 J=60+120s1

DB=FLOAT(J! '

PN=B(1)+B(2)%D5

WRITE(6s32)DBsPN
FORMAT(6XsF6e295XsF6e2)


http:88,-0.25
http:LETTER(3,o.12,o.o,0.s8
http:LETTER(30,.12,90.,-o.1s

CALL UNITTO(DBsPNsXXsYY!
CALL PLOT(XXsYYs2)
CONTINUE
CALL PLOT(XsY2999)
STOP
END

END OF RECORD

END OF FILE

Cb TaT

0124

43.
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12
13

14

10
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DIMEN
DIMEN
DIMEN
DATA
DATA
DATA
WRITE
FORMA
1T)*,2
NP=26
DO 10
READ(
READ(
READ(
FORMA

OGRAM TO PLOT THE EXPEREMINTAL DATA(PNULb VSe SLANT UISTANCE!
D PLOT THE DEVELOPED POLYNUMIAL
[AKEOFF
SION HORIZ(4) yVERT(3?/sTITLE(3!
SION X(26)sY(26)sPNUB(26)sSU(26) sTHETA(26) sRATIO(26)
SION B(11)
HORIZ/1UHSLANT PERPs10OHENDICULAR 9s1OHDISTANCE (+8HFT) /
VERT/10HPERCEIVED +s10HNUISE LEVEslOHL (PNLB! /
TITLE/10UH s10H . PNDB VSs1UH DISTANCE /
(649
TOIHL 92X s ¥TEST NO¥ 92X o ¥ X (FT)H 92X s ¥ Y (FT) ¥ 92X e *¥H(FT)I*92X9*¥SD(F
Xo¥RATIOU(H/Y ) ¥ 32X o *THETAX* 92X s ¥PNDB ¥4/ /!
I=14NP
5911)%(1})
5¢41.L)Y( 1)
5411)PNDB(I)
T(F10.0)
I) oLTe 675040) GO TO 12

IF(X(
H 1S

PROF I

=92
GO T0O
H=(X(
SD(I)
RATIO
THETA
WRITE
FORMA
1F6.29
CONTI

CALL
CALL
CALL
CALL

YMAX=
YMIN=
XMAX=
XMIN=
XSCAL
YSCAL
V=0.0
W=70e
CALL

CALL
CALL
CALL
CALL

CALL
CALL
CALL

THE HcIGHT OF THE AIRCRAFT AbuVE GOROUNU BASEU UN THe ADUPTtu TAKEbur
LE (100 PERCENT GWTe/! FOR 2 ENGINES JET AIRCRAFT.
9¢2079210+4Ce1524752475 %X (1)
13
1)-4000e0)/2e¢75
=SQRT(Y () %%24H%¥%2)
(I)=H/Y(1)
(I)=ATAN(RATIO(I? 1%57«29578

(69140 TsX(I)sY(I!aH sSDITIsRATIO(I ) s THETA(T ? sPNDB( 1!
T(4XsI354XsF6e031X3F5e092X9F2e092XsF60092X3F9ets2XsFTa351Xy
/)

NUE

DATE(THEDATE)
LETTER(69e25990e90eU32e0306HGLUAMY
LETTER(1U 92599069 7eU93eCs THEUVATE!
pLOT(lOoQ’ZoO"‘B'

13040

7040

900060

0.0
E=(XMAX=XMIN) /940
E=(YMAX=YMIN) /640

U
PLTIN(XSCALE sYSCALE sV oW s XMINsXMAXsYMINgYMAX)

PLOT(96030e0192)
pLOT(go"\),éoO’Z)
PLOT(OeUsbeus2)
PLOT(De0s0eUs2)

LETTER(409e1250eU01e09—e759HORIZ)
LFTTER(BOQOJ.ZOQOO 9‘07591.09Vt‘:l-{T)
LETTER(305¢2590¢090e09—1e25sTITLE)


http:900,-.75

&Y Oy

T0

21
22
20

CONST

XG=0e
YG=0e
DELTA
DELTA
IDELX
IDELY
NvV=8
NH=5
CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL

DO 20

RUCT A GRID PATTERN

V]

0
X=1«0
Y=1e0
=0

=0

GRIDGS(XGsYGsDELTAXsUELTAY s IVELXs IUELY SNV sNA)

LETTER(19e1290e090e09s—e391H0)

LETTER(49¢1230e090e79=¢394H1000)
LETTER(49e1290e0s1le79—ea3s4H2000)
LETTER(Q’0129000’2079_0394H3000)
LETTER(49el250e033e/9—e394H4000)
LETTER(49e1230e0s4e7s=e3s4H5000)
LETTER(49e12350e095¢79=e354H6000)
LETTER (49123060360 739—e354H7000)
LETTER (4961230097 7s—ea394H8000)
LETTER(4941290e038e79—e3s4H9000)

LETTER(390e12350eU3=0e59=e06 +s3HT70 )
LETTER(330e1250eUs=Ue5sUeI493HB0 !
LETTER(39001290e09=0e531e%9443HY0 )
LETTER(250e12350e09=0e592e94+3H100!
LETTER(390e1230e03s=0e593e¢94 +3H110)
LETTER(39001290-C9”O.5,Q094 93H120)
LETTER(330e1230e03-Ue595e94 93H130)

I=1sNP

XD=SD(1I)

YD=PN
CALL
IF(RA
CALL

DB(1I)

UNITTO(XDsYDsXP,YP)

TIO(I) oLTe 0el763) GO TO 21
GRAF (XPsYPs0e1243HCIR)

GO 70 22

CALL
CONTI
CONTI
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
PLOT
READ(
FORMA
ND=90
X=300

PPNDBT=B(1/4B(2)%(X)+p (3 )% {(X*¥¥2)+B (4 )% (XF*3)+p (D) F(XF**41+p(6 )X (X%

GRAF (XP sYPsUe12s3HSWR)

NUE

NUE

PLOT(0e0s0e0s3)

GRAF (6e0s=0e78450e124+3HCIR!

GRAF (6e03=0e6090e1293HSUR/
LETTER(1030e0690e0364259=0e78s10HELEV ANGLE!
LETTER(1050e0690e096e25s=0e60910HELEV ANGLE]
MATH(7e09=0e7830e1290e095HGTHAN)
MATH(7eUs=0e60U3s0el230eUs5HLTHANI
LETTER{1090e0650e037e209—0e78¢10H 10 DEG. )
LETTER({1090¢0U690e603972203=060s10H 10 LEGe i
THE POLYNUMIAL PHUD=A+OX+C(X**ZI+OOQo.o..oo--oo-uoc
5580) (B(JC)sJC=1s11)

T(5E15.6)
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1¥5)+B(7)% (X¥¥6)+B(8) F(XFXT )+ (9)* (X*¥p )+B(10) ¥ (X¥¥G)I+p (11 )% (X**

210)
CALL
CALL

UNITTO(XsPPNDBT sXPPsYPP)
PLOT(XPPsYPP,43)

DO 666 ID=34ND

X=FLOAT(ID!*100.0
PPNDBT=B(1?+B(2) % (X)+b (3 ) ¥ (X¥*2)+p(4) % (X¥H*¥3 )48 (51 % (X¥*4)+p (6 )% (X*
1¥5)4B(713% (X¥XE)+B(R)F(XFHTI+B(F)F (XX¥¥*¥8 I+ (10) ¥ (X ¥%¥9I+p (111 % (X*%

210)
CALL
CALL

UNITTO(XsPPNDBT s XPsYP)
PLOT(XPsYPs2)

666 CONTINUE

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
STOP
END

PLOT(Ce09-1e2543!

PLOT(Oe59-1e2542)

pLOT(OoO’0.0’B)

GRAF(Qe0Us—1e0sel293HCIR!
GRAF(Ce59—1e03e1293HSUR)
LETTER(109e1290eUse75s=1e319sl0HDEVELOPED !
LETTER(10U9e1250e0se759—1e06910HEXPERIMENT !/
LETTER(109e1290e¢0s7els4e4s10HTAKEQFF )

PLOT(XsY+999)

6400 END OF RECORD

END OF FILE

¢b TOT 0143
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PROGRAM TO PLOT THAE EWUATIONS DEVELUPED FOR THAE EPNDB VSe UISTANCE

- —— ———— —— — . T ——————— ——————— — —— — ——————— — —— . ——— T ———— — — —— — ——————————— ———
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DIMENSION XP(200)sPAP(200)sPBP(200)sPCP(200)sPDP (200! sPPP (200!
DIMENSION HORIZ(4) sVERT(3)4sTITLE(3)sVERTZ2(4)

DIMENSION DELTA(3),sB(11)

READ(5580)(B(JC)sJC=1511)

FORMAT(2E24414)

DATA HORIZ/1UHSLANT PERPslOHENDICULAR s1OHDISTANCE (s8HFT! /
DATA VERT/1OHPERCEIVED s10OHNOISE LEVEs1QHL (PNuB) /
DATA TITLE/1UH s 1UH EPNLUB VSs1UH DISTANCE /

CALL DATE(THEDATE)

CALL LETTER(69¢2599Ce36e¢U3s3e0s6HGIDAMY)
CALL LETTER(109e25990e97e093e0sTHEDATE)
CALL PLOT(10e0s2e04-3!

CALL LETTER(409¢1290e0s1leUs—e75sH0ORIZ)
CALL LETTER(3U902590eUsuUe09—1e254TITLE!
TO DRAW HORIZONTAL GRID LINES

CALL PLOT(UeUsCe93)

DO 704 IG=1,13

YG=FLOAT(IG=1)%0.5

CALL PLOT(9e0sYGs2)

YGG=FLOAT(IG)*0+5

CALL PLOT(UeUsYGGs3)

CONT INUE

TO CONSTRUCT LOGARITHMIC VERTICAL GRID LINES
XCYCLE=3.0

NC=3

YCYCLE=6.0

XSTART=100.

DELTA(1)=1C0.

DELTA(2)=1000.
DELTA(3)=10000.

DO 777 IC=14NC>»l

DO 888 ICOUNT=1s109s1
XDD=DELTA(IC)*FLOAT(ICOUNT)
XPP=XCYCLE*ALOGLO(XDD/XSTART)
CALL PLOT(XPPs(GCeCs3)

CALL PLOT(XPPsYCYCLEs2)
CONTINUE

CONTINUE

CALL PLOT(-0e23-0e343)

CALL LETTER(690el29s0e0s—els—e3s6H100 )
CALL LETTER(650e1290e032e73—-e336H1000 )
CALL LETTER(69001290e035e73s—e3s6H10000 )
CALL LETTER(6350612s0eUs8eT9~-e3+46H100000)

CALL LETTER(3350e12350609~-0654=e05653H20 !
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500
300

CALL LETTER(3901230e09=0e550e4493H30
CALL LETTER(350e1290609=0e550e9443H40
CALL LETTER(390e1290e09=0e591e¢4443H50
CALL LETTER(3+0e1250e09=0e55129443H60
CALL LETTER(250e1230e03=0e592e44493HT0
CALL LETTER(390e1250e03=06592¢9453H80
CALL LETTER(350e1l230e0s=Ueb593e44493HI0 )
CALL LETTER(390e1250e09=0e593e¢94,53H100)
CALL LETTER(390e¢1230e09=0Ue59bel4443H110!
CALL LETTER(330612350e09-0e594e94453H120)
CALL LETTER(350e1250eU3s-0e535e4443H130)
CALL LETTER(390e1230e09=0e595e9453H140!

P S W S

WRITE(5s21)

FORMAT (1H1 93X 9 ¥COUNT* 94X o ¥DISTANCE* 94X 9 ¥PNUB* 96X 9 ¥POLY (A) ¥ 33X
1¥POLY (B) ¥ 93X s ¥POLY (CI¥* 93X 9 *¥PULY (D) ¥4//)

CPB=3U«0/AL0OG10(500)

CPC=40,0/ALOG10(50.0)

X=180e.

DO 300 L=19s41s1

X=X+20.

PAPNDB=B(1)+B(2) % (X)+B(3)* (XF**2)+B(4)* (X¥*3)+B (5 ) ¥ (X*¥¥4)+8(6)*(X*
1%5)4+B(T)% (X¥*¥6)+B (B )% (X¥XTI+B( 9% (X**B )+ (10 ¥ (XF*¥G )+ (L1 )% (X¥*F
210)

PAEPNL=PAPNDB+ (4« 0*¥ALOGLO(X)1=1640

PBEPNL=PAEPNL

PCEPNL=PAEPNL

PDEPNL=PAEPNL+40

XP(L)=XCYCLE*¥ALOGLO(X/XSTART)

PAP(L)=(PAEPNL=2040)/2040

PBP(L)=(PBEPNL=-20¢0}/2040

PCP(L)=(PCEPNL=20601)/2040

PDP(L)=(PDEPNL=~20e0)/2060

PPP(L)=(PAPNDB-20e0)/2040

WRITE(6+500)LsXsPAPNDBsPAEPNL s PBEPNL sPCEPNLsPDEPNL

FORMAT(LX o TbsttXsFBelsttXsFba294X9Fbe234XsFbe294XsFb6e294XsF6e2)

CONTINUE

X=1000,

DO 301 L=42+87,1

X=X+200e

PAPNDB=B(1)+B(2)# (X)+B(3 )% (X*¥#*2 ) +0 (4 ) ¥ (X¥*3)+8 () * (X*¥4)+p (6 ) F (X*
1%5)+B(T7)% (XH*¥6)+B(8) ¥ (X#¥XT)I+B () ¥ (X*¥8)+B(10) ¥ (X*¥¥9)+B(11) % (X*%
210)

PAEPNL=PAPNDB+(4«0%ALOG1C(X))1=1640

IF(X «GTe 2000s) GO TO 302

PBEPNL=PAEPNL

PCEPNL=PAEPNL

PDEPNL=PAEPNL+440

XP(L)=XCYCLE*ALOGLO(X/XSTART)

PAP(L)=(PAEPNL-2040)/2040

PBP(L)=(PBEPNL-200)/20.0

PCP(L)=(PCEPNL=20e0)/72060

PDP(L)=(PDEPNL-20¢0)/2040
PPP(L)=(PAPNDB=20e0) /2040
GO TO 306
PBEPNL=PAEPNL-(CPB*ALOGLO0(X/2000e1!
PCEPNL=PAEPNL=(CPC*ALOGLO(X/2000e))
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PDEPNL=PCEPNL+4.

XP(L)=XCYCLE*ALOG1O(X/XSTART)
PAP(L)=(PAEPNL=-2040)/72040

PBP(L)=(PBEPNL=20e1/20s

PCP(L)=(PCEPNL=-20e)/20¢

PDP (L) =(PDEPNL=20e)/20e

PPP(L)=(PAPNDB-2040)/20e0

CONT INUE
WRITE(69500C)LsXsPAPNDBsPAEPNL s PBEPNL sPCEPNLsPDEPNL
CONTINUE

X=10000.

DO 303 L=88s113»1

X=X+2U00.

PAPNDB=B(1)+B(2) % (X)+B (3 )% (X¥*¥2)+B (4 ) ¥ (X**3)+B(5) % (X*¥*¥4)+B(6)* (X*

1%5)4+B(7)% (X¥¥6)+B(8)* (X¥*¥T)+B(9)* (X*XG)+B (10 *(X¥*G)+B (11 )% (X**
210)

PAEPNL=PAPNDB+(4+0*¥ALOG10(X))=1640
PBEPNL=PAEPNL-(CPB*ALOGL1U(X/20004/ )
PCEPNL=PAEPNL=(CPC*ALOGL10(X/2000/!
PDEPNL=PCEPNL+440
XP(L)=XCYCLE*ALOGIO(X/XSTART!

PAP (L)=(PAEPNL=20e1/20¢

PBP (L) =(PBEPNL=20e1/20%
PCP(L)=(PCEPNL=20e)/20.
PDP(L)=(PDEPNL=20e)/20%
PPP(L)=(PAPNDB=20s)/204
WRITE(69500)LsXsPAPNDBsPAEPNL s PBEPNL s PCEPNL 9 PDEPNL
CONT INUE

TO PLOT THE GENERATED POLYNOMIALS PAsPBsPCsPDe

CALL PLOT(XP(1)sPAP(1),43)
DO 400 L=1+113

CALL PLOT(XP(L)sPAP(L)s2)
CONT INUE

CALL PLOT(XP(1)sPBP(1743)
DO 402 L=1,113

CALL PLOT(XP(L)sPBP(L/s2)
CONT INUE

CALL PLOT(XP(1)sPCP(1)43)
DO 403 L=1,113

CALL PLOT(XP(L)sPCP(L)s2)
CONT INUE

CALL PLOT(XP(1)sPLP(1243)
DO 404 L=14+113

CALL PLOT(XP(L)sPDP(L!s2)
CONT INUE

CALL PLOT(-1e0s1e0s3)
DATA VERT2/10HEFFECTIVE +10HPERCEIVED s10HNOISE LEVEsLlOHL (EPNDB!

I

CALL LETTER(4050¢129590e09-1e0s1e0sVERT2)

CALL PLOT(X3Y»999)
sToP



END
6400 END OF RECORD

«13161460424089E+03 -e19907127074528E-01
¢35698010908113E-05 ~¢3512111338(752E-09
«20433156320150E=13 —-e74320214054215E-18
e17357734742231E-22 ~926020333093783E~27
024202656462 740E-32 -e12716742804092E-37

e28852200541228E-43

Ch 10T c181
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PROGRAM TO PLOT THE EWUATIONS ULUEVELOPEU FOR PNLB ANU cPNUB VSe.

e ——

DIMENSION XP(200)sPNDEP (200) sEPNLP (200!
DIMENSION HORIZ(4)sVERT(3)sTITLE(3),sVERT2(4)
DIMENSION DELTA(3),3(11)

READ(5480)1(8(JC) +sJC=1911)

FORMAT (2E24e14)

DATA HORIZ/1CHSLANT PERPs10OHENDICULAR s1O0HDISTANCE (98HFT! /
DATA VERT/1O0HPERCEIVED s1OHNOISE LEVEs1QHL (PNDB) /
DATA TITLE/1UH s 10H PNUB VSs1OH DISTANCE /

CALL DATE{(THEDATE}

CALL LETTER(69e¢25990e36e093e¢09s6HGIDAMY)
CALL LETTER(109e253990e97ea093e0sTHEDATE!
CALL PLOT(10e0392e05-3)

CALL LETTER(409e1290e091¢09s—=e753sHORIZ)
CALL LETTER(3U9¢12990e9—e7959s1e09VERT)
CALL LETTER(309¢2590e090e09=1e25sTITLE!
TO DRAW HORIZONTAL GRID LINES

CALL PLOT(Qe090e093)

DO 704 1G=1,13

YG=FLOAT(IG=1)%0e5

CALL PLOT(940sYGs2)

YGG=FLOAT(IG)*0a5

CALL PLOT(QUeUsYGG93)

CONTINUE

TO CONSTRUCT LOGARITHMIC VERTICAL GRID LINES
XCYCLE=3 o0

NC=3

YCYCLE=64.0

XSTART=100.

DELTA(1)=100.

DELTA(2)=1000.
DELTA(3)=10000.

DO 777 IC=1sNCsl

DO 888 ICOUNT=1s10s1
XOD=DELTA(IC)*FLOAT(ICQUNT)
XPP=XCYCLE*ALOG10(XDD/XSTART)
CALL PLOTI(XPPsCeCs3)

CALL PLOT(XPPsYCYCLEs2)

CONT INUE

CONT INUE

CALL PLOT(-0e2s—0e3s3!

CALL LETTER(635Uel230eUs—e29—0336H100 )
CALL LETTZR(650e1230e092e79-e3+5H1000 )
CALL LETTER(6380e123s0e035e73s—¢396H10000 )
CALL LETTER(6906¢12+0e0s8e73=e356HL00000!

CALL LETTER(250+¢123Ce09~0¢53=e0653H20 )
CALL LETTER(390012,0.U9”00590044;3Hj0 J

-}

VISTARN
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500
300

301

A

CALL LETTER(350e1250609=0e550e9453H40 )
CALL LETTER(390e1290e09=0e5sle44,43H50 !
CALL LETTER(350e1250603-0e531e94453H60 !
CALL LETTER(350e1250e09=0e592e4443HT0 !
CALL LETTER(350412350e03=0e592e94452H80 !
CALL LETTER(350e1250e09-0e53364453H90 !
CALL LETTER(34041250¢09=0593¢9453H100)
CALL LETTER(B’\).12’O-U’—U0594.4493H110)
CALL LETTER(350e1250e035-0e554e9443H120)
CALL LETTER(350e1250e05-0e555e44453H130)
CALL LETTER(3+0e1250e035-Ce595e94453H140)

WRITE(6521)

FORMAT (1H1 93X o ¥COUNT* 94X s ¥DISTANCE* 94X 9 ¥PNUB¥* 96X s ¥EPNL¥* 9/ / )
VALUE1=11.0/AL0OG10(17540)

X=180.

DO 300 L=1s41»1

X=X+204

PNDB=B(1)+B(2) ¥ (X)+B(3) 3% (X*%¥2 ) +B (4 ) ¥ (X*¥*¥3)+B (5 ) ¥ (X*¥4)+8(6) % (X*
1%#5) 4B (T7)% (X*¥¥6)+B(8) ¥ (X**¥T)+B(9)* (XH*¥B )+ (LO) ¥ (XH*¥G )+ (L1 ) * (X**
210)

EPNL=PNDB+(VALUELI*¥ALCGLlU(X/200e!!-8e
XP(L)=XCYCLE*ALOGLO(X/XSTART)

PNDBP (1) =(PNDB=20e0) /200
EPNLP(L)=(EPNL=-200)/2040
WRITE(69500)LeXsPNDBsEPNL

FORMAT (4X o I1botXsFBel sttX9sFba2stXsFbe2)
CONT INUE

X=1000,

DO 301 L=42+87s1

X=X+200.

PNDB=B(1)4+B(2) % (X)+B(3 )% (X¥%¥2)+B (4 )% (X*¥3)+B(5) ¥ (X*¥*¥4)+8(6 )% (X*
1%¥5)+B(7)% (X*¥%¥6)+B(8) % (X¥*T)+B(G)* (X**¥8)+B (L0 ¥ (X¥*¥G I+ (L1 )% (X**
210)

EPNL=PNDB+ (VALUE1*ALOG1l0(X/200e) )-8
XP(L)=XCYCLE*ALOGLO(X/XSTART)

PNDBP (L) =(PNDB=2Ce0) /2040
EPNLP(L)=(EPNL=20¢0)/2040
WRITE(6+500)LsXsPNDBsEPNL

CONT INUE

X=10000.

DO 3203 L=88,100

X=X+200GCe

PNOB=B(1)4+B(2)* (X)+B(3) ¥ (X#**2)+D(4) ¥ (X*¥*3)1+B (D) * (X*¥¥4)+p (6 ) F(XF
1#5)+B(T) ¥ (X¥¥6)+B(8) % (X¥XTI+B () * (XH*XB I+ (L0 # (XF¥QI+Q (L1 *(X¥**
210)

EPNL=PNDB+ (VALUE1I*ALOGLU(X/200e))~8e
XP(L)=XCYCLE#ALOG1O(X/XSTART)
PNDBP(L)=(PNDB=-20e0) /206U
EPNLP(L)=(EPNL=-20eC) /2000
WRITE(6+9500)LsXsPNDBsEPNL

CONT INUE

TO PLOT THE GENERATED POLYNOMIALS PNUB ANv EPNL

CALL PLOT(XP(1)sPNDBP(1)s3)
DO 400 L=14100


http:4X,I4,4X,F8.l,4X,F6~2,4X,F6.2l

CALL PLOT(XP(L)sPNDBP(L)s2)
400 CONTINUE

CALL PLOT(XP(1)sEPNLP(1)+3)

DO 402 L=1+100

CALL PLOT(XP(L)sEPNLP(L)s2)
402 CONTINUE

CALL PLOT(-1e031e0+3)

DATA VERT2/10HEFFECTIVE s1OHPERCEIVED s10HNOISE LEVEslOHL (EPNDB)
17 .

CALL LETTER(4050412990e03-14091e0sVERT2)

CALL LETTER(990e2550e090e79-1e25,9HEPNDB AND!

CALL PLOT(XsY$999)

STOP
END
6400 END OF RECORD
¢13053563466267E+03 -e29724952115825E-01
e97796198188546E-05 —e23249835387404E-08
«32642730201512€E~-12 —e27502421546042E-16
e 1437929722283 1E~20 —e47085374825563E-25
«94005337897154E-30 -e10466348959187E-34

e 49830375646654E-40
END OF FILE

CH TOT 0141
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PROGRAM TO COMPUTE AND DRAW THE NOISE EXPOSURE FORECAST (NE£F/ CUNTOURS
FOR THE EXISTING FACILITY AND OPERATIUN AT THE MOUUNT HOPE AIRPORT.

ASSUMING THAT ALL LANLDINGS ANv TARNLCUFFES wililLL oo uivh une RUNWAY (06 UR <¢4)

—————————————————————————— o . T ——————— ———————— ———————————— ——— S —————— e S g, .

TAKEOFF
2-ENGINES JET (DAY) =7 AIRCRAFTI(S)
2-ENGINES JET (NIGHT) =1 AIRCRAFT(S)
2-ENGINES TURBOPROP (DAY =1 AIRCRAFT(S!
2-ENGINES TURBOPRUP (NIGHT =0 AIRCRAFT(S!

LANDING
2-ENGINES JET (DAY) =7 AIRCRAFT(S!
2-ENGINES JET (NIGHT) =2 - AIRCRAFTI(S)
2—-ENGINES TURBOPRUP (DAY) =1 AIRCRAFT(S)
2-ENGINES TURBOPROP (NIGHTI =0 AIRCRAFT(S!

INTEGER TEXT(4)
DIMENSION K(10s6) sDNA(1U6) sENA(10s6)

DIMENSION ARRAY(101+201)sIARRAY(101)

DIMENSION X(10)sY(10)sXPAR(10)sYPAR(10)

NI IS THE NUMBER OF DISTANCE INCREMENTS IN THE X-DIRECTION

NI=201 :

NJ 1S THE NUMBER OF DISTANCE INCREMENTS IN THE Y-DIRECTION
NJ=101

NR TS THE NUMBER OF RUNWAYS FILED IN THE PROGRAM

NR=1C

NA IS THE NUMBER OF AIRCRAFTS FILEL IN THE PROGRAM TIWMES TWO (SINCE EACH
AIRCRAFT HAS TwWO OPERATIONS WHICH ARE TAKE-UFF ANU LANUDING!

NA=6

DO 20 TIR=1sNR

DNA IS THE NUMBcR UF AIRCRAFTS LANUVING UK TAKcurr LURING URY Tlme F=-K A

CERTAIN AIRCRAFT UON A CERTAIN RUNWAY e

ENA IS THE NUMBER OF AIRCKAFTS LANLING UR TAKEUFF LURING NIGHT Tlmc FUKR

CERTAIN AIRCRAFT ON A CERTAIN RUNWAY e

K IS A CODE WHICH CAUSES THE PROGRAM TU BE EXCUTED OR NUT TUO BE EXCUTED
FOR A PARTICULAR AIRCRAFT UN A PAXTICULAR RUNWAY

READ(5921 ) (DNA(IRsJA) sJA=1sNA) s (ENA(IRIJA) s JA=1 9 NAT 9 (K(IKsUA) s

1JA=14NA)

FORMAT (6F5e0s6F5e0s6117

CONT INUE

DO 1 I=1sNI

DO 2 J=lsNJ

X=(FLOAT(I-1)%50040)=500004

Y=(FLOAT(J=1)%500e0)=25U000

TOTAL=040

DO 3 IR=1asNR

DO 4 JA=1sNA

IF(K{IRsJA) eEWQe U) GO TO 5

SUBROUTINES RUN-CONTAINS THE INFORMATION UON THE FILED RUNWAYS SUCH AS
THE LENGTH ¢ ORIENTATION AND CU-UKUINATES WeReTe TU A CHUOSEN URIGIN
GO TO(101s1029103e104s1U541069107910841099110! IR

CALL RUN1(XsYsX1sY1sR!



102

103

104

105

106

107

108

109

11v

201

202

203

204

205

206

Y

301
3u2

303

55.

GO TO 6

CALL RUN2(XsYsX1lsY1sR!

GO TO 6

CALL RUN3(XsYsX1lsY1sR)

GO TO 6

CALL RUN&4(XsYsX1sY1sR)

GO TO 6

CALL RUNS5(XsYsX1lsY1sR!

GO TO 6

CALL RUN6(XsYsX1lsY1sR!

GO TO 6

CALL RUN7(XsYsX1sY1sR!

GO TO 6

CALL RUNB(XsYsX1sY1sR'’

GO TO 6

CALL RUN9(XsYsX1lseY1sR!

GO TO 6

CALL RUN1OU(XsYsX1loY1laR)

GO TO 6

CONTINUE

SUBROUTINES TAKEOQOF CONTAINS THE AuUPTEL TAKEOFF PROFILES OF THE VARIOUS
AIRCRAFTS FILED IN THE PROGRAMe

GO TO(201+202+2039204+20U59206175JA

CALL TAKEOF1(X1sY1sSDISTsRATIOsA)

GO TO 7

CALL TAKEOF2(X1sY1sSDISTsRATIUsA)

G0 TO |7 :

CALL TAKEOF3(X1sY1sSDISTsRATIOsA)

GO TO : 7

SUBROUTINES ALAND CONTAINS ThE ADOPTEDL LANDING PROFILES OF THE VARI=US
AIRCRAFTS FILED IN THE PROGRAM.

CALL ALANDLI(X1aYLlsRsSDISTHIRATIO!

GO TO 7

CALL ALANDZ2(X13sY19sRsSDISTIRATIO!

GO TO 7

CALL ALAND3(X19aY1sRsSDISTHIRATIO!

GO 70 7

CONT INUE

SUBROUTINES POLYT CONTAINS THE NOISE LEVelL VSe wISTANCE FOR TrAk VARIUUS
AIRCRAFTS FILED IN THE PROGRAM DURING TAKECFF e
GO TO(3015302930393049305+306!sJA

CALL POLYT1(ASRISDISTIRATIUsALsYiocPiNL)

GO TO 9

CALL POLYTZ(AsRsSUISTsRATIUsXLsYLoPNL)

GO TO 9

CALL POLYT3(AsRs3SDISTsRATIOSX1sY1lsEPNL)

GO TO 9

SUBROUTINES PCOLYL CONTAINS THE NUOISE LEVEL VSe DISTANCE FOR THe VARIOUS
AIRCRAFTS FILED IN ThHt PROGRAM LDURING LANUINGe
CALL POLYLLI(X1oY1oSUISTeRATIUSK sPinL)

GO 70 9

CALL POLYLZ2(X1sYLoSDISToRATIUIRSEPIHL!

GO TO 9

CALL POLYL3(X1sY1sSDISTsRATIUsR$EPNL!

GO TO ' 9

CONTINUE .

ANEF IS THE NOISE EXPOSURE FURECAST IWNDEX RESULTING FxUM A PARTICULAK
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AIRCRAFT DURING OPERATIUN UN A CerRTAIN RUNWAY GIVEN THE NUMBER UF AIRCRA:
MOVEMENTS PER DAY AND NIGHT(COMPUTED AT DISTANCE X AND Y)
ANEF=EPNL+(10e0*ALOGLO(DNA(IR 9 JAI+16eO6(*ENA(IRsJA) ) I=8640

ANTNEF IS THE ANTILOG OF ANEF wHICH wILL BE USED TO COMPUTE THE TOTAL NEr
ANTNEF=1040%%(ANEF /100

GO TO 44

ANTNEF=0.0

TOTAL IS THE SUM OF ALL Tre ANTILUGS OF NEF RESULTING FRUM ALL THE
AIRCRAFTS OPERATIONS AT THIS PARTICULAR LOCATION (X Aivu Y!
TOTAL=TOTAL+ANTNEF

CONT INUE

CONTINUE

IF(TOTAL eLEe 0e0) TOTAL=0.00001

ARRAY IS THE NOISE EXPOSURE FURECAST AT A PARTICULAR LOCATION IN THE
AIRPORT VICINITY (THIS VALUE WILL bc UStb Tu CUNSTRUCT Trc NEF CUNT=URS!
ARRAY (Js I/ =10e0%ALOGLU(TOTAL!

CONTINUE

CONTINUE

DO 10 I=1,NI

DO 11 J=11l,51

IARRAY (J)=1FIX(ARRAY(JsI))

CONT INUE

WRITE(6912) (IARRAY (J)sJ=119511),1

FORMAT(1Xe411393Xs139/)

CONTINUE

———————— ——— . . — T . T — . T ——————— — ———— — ] ————————— ] —— o {—— i —— o — . . s

PROGRAM TG PLOT THE NOISE EXPUSURE FURECAST CONTOURS USING (&/1)

———————— — ——— —— ——— — — ——— " —————————— ———— —— — — - ———— — —————— - — T —— — .

TEXT(1)=10HGIDAMY-NEF
TEXT(2)=10H EXISTING
TEXT(3)=1UHAIRPORT OP
TEXT(4)=10HERATIONS
ICOUNT=38

CALL NAME(TEXTsICOUNT!

MAP SCALE IS 1 TO 50000
SCX=50000e/12
SCY=50000e/124
DELX=500.

DELY=5000

TO CLEAR PLOTTING ARRAYS
DO 30 I1C=1,10
XPAR(IIC)=0a0
YPAR(IIC)=0.0

X(IIC)=040C

Y{(IIC)=0.0

CONT INUE

M=NJ
N=NI
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M1=1

M2=101

N1=1

N2=201

XPAR(1)=140

YPAR(1)=240
XPAR(2)=(DELX*FLOAT(N2-N1))/SCX
YPAR(2)=(DELY*FLOAT(M2=-M11})/SCY
XPAR(5)==140

YPAR(5)=6.0

XPAR(7)=140

YPAR(7)=040

XPAR(8)=540

YPAR(8)=540

VMIN=5.0

VMAX=4540

VINC=5.0

CALL CONTOUR (ARRAY sMsiNsM1 sM2 N1 aN2sVMINsVMAX s VINCeXPARSYPAR)

TO CONSTRUCT GRID LINES
YPAR(5)=640

XINC=2000e/75CX

YINC=20004/5CY

IND=1

CALL GRID(XINCsYINCsXPARsYPARsIND!

TO DRAW THE RUNWAY
M3=51

N3=101

XPAR(4)=5CX

YPAR (4)=5CY
XPAR(5)=0.0
YPAR(5)=640
XPAR({3)=0.0
YPAR(3)=0.0

ICOUNT=2

KODE=0
X(1)=FLOAT(N3=NL1)*DELX
Y(1)=FLOAT(M3=-M1J)*DELY
X(2)=X(1)+6000.
Y(2)=Y(1)

CALL FLIN(XsY s ICOUNTsXPARsYPAR»KODE)

CALL PAPAD

STOP

END

SUBROUTINE RUN1(XsYsX1sY1lsR)

RUNWAY NO. 1 CONFIGURATION KRELATEtU
R=9000.

X0=-3812+

YO=500,

ANGD=0.0

ANGR=ANGD*0.0174532925199
SINANG=SIN(ANGR)

COSANG=COS(ANGR)

TO CHOOSEN X AND Y CU-ORDINATES

57.
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DELTAX=X-XO

DELTAY=Y-YO
X1=(DELTAX*¥COSANG)+(DELTAYX*SINANG/
Y1=(DELTAY*COSANG)—=(DELTAX*SINANG!
RETURN

END

SUBROUTINE RUN2(XsYsX1sY1sR)

RUNWAY NOe 2 CONFIGURATION RELATEDL TO CHOOSEN X AND Y CO-URDINATES
R=9000.

X0=5188.

YO=500.

ANGD=180.

ANGR=ANGD*0e0174532925199

SINANG=SIN(ANGR)

COSANG=COS(ANGR)

DELTAX=X-XO

DELTAY=Y=-YO

X1=(DELTAX*COSANG)+ (DELTAY*SINANG!/
Y1=(DELTAY*COSANG) = (DELTAX*¥SINANG/

RETURN

END

SUBROUTINE RUN3(XsYsX1sY1lsR) '

RUNWAY NOe 3 CONFIGURATION RELATED TO CHOOSEN X AND Y CU-ORDINATES
R=6000a

X0=540,

YO==450.

ANGD=50»

ANGR=ANGD#*040174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

DELTAX=X-XO

DELTAY=Y-=-YO

X1=(DELTAX*COSANG) +(DELTAY*SINANG!/
Y1=(DELTAY*COSANG)=(DELTAX*¥SINANG!
RETURN

END

SUBROUTINE RUN&G{XsYsX1saY1lsR)

RUNWAY NOe 4 CONFIGURATIUN RELATED TU CHOOSEN X AND Y COU-URDINATES
R=6000.

X0=3630.

YO=465C.

ANGD=230.

ANGR=ANGU*0eU1 74532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

DELTAX=X-X0

DELTAY=Y-YO
X1=({DELTAX*¥COSANG)I+(UELTAY*SINANG
Y1=(DELTAY*COSANG I —(UDELTAX*¥SINANG!
RETURN

END

SUBROUTINE RUNS(XsYsX1lsY1sr!

RUNWAY NOe 5 CONFIGURATION RELATED TU CHOUSEN X ANL Y CU-URDINATES
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R=6000.

X0=0e

YO=0e

ANGD=040
ANGR=ANGD#*040174532925199
SINANG=SIN(ANGR)

COSANG=COS(ANGR)

DELTAX=X=XO

DELTAY=Y-YO
X1=(DELTAX*¥COSANG)+(DELTAY*SINANG!
Y1=(DELTAY*COSANG)—(DELTAX*¥SINANG/
RETURN

END

SUBROUTINE RUNG6(XsYsX1lsY1sR)

RUNWAY NOe 6 CONFIGURATION RELATEu TO CHOCSEN X ANL Y CU-ORDINATES
R=6000.

X0=6000.

YO=0e

ANGD=180
ANGR=ANGD*#(0+0174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

SINANG=0.0

COSANG=-1.0

DELTAX=X-X0

DELTAY=Y-YO
X1=(DELTAX*¥COSANG)+(DELTAY*SINANG)
Y1=(DELTAY*COSANG)=(DELTAX®X¥SINANG)
RETURN

END

SUBROUTINE RUNT7(XsYsX1lsY1lsR)

RUNWAY NOes 7 CONFIGURATION KELATEUL TO CHUUSEN X AND Y CU-URDINATES
R=10000.

X0=-4812.

YO=-5000.

ANGD=0.

ANGR=ANGD#0.0174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

DELTAX=X-XO

DELTAY=Y-YO
X1=(DELTAX*¥COSANG)+(DELTAY*SINANG/
Y1=(DELTAY*COSANG)=(DELTAX*SINANG)
RETURN

END

SUBROUTINE RUNB(XsYsX1lsY1lsR)

RUNWAY NOe 8 CONFIGURATION RELATEL TO CLAOOUSEN X ANU Y CO-UKUINATES
R=10000.

X0=5188e

YO:_SO(—\O.

ANGD=180¢

ANGR=ANGD#00174532925199

STINANG=SIN(ANGR)

COSANG=COS (ANGR)

D7 s
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DELTAX=X=XO

DELTAY=Y-YO
X1=(DELTAX*¥COSANG)+(DELTAY*SINANG)
Y1=(DELTAY*COSANG) = (DELTAX%*¥SINANG!
RETURN

END

SUBROUTINE RUN9(XsYsX1lsY1lsR)

RUNWAY NOe 9 CONFIGURATION RELATEv TO CHOOSEN X ANV Y CU-CRULINATES
R=10500.

X0=750.

YO=-5600.

ANGD=0

ANGR=ANGD*0.0174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

DELTAX=X-XO

DELTAY=Y-YO
X1=(DELTAX*COSANG)+(DELTAY*SINANG)
Y1=(DELTAY*COSANG) = (DELTAX*SINANG)
RETURN

END

SUBROUTINE RUN1O(XsYsX1sY1lsR)

RUNWAY NOe 10 CONFIGURATION RELATEDL TU CHOUSEN X ANU Y CU-URDINATES
R=1050C.

X0=11250.

YO=-5600.

ANGD=180.

ANGR=ANGD*0.0174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

DELTAX=X=-XO

DELTAY=Y~-YO
X1=(DELTAX*COSANG)+(DELTAY*SINANG/
Y1=(DELTAY*COSANG) ~(DELTAX¥SINANG)
RETURN

END

SUBROUTINE TAKEOFL1(X1sYLlsSDISTsRATIVsAI

TAKEOFF PROFILE OF AIRCRAFT CLASS 1
2-ENGINES JET AIRCRAFT

A=4000,

B=6750e

C=29000e

E=100e.

F=3500U.

G=20000e

D=B+(((G~E!*(C-BI))/(F-E?!

SLOPE1=E/(B-A)

SLCPE2=(G-E) /(D-B)

IF(X1 «LTe 00) GO TO 61

IF{X]1l «GEe OeC o¢ANDe X1 oLEe AJALT=0.0

IF(X1 «GTe A eANDe XleLEe B!/ALT=SLOPEL*(X1l-A)
IF(X) «GTe B sANDe X1 oLEs DIALTREE+(SLOPEZ#(X1~B)}
IF(X1 «GTe DIALT=G
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81
82

SDIST=SQRT( (ALT*%2)+ (ABS(YL)*%2))
IF(Yl «EQe 0e0) GO TO 81
RATIO=ALT/ABS(Y1)

GO 7O 82
SDIST=SQRT((ABS(X1)*%*2)+(ABS(YL)**2))
RATIO=0.0

GO TO 82

RATIO=10000000000e

RETURN

END

SUBROUTINE TAKEOF2(X1sY1sSDISTsRATIOsA)

TAKEOFF PROFILE OF AIRCKAFT CLASS <
4-ENGINES JET AIRCRAFT

A=8000.

B=10500.

C=43000.

E=100.

F=3500

G=20000.

D=B+( ((G=E)*(C~-B))/(F-E))
SLOPE1=E/(B=-A)
SLOPE2=(G-E)/(D-B)

IF(X1 oLTe De0) GO TO 61
IF(X]1 eGEe UeO oANDe X1 elLbe AJALT=040

IF(X1 «GTe A «ANDe XlelEe BIALT=SLOPEL*(X1-AJ
IF(X1 oGTe B oANDe X1 oLEe DIALT=E+(SLOUFE2*(X1-B))

IF(X1 «GTe DIALT=G
SDIST=SQRT( (ALT*%2 )+ (ABS(YL)#*%2))
IF(Y]1l «EQe Ce0) GO TO 81
RATIO=ALT/ABS(Y1)

GO TO 82

SDIST=SQRT( (ABS(X1)*%2)+(ABS(YL)*%2))
RATIO=0.0

GO TO 82

RATIO=1000000000C

RETURN

END

SUBROUTINE TAKEOF3(X1sY1lsSDISTsRATIOsA)

TAKEOFF PROFILE OF AIRCRAFT CLASS 3
4-ENGINES TURBCPROP

A=4500.

B=7500.

C=47500.

E=150.

F=3500.

G=20000e

D=B+(( (G=E)*(C=B))/(F-E))
SLOPE1=E/(B-A)
SLOPEZ2=(G-E)/(D-B)

[F(X1l eLTe Qe0) GO TO 61
IF(X]1 eGEe DeU eANDe X1 olLEte AJALT=0.0

IELUXKl «GTe A +ANDese XlsLEs b)r\LT=5LUPtl*(Xl"A)
IFE(X) «GTe B sANLDs X1:ablLe u)HLT-’-—'L‘F(SLUPCd*(Kl"'D))

61.
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IF(X1l «GTe D)ALT=G

SDIST=SQRT ((ALT*%*2)+(ABS(Y1)*%2))
IF(YlL «EQe 060! GO TO 81
RATIO=ALT/ABS(Y1)

GO |TO 82
SDIST=SQRT((ABS(X1)%%2)+(ABS(Y1/)*x2]))
RATIO=0.0

GO TO 82

RATIO=100000000004

RETURN

END :
SUBROUTINE ALAND1(X1sY1lsRsSDISTsRATIOQ)

LANDING PROFILE OF AIRCRAFT CLASS 1
2-ENGINES JET AIRCRAFT

FL=4000.

TDP=1000+

GSAD=2.5

GSAR=GSAD¥040174532925199
TANGS=TAN(GSAR)

DP==( (FL/TANGS)-TDP)

TR=0e6666666666%R
TANGS=0.04366094290840
DP=-90615.062193951695

Z=TDP+TR

IF(X1 «GTe Z2) GO 70 30

IF(X1 eGEe TDP eANDe X1 eiLEe 2/ ALT=0e0
IF(X1 eLEe DPJIALT=FL

IF(X]1 «GTe DP «ANDe X1 elLEe UeUlALT=(ABS(X1)+TDP!*TANGS
IF(X1 eGEe Ue0 oANDe X1 elLte TOPIALT=(TDP=X1)*TANGS
SDIST=SURT( (ALT**2)+(ABS(Y1)*%21))

IFLYl +EQe 040) GO TO 10
RATIO=ALT/ABS(Y1)

GO TO 20

SDIST=SQRT({ (ABS(X1-Z)%#2 )+ (ABS(YL)*%21))
RATIO=0.0

GO TO 20

RATIO=100000G0000

RETURN

END

SUBROUTINE ALAND2(X1sY1sRsSDISTsRATIO)

LANDING PROFILE OF AIRCRAFT CLASS 2
4-ENGINES JET AIRCRAFT

FL=400C.

TDP=1000

GSAD=2.5

GSAR=GSAD*¥0.0174532925199
TANGS=TAN(GSAR)

DP==( (FL/TANGS)=TDP)
TR=0e6666666666%R
TANGS=0.04366094290840
DP==90615.062193921695

Z=TOP+TR

IF(X1 «GTe 2) GO TO 30

IF{X1l ¢GEe TOP «ANDe X1 oLEe Z! ALT=0.0
IF(X1 «LEe DP)ALT=FL

62.
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IF(X1 «GTe DP oANDe X1 oLEe O0eOQO/ALT=(ABS(XLI+TDPI)*TANGS
IF(X1 «GEe 0e0 eANDe X1 oLEe TOPIALT=(TUP=X1)*TANGS
SDIST=SQRT ((ALT#*#2 )+ (ABS(YL)*%21))

IF(Yl «EQe 0e0) GC TO 1C

RATIO=ALT/ABS(Y1)

GC TO 20

SDIST=SQRT( (ABS(X1-Z)*%*2)+(ABS(Y1)*%2))

RATIO=0.0

GO TO 20

RATIO=1000000000C

RETURN

END

SUBROUTINE ALAND3(X1sY1sRsSDISTsRATIO)

LANDING PROFILE OF AIRCRAFT CLASS 3
4-ENGINES TURBOPROP

FL=4000¢

TOP=1000«

GSAD=245

GSAR=GSAD*0.0174532925199
TANGS=TAN(GSAR)

DP==( (FL/TANGS)-TDP)

TR=0e6666666666%R
TANGS=0404366094290840
DP==906154062193951695

Z=TDP+TR

IF(X1 «GTe 2) GO TO 30

IF(X1 eGEe TOP eANDe X1 elbe Z) ALT=040
IF(X1 e«LEe DP)ALT=FL

IF(X]1 oGTe CP oANDe X1 oLEe 0eOJALT=(ABS{X1)+TDP)*TANGS
IF(X1 eGFe De0 «ANDe X1 oLEs TDPJIALT=(TDP-X1!*TANGS
SDIST=SQRT((ALT*%2 )4+ (ARS(Y1)#%2))

IF(Yl «EQe 0e0) GO TO 10
RATIO=ALT/ABS(Y1)

GO TO 20

SDIST=SQRT( (ABS(X1-Z)**¥2)+(ABS(YL)*%¥2))
RATIO=0.0

GO TO 20

RATIO=100000000004

RETURN

END
SUBROUTINE POLYT1(AsRsSUDISTsRKATIOUsX1sY1lskEPNL)

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFOURMATION

2-ENGINES JET AIRCRAFT

Al=013161460424089E+03
AZ2==0.199C7127074528E-01
A3=0435698010908113E~05
At=~0e35121113387752E-09
A5=020433156320150E~-13
A6=-0.743220214054215E-18
A7=0e17357734742231E-22
AB=—026020333093783E-27
A9=0e24202656462T640E-32
Al0=-=0412716742804092E-37
Al11=0,28852200541228E-43

63.
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800U

801

800U

X=SDIST

IF(X «EQe 0e0)X=10e0

CPB=30+4/ALOG10(50e )

CPC=404/AL0OG10 (504

PERCEIVED NOISE LEVEL

PNL=AL1+A2¥ (X)+A3X(X¥%2 ) +A4H (XH¥¥B)IHASH (X¥HL I+ AE* (XFH5)FATH (X%¥6 )+

TAB* (X ¥%7 ) +A9% (X*¥*¥B)+AL0¥* (X**G)+ALL* (X**10)

EFFECTIVE PERCEIVED NOISE LEVEL
PA=PNL+(4e0%ALOGLC(X)!1=1640

IF(X «GTe 2000e) GO TO 80O

PB=PA

PC=PA

PD=PC+4.0

GO TO 801

PB=PA-=(CPB*ALCGLl0(X/20004))

PC=PA-{CPC*ALOG10(X/200Cs /)

PD=PC+4e.

CONT INUE

IF(X]1 eGEe R oANDe RATIO «GEe 0e1763)EPNL=PA
IF(X1eGEeReANDeRATIOLE«Cel1763)EPNL=PB+({(PA-PB)*(RATIO/e1763)!
IF(X1eGEeAeANDeX1eLE«R)IEPNL=PC+((PB=PC)I*((X1=A)/(R=A)))
IF(X1eGEeOeUeANDeX1eLEeA/EPNL=PD=(4e0%(X1/A))

IF(X1 oLTe 0eOEPNL=PD

RETURN

END :
SUBROUTINE POLYT2(AsRsSDISTsRATIOsX1sY1lsEPNL

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFORMATION
4-ENGINES JET AIRCRAFT

Al=0e613161460424089E+03
A2=-0419907127074528E-01
A3=035698010908113E-05
A4=-0435121113387752E-09
A5=0420433156320150E-13
A6=—0e74320214054215E-18
AT=0617357734742231E=22
A8=-0.26020333093783E-27
A9=0e24202656462740E~32
Al10=-0412716742804092E-37
All1=0.28852200541228E-43
X=SDIST

IF(X eEQe 0a0)X=104w0
CPB=30+4/AL0OG10{50.)
CPC=404/ALOG10(504)
PERCEIVED NOISE LEVEL
PNL=AL+A2% (X) +A3% (X*¥%2 ) 4ALK (X%%3 ) +ASK (X*H4 ) +AGH (X¥¥5 ) +ATH (X*%6 ) +

TABH (X¥HT7 ) +AG* (X¥¥B J+ALO* (XF*G)+ALL#*(X¥*¥¥10)+3.0

EFFECTIVE PERCEIVED NOISE LEVEL
PA=PNL+ (4, U%ALOG10(X) /=160
IF(X «GTe 2000.) GO TO 800
PBR=PA

PC=PA

PD=PC+440

GO TO 801
PB=PA~(CPB*ALOGLO{X/2000e 1)
PC=PA-~(CPC*ALOGL1O(X/2000Ue )
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PD=PC+4.

801 CONTINUE
IF(X1 eGEe R «ANDe RATIO oGEe 0e1763)EPNL=PA
IF(X1eGEeReANDeRATIOeLE«Qe1763)EPNL=PB+((PA-PB)*(RATIO/41763))
IF(X1eGEeAeAND e X1oLEeRIEPNL=PC+((PB=PCI*((X1=A)/(R=A)))
IF(XloGEoCnO.AND-XIoLEOA‘EPNL=PD—(QOO*(X1/A))
IF(X1 oLTe 0eO0JEPNL=PD
RETURN
END
SUBROUTINE POLYT3(AsRsSDISTsRATIOsX1sY1sEPNL)

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFOURMATION
4-ENGINES TURBOPRCP

X=SDIST
IF(X eEQe Ue0)X=10e0
CPB=304/ALOG10(50.)
CPC=404/ALOG10(500)
CONST=(113¢3-763)/AL0OG10(10000/3004 !
PERCEIVED NOISE LEVEL
PNL=113e3-(CONST*ALOG10(X/300.)!
EFFECTIVE PERCEIVED NOISE LEVEL
PA=PNL+(4¢0¥ALOG10(X)?=1640
IF(X «GTe 2000e.) GO TO 800
PB=PA
PC=PA
PD=PC+4.0
GO TO 801

80U PB=PA-(CPB¥ALOG1C(X/2000e/)
PC=PA=(CPC¥*ALOGL1C(X/2000e))
PD=PC+4.

801 CONTINUE
IF(X1 oGEe R «ANDe RATIO oGEe 0el1763)EPNL=PA
IF(X1eGEeReANDeRATIOeLESUel1763/EPNL=PB+((PA-PB)*(RATIO/s1763)!
IF(X1eGEoeAeANDeX1eLEeRIEPNL=PC+((PB=PC)*((X1=A)/(R=A)))
IF(X1eGEeOeOeANDeX1leLEeAIEPNL=PD=(4e0%(X1/A))
IF(Xl LTe 0.0)EPNL=PD
RETURN
END
SUBROUTINE POLYL1(X1sY1lsSDISTsRATIOsRsEPNL!

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFORMATION
2-ENGINES JET AIRCRAFT

Al= «13053563466267TE+03
A2= =429724952115825E-Ul
A3= e 97796198188546E-05
Ab= =423249835387404E~08
A5= «32642730201512E~12
Ab= —427502421546042E~16
AT= «14379297222831E~20
AB8= —447085374825563E-25
Ag= e94005337897154E-30

AlD= -.10466348959187E-34
All=  498303756460654E-40
VALUE1=11.0/ALCGL0(175.0!
TDP=1000s
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X=SDIST

IF(X «EQe 0.0)X=10.0

IF(X «GTe 35000.) GO TO 10

PERCEIVED NOISE LEVEL

PNL=AL+A2¥ (X)+AZH (X¥%2 ) +ALF (XHH¥B)+AL% (XX ¥4I +AO* (X**5)+ATH (X¥*%6)+

TABH* (X¥¥7 ) +AG* (X*¥ %8 )+ALQ* ( X¥*Q)+ALL¥(X¥*¥*¥10)

GO TO 20

PNL=40.0-(20+0%ALOG10(ABS(X! /3500040
CONTINUE

EFFECTIVE PERCEIVED NOISE LEVEL
EPNL=PNL+(VALUE1*ALOGl0(ABS(X)/2004))-840
RETURN

END

SUBROUTINE POLYL2(X1sY1lsSDISTsRATIOsRsEPNL

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT UDISTANCE INFORMATION
4-ENGINES JET AIRCRAFT

Al= «13053563466267E+03
A2= =429724952115825E-01
A3= ¢97796198188546E~-U5
Ab= —423249835387404E-08
A5= $32642730201512E=12
Ab= =427502421546042E-16
AT= e14379297222831E-20
AB= —447085374825563E-25
A9= «94005337897154E-30

Al0O= —410466348959187E-34

All= 449830375646654E-40

VALUE1=110/AL0OG10(17540)

TDP=1000+

X=SDIST

IF(X «EQe 0e0)X=10e0

IF(X «GTe 35000e.) GO TO 10

PERCEIVED NOISE LEVEL
PNL=AL+A2¥ (X)+A3% (XH*2 ) +AL* (X¥*#3)FASK (X**L4 I +AE* (X HHD ) +AT* (X¥*%6) +

1AB# (X*%T)+AI* (X¥**B)+ALO¥ (X¥*¥*GI+ALL*(X*¥*¥10)+30

GC TO 20
PNL=40+0-(20e0%ALOG1O(ABS(X)/35000.0))
CONTINUE

EFFECTIVE PERCEIVED NOISE LEVEL
EPNL=PNL+(VALUE1*ALOG1O0(ABS(X)/2004)1-840
RETURN

END

SUBROUTINE POLYL3(X1sY1sSDISTsRATIUsR$EPNL!

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFURMATION
4~ENGINES TURBOPRCP AIRCRAFT

VALUE1=1140/AL0G10(175.0)
CONST=(106e4~72+0) /ALOGL0 (2040
TLP=100UC

X=SDIST

IF(X «EQe 0e0)X=10.0

PERCEIVED NOISE LEVEL
PNL=106e4~(CONST*ALOGLO(ABS(X)/300+0))
EFFECTIVE PERCEIVED NOISE LEVEL

66.



EPNL=PNL+(VALUE1*ALOGIO(ABS(X)/20U0«!)=840
RETURN
END

6400 END OF RECORD

END OF FILE

CD 70T 0758

00

101101

67.
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PROGRAM TO COMPUTE ANDL URAW THE NOISE EXPOSURE FURECAST

(NEk 3

CUNTUURS

ASSUMING THAT ALL LANDINGS ANU TAKCUFF

RUNWAY 11=
RUNWAY 29=
RUNWAY 06=
RUNWAY 24=

NOTE‘....

20 PERCENT
75 PERCENT
2e5 PERCENT
2+5 PERCENT

IT HAS BEEN ASSUMED THAT RUNWAY 06-24

WILL ot Uin RUNWAYS L1l=¢Y

AIRCRAFTS DUE TO THE SHORT LENGTH OF THIS RUNWAY.

TAKEOFF
4=ENGINES
4-ENGINES
4-ENGINES
4-ENGINES
2-ENGINES
2-ENGINES
3-ENGINES
3-ENGINES

LANDING
4-ENGINES
4-ENGINES
4-ENGINES
4-ENGINES
2-ENGINES
2-ENGINES
3-ENGINES
3-ENGINES

INTEGER TE
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
NI IS THE
NI=201

NJ 1IS! THE
NJ=101

NR IS | THE
NR=10

NA IS THE
AIRCRAFT H
NA=10

K IS A COD
FOR A PART

TURBOFAN (2500-3500
TURBOFAN (2500-3500
TURBOFAN (500 NMe!
TURBOFAN (500 NMe!
TURBOF AN (DAY)
TURBOFAN (NIGHT!
TURBUFAN (DAY
TURBOFAN (NIGHT)
TURBOFAN (2500-3500
TURBOFAN (2500=-3500
TURBOFAN (500 NMe!/
TURBCFAN (500 NiMel
TURBOFAN (DAY
TURBOFAN (NIGHT)
TURBOFAN (DAY
TURBOFAN (NIGHT!
XT(4)

KARRAY (101)

NMe ) (DAY =8 AIRCRAFT(S)
NMe ) (NIGHT) = AIRCRAFT(S)
(DAY =7 AIRCRAFT(S!
(NIGHT! =1 AIRCRAFT(S!
=18 AIRCRAFT(S!
= AIRCRAFT(S!
=18 AIRCRAFT(S)
=2 AIRCRAFT(S!
NMe ! (DAY =8 AIRCRAFT(S!
NMe ) (NIGHT) = AIRCRAFT(S)
(DAY =7 AIRCRAFT(S)
(NIGHT) = AIRCRAFT(S)
=18 AIRCRAFT(S!
=2 AIRCRAFT(S!
=18 AIRCRAFT(S)
=2 AIRCRAFT(S!

K(1luslu) sDNA(1US1U? 9sENA(LOs10}
ARRAY (LUl slUl) s JARKAY (LUl

X(10)sY(10)sXPAR(1O
NUMBER OF DISTANCE
OF

NUMBER DISTANCE

NUMBER OF

OF AIRUCKAFTS
OPERATIUNS

NUMBER
AS TWU
E WHICH CAUSES THE
ICULAR AIRCRAFT

I g YPAR (10!
INCREMENTS

INCREMENTS

FiLcw IN

wHICH AXE TAKE-OFF

PROGRAM

T0
ON A PARTICULAR

IN THE X-DIRECTION

IN ThHe Y-UIRECTION

RUNWAYS FILED IN THE PROUGRAIM

TImeES Twu
ANV LANUDING!

THE PRUOGKAM

BE EXCUTED OCR
RUNWAY

WILL NOT HANDLE 4-ENGIn:

(SInCe cACh

NUT TO BE EXCUTLU
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21
20

41
40

43
42

101

102

103

104

105

DO 20 IR=1sNR

READ(5921) (K(IRsJA) 3 JA=1sNA

FORMAT(1015)

CONT INUE

DNA IS THE NUMBER OF AIRCRAFTS LANUDING OR TAKEOFF
CERTAIN AIRCRAFT ON A CERTAIN RUNWAY.

DO 40 IR=1sNR

READ(5941) (DNA(IRsJA) sJA=1sNA/

FORMAT(10F540)

CONT INUE

ENA IS THE NUMBER OF AIRCRAFTS LANUING UR TAKEUFF
CERTAIN AIRCRAFT ON A CERTAIN RUNWAY e

DO 42 IR=14NR

READ(5943) (ENA(IRsJA) sJA=1sNA)

FORMAT (10F5.0)

CONT INUE

DO 1 I=1sNI

DO 2 J=1sNJ

X=(FLOAT(I-1)%¥500e0)=44000%
Y=25000e=(FLOAT(J=1)%5004)

TOTAL=0.0

DO 3 IR=1,sNR
DO 4 JA=1sNA
IF(K(IRsJA!
SUBROUTINES
THE LENGTH s ORIENTATION AND CU-OURDINATES WeReTe
GO TO(1019102s1U3s10491U5910691079108910991107 IR
CALL RUN1(XsYsX1lsaY1lsR!

GO TO 6

CALL RUN2(XsYsX1lsY1,sR!

GO TO 6

CALL RUN3(XsYsX1lsY1lsR!

GO TO 6

CALL RUN&4(XsYaX1lsaY1sR!

GO TO 6

CALL RUNS(XsYsX1sY1lsR!

GO TO 6

CALL RUNG6(XsYsX1sY1sR!

GO TO 6 '

CALL RUNT(XsYsX1lsY1lsR!

GO TO 6

CALL RUNB(XsYsXlaY1lsR!

GO TO 6

CALL RUNG(XsYsX1laY1lsR!

GO TO 6

CALL RUN1U(XsYsX1sY1sR)

GO TO 6

CONT INUE

«EQe 0) GO TO 5

69.

DURING vAY TIMe F=R A

DURKING NIGHT TImec FUR

RUN CONTAINS THe INFUORMATIUN ON THE FlLEU RUNWAYS SuUulm AS
TO A CHOOSEN

uxIGINn

SUBROUTINES TAKEOF CONTAINS THE AUOPTED TAKeUFF PROFILES OF The VARIOUS

AIRCRAFTS FILED IN THE PROGRAMe

GO TO(201920U29+20382042U59206320U79208920992107 sJA
CALL TAKEQOF1(X1sY1lsSDISTaRATIUAI

GO TO 7

CALL TAKEOF2(X1sY14SDISTsRATIOsA)

GO TO 7 '

CALL TAKEOF3(X1sY1eSDISTsRATIOsA)

GO 70 7



204

205

oY O

206
207
208
209

21y

301
302
303
304

305

aNa]

306

307

CALL TAKEOF4(X1esYlsSLDISTeRATIUSAI

GO 17O 7

CALL TAKEOF5(X1sY1sSDISTsRATIOsA)

GO 70 7

SUBROUTINES ALAND CONTAINS THE ADOPTEL LANUVING PROFILES UF THt VARI-US
AIRCRAFTS FILED IN THE PROGRAMe

CALL ALANDI (X1sY1sRoSDISTSRATIU!

GO 70 7

CALL ALANDZ2(X1sY1sRsSDISTsRATIO!

GO 10 7

CALL ALAND3(X1sY1sRsSDISTsRATIO)

GO 70 7

CALL ALAND4(X1sY1sRsSDISTsRATIO!

GO 17O 7

CALL ALANDS(X1sY1sRsSDISTsRATIO!

GO 70 7

CONTINUE

SUBROUTINES POLYT CONTAINS THe NOISe LEVEL VSe UDISTANCE FOR Trt VARIUUS
AIRCRAFTS FILED IN THE PROUGRAM DURING TAKEOFF

GO TO(3019302+303330493U5930693079308+3099+310/ sJA

CALL POLYT1(AsRsSDISTsRATIOsX1sY1lsEPNL)

GO TO 9

CALL POLYT2(AsRsSDISTsRATIOsX1sYLlsPNL!

GO TO 9

CALL POLYT3(AsRsSDISTIRATICsX1sY1lsPNL!

GO T0O 9

CALL POLYT4(AsRsSDISTsRATIOsX1sY1lsEPNL)

GO 70 9

CALL POLYTS5(AsRsSDISTesRATIOsX1sY1lsEPNL)

GO TO 9

SUBROUTINES POLYL CONTAINS ThE NOISE LEVEL VSe DISTANCE FUR THE VARICUS
AIRCRAFTS FlLtv IN TrAe PROGRAM UURING LANUINGe

CALL POLYLLI(X1sY1sSUDISTesRATIO SR sERPINL)

GO TO 9

CALL POLYL2(X1sY1sSDISTsRATIUSRSEPNL)

GO TO 9

CALL POLYL3(X1sY1sSDISTsRATIOsRSEPNL)

GO 70 9

CALL POLYL4(X19Y1sSDISTeRATIUSRSEPINL)

GO TO 9

CALL POLYLS(X1sY1sSLISTsRATIOsRsEPNL

GO TO 9

CONTINUE

ANEF IS THE NGOISE EXPOSURE FURECAST INDEX RESULTING FROM A PARTICULAR
AIRCRAFT DURING CPERATION ON A CERTAIN RUNWAY GIVEN THE NUMbBER OF AIRCRE
MOVEMENTS PER DAY AND NIGHT(COMPUTED AT DISTANCE X AND Y!
ANEF=EPNL+(1Ce0*ALUGLU(UNA(IRsJAI+10eb67H*ENA(IRsJAI ) I-58e0

ANTNEF IS THE ANTILOG UF ANEF WHICH WILL BE USED TO CUMPUTE THE TUTAL ik
ANTNEF=1040%% (ANEF/1060!

GO TO 44

ANTNEF=0.+0

TOTAL IS THE SUM OF ALL THE ANTILOGS OF NEF RESULTING FROM ALL THE
AIRCRAFTS OPERATIUNS AT THIS PARKTICULAR LOCATION (X AND Y
TOTAL=TOTAL+ANTNEF

CONT INUE

CONT INUE

IF(TOTAL oLEe 0s0) TOTAL=0U«00001



71,

AT A PARTICULAR LOCATIUN IN THc
NEF CUNT-UKS/

ARRAY IS THE NOISE EXPUSURE FORECAST
AIRPORT VICINITY (THIS VALUE WILL BE USED TU CONSTRUCT THE
ARRAY (Js1)=10e0*ALOGLO(TOTAL)

CONTINUE

CONT INUE

DO 10 I=1sNI

KM=71

DO 11 J=31s71

IARRAY (J)=IFIX(ARRAY(JsI))

KARRAY (KM)=T1ARRAY (J)

KM=KM=-1

11

12
10

CONT INUE
WRITE(6s12) (KARR
FORMAT(1X94113,3
CONT INUE

AY(KM),KM-51’71)9I

XsI13s/)

Y O OYOYTY O O Y

PROGRAM TO PLOT THE NOISE EXPOSURE FOURECAST CONTOURS USING (tAIl)

TEXT(1)=10HGIDAMY-NEF
TEXT(2)=10H PROPOSED
TEXT(3)=10HAIRPORT OP
TEXT(4)=10HERATIONS
ICOUNT=38

CALL NAME(TEXT s ICOUNT'

MAP SCALE IS 1 TO 50000
SCX=50000e/120
SCY=50000e/124
DELX=500.

DELY=500.

TO CLEAR PLOTTING ARRAYb
DO 30 I1IC=1,410
XPAR(IIC)=04,0
YPAR(IIC)=0aU

X(IIC)=0e0

Y(IIC)=0

CONT INUE

M=NJ

N=NI

Ml=1

M2=101

N1=1

N2=20C1

XPAR{1)=1e

YPAR(L1)=2

XPAK("?(LE LX¥FLOAT(NZ=N1?1/5CX
YPAR{Z)=(UELY®FLCAT(MZ=m1) ) /SCY
XPAR(5)==1eU

YPAR(5)=640



)

XPAR(T)
YPAR(T)
)
)

mnmn n

XPAR (8
YPAR (8
VMIN=5.0
VMAX=4540
VINC=5.,0

1.0
Ce0
50
50

CALL CONTOUR(ARRAY sMaiNsML a2 asN1aN2sVMINsVMAXsVINCsXPARYPAK)

TO CONSTRUCT GRID LINES
YPAR(5)=740

XINC=2000e/5CX

YINC=200U«/5CY

IND=1

CALL GRID(XINCsYINCyXPARsYPAR s IND)

TO DRAW RUNWAY 11-29 (CODE 9 AND 10!
M3=51

N3=89

XPAR (4)=5CX

YPAR (4)=5CY

XPAR(5)=0e0

YPAR(5)=8e0U

XPAR(3)=040

YPAR(3)=0.0

ICOUNT=2

KODE=0

X(1)=(FLOAT (N3-N1/*DELX/+750e
Y(1)=(FLOAT(M3=M1)*DELY)=-5600%
X(2)=X(1)+10500.

Y(2)=Y(1)

CALL LINE(XsYs ICOUNTsXPARsYPARKOVE)

TO DRAW RUNWAY 06-24 (COLE 3 ANL 4!
M3=51

N3=89

XPAR (4)=5CX

YPAR (4)=5CY

XPAR(5)=0.0

YPAR(5)=840

XPAR(3)=0.C

YPAR(3)=0.0

ICOUNT=2

KODE=0

X(1)=(FLOAT (N3=NL)*¥UELX/+46340
Y(1)=(FLOAT(M3=M1)*DELY/'-414.0

" X(2)=(FLOAT(N3=N1)*DELX)+43200

Y(2)=(FLOAT(M3=M1)*DELY +418240
CALL LINE(XsY» ICOUNTsXPARSYPARsKOLE)

CALL PAPAD

STOP

eND

SUBROUTINE RUN1(XsYsX1laY1lsR)

RUNWAY NOe 1 CONFIGURATION RELATEU TO CHOUSEN X AND Y CU-CRDINATES

R=9000.

.8
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X0=-3812.
YO0=500.
ANGD=0.0

ANGR=ANGD*0.0174532925199
SINANG=SIN(ANGR)
COSANG=COS(ANGR)

SINANG=0.0
COSANG=1.0
DELTAX=X-XO
DELTAY=Y-YO

X1=(DELTAX*COSANG)+{DELTAY*SINANG/
Y1=(DELTAY*COSANG)—=(DELTAX*SINANG!

RETURN
END

SUBROUTINE RUN2(XsYsX1sY1sR)

RUNWAY NOe
R=9000.
X0=5188+
YO=500.
ANGD=180.

2

CONFIGURATION RELATED TO CHOOSEN X AND Y CU-URDINATES

ANGR=ANGD#0.0174532925199
SINANG=SIN(ANGR)
COSANG=COS(ANGR)

SINANG=0.0

COSANG=-1.0
PELTAX=X-XO
DELTAY=Y-YO

X1=(DELTAX*¥COSANG)+(DELTAY*SINANG!
Y1=(DELTAY*COSANG) = (DELTAX*¥SINANG)

RETURN
END

SUBROUTINE RUN3(XsYsX1lsY1sR!

RUNWAY NOe
R=6000.
X0=463.
YO==416G.
ANGD=50.

.

CONFIGURATION RELATEU TO CHOOSEN X ANDL Y CO-ORDINATLS

ANGR=ANGD*040174532925199
SINANG=SIN(ANGR)
COSANG=COS { ANGR)
SINANG=+0765044443119
COSANG=+0642787609687

DELTAX=X-XO
DELTAY=Y-YO

X1=(DELTAX*COSANG)+(DELTAY*SINANG!
Y1=(DELTAY*COSANG) - (DELTAX*SINANG)

RETURN
END
SUBROUTINE

RUNWAY NOe
R=6000.
X0=4320.
YO=4182.
ANGD=230.

RUN4(XsYsX1sY1sR!

.
&

CONF IGURATION

KRELATED TO

CHOOSEN X ANL Y CO-ORDINATES
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ANGR=ANGD*0,0174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)
SINANG==-0.766044443119
COSANG==-0.642787609687
DELTAX=X-XO

DELTAY=Y-YO
X1=(DELTAX*COSANG)+(DcLTAY*¥SINANG!
Y1=(DELTAY*COSANG)—(DELTAX¥SINANG)
RETURN

END

SUBROUTINE RUNS5(XsYsX1sY1sR)

RUNWAY NOe 5 CONFIGURATION RELATZD TO CHOOSEN X AND Y CO-ORDINATES
R=5188e

X0=0e

YO=0e

ANGD=0.0
ANGR=ANGD*0,0174532925199
SINANG=SIN(ANGR)

COSANG=COS(ANGR)

SINANG=0.0

COSANG=140

DELTAX=X-XO

DELTAY=Y-YO
X1=(DELTAX*COSANG)+(DELTAY*SINANG)
Y1=(DELTAY*COSANG)-(DELTAX¥SINANG)
RETURN

END

SUBROUTINE RUN6(XsYeX1lsY1l,sR)

RUNWAY NOe 6 CONFIGURATION RELATED TO CHOUSEN X AND Y CU-URDINATES
R=5188

XC=5188.

YO=0e

ANGD=180,
ANGR=ANGD*0.0174532925199
SINANG=SIN(ANGR)

COSANG=COS(ANGR)

SINANG=0.0

COSANG==140

DELTAX=X-XO

DELTAY=Y-YO

X1=(DELTAX*¥COSANG)+ (DELTAY*SINANG!
Y1=(DELTAY*COSANG) = (DELTAX*SINANG!
RETURN

END

SUBROUTINE RUNT7(XsYsX1laY1lsR!

RUNWAY NOe 7 COUNFIGURATION KELATELD TU CHOUSEN X AND Y CU=-CRDINATES
R=10000a

XO0==4812.

YO==5000e.

ANGD=U«0

ANGR=ANGD*0.,0174532925199

SINANG=SIN(ANGR)

COSANG=COS (ANGR)

74.
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SINANG=0.0

COSANG=1.0

DELTAX=X-XO

DELTAY=Y-YO
X1=(DELTAX*¥COSANG )+ (DELTAY*SINANG)
Y1=(DELTAY¥COSANG)=(OELTAX*SINANG!
RETURN

END

SUBROUTINE RUNB(XsYsX1lsY1sR)

RUNWAY NOe 8 CONFIGURATION RELATED TO CHOOSEN X AND Y CO-ORDINATES
R=10000¢

X0=5188.

YO==50004

ANGD=180+
ANGR=ANGD*040174532925199
SINANG=SIN(ANGR)

COSANG=COS (ANGR)

SINANG=0.0

COSANG=-140

DELTAX=X-X0O

DELTAY=Y-YO
X1=(DELTAX*COSANG)+(DELTAY*SINANG)
Y1=(DELTAY*COSANG) = (DELTAX*SINANG!
RETURN

END

SUBROUTINE RUN9(XsYsX1sY1lsR)

RUNWAY NCe 9 CONFIGURATION RELATEU TO CHOOSEN X AND Y CU-ORDINATES
R=10500.

X0=750C.

YO==560C+

ANGD=0.0
ANGR=ANGD*0.0174532925199
SINANG=SIN (ANGR)

COSANG=COS (ANGR}

SINANG=040

COSANG=1.0

DELTAX=X-XO0

DELTAY=Y-YO
X1=(DELTAX*COSANG)+(DELTAY*SINANG!
Y1=(DELTAY*COSANG)~(DELTAX*SINANG!
RETURN

END

SUBROUTINE RUNIC(XsYsX1sY1lsR!

RUNWAY NOeo 10 CONFIGURATION RELATED TU CHCOSEN X AND Y CU-ORDINATES
R=10500.

X0=11250.

YO=-5600.

ANGD=180.
ANGR=ANGD¥*0+0174532925199
SINANG=SIN(ANGR)
CUSANG=COS(ANGR)
SINANG=0.0

COSANG==-140

DELTAX=X-X0O
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DELTAY=Y=-YO
X1=(DELTAX*¥COSANG)+(DELTAY*SINANG)
Y1=(DELTAY*COSANG)—(DELTAX*¥SINANG!
RETURN

END ,
SUBROUTINE TAKEOF1(X1sY1sSDISTsRATIOsA)

TAKEOFF PROFILE OF AIRCRAFT CLASS 1
2-ENGINES TURBOFAN AIRCRAFT

A=4500.

B=6000s

C=235000

E=100.

F=3000.

G=20000%

D=B+{ ((G=E)*(C-B)) /(F=-E))
SLOPE1=E/(B-A)

SLOPEZ2=(G=E)/(D-B)

D=1260UB6e21

SLOPE1=406666666666667
SLOPEZ2=416571428571429

IF(X1 «LTe 0e0) GO TO 61 )
IF(X]l oGEe O0e0 «ANDe X1 oLEe AJALT=0.0

IF(X1 «GTe A eANDe XleLEe BJIALT=SLOPELl*(X1-A)
IF(X]l «GTe B oANDe X1 olLEe DIALT=c+(SLOPEZ*(X1-B))

IF(Xl .GT. D)ALTzG

SDIST=SQRT( (ALT*%2}+{ABS(YL)*%21))
IF(Y]l «EQe 0.0!) GO TO 81
RATIO=ALT/ABS(Y1)

GO TO 82
SDIST=SQRT({(ABS(X1)#%#2)+(ABS(YL)*x2))
RATIO=040

GO TO 82

RATIO=10000U00000

RETURN

END

SUBROUTINE TAKECFZ(X1sYlsSDISTsRATIOsA!

TAKEOFF PROFILE OF AIRCRAFT CLASS 2
3-ENGINES TURBOFAN AIRCRAFT

A=8000,

B=1C500.

C=38000.

E=100

F=3000.

G=20000.

D=B+( ((G=E)*(C=B))/(F-E))
SLOPE1=E/{(3=-A)
SLOPE2={G~-E}/(D-B)
D=199206.90
SLOPE1=.0400000C000C00
SLOPEZ2=410545454545455
IF(X1 «LTe 0e0) GO TO 61
IF(X:‘. oGEo OQU .AND. X1 OLEZQ A)ALT:O¢O

IF(X1 eGTe A «ANDe XlelLEe BIALT=SLUPEL*(X1-A)
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IF(X1 «GTe B oANDe X1 eLEe DIALT=E+(SLOPEZ2*(X1-B/0
IF(X1 «GTe DIALT=G
SDIST=SQRT((ALT**2 )+ (ABS(Y1l/*%21)

IF(Y1L «EQe 00! GO TO 81
RATIO=ALT/ABS(Y1l])

GO TO 82
SDIST=SQRT((ARS(X1)*%2)+(ABS(Y1)*%2))
RATIO=0.0

GO TO 82

RATIO=100000000C0

RETURN

END .

SUBROUTINE TAKEOF3(X1sY1lsSDISTsRATIOsA)

TAKEOFF PROFILE OF AIRCRAFT CLASS 3
4L-ENGINES TURBOFAN AIRCRAFT (500 NMe)

A=4500.

B=6000.

C=23500e.

E=100.

F=3000.

G=20000.

D=B+(((G-E/*(C-B))/(F-E))
SLOPEL1=E/(B-A)

SLOPEZ2=(G-E)/(D-8)

D=126086.21

SLOPE1=.066€6666666667
SLOPE2=.16571428571429

IF(X1 «LTe 0eC) GO TO 61

IF(X1 «GEe 0e0 oANDe X1 eLEe AJALT=0.0
IF(X1 «GTe A oANDe XlelLEe BJ/ALT=SLOPELl*(X1-A)
IF(X1 «GTe B oANDe X1 elLbte D/ALT=E+(SLOPEZ¥*(X1-B))
IF(X1 «GTe D)ALT=G
SDIST=SQRT((ALT**¥2)+(ABS(Y1)*x%x21))

IF(Y1l «EQe 0.0/ GO TO 81
RATIO=ALT/ABS(Y1)

GG TO 82
SDIST=SQRT((ABS(X1)%*%¥2 )4+ (ABS{Y1!/*%2))
RATIO=040

GO TO 82

RATIO=106000000000

RETURN

END

SUBROUTINE TAKECF4(X1sY1sSDISTsRATIULA)

TAKEOFF PROFILE OF AIRCRAFT CLASS 4
4-ENGINES TURBOFAN AIRCRAFT (2500 TO 3500 NMe)

A=6000.

B=8000.

C=30000e

£=100.

F=3000.

G=20000C.
D=B+(((G-Fi*{C-B)})/(F-E))
SLOPELl=E/(B=-A)
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SLOPE2=(G-E)/(D=-B)

D=158965¢52

SLOPE1=.0500000000000

SLOPE2=,.,13181818181818

IF(X1 «LTs 0e0) GO TO 61

IF(X]1 eGEe Oe0O eANDe X1 oLEe AJALT=040

IF(X]l «GTe A «ANDe XlelLEe BIALT=SLOPELl*(X1-A)
IF(X]1 oGTe B oeANDe X1 oLEe DIALT=E+(SLOPEZ*(X1-BID
IF(X1 «GTe DIALT=G
SDIST=SQRT((ALT**2)+(ABS(Y1l)#%2))

IF(Y]l «EQe 0e0) GO TO 81

RATIO=ALT/ABS(Y1)

GO TO 82
SDIST=SQRT((ABS{X1)*%¥2)+(ABS(Y1)*¥%2))
RATIO=0.0

GO TO 82

RATIO=10000000U000

RETURN

END

SUBROUTINE TAKEOF5(X1sY1sSDISTsRATIO,A)

TAKEOFF PROFILE OF AIRCRAFT CLASS 5
4-ENGINES TURBOPROP

A=4500.

B=7500

C=47500.

E=150.

F=3500.

G=20000.

D=B+( ((G=-E)*(C-B))/(F-E))
SLOPE1=E/(3-A)

SLOPEZ2=(G-E)} /7 (D-B)

D=244514493

SLOPE1=.0500000000000
SLOPEZ2=083750000600000

IF(X1 «LTe Oe0) GO TO 61

IF(X1 eGEe 0e0 oANDe X1 oLEe AJALT=0.0
IF(X1 «GTe A «ANDe XlelLEe BJIALT=SLUPEL¥*(X1-A)
IF(X]l «GTe B e«ANDe X1 eLEe DJIALT=E+(SLUPEZ2%*(X1-BI)D
IF(X1 «GTe D)ALT=G
SDIST=SQRT( (ALT**2 )+ (ABS(Y1)%*%2))
IF(Y1l | «EQs 0+0% GO TO 81
RATIO=ALT/ABS(Y1)

GO TO 82

SDIST=SQRT( (ABS(X1)%%¥2)4+(ABS(Y1)*¥%2))
RATIO=UeU

GO TO 82

RATIO=10000000000C«

RETURN

END

SUBROUTINE ALAND1(X1sY1sRsSDISTsRATIO!

LANDING PROFILE OF AIRCRAFT CLASS 1
2-ENGINES TURBOCFAN AIRCRAFT
FL=400C0.

TDP=100C.
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TDP=1000.

GSAD=2.5

GSAR=GSAD*0.0174532925199
TANGS=TAN(GSAR)

DP==( (FL/TANGS)=TDP)

TR=066666666666%R
TANGS=0.04366094290840
DP=-90615.06219395156950

Z=TDP+TR

IF(X1 «GTe 2) GO TO 30

IF(X1 «GEe TDP «ANDe X1 elLte Z! ALT=0.0
IF(X1 <«LEe DP)ALT=FL

IF(X1 «GTe DP eANDe X1 eLEe 0e0/ALT=(ADS(X1!+TUPIMTANGS
IF(X1 «GEe 00 o¢ANDe X1 eLbEe TDPJALT=(TUP=-X1)%#TANGS
SDIST=SQRT((ALT**2)+(ABS(YL)*%2))

IF(Yl «EQe 0e0O) GO TO 10
RATIO=ALT/ABS(Y1)

GO TO 20
SDIST=SGRT((ABS(X1=Z)*%2)+(ABS(YL1)*%2))
RATIO=0e0

GO TO 20

RATIO=1000000000C e

RETURN

END

SUBROUTINE ALAND&4(X1sY19sRsSDISTsRATIO)

LANDING PROFILE OF AIRCRAFT CLASS 4

4-ENGINES TURBOFAN AIRCKAFT (2500 TU 3500 NiMe)
FL=4000

TOP=1000s

GSAD=2.5

GSAR=GSAD%*040174532925199

TANGS=TAN(GSAR)

DP==((FL/TANGS)-TDP)

TR=0+66666666666%R

TANGS=0e404366094290840
DP=-=90615406219395156950

Z=TDP+TR

IF(X1 «GTe Z) GC TO 30

IF(X] «GEe TDP «ANDe X1 eLEe Z! ALT=040

IF(X1l «LEe DP)ALT=FL

IF(X]l «GTe DP «ANDe X1 oLEse 0eQ)ALT=(ABS(X1)+TDPIMTANGS
IFIX]l eGEe De0 osANDe X1 oLEs TOPJIALT=(TDP=X1/*TANGS
SDIST=SURT( (ALT**2 )+ (ABS(Y1/*%21)

IF(YL »EQe 00! GO TO 10

RATIO=ALT/ABS(Y1)

GO TO 20
SDIST=SQRT((ABS(X1~=Z)**2)+(ABS(YL)*%2))
RATIO=040

GO TO 20

RATIO=100000C0000

RETURN

END

SUBROUTINE ALANDS(X1sYLlsRsSDISTsRATIO)

LANDING PROFILE OF AIRCRAFT CLASS 5
4-ENGINES TURAPOPROP
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FL=4000.
TDP=1000s
GSAD=245

GSAR=GSAD*0.,0174532925199
TANGS=TAN(GSAR)

DP==((FL/TANGS)=TDP)
TR=0466666666666%R
TANGS=0.04366094290840

DP=-906154
Z=TDP+TR

IFEX1- «GTe
IF(X1 +GEs
IF(X1 «LEs
IF(X1 «GTe
IF(X1 «GEs
SDIST=SQRT
IF(Y1l «EG.

06219395156950
Z) GO TO 30 .
TDP oANDe X1 oLEe Z) ALT=040
DP)ALT=FL
DP oANDe X1 oeLEe 0eQ/ALT=(ABS(X1)+TDPI)*TANGS
DeO eANDe X1 eLEe TDP)IALT=(TDP-X1)*TANGS
((ALT#*%2)+ (ABS(Y1)*%2))
0.0) GO TO 10

RATIO=ALT/ABS(Y1)

GO TO 20

SDIST=SQRT( (ABS(X1=Z )1 %%¥2)+(ABS(Y1)*%2))

RATIO=00
GO TO 20

RATIO=10000000000s

RETURN
END

SUBROUTINE POLYT1(AsRsSDISTsRATIOsX1sY1lsEPNL)

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFORMATION

2-ENGINES

TURBOFAN

Al=0e413161460424089FE+03
A2=-0419907127074528E-01
A3=0435698010908113E-05
A4=-0635121113387752E-09
A5=0e20433156320150E-13
A6=—-0e74320214054215E-18
A7=0e17357734742231E-22
AB=-026020333093783E-27
A9=0e24202656462T40E=32
Al0==0,12716742804092E-37
Al11=0,28852200541228E~-43

X=SDIST
IF(X «EQe

0.0)X=1040

CPC=404/AL0OG10(500)
CPB=17.65775731
CPC=23.543267641

PERCEIVED

PNL=A1+A2%

NOISE LEVEL

(X)HABH(X*HF2 ) +ALF (XHHF)HADH (XKFLI+AOK (XMHD)+ATH* (X**6 )+

TAB* (X¥¥T ) +AQH (X*¥#8)+AL0¥ (XFH*G)+ALL* (X¥¥L1(0)

EFFECTIVE
PA=PNL+ (4.
IF(X «GTe
PB=PA
PC=PA
PD=PC+440
GO TO 801

PERCEIVED NOISE LEVEL
0%¥ALOGLlO(X)1=1640
2000e) GO TO 80C
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PB=PA—=(CPB*ALOG10(X/2000e )

PC=PA-(CPC*ALOG10(X/200Us?!

PD=PC+4.

CONT INUE

IF(X1 eGEe R «ANDe RATIO «GEe 0e1763)EPNL=PA
IF(X1eGEeReANDeRATIOeLE«Qel763)EPNL=PB+((PA=PBI*(RATIO/e1763))
IF(X]1eGEeAeANDeXloeLE«RIEPNL=PC+((PB—-PCI*((X1=-A)/(R=A)I1)
IF(X1leGEeOeLeANDeXleLE«AIEPNL=PO=(4e0*(X1/A))

IF(X1l oLTe QeCIEPNL=PD '

RETURN

END ’

SUBROUTINE POLYT2(AsRsSDISTSRATIOsX1sY1sEPNL)

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFORMATION
3-ENGINES TURBCFAN

Al=0e13161460424089E+03
A2==0e19907127074528E-01
A3=0435698010908113E-05
4=-0,35121113387752E-09
A5=0420433156220150E-13
A6=-0.T74320214054215E-18
A7=0e17357734742231E-22
AB=—=0e26020333093/783E-<21
A9=0e24202656462T740E-32
AlO==0e12716742804092E-37
All1=0.28852200541228E-43
X=SDIST
IF(X eEQe 0e0)X=1040
CPB=17.65775731
CPC=23454367641
PERCEIVED NOISE LEVEL
PNL=AL+A2¥ (X )+AZH (XHH2)+AL% (XHXDB)+AD* (X ¥ ¥4 )+AO* (X*¥D ) +ATH (X¥%0 )+
TAB* (X*%T ) +AG* (X ¥ %8 )+AL0* (X*¥*¥Q)+ALL*(X*¥%10)+1e76
EFFECTIVE PERCEIVED NOISE LEVEL
PA=PNL+{4¢0¥%¥ALOGI0(X) /=160
IF(X «GTe 2000s) GO TO 800
PBE=PA
PC=PA
PD=PC+4.0
GO TO 801
PB=PA-(CPB#*ALOGL0(X/2000e))
PC=PA=(CPC*ALOG10(X/2000e1})
PD=PC+4.,
CONT INUE
IF(X]1 «GEs R +ANDe RATIO +GEe Oel763)EPNL=PA
IF(X1eGEeReANDeRATIOeLe0el7631PNL=PB+((PA=PpI* (RATIU/ 17631}
IF(X1leGEoeAeANDeXLleLbE o RIEPNL=PCH((PB--PL/ X ((XL1-AI/(R=-AVI)
lF(Xl.6toU-OoANV.X1th.A)LPNszu—(QoO*(Xl/A))
IF(Xl oL T OOQ)EPNL=PD
RETURN
END ,
SUBROUTINE POLYT3(AsRsSDISTSRATIOsX1sY1sEPNL)

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT UISTANCE INFURMATION
4—-ENGINES TURBOFAN (500 nNMs)

82,
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Al=0e13161460424089E+032
A2=-0619907127074528E-01
A3=035698010908113E-05
A4=—-0,35121113387752E-09
A5=0420433156320150E-13
A6==0e74320214054215E-16
AT7=0e17357734742231E-22
AB==0426020333093783E-27
A9=0424202656462740E-32
Al10=-0412716742804092E-37
Al11=0,28852200541228E-43
X=SDIST

IF(X «EQe 0e0)X=1040
CPB=17.65775731
CPC=23,54367641

PERCEIVED NOISE LEVEL
PNL=AL1+A2% (X)+A3% (XH%2 ) +AL% (XHX3)+ASH (X¥XL)+AL* (XKXS)+ATH (X*%6) +

TAB* (X%%7 ) +A9# (X*%#B)+AL0* (X¥*9)+ALL ¥ (X*¥*¥10)+32.0

EFFECTIVE PERCEIVED NCISE LEVEL
PA=PNL+(4+UXALCGLIO0(X)/=1640

IF(X «GTe 2000e) GO TGO 80O

PB=PA

PC=PA

PD=PC+4.0

GO TO 801

PB=PA=(CPB*ALOG10(X/2000e))

PC=PA-=(CPC*ALOG10(X/20004))

PD=PC+4.4

CONTINUE

IF(X]1 eGEe R eANDe RATIO eGEe Qel763)EPNL=PA
IF(X1eGEeReANDeRATIOeLE«Qel763)EPNL=PB+((PA-PBI*(RATIU/41763))
IF(X]leGEeAeANDeXleLEeRIEPNL=PC+((Pb—PCI*((X1-A)/(R=A)))
IF(X1eGEeOeUsANDeXloLEeA/EPNL=PO-(4e0%(X1/A)

IF(X1 «LTe 0.0)EPNL=PD

RETURN

END

SUBROUTINE POLYT4(AsRsSDIST I RATIOsXLsY1lsbPNL!

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFURMATION
4-ENGINES TURBOFAN (2500 TU 3500 NMe)

Al=0413161460424089E+03
2==0419907127074528E-01
A3=035698010908113E-05
A4=-0435121113387752E-09
A5=020433156320150E-13
Ab=—=0e74320214054215E-18
A7=0617357734742231E-22
A8==0426020333093783E-27
A9=0.24202656462T40E-32
Al0==0,12716742804092E-37
All=028852200541228E~-43
X=SDIST
IF(X «EQe 040)X=10e0
CPB=17.65775731
CPC=234,54367641
PERCEIVED MNOISE LEVEL
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PNL=AL1+A2% (X ) +A3% (X*¥%2 ) +A4% (X¥ %3 ) +ASH (X ¥ %4 ) +AE* (X¥¥5 ) +ATH (X*%6 )+

TAB* (X¥%T7) +A9* (X¥*%¥8)+AL0* (X*¥%9)+AL1* (X*¥*10)+340

EFFECTIVE PERCEIVED NOISE LEVEL
PA=PNL+(4+0%¥ALOGLlO(X)?=1640

IF(X «GTe 2000s) GO TO 80O

PB=PA

PC=PA

PD=PC+4.0

GO TO 801

PB=PA=(CPB*ALOG10(X/2000e )}

PC=PA-(CPC*ALOG10(X/20004))

PD=PC+4.

CONTINUE

IF(X1 «GEe R «ANDe RATIO «GEe 001763)EPNL=pA
IF(X1eGEeReANDeRATIOeLE«Qel763)EPNL=PB+((PA=PB)¥*(RATIU/«1763)!
IF(X1+GEeAeANDeX1eLE«RIEPNL=PC+((PB=PCI*((X1-A)/(R=-A)))
IF(X1eGEeOeOeANDeX1eLEsA)EPNL=PD=({4e¢0%(X1/A))

IF(X1 «LTe UeUJEPNL=PD

RETURN

END

SUBROUTINE POLYTS5(AsRsSDISTsRATIOsX1sY1lsePiNL)

THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFORMATION
4-ENGINES TURBOPROP

X=SDIST

IF(X «EQe 0e0)X=1040

CPB=17.65775731

CPC=23454367641
CONST=(113e3=-76e3)/ALOG10(10000e/3004!
PERCEIVED NOISE LEVEL
PNL=113e3-(CONST*ALOG10(X/300e))

EFFECTIVE PERCEIVED NOISE LEVEL
PA=PNL+(4s0%ALOGL10O(X))=1640

IF(X «GTe 2000e) GO TO 800

PB=PA

PC=PA

PD=PC+440

GO TO 801 v
PB=PA—(CPB*ALOG10(X/2000s))
PC=PA-(CPC*ALOG10(X/2000e))

PD=PC+4.

CONTINUE
IF(X1eGEeReANUeRATIOeLEe0el763/tPNL=PB+((PA=PBI*(RATIU/ei763))
IF(X]leGEoeAeAND e Xl e LEeRIEPNL=PC+((PB=PCI*¥((X1=A)/(R=A)))
IF(X1eGEeOeOsANDeX1aLE«AIEPNL=PD=(4e¢0*(X1/A))
IF(X1 «LTe OeO!EPNL=PD

RETURN

END

SUBROUTINE POLYLI(X1sY1sSDISTsRATIOsSRSEPNL!

THIS SUBPROGRAM CONTAINS THz EPNL VSe SLANT ULISTANCE INFURMATION
2-ENGINES TURBOFAN

Al= «13053563466267E+03
A2= =o29724952115825E-01

84.
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A3= e97796198188546E-05

Ab= —423249835387404E-08
A5= $32642730201512E~12
Ab= =427502421546042E-16
AT= e 14379297222831E=20
AB= ~—.47085374825563E~25
A9= «94005337897154E-30

AlO= —-,10466348959187E~-34

All= «49830375646654E-40
VALUE1=11.0/ALOG10(175.0!
VALUE1=4,904063045

TOP=1000.

X=SDIST

IF(X «EQe 0e0)X=10e0

IF(X «GTe 35000.) GO TO 10

PERCEIVED NOISE LEVEL

PNL=AL+A2¥ (X)+A3¥ (X*¥2 ) +AL* (XKH 3 ) +ASH (XF* XL )+AEX (XFHE)+ATH (X**6 )+
1AB* (X*%T ) +AQ#* (X*¥8 )+AL0* (XH*¥*Y)+ALL* (X*¥*10)
GO TO 20 '
PNL=40e0-(20e0%ALOG10(ABS(X)/35000e0))

CONT INUE

EFFECTIVE PERCEIVED NOISE LEVEL
EPNL=PNL+(VALUEL1*¥ALOGLO(ABS(X1/200e)) =840
RETURN

END

SUBROUTINE POLYL2(X1sY1lsSUISTsRATIOsRsEPNL)

THIS SUBPROGRAM CONTAINS THt EPNL VSe SLANT DISTANCE INFURMATION
3-ENGINES TURBOFAN

Al= e13053563466267E+U3
A2= —429724952115825E~01
A3= e97796198188546E-05
Ab= —423249835387404E-0U0
A5= ¢32642730201512E-12
Ab= =,27502421546042E-16
AT= e14379297222831E-20
A8= —o47085374825563E-25
A9= «54005337897154E-30

Al0= =-610466348959187E-34

All= «49830375646654E-4U

VALUE1=4904063045

TDP=10C0e

X=SDIST

IF(X «EQe JeU)X=10e0

IF(X «GTe 350006} GO TO 10

PERCEIVED NOISE LEVEL

PNL=AL1+A2%¥ (X)+AZR(X*%2 ) +AL% (XFX3)+AS¥ (XKL I+ALX (XEXSI+ATH (X*%6 )+
TABH (X¥¥T7 ) +AIRX(X¥*¥B)I+AL0F (XFXG)+ALLIR (X*¥¥]10)+1e70
GO TO 20

PNL=40e0=(20+0%ALUGLI0(ABS(X//3500040))

CONTINUE

EFFECTIVE PERCELVED NOLSE LEVEL
EPNL=PNL+(VALUEL1*ALOGLIC(ABS(X)/20Ce!)=840
RETURN

END

SUBROUTINE ROLYL3(X1sY1lsSUDISTeRATIUsReEPNL!
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THIS SUBPROGRAM CONTAINS THE EPNL VSe SLANT DISTANCE INFORMATION
4-ENGINES TURBOFAN (500 NMe!

Al= ¢13053563466267E+03
A2= =429724952115825E-01
A3= «97796198188546E-05
A4= =—e23249835387404E-08
A5= ¢32642730201512E~12
Ab= =4,27502421546042E-16
AT= e14379297222831E-20
A8= —447085374825563E~-25
A9= «94005337897154E-30

AlO= =-410466348959187E-34

All= «49830375646654E-40

VALUE1=4.904063045

TDOP=1000«

X=SDIST

IF(X «EQe 060)X=1040

IF(X «GTe 35000e) GO TO 10

PERCEIVED NOISE LEVEL

PNL=AL+A2% (X)+A3% (X%%2 ) +AL% (X¥%3)+AO* (X*H*L ) +AO* (X*H5 ) +ATH (X*%6) +
1AB# (X*¥T)+AOX (X¥¥B)+ALO¥ (X¥*G)+ALL¥ (XF*¥F*¥10)+340
GO TO 20

PNL=40Ue0=(20e0*%¥ALOGL0(ADS(X1 /3500001
CONTINUE

EFFECTIVE PERCEIVED NOISE LEVEL
EPNL=PNL+(VALUEL*ALOGLO(ABS(X)1/200+)1-8e0
RETURN

END

SUBROUTINE POLYL4(X1sY1sSDISTsRATIORsEPNL!

THIS SUBPROGRAM CUNTAINS Trht EPNL VSe SLANT UISTANCE INFURMATIUN
4=ENGINES TURBUFAN (2500 TU 350U Nie)

Al= «13053563466267E+03
A2= =429724952115825E-U1
A3= e97796198188546E-05
Ab= —423249835387404E-08
AS= e32642730201512E-1¢
Ab= =—e27502421546042E-16
AT= 0 14379297222831E-20
AB= —447085374825563E-25
A9= ¢e94005337897154E-30

Al0= =-.10466348959187E-34

All= 449830375646654E-40

VALUE1=4.904063045

TDPZIOOOO

X=SDIST

IF(X eEQe 0e0)X=10s0

IF{X «GTe 35000.) GO TO 10

PERCEIVED NOISE LEVEL

PNL=AT+A2% (X)+A3% (X#52 ) +A4¥ (XHH¥3)+AS* (XHFLI+ALH (X KX +ATH (X5%6 ) +
TABR (X¥¥T7)+AGF (X*%8)+AL0* (X¥#GI+ALL¥(X*¥*¥10)+3.0
GO TO 20

PNL=40e0-(20+0%ALOG10(ABES(X /35000017

CONT INUE ’
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C EFFECTIVE PERCEIVED NOISE LEVEL
EPNL=PNL+(VALUE1*ALOG10(ABS(X!/2004)1-840
RETURN
END
SUBROUTINE POLYLS5(X1sYlsSDISTsRATIUsRsEPINL)

€

C THIS SUBPROGRAM CONTAINS THz EPNL VSe

G 4—-ENGINES TURBOPROP AIRCKAFT

¢
VALUE1=4.904063045
CONST=(106e4=72e0) /AL0OG10(20.0)
TDP=1000«

X=SDIST
IF(X eEQe Q0e¢0)X=1040

& PERCEIVED NOISE LEVEL
PNL=106e4=(CONST*ALOGLO(ABS(X?/30040))

C EFFECTIVE PERCEIVED NOISE LEVEL
EPNL=PNL+ (VALUE1*ALOGLO(ABS(X)/200e?) =840
RETURN
END

' 6400 END OF RECORD

L 1 ¢} 0] 0 1 1 0 0

1 1 0 0 0 1 1 0 0

1 1 A 1 1 1 1 1

1 1 1 1 0 1 1 i\ i !

45 e45 00 060 040 e 45 45 (0e0 00

«45 e45 040 0Ce0 060 « 45 45 060 040

3¢6 346 1le75 260 060 3e6 3e06 1e75 260

135 1345 5625 60 0l 13¢5 135 5425 60

«05 « 05 e0 0e0O 00 «05 «05 0e0 O(CeO0

«05 05 Oe0 UeO Oe0 +05 e Ub Oe0 Qe0

P a4 «25 o715 OCeO o it o4 »25 o715

1e5 1695 e75 «75 a0 165 145 75 w15

' END OF FILE
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THE CONSTRUCTION OF THE EPNL VERSUS DISTANCE
CURVES

Figure 5.3 (see Chapter 5) illustrates typical 2-engine turbofan EPNL vs.
distance curves as used in the computation of the NEF contours. The
EPNL vs. distance curves were constructed according to the following

procedure.

Take —of f

W The perceived noise levels in PNdB due to take-off were calculated
theoretically as a function of distance (not considering ground or
terrain attentuation effects) as detailed in Section 4.4, Chapter 4.
The predicted levels were approximated by a 10th degree poly-
nomial. The computer program used in this analysis and the results
obtained are included in Appendix D.

v Field measurements were analyzed according to the procedure given
in Section 4.2, Chapter 4. The measurement results were divided
into four groups.

The first group consists of 5 measurements which have been
taken opposite to the break-release point and before the aircraft
started the take-off roll. The maximum levels were noted in dB(A).
The points numbered 1 to 5 on Figure E.1 and Figure E.2 illustrate
the measurement locations and the results obtained respectively.

The second group consists of 5 noise level recordings

which have been noted just before the aircraft started to tift-off
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the runway. The elevation angles between the aircraft and

the observation points are zero degrees in this case. The points

numbered 6 to 10 on Figure E.1 and Figure E.2 illustrate the

measurement locations and the results obtained respectively.

The third group consists of 38 measurements which have
been taken after the aircraft lifted off the runway. The elevation
angles in this case are in the range from 1 to 90 degrees (90°
means an overhead aircraft).

The results were plotted and compared with the theoretically

developed PNdB vs. distance relation. Inspection of the results

reveal that:

(a) Measurements taken for the aircraft in-flight and provided
that the elevation angles were greater than approximately
10° show a good agreement with the theoretically developed
equation. .

(b) On the other hand measurements taken for the aircraft in-
flight and provided that the elevation angles were less
than 10° exhibited, in general, less PNL as compared
with those measured on greater angles. The difference
was noticeable especially on distances greater than 2000 ft.

(c) Measurements taken opposite to the break-release point
(stationary aircraft), generally exhibited higher levels than
those measurements taken at an equal distance for the

aircraft in-flight or at the end of the take-off roll.



In order to calculate the NEF values at greater distances than

those measured in the field and to facilitate the computations,

the theoretically developed equation was adopted to represent

the PNdB vs. distance information (designated PA). However,

it should be noted that this equation was developed for an

aircraft flyover not considering the ground and terrain attenuation

effects.

To introduce the ground attenuation in the final analysis, equation

PA was modified by trial and error in order to achieve a reason-

able fit of the experimental data.

(a)

(b)

(c)

Curve PC was fitted to the data representing aircraft
noise levels in the locations opposite to the lift-off
point (elevation angles equal to zero degrees).

Curve PB was fitted to the data representing the aircraft
in-flight at very small elevation ongles.

Considering the results obtained from the 5 measurements
taken opposite to the break-release point, it was assumed
that the difference between the noise level produced by
the aircraft prior to take-off (at the break-release point)
and the noise level produced at the lift-off point is
approximately 4 dB (this reduction is mainly due to the
decrease in effective exhaust velocity as the aircraft
accelorates along the runway).

Accordingly, curve PD was constructed by adding 4 dB



to the values of curve PC (note that in both cases PC
and PD,the elevation angles are equal to zero degrees).
FigureE.2 illustrates the experimental data and the
developed curves PA, PB, PC and PD.

The Developed Equations

PA=A; + A X+ A3 X2+ ..., + A X0 teNaBl (1)
If X < 2000 ft.

PB = PA [PNdBl  (2)

PC = PA [PNdB]  (3)

PD = PC + 4.0 [PNdBl (4)

If X > 2000 ft.
> )
PB =PA - 17.7 log 5000 [PNdB] (5)
X
PC = PA - 23.6 log 3000 [PNdB] ()
PD = PC + 4.0
where X is the slant perpendicular distance to the aircraft(ft)
6. The PNL values were corrected for typical time durations

as discussed in Chapter 4 and the final results were

expressed in EPNL values.

#1.
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