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ABSTRACT

A detailed description of the digital computer program
developed for the computation and plotting of Noise Exposure
Forecast contours is presented. All routines including flow
charts, program listings, and internal data organizations are
provided. A orief summary of the basic Noise Exposure Forecast
concepts and equations ape included. Additional information
and examples of the results of the computation program can be
found in the following reports prepare• in performance of
Contract FA68WA-1900: FAA-NO-69-2, FAA-NO-70-7, FAA-NO-70-8,
and FAA-NO-70-9.
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I. INTRODUCTION

This report presents a d etai.ed description of a digital
* computer program which was originally developed by Bolt, Beranek

and Newman, Inc. under Federal Aviation Administration Contract
FA67WA-1705, and refined under Contract FA68WA-1900, as an
aid in producing contours of equal noise exposure using procedures
set forth in Reference 1. The program documentation and the
preparation of this report was conducted in performance of
Task I under Phase II of Contract FA68WA-1900. The material
in this report is arranged to provide both the user and the
programmer with the information necessary to use, or modify
the routines. It is helpful if the reader has some knowledge
of the Noise Exposure Forecast (NEF) concept; however, this
is not absolutely necessary.

Section II presents a users guide to the program and includes
a description of data input and output formats and the organiza-
tion of the data elements for program execution. An alphabetic
listing of error messages and their probable causes is also

I presented.

Section III outlines the general computational procedures
for determining the contour locations.

Appendix A provides samples of the input data and associated
program output for the NEF contours calculated for a single

j flight path.

Appendix B provides a listing of the mathmetical relation-J ships pertinent to the program.

Appendix C provides a set of flow diagrams and the program1 listings for all routines.
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cf. PROGRAM USAGE

A. Discussion of Data Required
S~This section of the report outlines the types of data re-

quired in order to compute the NEF contours for each flight
path. The general flow of control within the program and the
format required for data input is explained. (A complete set
of flow diagrams and program listings may be found in Appendix
C.) To compute the NEF contour distances, data concerning
aircraft noise, performance, and volume of activity for each
flight path must be read by the program.

The aircraft noise data is described in terms of the
Effective Perceived Noise Level (EPNL). An EPNL vs Aircraft-
to-Observer Slant Distance function is specified in terms of
a list of EPNL values at various slant distances. This
function varies only with slant distance and is not dependent
upon the position on the flight path.

The aircraft performance data is described in terms of an
Altitude Profile and a Delta-EPNL Profile. The Altitude
Profile consists of a list of X, Y values (assumed to be
connected by straight line segments) which specify the altitude
of the aircraft (Y-coordinate) as a function of the aircraft's
distance along the flight track (X-coordinate) from start of
takeoff roll.

The Delta-EPNL Profile also consists of a list of X, Y
values. This profile allows the user to modify the overall
noise level characteristics of the aircraft as a function of
distance along the flight track. This capability is useful
for introduciag power cutbacks at selected points along the
flight path. The program assumes that distances are expressed
in feet and noise levels in EPNdB.

Aircraft classes, based on physical attributes of the air-
craft, are defined in terms of noise and performance data.
Classes such as "four-engine turbolet" and "two-engine turbo-
fan" are used. Each aircraft class is subdivided into trip
length categories. These Lategories allow for varying per-
formance characteristics within a single aircraft class. The
trip length category for each aircraft class must be defined
in terms of an altitude profile, Delta-EPNL profile, and EPNL
poile. These profiles need not be unique to a particular
a1ii-i-ft trip length. Usually a modeat number of profiles are
sufficient to define several different classes of aircraft.

I
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The level of flight activity is the volume of operations
occurring during each of two daily time periods. These time
periods include the daytime hours (0700-2200) and the night-
time hours (2200-0700). Each time period must have a level
of flight activity specified.

A generalized flow diagram of the input, output, and com-
putation stages of the program is shown in Fig. 1. The data
is read and checks are made to determine that all necessary
data hag been entered. If no input errors have been encountered
the program will proceed to compute the desired contours.
Processing of the flight paths is sequential until all data
has been processed.

B. Input Data Specifications and Formats
Data is prepared on punched cards for program input. A I

unlque format exists for each type of data. These formats
are detailed in the paragraphs below. Examples are shown in
Fig. A-1.

1.) AIRCRAFT DESCRIPTOR

An aircraft class is defined in terms of a numeric name,
an alphanumeric descriptor and the numeric names of the
three profiles (altitude, delta-EPNL, and EPNL) to be
used for each of eight trip length categories. Category
1 has been arbitrarily assigned to landings and the
remaining categories to takeoffs. Category #1 ordinarily
uses altitude profile #1 because this is the landing pro-
file generated by the program as a function of the
glide slope and runway length. Table I shows the card
format for entering this data.

2.) ALTITUDE PROFILES

An Altitude Profile is defined in terms of a numeric name,
the number of X, Y coordinate values describing the profile,
and the coordinate values. The X coordinate is the
distance along the flight track and the Y coordinate, the
altitude. The origin of the coordinate system is arbitrary.
However, it is typically on the end of the runway at which
the aircraft commences its takeoff. The landing profile
is generated by the program, making this assumption. For
flight paths which involve operations on more than one
runway, a common profile origin point must be chosen.
This origin is usually related to one of the runways and
the profiles involving operations from the other runways

.- 4-
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TABLE I
AIRCRAFT DESCRIPTOR CARD FORMAT

Columns Contents Mode Range

1-2 Numeric Name Integer 1-99

3-14 Alphanumeric Descriptor Alpha

17-18 Altitude Profile Name Trip Caterory interer 1-99
19-20 Delta-FPNL Profile Name #1 (Landings) " 1-99
20-21 EP&L Profile Name " 1-99

25-26 Altitude Profile Name Trip Category t 1-99
27-28 Delta-EPNL Profile Name #2 (Takeoffs " 1-99

29-30 EPNL Profile flame 0-500 Mi) " 1-99

33-34 Altitude Profile Name Trip Category o 1-99

35-36 Delta-EPNL Profile Name #3 (Takeoffs " 1-99
37-38 EPNL Profile flame 500-1000 mi) " 1-99

41-42 Altitude Profile Name Trip Category " 1-99
41-44 Delta-EPNL Profile Name #4 (Takeoffs " 1-99

45-46 EPNL Profile Name 1000-1500 mi) " 1-99

49-50 Altitude Profile Name Trip Category t 1-99
51-52 Delta EPNL Profile Name #5 (Takeoffs " 1-99
53-54 EPHL Profile Name 1500-2500 wi) " 1-99

57-58 Altitude Profile Name Trip Category " 1-99
59-60 Delta-EPNL Profile Name #6 (Takeoffs " 1-99
61-62 EPUL Profile Name 2500-3500 mi) 1-90

65-66 Altitude Profile Name Trip Category " 1-99
67-68 Delta-EPNL Profile Name #7 (Takeoffs " 1-99
69-70 EPUL Profile flame 3500-4500 ml) " 1-99

73-74 Altitude Profile ?Tame Trip Category 1-99
75-76 Delta-EPNL Profile flame #8 (Takeoffs i 1-99
77-78 EPNL Profile Name 4500 + mi) " 1-99

-6-



TABLE II

ALTITUDE PROFILE AND DELTA-EPNL PROFILE

CARD FORMAT

Column Contents Mode Range

1-3 Numeric Name Integer 1-99

4-6 Number of points .Integer 1-10
to describe profile

I 7-8 Blank

9-14 X1 Real

15-20 II

21-26 Xf

27-32 Y2

33-38 x3
39-44 y 3

45-50 x4

51-56 g4

57-62 X5"

63-68 Y5

69-74 X6

75-80 Y6

To enter more than six coordinates, use an additional card
leaving columns 1-8 blank. X must appear in columns 9-14,
etc.

I
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must be adjusted for the difference in origins. Although
the program generates the coordinates of the landing pro-
file, the user must define a dummy profile whose numeric I
name is "l1". It must be the first altitude profile de-
fined in the program. The restrictions on the coordinate
values are that no number may be negative and successive I
X values must always be increasing. Twelve coordinate
values are allowed. Table II shows the card format for
entering this data. 5

3.) DELTA-EPNL PROFILES

A Delta-EPNL Profile is defined in terms of a numeric name,
the number of X, Y values desci-ibing the profile, and the
coordinate values. The X coordinate is the position on
the flight track and the Y coordinate is the EPNL correction
to be added to the EPNL computed from the EPNL vs Slant
Distance function. As with the altitude profile, the
origin of the coordinate system is arbitrary, however, the
origin for all altitude and Delta-EPNL profiles must be
the same. The only restriction on the coordinate values
is that successivp X values must always be increasing.
There is no restriction on the Y value. The card format
for this profile is identical to the altitude profile
format and is shown in Table TI.

4.) EPNL PROFILE

An EPNL vs Slant Distance Profile is defined in terms of
a numeric name, and two lists of 35 EPNL values each.
These EPNL values correspond to assumed values of Slant
Distance starting at 12.6 feet (101.1) and increasing
by a factor of 100.1 up to 31622 feet (104.5). One
list is to be used when the aircraft is on or near the
ground and the sound propagation path is from ground
location to ground locatio.i. The second list is to be
used when the aircraft is airborne and the propagation
path is from air-to-ground. An Integer code is used to
specify the propagation path associated with the data
(1 = ground-to-ground, 2 a air-to-ground). The program
expects the data to be on eight successive cards; however,
the cards may be in any order since the rank of the data
is also coded on eamh card. Table III shows the card
format for entering the EPNL data.

I !



TABLE III

EPNL PROFILE CARD FORMT

Column Contents Mode Range

1-2 Numeric Name Integer 1-99

1 3-4 Propagation Path Code 1-2

5-7 Lowest EPNL rank (LI) 1,11,21,31

1 8-10 Highest EPNL rank " 10,20,30,35

11-17 EPNLLl Real

S18-24 EPNLLl + 1

25-31 EPNLLl + Ž

32-38 EPNLLI + 3

39-45 EPNLLl + 4

46-52 EPNLLl + 5

53-59 EPNLLl + 6

60-66 EPNLLl + 7

67-73 EPNLLl + 8

74-80 EPNLLl + 9

I
I
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I
TABLE IV

VOLUME OF OPERATIONS CARD FORMAT 1
Columns Contents Mode Range 3
1-3 Aircraft Class Numeric Name Alpha 1-99

4-6 Time Period Code Integer 1-2 1
7-14 Volume For Trip Length Real >0

Category #1 (landingb) I
15-22 #2 (Takeoffs) >0

23-30 #3 ( " ) >01

31-38 #4 ( " ) >0

39-46 #5 ( " ) >0

47-54 #6 0 ) "0

55-62 #7 ( ) >0

63-70 #8 ( " ) >0

TABLE V
FLIGHT PATH IDENTIFICATION CARD FORMAT

Columns Contents Mode Range

1-51 Alphanumeric Descriptor Alpha >0

52-58 Path Position To Commence Real >0
Computation

59-65 Path Position To Terminate Real >0
Computation

66-70 Interval On Path Between Real #0
Computations j

71-76 Runway Length Real >0

71-80 Glide Slope (in degrees) Real >0 1
i

-10-



5.) VOLUME OF OPERATIONS

For each flight path the average volume of operations on
the path must be specified by trip length category for
each aircraft class to be considered. The numeric name
of the aircraft class, the time period code (I = daytime,
2 = nighttime) and the volume of operations for each trip
length category must be specified. The specified volume
of operations may never be negative. Zero values are, of
course, valid. Two cards per aircraft class are expected
by the program. The first must be for the daytime period
and the second for the nighttime period. Table IV shows
the card format for this data.

6.) FLIGHT PATH IDENTIFICATION

In order to compute the contours for a given flight path,
an alphanumeric descriptor and five parameters describing
the flight path are required.* The parameters specify
(1) the point on the track (distance from start of take-
off roll) to commence computing the contour, (2) the
point on the track to terminate computing the contour,
(3) the interval along the track at which to compute the
contour, (4) the length of the runway on which the air-
craft arrived or departed and (5) the gliae slope used
by the aircraft approaching said runway.

The computations may be made by moving in either direction
along the flight track (i.e. the specified interval may
be either positive or negative. However, care should be
taken to insure that the stopping position is of lesser
value than the starting position if the interval is
negative and conversely, if positive.

The runway length and glide slope need not be specified
if no landing operations are to be considered on the
current path segment. The card format for the flight
path identification data is shown in Table V.

I

* For convenience and ease of interpretation all input and
output data are with reference to the flight track (i.e.
the vertical projection of the flight path on the ground).

-11-!



C. Organizing the Input Data for Processing

Data to be read is organized into blocks corresponding to
each flight path. Each block is initiated by a Flight Path
Identification Card and terminated by a Blank Card. The
required data elements (aircraft descriptor, noise, and per- I
formance data along with the volume of operations data) are
contained between these two cards. The only limitation on
the order in which the elements appear is that aircraft
decriptor, noise, and performance data must precede the
volume of operations data. Only those aircraft whose volume
of operations has been specified in this block will be
considered in computing the contours for this path.

The program assumes all data cards to specify volume of
operations. If other information is to be read in a control
card specifying the type of data and/or the action to be
taken must preceed the information. The control card format
and list of commands is given in Table VI. An example of
the card deck setup to compute contours for a flight path
is shown in Figs. A-2.

In most cases the aircraft descriptor, noise and performance
data will be the same for all flight paths. Therefore, this
data need be entered only once (for example, with the data
for the first flight path).

Since data storage space is limited, however, the capability
to delete information no longer needed is desirable. To
accomplish this certain cards (listed in Table VI) will allow
particular areas in storage to be erased or fixed. A large
amount of data will be used over and over in the computations
for a multi-flight-path Job. These data can then be followed
by an appropriate "fix" command. When at a later time, it is
desired to clear part of storage to make room for more
special profiles, only the information read in after the last
fix command will be erased. This way only the "transient"
data (i.e. data used for one or two paths) will be erased,
without the need of re-entering all "standard" profiles.
In this manner many flight paths with many special profiles
can be handled even though only limited storage space is
available. The volume of operation storage area is automatically
cleared upon entering the data for a new flight path.

If an error is detected during the data input or computation
phase, an error message is printed. These messages are
tabulated in Table VII. Unless an input error is irrecover--
able data input will continue; however, no contour will be
computed for the flight path. j

-12-
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TABLE, VI

CONTROL CARD FORMAT AND CODES FOR ENTERIIHG AIRCRAFT
DESCRIPTOR, NOISE, AND PERFOPR4ANCV DATA

Column Contents Range

1-3 Operation To Be Performed See Below

4-6 Number of Times Operation Is To
Be Repeated

Operation Code Operation To Be Performed

101 Read an Aircraft Descriptor

102 Read an Altitude Profile

103 Reed a Delta-EPNL Profile

104 Read an EPNL Profile

11l Fix currently defined aircraft descriptors in
permanent table.

112 Fix currently defined altitude prorfiles JIn
permanent table.

113 Fix currently defined Delta-EPNL profiles in
permanent table.

114 Fix currently defined EPNL functions in
permanent table.

115 Fix all current aircraft descriptor, noise
and p--erformance data.

121 Delete all aircraft aescript:rs not in
permanent table.

122 Delete all altitude profiles not in permanent
table.

123 Delete all Delta-EPNL profiles not in per-
manent table.

124 Delete all EPNL functions not in pe:manent
table

125 Delete all aircraft descriptors, nDise, and
performd3n-e Oata not in permanent týbles.

999 Stop all pi'ocessing.

11I -13-
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TABLE VII

ERROR MESSAGES

Number Error Message Cause

1 ALTITUDE PROFILE TABLE FULL The Altitude Profile Just
FOLLOWED BY #4 entered cannot be stored.

2 ALTITUDE PROFILE UNDEFINED An Altitude Profile named on
FOLLOWED BY #4 the Aircraft Descriptor Card

has not been entered.
3 AIRCRAFT DESCRIPTOR TABLE The Aircraft Descriptor Just

FULL FOLLOWED BY #4 entered cannot be stored.
4 CANNOT ENTER NAME * The Numeric Name of the errone-

ous profile is printed.
5 CARD MISSING OR OUT OF The data input routine has

ORDER detected an error in the card
sequence.

6 CONDENSED A/C TABLE FULL The number of unique aircraft
is greater than 50.

7 DELTA-EPNL PROFILE UNDEFIN- A Delta-EPNL Profile, named
ED FOLLOWED BY #4 on the Aircraft Descriptor

Card, has not been entered.
8 DELTA-EPNL PROFILE TABLE The Delia-EPNL Profile Just

FULL FOLLOWED BY #4 entered cannot be stored.
9 DUPLICATE ALTITUDE PROFILE An Altitude Profile of the same

NAME FOLLOWED BY #4 numeric name has been previous-
ly defined.

10 DUPLICATE AIRCRAFT DESCRIP- An Aircraft class of the same
TOR NAME FOLLOWED BY #4 numeric name has been previous-

ly defined.
11 DUPLICATE DELTA-EPNL PRO- A Delta-EPNL Profile of the

FILE NAME FOLLOWED BY #4 same numeric name has been
previously defined.

12 DUPLICATE PNLEFF PROFILE An EPNL Profile of the sameNAME FOLLOWED BY #4 numeric name has been previous-
ly defined.

13 EPNL FUNCTION UNDEFINED The EPNL Profile named on the!
FOLLOWED BY #4 Aircraft Descriptor card, has

not been entered.
14 FUNCTION EPNL-INVALID The EPNL calculation sub-

INPUT PARAMETER routing has seen an error in
the calling parameters. I

_14-



TABLE VII (Con't)

Number Error Message Cause

15 GLIDE SLOPE CANNOT BE The Glide Slope, on the Flight
N\'EGATIVE Patn Identification Card, is

in error.

16 INTERVAL IS OR WRONG SIGN The start, stop, and interval
parameters, on the Flight Path
Identification Card, are'I inconsistent.

17 INVALID NUMBER OF ALTITUDE The Altitude Profile has too
POINTS FOLLOWED BY #4 many or too few points.

18 INVALID NUMBER OF DELTA- The Delta-EPNL Profile has too
EPNL POINTS FOLLOWED BY #4 many or too few points.

19 INVALID OPERATION CODE The Operation Code on the Con-
FOLLOWED BY CODE trol Card cannot be recognized

by the program.
20 INVALID PNLEFF PROPAGATION The propagation path code on

PATH FOLLOWED BY #4 the EPNL Profile Card is not
1 or 2.

21 INVALID PNLEFF RANK LIMITS The rank parameter on the EPNL
FOLLOWED BY #4 Profile Card is invalid.

22 PNLEFF PROFILE NAMES DO NOT The EPNL Profile Cards are
MATCH FOLLOWED BY #4 inconsistenly identified.

23 PNLEFF PROFILE TABLE FULL The EPNL vs. Slant Distance
FOLLOWED BY #4 function Just entered cannot

be stored.

24 PROGRAM CANNOT COMPUTE THIS An error was detected during
CONTOUR the input of this Flight Path

Block.

25 RUNWAY LENGTH MUST BE The runway parameter, on the
GREATER THAN ZERO Flight Path Identification Card,

is in error.

26 RUNWAY TOO SHORT FOR GLIDE The glide slope intersection
SLOPE is off the runway.

27 STARTING POINT CANNOT BE The start parameter, on the
NEGATIVE Flight Path Identification

Card, is invalid.

28 STOPPING POINT CANNOT BE The stop parameter on the Flight
NEGATIVE Path Identification Card, isI invalid.

29 UNDEFINED FOLLOWED BY THE The aircraft class, on the
AIRCRAFT CLASS NUMERIC Volume of Operations Card, has
NAME AND THE VOLUME OF not been defined.
OPERATIONS DATA

-15-
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III. PROCEDURES USED FOR COMPUTING CONTOURS

As discussed in Section I, the purpose of the computer
program is to generate the distance relationships between
the flight track and contours of equal NEF value. This sec-
tion of the report discusses the techniques used to determine
these distance relationships. Specifically, the program
generates the perpendicular (sideline) distance from the
flight track to each contour at regular intervals along the
track. The methcd chosen to compute these distances is a
heuristic one based on knowledge of the NEF and distance be-
havioral relationships.

The dashed curve in Fig. 2 shows a typical relationship
between the NEF value and sideline distance at a particular
point on the flight track. An important attribute of this
curve is its smooth decrease in NEF value with increasing
distance. The iterative technique showz graphically in Fig.
2 is used to determine the sideline distance to the desired
NEF contour. Two trial distances, Ytl and Yt2, are chosen.
The corresponding NEF values are then computed for these
distances and a straight line is drawn through these points.
The point of intersection of this line with the desired NEF
value yields a new trial distance, Yt The NEF value at
this new distance is then computed. ýhe new (t3) and
previous (t2) trials are used, as above, to compute another
trial distance. The iterative procedure continues until the
difference between two successive trial distances becomes
sufficiently small. The perpendicular distance reported i1
the last trial distance calculated. The computations proceed
from point to point along the flight track. The change in
shape of the NEF vs sideline distance curve is gradual for
successive points on the track. Thus, the last sideline
distance calculated for the contour is used to determine the
first two trial distances for the next point along the flight
track.

The NEF contour computation is terminated at the end of the
flight track or when the contour closes. The contour is
assumed to have closed if, during the iterative procedure, a
trial value is less than 12.6 feet. The point of closure onthe flight track is determined by calculating the NEF at two
nearby points on the flight track. A logarithmic interpoia-

Hton is performed to obtain the point of closure.

In the above procedure, it was required to calculate the
NEF value for a given sideline distance. This NEF value is
computed as the sum, on an energy basis, of the NEF

-17-
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contributions from the operations of each aircraft trip length.
For purposes of computation, each aircraft trip length category
is treated as an individual aircraft type with known noise and
performance characteristics. Figure 3 shows the geometrical
relationship between the aircraft and ground positions for
two aircraft types. The EPNL at the ground location Y is
determined from the slant distance to the aircraft. The NEF
contribution of the aircraft is then evaluated according to
Equation 1, Appendix B from the EPNL and volume of operations
for this aircraft. The NEF contributions for all aircraft
are then summed according to Equation 3, Appendix B. The
summed NEF is the actual Noise Exposure Forecast Value at
the point.

If it is desired to change the numeric value of the NEF
contour to be computed the array NEFCON (Fig. C-14C) can be
set equal to the desired values. This cannot be done without
limit, however. The EPNL information is supplied for slant
distances up to 31622 feet. A contour which has a larger
distance than 31622 feet to the flight path will therefore
be in error. (The value for 31622 feet will be computed).
Simarily a contour with a value such that the slant distance
is less than 12.6 feet will also be in error.

2

-20-
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APPENDIX A

SAISAMPLE NOISE EXPOSURE FURECAST CONTOUR CALCULATIONS

The NEF program needs for its execution several types of

data. All data Input is on 80 column punched cards. The
various formats for the different types of data are shown in
Figs. A-lA through A-IG.

Some examples of input data are shown in Fig. A-2. The
results of this simple computation are shown in the Figs. A-3.
The program can handle considerably more complex problems:
such as the example given in Fig. A-4. The complexity of the
volume of operations, the total number of operations and the
length of flight track for which the contours are computed
affect only the execution time of the program. The first
example in Appendix A (Figs. A-3) has 7 entries in two classes
for a total of 65 aircraft. The contours are computed up to
30,000 feet. Execution time for this example is 65 seconds
using an IBM System/360 Model 30. The second example (Figs. A-4)
has 69 entries in eight classes for a total of 342 aircraft.
In addition the contours are computed tQ 100,000 feet. The
execution time in this case; 6n the same machine, is 368
seconds.
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EAST MYTHICAL MUNICIPAL AIRPORT - FORECAST 1970

STAPT AT 0. RUNWAY LENGTH 7200.
STCP AT 30000. GLIDE SLOPE 3.3

INTERVAL 200)0.

AIRCRAFT CLASSIFICATION VOLUME OF OPERATIONS
TRIP LENGTH --

NAME DESCRIPTION CATEGORY DAYTIME NIGHTTIME
--------------------- ------------- ----------- -------

3 ENG STRFAN 1 1.0 0.0
2 0.0 .
3 21o000 0.C
4 14.200 5.6,0
5 0.0 0.0
6 0.0 0.0
7 3.0 0.0
8 0.0 0.0

4 3 ENG TFAN 1 10.700 5.noo
2 0.0 1.0
3 .03 3.0
S7.100 2.410
5 0o0 I.n
6 0.0 900
7 0.0 F). 0
8 0.0 0.0

FIGURE A - 3 A EXAMPLE OF COMPUTER OUTPUT - FLIGHT PATH
VOLUME OF OPERATIONS LISTING (EXAMPLE 1)

A-8



EAST MYTHICAL MUNICIPAL AIRPORT - FORECAST 1970

DISTANCE TO CONTOUR IN FEET
POINT ONI FLIGHT TRACK 25 30 35 40 45 50 55

0 5096 3836 2796 1906 1173 646 321
2000 4521 3386 2418 1590 920 497 236
4000 4115 2977 2061 1307 732 384 178
60100 3607 2608 1743 1053 590 302 137
8.000 3362 2394 1575 994 699 365 164

1nOOO 3601 2886 1q68 1192 746 463 201
12000 4720 3146 2260 1466 8)9 362 0
1400C 5005 3841 2487 1394 686 0
16000 5885 4077 2422 1286 472
lsono 6896 4042 2333 1134 0
20000 6950 3Q21 2220 920
2200C 6806 3840 2081 599
24C00 6751 3744 1911 0
2600CC 6687 3633 1703
28000 6615 3505 1445
30000 6534 3360 1115

CONTOUR CLOSING 23463 17559 138U7 11634
POINT ON FLIGHT
TR ACK

I

FIGURE A-3B. EXAMPLE OF COMPUTER OUTPUT CONTOURt II DISTANCE LISTING (EXAMPLE 1)
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APPENDIX B
SUMMARY OF BASIC NOISE EXPOSURE
FORECAST CONCEPTS AND EQUATIONSI

The NEF procedures have evolved from predecessor procedures
described in references 1 and 2. A basic assumption in these
predecessor procedures which also underlies several of the
procedures used abroad for estimating noise exposures is that
estimates of the total noise environment resulting from aircraft
operations must be based upon a measure of noise that can be
closely related to subjective reactions of people to the noise
plus corrections to take into account the number of occurrences
of noise intrusions per daytime and per nighttime period.

The NEF procedures outlined in this document are based on the
parallel studies of references 3 and 4. The current procedure
combines elements of the procedures from the predecessor studies
hence certain calculation steps or constants given in this
document differ from these given in either reference 3 or 4.

In calculation of NEF, aircraft noise levels are expressed
in terms of the effective perceived noise level (EPNL) as defined
in reference 5. The EPNL represents an integration of the tone-
corrected perceived noise level (determined at half second
intervals) over the upper 10 PNdB of a flyover time history.
The EPNL value, therefore includes adjustments for the effective
duration of the flyover signal and for the presence of discrete
frequency components.

In estimating the total noise exposure near an airport or
flight path one is faced with predicting or calculating the
noise levels resulting from a wide range of a variety of air-
craft. To simplify the calculations and provide a systematic
method for calculation, it is convenient to group the aircraft
in classes based upon consideration of the aircraft noise
characteristics and takeoff and landing performance. Each class
is assigned a description of the noise in terms of a set of
EPNL vs distance curves and a set of takeoff and landing
profiles.

In estimating the effective perceived noise levels, it is
assumed that the noise level at any point under or to one side
of the aircraft flight path (or to either side of the path
during takeoff roll) depends upon the following:

a) Type of aircraft (particularly the type of engine),

I
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b) Type of operation (takeoff, landing, or takeoff roll),

c) Engine power setting,
d) Distance to aircraft (dependent upon the aircraft takeoff,

and landing profiles as well as the location of the flight
track with respect to the ground observer).

For a given class of aircraft at a particular power setting
(i.e. takeoff power) it is assumed that the aircraft noise I
characteristics may be described by a single EPNL vs distance
curve.

The total noise exposure produced by aircraft operations at
a given point is viewed as being composed of the effective per-
ceived noise levels produced by different aircraft classes fly-ing along different flight paths. For aircraft class i onflight path J, the NEF (iJ) can be expressed as

NEF (iJ) = EPNL (iJ) + 10 log E (day) K+ (night)(i -c

(Eq. 1)

where

NEF (iJ) = Noise Exposure Forecast value produced by aircraft
class (i) along flight path segment (j).

EPNL (iW) = Effective perceived noise level produced at
the given point by aircraft class (J) flying
along flight path segment (j)

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

C = Arbitrary normalization constant.

K (day) is chosen so that for 20 movements of a given aircraft
class per daytime period, the adjustment for number of operations
is zero. Hence,

20

10 log (day) = 0 K (day) .20

I?
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K (night) is chosen such that for the same average number of
operations per hour during daytime or nighttime periods the
NEF value for nighttime operations would be 10 units higher
than for daytime operation. Hence,

10 a0lo K (day) 9

K (night) 15

where 9 aad 15 are the number of hcurs in the nighttime and

daytime periods respectively, and

K (night) = 1.2

The value assigned to C is 75. Choice of this value is based
upon two considerations.

First, it is desirable that the number assigned to the NEF
values be distinctly different in magnitude from the effective
perceived noise level so that there is little likelihood of
confusing effective perceived noise levels with NEF values. A
second aspect is the desirability of selecting a normalization
factor that will roughly indicate the size of the NEF value
above some threshold value, indicating the emergence of the noise
exposure from levels which would have little or no influence
on most types of land usage.

With the above choices for values of K and C, Eq. (1) becomes

NEF (ij) = EPNL (iJ)

+ 10 log [N (day) (iJ) + 16.67 N (night) (ij)]-88

(Eq. 2)

The total NEF at the given ground position may be determined
by summation on an energy basis of all the individual NEF (iJ)
values:

NEF (ij)
NEF =10 log • [ antilog I)10

(Eq. 3)
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FORTMAI N

Sii INITIALIZE PROGRAM
Ig PARAMETERS.

I. Set Value of NEF Contours To
Be computed.

2. Set Available Number Of Data

Table Entries To Maximum.
3. Clear Data Tables.

S~Input Necess.ary
Flight And Performance

Data To Compute
A Contour

SET PARAMETERS FOR
CONTOUR COMPUTATION
I. Set Position On Path Equal

To Specified Starting
Position.

2. Set Number Of Contours
To Compute.

3. Set First Trial Contour
Distances.

4. Clear Contour Closing
Points.

5. Clear Line Count For
Output.

2

j FIGURE C-1A. FLOW DIAGRAM - NEF CONTROL ROUTINE
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C
C NEF C4"NTOUF COdNTROL RGUTINF
C
C PUkiPOSE
C TO COMPUTE THE COORDINATES OF NEF CONTJURS AS A FUNCTION
C OF AIRCRAFT FLIGHT PATH PARAMETERS AND AIRCRAFT PERFORMANCE
C
C DESCFIPTION OF PARAMETERS
C XSTART - LOCATION ON FLIGHT PATH TO START
C CONTOUR COMPUTATIONS (REALI
C XEND - LOCATION ON FLIGHT PATH TO END
C CONTOUR COMPUTATIONS (REAL)
C DX - INTERVAL ALONG FLIGHT PATH BETWEEN
C CONTOUR CU.4PUTATIONS (REAL)
C NAC - NUMBER OF UNIQUE AIRCRAFT TYPES (INTEGER)
C CONTUP - VALUE LOF NEF CONTOUR CURRENTLY I
C BEING COMPUTED (REAL)
C NTET(IJ - TOTAL NUMBER OF CURRENT ENTRIES
C IN DATA TABLES (INTEGER)
C I = I - AIRCRAFT DESCRIPTOR TABLE
C 2 - ALTITUDE PROFILE TABLE
C 3 - DELTA-EPNL PROFILE TABLE
C 4 - EPNL PROFILE TABLES
C NFET(I) - NUMBER OF ENTRIES IN DATA
C TABLES WHICH ARE FIXED AND MAY NOT
C BE DELETED) (INTEGER)
C I = I - AIRCRAFT DESCRIPTOR TABLE
C 2- ALTITUDE PF:OFILE TABLE
C 3 - DELTA-EPNL PROFILE TABLE
C 4- EPNL PROFILE TABLES
C NMAX(I) - MAXIMUM ALLOWABLE NUMBER OF ENTRIES
C IN THE VARIOUS DATA TABLES (iNTEGER)
C I I - AIRCRAFT DESCRIPTOR TABLE
C 2- ALTITUOE PROFILE TABLE
C 3- DLLTA-EPNL PROFILE TABLE
C 4- EPNL PROFILF TABLES
C DSCNAM(I) - NUMBERIC NAME OF I-TH ENTRY IN
C THE AIRCRAFT DESCRIPTOR TABLE (INTEGER)
C DSCFRPT(J,I) - 12 CHARACTER '.LPHANUMFRIC
C AIRCRAFT DESCRIPTOR FOR THE I-Trd
C ENTRY IN THE AIRCRAFT CLASS
C DESCRIPTOR TABLE. J IS DiMENSIONED FOR 3 TO
C ALLOW FOR THE 12 CHARACVERS. (INTEGER)
C ALTULIý(J,I} - DIRECTORY WHICH CONTAINS THE NUMERIC NAMES OF
C ALTITUDE PROFILFS USED BY THE I-TH ENTRY IN
C THE AIRCRAFT CLASS DESCRIPTOR TABLE FOR THE
C J-FH TRIP LENGTH CATEGORY. (INTEGER)
C P[.LWDIk(JI) - DIRECTORY WHICH CONTAINS THE NUMERIC NAMES OF
C OELTA-EPNL PROFILES USED BY THE I-TH ENTRY IN
C THF AIRCRAFT CLASS DESCRIPTOR TABLE FOR THE
C J-TH TP!P LENTH CATEGORY. (INTEGER)
C. FPNI)IF (J, I) - ')IkFCTrIRY WHICH CUNTAINS THE NUMERIC NAMES OF

FIGURE C-I1A. PROGRAM LISTING - CONTROL ROUTINE
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FORTI.'IN

EPNL PW7FILt-S USEL) 3f' TE i-TH ENlRY IN THEI AIRCRAFT CLASS DESCRIPTOR TABLE FnlR THE J-TH
c TRIP LENG.`TH CATFGGPY. (INTEGER)
C. ALTNA1M1i-) - ,'U;PIC N.%YE OF THF I-TH ENTRY iti rH;: ALTIIUDE
C PPIFILC TAVLE. (INTEGEr)

NALTI.) - ,'dU:4hEP OF COORDIK4TES DEFINING THE I-TH EJNTRY IN
c THE ALTITUDE TABLE f I T2GEFP

EC ALT(K,J,I) - THE ALTITUUE PROFILE VLA!iE FOF THE I-TH ENTPY
C, IN THE TABLE FOR THE J-Ti- COOR0INATE(I=X,2=4)
C, AIN THE K-Toi POINT IN THt PROFILE (PE.ALI
SC Z(I} - IHF ALTITU-ii AT THE LUPRENT PCINT ON THE FLIGHT PATH,

DC EVALUATEj Fk(r4 TfE I-TH ENTPY IN THE ALTITJD!-
C PROFILE TA61e. (REAL)
C PDI6NAHM! ) - NUVE.L C AN
C r P[PWNAM( i - tU/•'FkIC NA\ME OF THE I-TH ENTRY IN THE OECTA-FPNL
c PuF ILE TABLE. (INTEGEP)
C NP!Li%) -I ,A'M.rER Gf COOFDINATES DEFINING THE I-TH ENTRY IN
C THE DELTA--FPNL TABLE (INTEGER)
C POWERPK,J,I) - THE DELTA-E.PNL PROFILE VALUE FOR ,'HE I-TH
C ENTRY IN THE TABLE FOR THE J-TH COORDINATE
C Iw=X,2=Y)AN0 THE K-TH POINT IN THE PROFILE
C (REAL)
C POWSPL(I) - THt JELTA-EPNL VýLUF AT THE CURRENT POINT C. THE
C FLI _' PATH, EVALUATED FROM THE I-TH ENTRY IN
C THE DELTA-EPNL PROFILE TABLE (REAL)
C PNLNAM(I) - NUMERIC NAME OF THE I-TH ENTRY IN THE EPNL
C PROFILE TABLE. (INTEGER)
C PNLEFF(K,JjI, - THE EPNL PPOFILE VALUE FOR THE I-TH ENTRY IN
C THE TABLE FOR THE J-TH PROPAGATION PATH
C (1.: GROUND-TO-GROUNDt2=A[R-TC-GROJND) AND
C THE K-TH VALUE IN THE PROFILE
C ACALC(I) - LIST OF ALTITUDE PROFILES REQUIRED FOR COMPUTING
C CONTOURS ON CURRENT FLIGHT PATH (INT EGEP)
C PCALC( I) - LIST OF DELTA-EPNL PROFILES
C REQUIRED FOR COMLUTJNG CONTOURS ON CJRRENT FLIGHT
C PATH (INTEGER)
C OPE•(1) - NEF ADJUSTMENT FUR VOLUME OF OPERATIONS ASSOCIATED
C WITH THE I-TH UNIQUE AIRCRAFT TYPE (REAL)
C APTP(I) - POINTER TO THE ENTRY IN THE ALTITUDE PROFILE TAbLE
C USED FrP THE I-TH UNIQUE AIRCRAFT TYPE. (INTEGER)
C PPTR () - POINTEF TLj THE ENTRY IN THE DELTA-EPNL PROFILE
C TArHLE USED FOK THE I-TH UNIOUE AIRCRAFT TYPE
C ( INTEG'ER
C EPTR(1) - POINTER TIO THE ENTRY IN THE EPNL PROFILE 'APLE USE-)
C FUR THE I-TH UNIOUF AIRCRAFT TYPE. (INTEGER)
C Ir GENT( I) - ALPHANUMEPIC DESCkIPTOR STRING FOR FLIGHT
C PATH IDENTIFICATION. (ALPHA)
C
C SUBQOUTINES ANO FUNCTION SUiBPRPGRAMS CALLED
C CARDIN, APD, ANfF , NFW, LASTPT
C

N",i YSTAý T, X[ ',' 1)'X, NAC9, (CiTLJU , N'l X (4) CIM I
N •,,T T(4), i f I #.) , ,At. T( 1iJ), \P;'W( 12), ACALC(I ?), PCALC( 12) COM 2

t (,)'l ,r'. I SCNA'lf I, , AL I.No,Ž1" , ) , !'l!,ivA.M( I ? ) PNLNAA(25 , APTR(51^) COM 3

FIGURE Z-113. PROGRAM LISTING - CONTROL ROUTINE
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F OkTrMA IN

COMMON PPTk( 'i"I EPrP( 50) , OPER( 501 # Z(121)t PUWSPL( 12) v IIf)ENT 131 C0m 4COM MEN I)SCPPT( 3,20) v ALTO I R( 8,20) t POWDIR(89201 9 EPN3OIR(8920) CCm 5COMML;N PNLCFFHl5,?2v25, ALT(1092,12J, POWER(l0t2,1z) CO'M 6u I M CN 1 VN NF FC ON 7 1 !Y(f7),v XC LCJ SE 71
i, EAL NFr I NEF2

KEF C[IN ( I1 25
N.FFCON ( ? 1 30
N EF CON 3) 35
NEFCUN4) 4P'
NtFFCON(5) =45

N&EFCI)N16) 50
NEFCON(7) =55

C
WiMA x(1 I u 20
NMAX(2) a 12
NMVX( 3) = 12
NMAX(4) = 25
R)f 1 [=1,4
NTET I I = ()

I. NFFT(I) = 0

? CALL CAPOIN

X = XSTAP T
IJNFXT =7
L INCN T ID0
CO 1 =9
XCLflSL(N) I= F
IY(N) a4CrOC

11 CALL APL'(X)
NCC'N =NINFXT

[,t 4f' N= 1 NC ON
!IN TOF vNE fC.ON(N I

YlI Y? * 1.7n7
C AL L ANL- ( V2, N(F2)
CALL A.NC I` (Ybt OJEF11

21 Yll = xNf -(Ylt NFI, v Y2 NIFF29 CC-NTUR)
IF (YO - 30-10P.) 23 23, 22

?i cflNTINUk
It- (Yi - 12.6) 74, 25, 25

24 ( !N I IrNUF
(;,LL LASPTI~X, XCLoSF.(NI)

?''IFXT a AINIXT - I

? F IF t # S Yl Y VI) 1 2#.) 2 ti 28 ?
2~ 1It ( A h S( V Yt I Y-0) - 0. -101 2 8, 28,9 27

FIGURE C-N1C. PROGRAM LISTING - CONTROL ROUTINE
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27 Y2 = Y1
NEF2 = N[FI
vl = Y0
CALL ANEF IYI, NFFI)

Sr,1.1 TO 21

2P IYINI = YO + r,5
I4PI CO)NTINUF

L INCNr = LINCNT + I
IF (LIW.NT) 43, 42, 42

4? LINCNT - -5C
PRITE (3, 3'1.4) IDENT
WkIT& (3, 3001) NEFCON

43 IX a X + N.5
Wk ITF I3, 3PP 5) IX, IiYiN), N- ,NCUN)

C

IF (NNEXT) 55, 55, 53
(r.

5? X = X O rX
C

IF (X- XFND) i., Ili 55
I-.

55 IFLG = 2
WRJTF (3t 31006)
U1 71 N= 1, 7

IX = XCLU.SE(N) + C.5
IF (IX) 7 r, 70, 60

6, GO TO (61t 62, 63, 64, 65, 66, 67), N
I,1 .PITF (3, 3fl31) IX

GO To 6q
h' ,.P ITE (3, 30 32) IX

CU1 TV' 6Q
6? kPI T( (1, 3(.33) IX

GO T( 69
ý.. f P T 1 3, 3C34) IX
(f) Tfr 6q

t., VP TF (It 30315) IX
('.U TI: he,

CO T(, 6

67 ý,RPTU (1, 1037) IX

6,q IFL r = I
7ý i IN" T I ,,M F

:I1 TI' (Fl, 72), IFLG

7d' 611 Ti' ?
C.

I l , 1 ' F I GItl T?,ACK'I 71,N / c7XI ------

----------------------------------
4 f' I I ' 1', 15K, 1 IA4 / OX, I- .................

FIGURE C-lID. PROGRAM LISTING - CONTROL ROUTINE
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FPR TilA IN

I --- -- -- -- -- -- -- -- -- - - --

' '•" P -C•4AT {IOX, [8, 4X9 71F.)

'w FrI-,4T f +0t 7X, OCUNTOUR CLOSIN(,' 1 8X, 'PCINT (IN FLIGHT$
I/ AX, TRACK) I

" I. "I F 1A 'AT f'+ 1 21X, 18)

" "r G, F RN4 AT + t 37Xt I ti)
Frn' l. r '.IAT 1 ' q 4SX, 18)

FO P. 'iPMAT (+'4' 61X, 183
"37 FnRW-'OAT + It 69X9 18)

C
EN 1)

FIGURE C-lIE. PROGRAM LISTING - CONTROL ROUTINE
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IC

C .. .11111 .o *of*** e1,111 o*1 , 00 , to o .. *a 0..00. 00999004661 1 1fee Se O 00 ....

C SUBROUTINE CARDIN
C
iC PURPOSE
C TO READ DATA NECESSARY TO COMPUTE
C NEF CONTOURS FOR A FLIGHT PATH
C

IC USAGE
C CALL CARD IN
C
SC REMARKS
C THIS ROUTINE CONTROLS THE INPUT OF ALL DATA TO THE PROGRAM.
C THE ROUTINE READS THE BLOCK OF DATA FOR A SINGLE FLIGHT
C PATH ANU PERFORMS VARIOUS CHECKS ON THE DATA TU TRAP LOGICAL
C ERRORS WHICH WOULD RESULT IN ERRONEOUS COMPUTATIONS.
C IF ERRORS ARe FOUND IN THE DATAt THE ROUTINE AUTOMATICALLY
C READS THE BLOCK OF DATA FOR THE NEXT FLIGHT PATH, THE
C ROUTINE DOES NOT RETURN UNTIL IT HAS SUCCESSFULLY READ A
C COMPLETE BLOCK OF DATA.
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C SIN, COS, PDATA, OPCOR
C
C
C
C
C

SUBROUTINE CARDIN

COMMOIN XSTART, XEND, DX, NAC, CONTURV NMAX(41 COM 1
COMMON NTETI41, NFET14), NALT(12)t NPOWII2), ACALC(12), PCALC(12) COM 2
COMMON DSCNAM(20), ALTNAM(12)i POWNAM(12)p PNLNAM(25), APTR(5,)) COM 3
COMMON PPTR(50), EPTR(50), OPER(50), Z1121, POWSPL(12), II)ENT(131 CUM 4
COMMON DSCRPT(3,20), ALTDIR(8,20), POWDIR(8,2O), EPNDIR(8,20) COM 5
COMMON PNLEFF(3592,25)t ALT(lOtt12)} POWER{IO.2,I2) COM 6

C
INTEGEr4 ERRFLG, ACALC, PCALC, EXPCRD9 TRAP, ALTDIR, POWDIR
INTEGER FPNDIR, ALTNAM, POWNAM, PNLNAM, CARUt DSCNAM, DSCPPT
INTEGER APTR, PPTR, EPTft
REAL NFLTS, NITFLT
[)IMENSION BUFF(8), TEMP(2,8), NFLTS(2,8,20)

C
NSEG = 8

C
C INITIALIZATION
C I. CLEAR ERROR FLAG
C 2. SET LINE COUNT TO -5
C 3. CLEAR NUMbER OF CONDENSED AIRCRAFT
C 4. CLEAR NUMBER OF FLIGHTS
C 5. CLEAR LIST UF REQUIRED ALTITUDE PROFILES
C C. CLEAR LIST OF REQUIRFD DELTA-EPNL PROFILES

FIGURE C-12A. PROGRAM LISTING - SUBROUTINE CARDIN
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CARD IN

C

2 NAC = 0
ERR FLG = I
LI[NCNT = -5
UO 6 1=1,2
DO 6 J=1,8
On} 6 K=I, 20

6 NFLTS(IJ,JK) - 0.
On I0 I--1,12

ACALC(1) = 0
10 PCALC(I ) = 0

C

C READ CARD WITH FLIGHT PATH IDENTIFICATION AND PARAMETERS

REAC (1 1001) IDENT, XS1ART, XENOt DX, RWL, GS

C
C WRITE FLIGHT PATH IDENTIFICATION
C

WRITE (3, 3001) IDENT
WRITE (3, 3000)

C ARE ALL PARAMETERS ZERO

C
IF (XSTART + XEND + DX + RWL + GS) 15, 15, 20

C SET ERROR FLAGC
C

15 ERRFLG = 0
GO TO 50

C
C WRITE FLIGHT PATH PARAMETERS
C

20 WRITE (3, 3002) XSTARTv RWL, XENDt GS, OX
WRITE (3, 30001
WRITE (3, 30n3)

C
C STARTING POSITION OF PATH NEGATIVE
C

IF (XSTART) 22, 23, 23
C
C 1RITE ERROR AND SET FLAG
C

22 WRITE (3, 39Ce)
Fkk FL G = 0

C

C I)NDING POSITION ON PATH NEGATIVE
C

21 IF (XEND) 24, 25, 21,
C
C WRITE ERROR AND StT FLAG

C24 wPiTt~ ("A* 311"71

fRRFLG = r
C
C FtdING P(SITIIfiN IREATEP THAN STARTING P(IUTIUN I

FIGURE C-12B. PROGRAM LISTING - SUBROUTINE CARDIN
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CARDIN

C
25 IF ',XEND - XSTART) 26, 30, 28

C
C IS INCREMENT ALONG PATH NEGATIVE
C

26 IF (DX) 30, 27, 27
C
C WRITE ERROR ANU SET ERROR FLAG

27 WRITE (3, 39G31
ERP FLG = 0
GO TU 30

C

C IS INCREMENT ALONG PATH POSITIVE
C

28 If- {DXI 29t 29t 30
C
C W-RITE ERROR AND SET ERROR FLAG
C

2q WRITE (3, 390•3)
ERR FL G a 0

C
C CREATE ALTITUUk PROFILE FOR LANDINGS* SET COORDINATES OF
C FIRST POINT. SET NUMBER OF PROFILE POINTS TO I
C

30 NALT(1) = 1
ALT (1910) - O.
ALT (19291) = 0.

C
C AFRE PUNWAY LENGTH AND GLIDE SLOPE BOTH ZERO
C

IF (PWL + GS) 32, 50, 32
C

C TEST VALUE (IF GLII" SLOPE
C

3? IF (GS) 33, ril, 15
C
C ------ WFITF kFPri MLSS•IGh AND SET ERROR FLAG
C

33 WPITF (3, 39'7)

CO T U .,
C
C CO-MiUTE S'( ,:NfJ A"lm THI i) C)tlI,!)1N4ATE PCI,\TS L•' LANDING Pk(IFIL
C FIJM GL.IDE SI.(PI AN) l I, NVAY LFd';TH
C

3', GS = 1.745 ,•k-' ' .,
1ANGS = SIN(CVS) / fi. tcS)
ALT 12 tl, z I.-WL - IIAN,(%
ALT(?2I2ti) 7 ".
ALT 13,1,1) = PwL + I.r.
ALT(3,?ol) = . * TAN(. G S .

C

C IS X VALIJL I+F SI .'r, Il NI' DiN SI TI VE
C

FIGURE C-12C. PROGRAM LISTING - SUBROUTINE CARDIN
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IF (ALT(2,1,1)) 37, 37, 39
C
C ----- WRITE ERROR AND SET ERROR FLAG
C

37 WRITE (3, 3905)
ERRFLG = 0
GO TC 50

c
C SET NUMBER OF PRUFILE POINTS TO 3
C

39 NALT( 1) = 3
C

5n PEAC (1, 10021 IUP1, 1OP2, BUFF
C

501 IF (IOPl) 100, 1 0 6, 51
51 IF (IOPI - 99) 2"C, 2(0, 52
52 EXPCPD = I

IF (IOP1 - 199) 300, 300, 53
53 IF IOP I- 99Q) 54t 55, 55
54 WRITE (3, 3908; IOPL

GO TO 50
Ci

55 STOP
C
C
c

3"0 lop = IOPI - 100
N = l1P 2
IF IN) 305, IC5, 3.0b

3e5 N = 1
C

3e6 DO 310 I=l,N
CALL POATA( lOP)
IF (:IoP) 317?, 307, 310

307 ERR FLG = 0
31, CONTINUE

LINCNT = 0
GO TO 50

C
C

r," CARD = 10P2
IF ((APO- 11 2"2, 2V6, 212

22' WRITE (3, 3q14) IOP!, lOP2
ERPFLG =
CO T(b 5C

c
"lr6 K AM = ItUPl

ro 2"4 =1,tNSFG
2r4 TEMP I, 1I) 1 L, UUFII

C

PEA"C I1, r, 2, 1UPI, v1lP2, 8UFF
L.

IF I ý-"A f - Il.'P I 2%-d# 2CS, 2(C 8
.r P IT I (.., 3 1;I4 IL ,It ICP2

FIGURE ,.. PROGRAM LISTING SUBROUTINE CARDIN
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GO TE' 5C1
C

205 IF I TOP2 - ') 203, 209, 200

20c CO 21C 1 I1NSEG
2l1( TEMP(2I) = BUFF(1I

C
LINCNT = LINCNT + I

IF (LINCNT) 218, 216, 216
216 WRITE (3, 3Tril) IDENT

WRITE (3, 3C00)
WRITE (3, 3003)
LINCNT z -5

218 N = NTET(l)

CC 220 TENT = 1,N
IF (NAME - DSCNAM(IENTr) 220, 224, 220

220 CONTINUE

WRITE (3., 3S0q) NAME, (J, (TEMP(IJ), 1=1,2)9 J=ItNSEG)

ERR FLG = 0
GO TO 50

C
224 WRITE (3, 3011) NAME, (DSCRPT(I, TENT), 1=1,3),

1 (J, tTEMPI1,J), I=1t2), J=1,NSEG)
C

TRAP = 1
DO ?38 1=1,NSEG
NAME = ALTDIRI I, TENT)
N = NTFT(2)
DO 228 J=I#N
IF (NAME - ALTNAM(J)) 228t 23C, 228

228 CONTINUE
WRITE (3, 391G) NAME
TRAP = P

23C, NAME = POWJIR( I, TENT)
N = N TETI 31
DO 232 J=lN
IF (NAME - POWNAM(JJ) 2329 234, 232

232 CONTINUE
WRITE (3, 3Qi1) NAME
TRAP =

23' NAME = FPNDIP( It TENTI
K = NTET(4)
C•O 236 J 1,N

IF (NAME- PNLNAMIJ)) 23•t 23e, 23t
2.6 CONTINUF

WRI IF (3, 30121 NAMt

TkAP = r

?38 CONTINUE

IF (TRAPI 2}, ?.9v 244
239 FPPFLtG =

6O TI' sr

FIGURE C-12E. PROGRAM LISTING - SUBROUTINE CARDIN
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244 DO 246 J=192
DO 246 I=INSEG

246 NFLTS(JIqIENT) = NFLTS(JTtIENT) + TEMP(JI)
GO TO 50

C
C

500 STOP

100 CONTINUE
102 IF (ERRFLG) 103, 103, 104
103 WRITE (3, 3913)

GO TO 2
104 NN = NTET(1)

DO 150 K=-1NN
DO 150 J1INSEG
IF (NFLTS(IJKt + NFLTSi21JtK)) 150# 150, 105

105 IA2 = ALTDIRIJtK)
IA3 = POWDIRIJK)
1A4 = EPNDIR(JK)

C
TOTALD = 0.
TOTALN = 0.
00 112 K1IKNN
DO 112 J1=-1NSEG
DAYFLT = VFLTS( IJJ1KII I
NITFLT = NFLTS(2,J1,KIl
IF (DAYFLT + NITFLT) 110, 110, 106

1C6 IF (1A2 - ALTDIR(J1,Kl)) 112, 107, 112
107 IF (IA3 - POWDIR(JIKI)) 112, 108, 112
108 IF (IA4 - EPNDIR(JI.Kl)) 112, 110, 112

C
110 TOTALO = TOTALO + DAYFLT

TOTALN x TOTALN + Ni-ILT
NR.TS( 1,JIKI) = 0.
NFLTS(2,JItKII - 0.

112 CONTINUE
IF (NAC - 501 1189 118, 115

115 NAC = I
ERRFLG a 0
WRiTE 13t 39151

118 CONTINUE
NAC = NAC + 1

C
OPERINACI a OPCORITOTALO, TOTALN)

C
N a NTET(21
CO 121 NENT1,tN
IF (IA2 - ALTNAM(NENT)) 121t 126, 121

121 CONTINUE
STOP 1

126 DO 125 L=lvN
AF (ACALCIL)) 123, 123, 122

172 IF IACALC(L) - NENTI 125, 124t, 125
125 CONTINUE
123 ACALCILI = NENT

FIGURE C-12F. PROGRAM LISTING - SUIROUTINE CARDIN
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124 APTRI(NAC) = NENT
C

N = NTET(31
Oli 131 NENT=1,N
IF (IA3 - POWNAM(NENT)) 131, 132, 131

131 CONTINUF
STO P]

132 DO 130 L=1,N
IF (PCALCIL)) 128, 128, 127

127 IF (PCALC(L) - NENT) 13C9 129, 130
13! CONTINUF
128 PCALC(L) NENT
129 PPTR(NAC) = NENT

C
I N = NTET(4)

CO0 135 NENT=ItN

IF (IA4 - PNLNAM(NENT)) 135, 136, 135
S135 CONTINUE

, STOP1

136 EPTR(NAC) = NENT

15( CONTINUE
IF (ERRFLG) 155, 155, 152

152 IF (NAC) 2, 2, 153
153 RETURN
155 WRITE (3, 3913)

GO TO 2
431P( FORMAT(',31 2015 / (1X,v20I5)

RETURN
C
C

3000 FORMAT (9X, ------------------------------------------------------
1 ----------------- )

30f1l FOR•MAT (l1', 15X9 13A4)
3002 fnPMAI (18X, 'START AT', F8.0v 15X, *RUNWAY LENGTH't F8.0 /

I 19Xt 'STOP AT', F8.09 17X9 'GLIDE SLOPE', F8.1 /
2 l8X, 'INTEFVAL't F8.0)

3003 FORMAT ('0', 12X, 'AIRCRAFT CLASSIFICATION', t18X, VOLUME OF OPERA
iTIONS' / 13X, I ------------------------ TRIP LENGTH ---------

2----------- I / 14X, 'NAME DESCRIPTION', 6X9 'CATEGORHY'
3 ?X, 'DAYTIMF NIGHTTIME' / 14X9 t ... ....... ....

4 --------- -- - ------------
3,111 FORMAT (t)', bX, 110, 6X# 3A49 110, 6X9 2F11.3 / (35X9 110v 6X,

1 2F11,31)
C
3,4'.1 FCPMAT (19X, '* STARTING POINT CANNOT BE NEGATIVE')
"1,:'? F-ORt4AT (19X, 0* STOPPING POINT CANNOT HE NEGATIVE')
"14*• FORMAT ( 19K, * INTERVAL IS OF WRONG SIGN')
3'.^7 F-ORMAT (19X, ' GLIDE SLOPE CANNOT BE NEGATIVE')
39^t- FUPMAT (19X, '* RUN6AY LENGTH MUST BE GPEATEP THAN ZER(')
11;05 FORMAT (l9X, RUNWAY TOO SHORT FOR GLIDE SLOPE')

3'11, 8 Ft.)RM AT ('. ", 1SX, I* INVALID OPFRATION CODFD(t [In, 0P)'
"1919 F(IOMAT ('0', 6X, 110, 5X, '* UNUEFINED *t 1109, hX, 2FI1.3 /

I (V•X, 11'1, 6X, 2F11.*3)j 3)110 FORMAT (1qX, '•* ALTITULE PROFILE UNDEFINFD (' 1119, ')')

FIGURE C-12G. PROGRAM LISTING - SUBROUTINE CARDIN
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CARDIN

3911 FURMAT ( 1cX, 6* JELTA-EPNL PROFILE UNUEFINED (', in0, ' i'I
3912 FORMAT (19X, EPNL FUNCTIUN UNDEFINED Ili 11t 0')9)
3913 FORMAT (:-4X, f*** VROGRTAM CANNOT CfIMPUTF THIS CCNTOUR **,,1)
3914 FORMAT (101, 19X, f* CAPO MISSINI'Go tR CUT V!- ORUER, A/C CLASS',13,

1 ', CARD NO'4 13)
3)15 FORMAT ('Ol', 18X, •* CONDENSEO AIRCRAFT TABLE FULL$)

C

,1(.1 WIRMAT (1244, A3t 2F7.0, F5.0, F6.O, F4.1))
W102 FORMAT (213, 8F 6. )r

END

I
I
I
1

I

I
FIGURE C-12H. PROGRAM LISTING - SUBROUTINE CARDIN
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C
C .. 0 .... ... . o ao 006o a 1 o o 0 a oo0ooo.

C

1 C SUBROUTINE PDATA
C

C PURPOSE
C TO ENTER AIRCRAFT DESCRIPTORS AND PERFORMANCE DATA

I C USAGE
C CALL PDATA (OPCODE)

C DESCRIPTION OF PARAMETERS
C OPCODE - INTEGER VALUE TO DENOTE ACTION TO BE TAKEN

I = ENTER NEW AIRCRAFT DESCRIPTOR
2 ENTER NEW ALTITUDE PROFILE

C 3 = ENTER NEW DELTA EPNL PROFILE
C 4 = ENTER NEW EPNL PROFILE

C 11 = FIX AIRCRAFT DESCRIPTOR TABLE
C 12 = FIX ALTITUDE TABLE
C 13 = FIX DELTA EPNL TABLE
C 14 = FIX EPNL TABLE
C 15 = FIX ALL TABLES
C
C 21 = EXPUNGE AIRCRAFT DESCRIPTOR TABLE
C 22 = EXPUNGE ALTITUDE TABLE
C 23 = EXPUNGE DELTA EPNL TABLE
C 24 = EXPUNGE EPNL TABLE
C 25 = EXPUNGE ALL TABLES
C
C REMARKS
C 1. EXPUNGE COMMAND DELETES ONLY THOSE TABLE ENTRIES NOT
C FIXED.
C 2. ERROR CONDITIONS
c A. INVALID OPCODE - NO ACTION TAKEN. MESSAGE IS
C PRINTED ALONG WITH OPCODE VALUE. ROUTINE
C RETURNS WITH OPCODE = 0.
C B. INVALID DATA - NO) ACTION TAKEN. MESSAGE IS
C PRINTED ALONG WITH OFFENDING OATA* ROUTINE
C RETURNS WITH OPCODE = 0.
C C. AVAILABLE TABLE AREA OVERFLOW - NO ACTION TAKEN.
C MESSAGE IS PRINTED. ROUTINE RFTURNS WITH
C OPCODE = 0.
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS CALLED
C NONE

C
C

SUBROUTINE PDATA (OPCODE)

COMMCN XSTART, XEN!), DA, NAC, CONTUR, NMAX(4) COM
COrFML)N NTET(4), NFET(4), NALT(I2), NPOW(12), ACALC(12), PCALC(I2) COM 2

FIGURE C-13A. PROGRAM LISTING - SUBROUTINE PDATA
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PI)A TA

COMMON OSCNAM(201, ALTNAM(12), POWNA'4(l2)', PNLIAM(25), APTP(5'1) C0p. 3
C0)4'4VN PPTR(5n)t EPTR(5f%), OPER(SO), Z(12), POWSPL(l1')v IOENT(13) CJI
L 0)4 MCN flSCkPT(1,2')), ALIOIR(A.211), POWDIP(d#2119 EPNIOIR(3920) (LUP
c0n,4 muN Pt.LEF F( 3b, 22,51 t ALT( 11',Ž ,12) , POWER ( Ilt'2,12) L O.Y6
INT E GEP UjPCflUF, OSCNAM9 US".RPT, ALTNA101 POWNAM, PNLNAM
I NT ECER PRP, ALT01H, PCWrDIR, EP-NUIPP UTFMPt ATEIPP, PTEI"P, ETEMP
fiMENSION UTEMP13h9 ATEMP(8) , PTEMP(B), ETEMP(A)
LIMENSION, ALTTEr4(112)t PUWTEM(l092), EPNTEM(35,2), TEWP10)
EQUIVALLNCt- (ALTrF4(Ivl)9 PEOWTEI4(191), EPNTEM(1,11))

NSEG 8
IF (OPCO~t - 1) 90;0, tIC, 11',

I(' IF (OPCOI)E - 1) 120, 13C9 11
11 IF (OPCODE - 9) 14n~, 9flC, 12

12 IF (UPCflOE - 11) 9""), 210, 13
13 IF (UPCODF: - 13) 220, 23,') 14
14 IF (u.PCCOOE - 151 2 4rT, 250, 15

15 IF (UPCOUE - 21) 9109, 310, 16
16 I F (rpcniiE - 23) 320, 1 30, 17
17 1iF (UPCr1)E - 25) 340), 350, 18

oor WRITF (3t 1900) OPCUDE

110 PEAt) f *., 1001) NAME, DTEMPt (ATEMP1I),9PTEMP(I),ETEI'P([It Im1,NSEL,)

m = NITET( I

K. = m +.I

IF (N-NMAX( II) 1119 111, 910
111 CCO 112 1-1#M

IF IDSCNAMII) - NAME) 112, 911, 112
112 CONTP.II-F

(CSCKAP (N) a NAME
1',n 114 1=10

114 DSCPP Tf19N) z DTEMP(I)
t'll 116 1-I=,N SE G
ALTtlW(19N) - ATEMP(I)
P Owfllr IF ( 1N) - PTt-M"( I

It I PNOIP' I 19N) = ETF-MP( I1I

PNTFTtI1) a N
F FTLJRN

ýVPTrr (3, 31) 1 A1 4

Grl TV~ 091-1

12, .NN

4AO1) (1 11101 ) NAMI- t NP' 9 (AITTI9Mi J, 1 91,ml2)t Jot #6)

FIGURE C-13B. PROGRAM LISTING - SUBROUITINE PDATA

C-38



PDATA

121 NN =NN + 6
IF (NP - NN) 1239 123, 122

122 READ Ill 1004) ((ALTTEM(JI), I1=12)i J=7910)
GO TO 121

123 M NTET!2)
"N: M + I
IF (NPI 922# 922, 124

124 IF (NP- 10) 125t 125, 922
125 IF IN- NMAX( 2)) 126, 126, 923
126 DO 127 I=1,M

IF IALTNAM(I) - NAMEI 127t 924, 127
127 LONTINUE

C
00 128 1=192
DO 128 J=I,NP

128 ALT(JI1N) = ALTTEM(IJI)
NALT(N) = NP
ALTNAM(N) = NAME
NTET(2) = N
RETURN

C
922 WRITE (3, 3922)

WRITE (3, 3901) NAME
GO TO 9O9

923 WRITE (3p 39231
WRITE (3, 3901) NAME
GOTO q9q

924 WRITE (3, 3924)
WRITE (3v 39C1) NAME
GO TO 999

C

130 NN = 0
READ (19 1103) NAME, NP, ((POWTEM(JI}h 1=1,20, J=1,6)

131 NN = NN + 6
IF (NP - .4N) 133, 133, 132

132 READ I(, !004) ((POWTEM(J,I)# f=ut21t J=7,10)
GO TO 131

Ill M NTET(3)
N M + I
IF (NP) 932, 932t 134

134 IF (NP- 10) 135, 135t 932
135 IF 1N- NMAX(3)) 136, 136, '933
136 DO 137 I=IM

IF (POWNAM(I) - NAME) 137, 934, 137
137 CONTINUE

C
00 138 I1=,2
0O 138 J=INP

138 POWERIJ,I,N) = POWTEMIJ,)91
NPOW(N) - NP
PJWNAMIN) = NAME
NTET4 3) = N
H ETUUP Nj '~�.32 WRITE (0, 39321

FIGURE C-13C. PROGRAM LISTING - SUBROUTINE PDATA

C-39



PDATA

WRITE (3, 39011 NAME
GO TO 999

933 WRITE (3, 3933)
WRITE (3t 3901) NAME
GO TO 999 !

934 WRITE (3, 3934)
WRITE (3, 3901) NAME
GO TO 999c•

C
140 ERRFLG = 1

DO 155 L=I,8
READ (It 1002) NAMEP PRP# LI,, L2, TEMP
IF (L- 1) 141, 141, 142

141 NANEI = NAME

142 IF (NAME1 - NAME) 942, 143, 942
942 WRITE (3, 3942)

ERRFLG = 0
143 IF (PRPI 943, 943, 144
144 IF (PRP - 2) 145, 145t 9643
943 WRITE 13t 3943) I

ERR FLC = 0
145 IF (L') 945t S45, 146
146 IF (L2- 35) 147, 147, 945 I
147 IF IL2- LI - 10) 148t 148, 945
148 IF (L2- LI1 945, 945t 150
945 WRITE t 3t 3945)

ERR FLG = 0
150 IF (ERRFLG) 155t 155, 151
151 I1 = 0

00 152 IiL1tL2
I1 = 11 + 1

152 EPNTEM(IPRP) = TEMP(IKI
155 CONY INUE

IF (EPRFLG) 949, 949, 156
C

156 M = NTET(41
N =M + I

IF (N - NMAX(4)) 157, 157, 947
157 M0 158 I=1M

IF (PNLNAMII) - NAME1) 158t 948, 158
158 CONTINUE

C
160 00 162 1=1,35

CO 162 J=192
162 PNLEFF( IJtN') = EPNTEM(IJ)

PNLNAM(N) = NAMEI
NTET(4) = N
R ETURN

•47 WRITE (3, 3947)
WPITE (3, 3901) NAME!
GO Tn 999

948 WRIrE (3, 3948)
WRITE (3, 3t901) NAMEI

FIGURE C-14D. PROGRAM LISTING - SUBROUTINE PDAIA
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PDATA

GO TO 999
949 WRITE (3, 3901) NAME1

GO TO 999
C999 OPCODE

RETURN
C CI

21f, NFETI 1) z. NTET(1)
P ErTUP N

C
230 NFFT(32) = NTE Tf 2RETURN

i230 NFET(3) = NTET(3)
R ET URN

240 NFET(4) = NTFTH 4

250 RETUFN

250 00 252 1=194
252 NFET(I) = NTET(I)

R ETURN
C
C

31C NTET(I) = NFET(I1
RETUPN

C
320 NTET(2) = NFET(2)

F ETUR N
C

33" NTET(31 = NFFT(3)
IkETURN

340 NTET(4) = NFET(4)

RETURN
C

350 DO 352 1=1,4

352 NTET(I) = NFET(I)
R ETURN

CC

I10O1 FORMAT (12, IXt 3A4o IX, W(I2,2X)
ln2 FORMAT (2121 213, 1OF7.3)
Ien3 FORMAT (213, 2Xt 12F6.0)
1004 FORMAT t8Y, 12F6.0)
39 -, FORMAT ('1', 18X, '* INVALID OPERATION CODE (It 149 ')'I
39(1 FORMAT (21x, #CANNOT ENTER NAME =', 14)
391f' FORMAT ('•', 18X, * AIRCRAFT &ESCRIPTOR TABLE FULLI)
3911 FORMAT ('C', ISXt * DUPLICATE AIRCRAFT DESCRIPTOR NAME')
3922 FORMAT ('C't I8X, 1* INVALID NUMBER OF ALTITUDE POINTS')
39?3 FORMAT ('Cl, 18X, '* ALTITUDE PROFILE TAbLE FULL')
1924 FORMAT ('0, 18X * DUPLICATE ALTITUDE PROFILE NAME')SN ME
393? FORMAT ('C', 18K, '* INVALID NUMBER OF DELTA-EPNL POINTS')
3)33 FORMAT ('0', 1X, 1'* DELTA-EPNL PROFILE TABLE FULL'I
3934 FORMAT ('0', 18X, '* DUPLICATE DELTA-EPNL PROFILE NAME')

FIGURE C-15E. PROGRAM LISTING - SUBROUTINE PDATA
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PDATA

3q42 FORMAT ('01, 18X9 1* PNLEFF PROFILE NAMES DO NUT MATCH$)
3943 FORMAT ('0', 18X9 o* INVLAID PNLEFF PROPAGATION PATH$)
3945 FOPMAT (10't 18X9 0* INVALID PNLEFF RANK LIMITS')
3947 FORMAT ('0', 18X, #, PNLEFF PROFILE TABLE FULL')
3948 FORMAT ('0', 18X# ** DUPLICATE PNLEFF PROFILE NAME@)

END

I

FIGURE C-16F. PROGRAM LISTING -SUBROUTINE PDATA
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C
C
C
C SUBROUTINE LASTPT
C
C PURrc.JE.

C TO COMPUTE THE POINT ON THE FLIGHT TRACK WHERE THE
C CONTOUR CLOSES
r.
C USAGE
C CALL LASTPT (X9 XCLOSE)
C
C DESCRIPTION OF PARIMETERS
C X - THE CALLING VALUE OF THIS PARAMETER IS A POINT
C ON THE FLIGHT TRACK NEAR WHICH THE CONTOJR CLOSES *

C
C XCLOSE - THE RETURNED VALUE OF THIS PARAMETER IS THE POINT
C ON THE FLIGHT PATH WHERE THE CONTOUR CLOSES
C lIE. THE NEF VALUE AT THIS POINT IS EQUAL TO THE
C NEF VALUE OF THE CONTOUR CURRENTLY BEING
C COMPUTED).
C
C REMARKS
C 1. A VALUE OF ZERO WILL BE RETURNED IF THE ROUTINE
C CANNOT COMPUTE A CLOSING PUINT.
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C ANEFt PARAM9 XNEW
C

C METHOD
C THE ROL 'INE PICKS TWO POINTS ON THE FLIGHT TRACK AND
C COMPUTES THE NEF VALUES AT THESE POINTS. INTERPOLATION
C BETWEEN THESE POINTS USING THE VALUE OF THE CURRENT CONTOUR
C bEING CflMPUTE0 YIELDS THE CONTOUR CLOSING VALUE OF X TO
C BE RETURNED.
C ONE OF THE PUINTS CHUSEN IS THE CALLING VALUF OF X. IF
C THE ALTITUDE OF ANY AIRCRAFT IS LESS THAN 12.5 FEET AT
C THI1j POIiNT THE ROUTINE TERMINATES AND RETURNS WITH XK
C EQUAL TO ZEROCJ
C THE SECOND POINT IS VARIABLE AND IS CHOSEN IN THE FOLLOWING
C MANNER. A POINT ON THE TRACK ONE COMPUTATION INTERVAL
C (OX) LESS THAN THE CURRENT VALUE OF X I:- CHOSEN. IF ANY
C ALTITUDES ARE LESS THAN 12.5 FEET AT THIS POINTY ANOTHER
C POINT IS CHOSEN HALF AGAIN THE DISTANCE BETWEEN THESE TWO
C POINTS. THE ALTITUDE TEST IS PERFORMCD AGAIN AND IF
C ANY ALTITUDE TS LESS THAN 12.5 FEET THE UISTAt4CE IS
C HALVED ONCE AGAIN. THIS SEQUENCE IS REPEATED JNTIL
C A USABLE VALUL. OF X IS OBTAINED. IF, AFTER 10 TRIALS,
C NO USABLE VALUE OF X IS OBTAINED THE RJUTINE TERMINATES
C AND RETURNS WITH X EQUAL TO ZERO.
c

c
C

FIGURE C-14A. PROGRAM LISTING - SUBROUTINE LASTPT
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SUBROUTINE LASTPT IX, XCLOSE)
C

COMMON XSTART, XEND, DX, NACt CONTURt NMAX(4J COM I
COMMON NTETI4), NFETI41, NALT(12)t NPOW(12), ACALC(12)t PCALC112) COM 2
COMMON DSCNAM(20)t ALTNAM(121) POWNAM(121, PNLNAP(2519 APTR(50) COM 3
COMMON PPTR(50), EPTR(50),# OPER(50)t Z(12), POWSPL(12)t IDENT(13) COM 4
COMMON DSCRPT(3920) ALTDIR(8,20) POWDIR(820), EPNDIR(8920) COM 5
COMMON PNLEFF(35,2925) , ALTIIO(2?12)t POWERI1O02,12) COM 6c i
INTEGER AP r

C ,

C CHECK AIRCRAFT ALTITUDES AT CALLING VALUE OF X, IF ANY
C ARE LESS THAN 12,5 FEET TERMINATE COMPUTATIONS FOR
C THIS CONTOUR
C
C

DO 5 I=I,NAC
J = APTR(IJ
IF (Z(J) - 12.51 30, 5, 5

5 CONTINUE
C
C IF ALTITUOES ARE OK COMPUTE NEF AT THIS POINT
C

CALL ANEF (Ot NEF2)
C
C NOW COMPUTE NEF DIRECTLY UNDER PATH AT SOME POINT
C WITH A LESSER VALUE OF X
C

XLESS X - DX
XINT DX

CD 10 IT 1,10
C
C CALCULATE PERFORMANCE PARAMETERS
C

CALL APO (XLESS)
C
C CHECK FOR ANY ALTITUDES LESS THAN 12.5 FEET-----
C

00 7 I=INAC
J = APTP!I 1
IF IZJ) - 12.5) 8, 7, 7

7 CONTINUE
C
C COMPUTE NEF AT THIS POINT -----
C

CALL ANEF (0.; NEFI)
C
C INTERPCLATe TO FIND VALUE OF X WHERE CONTOUR CLOSES
C

XCLOSE = XNEW (XLFSS, NEFI, X, NEF2, CONTUR)
IF iABSIX - XCLOSL) - ABSIDX)) 40, 40, 3P

C
C

. TRY ANOTHER VLAUE OF X-----

FIGURE C-14B. PROGRAM LISTING - SUBROUTINE LASTPT
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LASTPT

C
8 XINT = XINT/2.

XLESS = XLESS + XINT
1n CONTINUE

C
C
C ----- ROUTINE CANNOT COMPUTE CLOSING VALUE OF X
C

30 XCLOSE = 0.
C
C
C RESTORE ALTITUDES AND DELTA-EPNL'S ------Ic

40 CALL APD(X)
RETURN

END

FIGURE C-,4C. PROGRAM LISTING -SUBROUTINE LAS1'PT
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C
C *.... o ..... * *o *0 4*O @ *oO*a 0 * • 0 o • g • *oO 0 oo o a oo S• 00 • O 0o 0 0 0 0 • 0 •

C
C SUBROUTINE ANEF
C
C PURPOSE
C TO COMPUTE THE NEF VALUE AT A POINT P , A GIVEN
C DISTANCE PERPENDICULAR TO THE FLIGHT TRACK.
C
C USAGE
C CALL ANEF (Y, NEFVAL)
C
C DESCRIPTION OF PARAMETERS
C - PERPENDICULAR DISIANLE FROM POINT TO FLIGHT TRACK
L NEFVAL - NEF VALUE AT POINT P
C

C REMARKS
C I. IT IS ASSUMED THAT
C A. NAC IS GREATER THAN ZERO

B. ALTITUDES AND EPNL CORRECTIONS HAVE PREVIOUSL.Y
C BEEN TABULATED.
C C. NO ALTITUDE IS EQUAL TO ZERO IF THE CALLING
C VALUE OF Y IS EQUAL TO ZERO.
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C FPNLt SQRTv ALOGlC
C
C
C

SUBROUTINE ANEF (Y, NEFVAL)
C

COMMON XSTAJFT, XEND, DX# NAC, CONTUR, NMAX(4) CUM 1
COMMON NTET(4), NFET(41, NALT(12), NPOW(12), ACALC(12)9 PCALC(12) COI 2
COMMON DSCNAM(20), ALTNAM(121. POWNAM(12, PNLNAM(25)t APTR(501 Cf1M 3
COMMON PPTP(50), EPTR(50), OPER(501, Z(12), POWSPL(12)v IDENT(13) COM 4
COMMON DSCRPTI3t2D), .LTDIR(8,2O)v POWDIRt8,20), EPNDIR(8t20) Lom 5
COMMON PNLEFF(35t2,25), ALT(109,212)9 POWERiIO,2pl2l CON. 6

INTEGER APTR, PPTP, &PTR, PTR
REAL NEFLIN, NEF, NEFVAL

C:
NEFLIN = n.

C
C COMPUTE NCF FOR EACH AIRCRAFT AND COLLECT CUMULATIVE SUM
C

0D0 20 I=ItNAC

C PICK UP POINTEI< TO ALTITUDE FOR THIS AIRCRAFT AND
C CALCULATE SLANT DISTANCE
C

PTP APTR(I)
DIST = SQkT(Y*Y + I(PTR)*ZIPTRI)

C
C CALCULATE P(R)PAGATION FACTOR-i-

FIGURE C-15A. PROGRAM LISTING - SUBROUTINE ANEF
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ANEF

C 1 IF LESS THAN OR EQUAL TO ZERO USE GROUND TO
C GROUND PROPAGATION.
C 2. IF BFTWEEN ZERO AND ONE INTERPOLATE BETWEEN
C GRUUNiO TO GROUND AND AIR TO GROUND PROPAGATION.
C 3. IF GkEATEk THAN OR EQUAL TO CNE USE AIR TO
C GROUND PROPAGATION
C
C NOTE
C PROPAGATIoN FACTOR IS CALCULATED (IN THE BASIS OF THE

ANGLE OF FLEVATION OF THE AIRCRAFT WITH RESPECT TU
C IHE O1i3ScRVER AND THE GROUND PLANE. PF = 0 AT
C ARCSIN(I.17,5) AND PF = I AT ARCSIN(0.125)t
C 4 DEG I1 MIN AND 7 DEG 11 MIN RESPECTIVELY.

PF = (Z(PTk) / DIST - 0.075) / 0.05

C
C ------ PICK UP POINTER TO PNLEFF LIST FCR THIS AIRCRAFT-----

I PTP = EPTR( IW
C

IF (PF) 5, 5, 3S3 IF (P F - 1.) 6 , 7, "1

C GET FPNL --

C

5 P = EPNL(PTR, 1, 0!ST)
GO TO 10

C

6 P (. - PF)*EPNLtPTR,IDIST) + PF*EPNL(PTRt2,UIST)
GO TU Ir

C
t P = EPNL(PTP,2,DIST)

C
C PICK UP POINTER TO EPNL CORRECTiON FOR THIS AIRCRAFT
C ANt COMPUTE TOTAL EPNL FOR THIS AIRCRAFT
C

1C PTR = PPTR(1)
P = P + POWSPL(PTRI

C
C TRUNCATE EPNL IF LESS THAN 80------
C

NEF =n

IF , * - 75) 15, 1, 13
13 IF (P - 8C.) 14f 14, 15
14 P = 180. + OPK.R(I)) I (P - 75). * 0.2

C
C COMPUTE NEF FOR THIS AIRCRAFT------

C
15 NEF = P e OPPRII)

C

C .....- CONVERT NEF FRU10 LOG TO LINEAR AND ADD TO SUM

19 rEFLiN = NEFLIN + 1).**(NtF/IO.I
2Y CONTINUF

C

C .... CONVERT SUM FkCM LINEAR TO LOG

C
NFFVAL a ). * ALOL,;I (NfFLIN) - 75.

P ETUkN
C

(ND)

FIGURE C-15B. PROGRAM LISTING - SUBROUTINE ANEF
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C
C O, 0, 0 0J0, , , ,l 0 • • O 0 0 09 0, a. aO 0, , O *, 0. O a0 ,,O OO 0oO ,O 0 00,

C

C SUBROUTINE APi)
C

c PURPOSE
C TO COMPUTE THE NECESSARY ALTITUDES AND DELTA-EPNLS
C AT A POINT ALONG THE FLIGHT TRACK.
C
C USAGE
C CALL. APD (X) j
C
C LDSCRIPTION OF PARAMETERS
C X - DISTANCE ALONG FLIGHT TRACK FROM START OF
C TAKEOFF ROLL.
C

C RFMARKS
C o. ROUTINE AS'SUMES THAN TWO PROFILE POINTER TAbLES
C (ACALC AND PCALC) HAVE BEEN BUILT CONTAINING THE !
C PROFILE ENTRIES FPOM WHICH TO CALCULATE THE

C PARAMETER VALUES.
C 2. ROUTINE ASSUMES THAT SPECIFIED PROFILES HAVEI
C BEEN DHFAINED.
C

C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C CURVE
C
C METHOD
C RCUTINE PICKS UP PROFILE ENTRY FROM AFOREMENTIONED
C PREVIOUSLY BUILT TABLES AND COMPUTES THE PARAMETER VALUE
C FROM THE SPECIFIED PROFILE FOR THE ýIVEN VALUE OF X.
C PAPAMETER VALUE IS THEN PLACED IN TABLE WHICH IS PARALLEL Y0
C THE PPOFILE POINTER TABLES.
C
C e oe os oo e * @o o oe@*o*@*o o** ..o m,@ *@o o o ee o..oo

C
SUBROUTINE APO) (X)

COMMON XSTART, XEND, DX, NAC, CONTUR, NMAXI41 COm I
C(UMMCN NTET(4), NFET(4), NALT(I12), NPOW(12)t ACALC(12), PCALCI12) COM 2
COMMOVN DSCNAM(2"), ALTNAM(12), POWNAM(12), PNLNAM(251, APTR(501 COM 3
COMMIN PPFRVCt), EPTFVCI), #OPER(SO), Z(I12), POWSPL(12), IDENT(131 COM 4
COMt1LN DSCRPT(3,2t)' ALTDIR(8920), PCWDIR(8,20)t EPNDIR(8#201 COM 5
COMMON PNLEFF(35,2,25), ALT(1t),2,12)t PUWER(10,2,12) COM 6

C
t 2IMFNSI(IN DUMY1 2, 11)
INTEGER ACALC, PCALC

SC
C COMPUTE ALTITUDES------
C

M = NTET(2)
DO 19 I=IA

C
C PICK UP PROFILE NUMBER

FIGURE C-16A. PROGRAM LISTING - SUBROUTINE APD

C-48



APO)

J ACALC(I)
C
C . TEST F(bI< ZER .II. END OF STRING) -----C

IF (J) ?'~. 2? tie
C
C PICK UP NWIUER OF POINTS DEFINING THIS PROFILEC

15 N = NALT[J)
C
C ----- LOAD THIS PPROFILE INTO DUMMY ARRAY------C

DO I K=1,2
UO 18, L=IN

18 CUMYKLI = ALT(LtK,J)
C
C CALCULATE PARAMETER VALUE

19 Z(J) = CURVE(X,DUMY,N)
C

C ... COMPUTE EPNL ADJUSTMENTS...
C

M = NTET(3)
2J C? 29 I=IM

J = PCAI.CU.)
IF (J) 30, 30, 25

25 N = NPOW(J)
DO 28 K=1,2
00( 28 L=1,N

28 CUMY(K,L) = POWER(LKJl
29 POWSPL(J) = CURVE(XDUMYNIC

3C ) kETIJIRN

ENUL

FIGURE C-16B. PROGRAM LISTING - SUBROUTINE APD
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C
C 00 a0 06. o0 0.d 0. . o0o o , .0 . , , . e0. 0 , 0 0 0 0 0, .

C

c FUNCTICN EPNL
L

C PURPOSE
O TO COMPUTE AN EFFECTIVE PERCEIVED NOISE LEVEL AS A
C FUNCTION OF DISTANCE FRCM AIRCRAFT TO OBSERVER.
C,

C USAGE
C VARIABLE = EPNL(LIST, PRPGTN, DIST)
C
C DESCRIPTION OF PARAMETERS
C LIST - INTEGER TO SPECIFY WHICH OF 18 PNL VS, DISTANCE
C FUNCTIONS TO USE FROM PNLEFF TABLE (INTEGER)
C PRPGTN - PROPAGATION PATH I - GROUND TC GROUND
C (INTEGER) 2 - AIR TO GROUND
C EPNL - EFFECTIVE PERCEIVED NOISE LEVEL (REAL)
C DIST DISTANCE FROM AIRCRAFT TO OBSERVER (REAL)
C
C REMARKS
c 1. FUNCTION IS DEFINED FOR ONLY TWO PROPAGATION PATHS
C AND FOR DISTANCES FROM 12.5 TO 31500 FEEi. IF DIST
C IS OUTSIDE OF DEFINED RANGE OR PRPGTN IS NOT EQUAL
C TO I OR 2t AN ERROR MESSAGE IS PRINTED ALONG WITH THE
C VALUES OF THE THREE CALLING PARAMETERS.
C 2. EPNL VALUES RETURNED FOR INVALID DATA
C A. IF DISTANCE IS LESS THAN 12.5 FEET THE EPNL
C AT 12.5 FEET WILL BE RETURNED.
C 6. IF DISTANCE IS GREATER THAN 31500 FEET THE EPNL
C AT 31500 FEET WILL BE RETURNED.
C C. IF PRPGTN IS NOT EQUAL TO I OR 2 A VALUE OF
C ZERO WILL BE RETURNED
C
C SUBROUTINES AND FUNCTION SUBPROGRAMS CALLED
C ALOGIO
C
C METHOD
C ROUTINE FIRST LOOKS UP TWO PNLEFF VALUES IN TABLE FOR
C DISTANCES BOUNDING CALLING DISTANCE. INTERPOLATION
C BETWEEN THESE VALUES IS PERFORMED TC YIELD DESIRED EPNL.

C

C
9EAL FUNCTION EPNL(LISTtPRPGTN,DIST)

C
CO)MMON XSTAPT, XEND, DXI NAC., CONTUR# NMAX(41 COM I
COhMMON NTET(4)t NFET(4), NALT(12), NPOW(12), ACALC(12), PCALC(12) COM 2
COMMON DSCNAM(2l), ALTNAM(12)t POWNAM(12), PNLKAM(25)9 APTP(50) COM 3
COMMON PPTR(50), EPTR 5(C), OPER(50), Z(12), POWSPL(12), IDENT(13) COM 4
COMMON OSCfPT(3,20), ALTDIR(8,20), POWDIR(8,20), EPNDIR(8,20) COM 5
C{OMMVN PNLEFF (5,2,25), ALT(lO,2,12)t PUWERIlO,2,12) COM 6

C
INTEGER PPPC-TN

FIGURE C-17A. PROGRAM LISTING - FUNCTION EPNL
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F PNL

c F~AL LOGD, LOG01
C 

-CONVEPT DISTANCF TO LOGARITHIiMC SCALE UPON WHICH PNLEFFC TABLES ARE 6ASE0---
C

LOGO) I.. * AL.Rp1gl)[ST) - Jr.C
C --- CHECK FOR INVALID PARAMETERS---

IF (PRPGTNI 14t 14,~ 2
2 IF (PAPGTNi - 2) 11, Iii 14

11 IF (lOGD - 1.1 15, 12p 1212 IF ILOGO - 35.) 13, 16,r 16

C
-------------- UNCATE FRACTION PART OF LOG DISTANCE---
13 ILOGO =LG

LOGOL = LOGE)
C
C LOOK UP BiJUNDING PNLEFF VALUES---C

Cl PNLEFF(IL0GuvPRPGTNrLIST)
C2? PNLEFF(ILOGDOlFPRPGTN#LIST)

C
C :NTERPOLATE---
C

EPNL = CI. + (C2-C1J*(L0GD-.L0GOU,
P ETUPN

C
C
C PAR~AMETERS ARE INVALID---
C

14 £PNL =0.
GO TU 17

C
15 EPNI PNLEFFH1,PPPGTNiLIST)

GO TO 17
C

16 EPNL = PNLEFF( 35 iPRPGYNsLI SI,C
17 h.RfTe (3t 30(11) LIST, PAPGTN, DISTPET UP N

3001 FORMAT (401r 20Xv 'FUNCTION EPNL I NVALID INPUT PARAMETER'I 21Xt, #LIST =It 139 PRPGTN =119 13, It DIST F9.01C
ENO

FIGURE C-178. PROGRAM LISTING -FUNCTION EPNLII C-51



C

C
C FUNCT IUN XNFX
C
C PUFP('SE
C CfMPIJTF A VALUeI OF X CN THE CURVE Y M LUGM + t
C GIVEN TH- VALUF OF Y FOR WHICH X IS TO BL COMPUTED AND
C lWi' XY COUIROINATFS ON THl CURVE
C

C USAGE
C VARIAtLE = XNEW(XI, YI, X2# Y2V YNEW)
C

C DESCRIPTION (IF PARAMETERS
C XI - VALUE OF X AT FIRST COORDINATE POINT
C YI - VALUE OF Y Al FIRST COORDINATE POINT
C X2 - VALUE OF X AT SECOND COORDINATE POINT
C Y2 - VALUF OF Y AT SECOND COORDINATE POINT
C YNFW - VALUE OF Y FOR WHICH X IS TO BE COMPUTED I
C XNFw - VALUE OF X AT Y = YNEW

CC REM ARKS NS

C 1. IF Yl ANDiY2 ARE THE SAME, THEN XNEW IS SET
C EQUAL TO X2.
C 2. IF EITHER XI OP X2 ARE EQUAL TO OR LESS THAN ZERO,
C THEN XNEW IS SET KQUAL TO ZERO. I
C
C SUHRCUTINES AND FUNCTION SUBPROGRAMS REQUIRED
C NONE

C MITHnD

C THE EQUATION USED IS GIVEN IN STATEMENT 30.
C

C 0# .. 6 * e* * 6. o e m. * ****..g. oo .o.o oooo .. o.o*o . o.o. a.oooa o

C
REAL FUNLTION XNEov (Xi, Yi, X2, Y2, YNEW)

C
C CHECK FOR INVALID PARAMETERS
C

IF (Y! - Y2) 2, IC, 2
2 IF (XI) 20, 2'), 3
3 IF IX2) 20, 20t 3Y

C
C IF Yl AND Y2 ARE THE SAME-----
C

10 XNEW = X2
ETUPRN

r•

C IF X1 AND X2 ARE LESS THAN OR EQUAL TO ZERO
C

2C XNEW =,
PETUFN

C
C IF PARAMFTERS ARE OK

Y' XNEW - X2 * (X2/Xl)**I(YNEW-Y2)/lY2-Yil))
RETURN

C
END

FIGURE C-18A. PROGRAM LISTING - FUNCTION XNEW
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C

C
C FUNCTIOA ,PCOR

C PURPOSE
C COMPUTE THE NEF COPRECTION FOR A GIVEN NUMBER OF
C DAYTIME(07Q0 - 2200) AND NIGHTTIME (2200 - 070)0
C AIRCRAFT OPERATIONS.

C USAGE
VARIABLE = OPCOR(NDAY, NNITE)

C
C DESCRIPTION OF PARAMETERS

C NDAY - NUMBER OF DAYTIME OPERATION (REAL)
C NNITE - NUMBER OF NIGHTTIME OPERATIONS (REAL)
C OPCOR - VALUE OF NEF CORRECTION (REAL)
C
C REMARKS
C 1. IF THE TOTAL NUMBER OF UPERATIONS (DAY AND NIGf;T)
C IS LESS THAN OR EQUAL TO ZERO A VALUE OF -11)n) 4ILL
C BE RETURNWED AS THE NEF CORRECTION.
C
C SUBROUTINES AND FUNCTiON SUBPROGRAMS REQUIRED
C ALOGIO
C
C METHOD
C THE DEFINITION OF THE NEF CORRECTION FOR A GIVEN NUMBER
C OF DAYTIME AND NIGHTTIME OPERATIONS IS GIVEN IN STATEMENT 1.
C
C *.,..... , 00. , o. 00o,,o,0 0.e ,e e .,o .e ,eee eo oeeoeo• e, ,

C
REAL FUNCTION OPCORINDAY, NNITE)
REAL NDAY, NNITE

C
C ----- CHECK FOR INVALID PARAMETERS

A = NDAY/20. + NNITE/l.2

IF (A) 5, 5, 1
C
C PARAMETERS ARE VALID. CALCULATE CORRECTION
C

I OPCOR = 10, * ALOGIO(Al
RETURN

C
C ..... PAPAMETERS ARE INVALID. SET CORRECTION EQUAL TO -100 ---
C

5 OPCOR = -100.
RETURN

C
END

FIGURE C-19. PROGRAM LISTING - FUNCTION OPCOR
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C Ri-AL FUNCT ICN CURVP

C P U 'ip1l E
C Cr"kPkUfFS A Y VAL J'Ji FrR ý rl VENJ VALUE OF X, g~
C y =f-,(x ) is r CF iNI E Y nyx Y Pn I N T C ;'F-C Tý-iD I'. T ýI toiT
C 1.I114 SFSG'-NlS. (Sr LI nw

C iJSAro-
C I',PIIAvL~ CLt~vf (XL, rL',(JY, NPTS)

LA3SCI.IP1 I(r\ CF PA-)AP4ETE:S

L YL - vALUE; OF X FC4R WHICH Y IS Tr, PC CCYP1'TED
C rýUO-y( 1 9J - TAPLE. OF XY POINTSý rL. OF)FINE FU.vCTIu)..
C I = 1 f- rR X, p2 F Cl V
C \NPTS - NUJ'-1'FRF OF XqY PCINVS £EFININC F'J,\CTIU-N

c 1. JUV'Y ARRAY MUJST PE CRUL~r-D SLJCiP Th;AT VALIIFS IJF X

C ARE ro4STAN4TLY rlC~ASI"'S
C ?. IF -N!TS IS V.CIJAL TO OR LFSS 111Aj FTJ VýLUt-
c CF ZERC WILL RF RETU.N'F[.
C 1. IF THE VALUE OF XL DCFS NOT LIE 'WIIIIN Tr-~ rFFINED

C RAN~GE CF THF FUNCTION, THFN THE VALLE OF- V FOR THE
C DEFINED VALUE rF X ýYICH- IS CLOSEST T~1 X1. WILL BF
C, RETLPNFO. (IE THý H-;NCTION LCCKS LIKF PI.

C
c
C, I
C I

C II

CI
C I
L I

CII
C I
C I
Cc I rI~~~' ****

c I
C Ic I
C, I------------------------------------------------------

c x

C Slj~q)UTINFS VA'i, FUNCTIrNS IFOuIR'Fr

C

C

FIGURE C-2rA. PROGRAM LISTING - FUNCTION CURVE

C-54I



f -AL fltqCricN CURVF Pet, nU'ly, NPTSJOIMý-%ST'jN OLMYi?, I(,)
,J=I
I F (NPTS I 1) 6, ,I IF IXL y I .j11 ) , '

PJ n i 1= tN
I F (YL - 41 f ,j)) 44p 5, 3

C(JRV ý = ( rLY Y ?Jj L-4 'LY 2 1))XL 
wl j

RE CUR~I-

I- N! r)

FIGURE C-206. PROGRAM LISTING -FUNCTION CURVE
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APPENDIX D

COMPUTATION OF CONTOURS FOR PARALLEL RUNWAYS

The NEF program computes the loci of points of equal NEF
value resulting from operations along a single flight path..
Although it is possible to compute the NEF contours for many
different flight paths in sequence, the program dces not take
into account the possible influence of operations on other
nearby flight paths.

j Larger airports in particular, are likely to have runways
parallel to each other. Consequently the operations on one
runway may influence the location of the contours about thet other. There are two ways tc solve this problem. One is to
compute the NEF contours fcr '-he two flight paths directly,
using a modification of the "normal" NEF program. Although
conceptually very simple, this approach requires considerable
more main storage, because the two paths may well have different
profiles associated with them. As all efforts have been made
to keep storage requirements to a minimum, so that users of
small computers may use the program, expanding storage
requirements for this purpose seems inconsistent.

The path chosen was to use the output of the NEF program as
input lor a merging program, which constructs a summed contour
fror the digital form of the NEF contour output. This program
is completely serarate from the NEF program although it needs
the output of the NEF routine as Input. In this report the
merging program has been named MERGENEF. Dependent upon the
needs of the user, however, the program can be Incorporated in
the main NEF program. Input and output media for MERGENEF as
well as the particular way in which it may be called will be
dependent upon the operating system and the preference of the
programmer.

The MERGENEF program will accept the perpendicular contour
distances to the flight tracks of two parallel, arbitrarily
disp~laced tracks, and will compute the proper NEF contour
distances for the operations on the two paths together. In
order to perform this task the following input is required:

a. Title Card. This card is for identification and can
contain up to 80 characters of Identifying information.

D-1
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TABLE VIII

MERGED CONTOUR CONTROL CARD #1 FORMAT

Columns Contents Mode Range

1-7 Distance along flight track Integer >0
to commence merging I

8-14 Increment along flight track "
between successive comput-iJuons I

15-18 NEF value of 1st merged contour Real

19-22 " " 2nd " I" " I
23-26 " " 3rd "" "

27-;30 " " " 4th I " it

31-34 5th " "

35-38 " i " 6th " " it

39-42 " i " 7th " " " I
43-46 i if 8th It " it

47-50 " 9th " it if

5 1 - -5 4 " " 0 t L it "I"t

TABLE IX

MERGED CONTOUR CONTROL CARD #2

Columns Contents Mode Range

1-7 Distance along the flight track Integer >0
to terminate computation

8-14 Offset in the X-direction it

15-21 Offset in the Y-direction
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TABLE X

CONTOUR CONTROL CARD FORMAT

Columns Contents Mode

1-7 Distance along flight track for Integer >0
the first data point

8-14 Increment along flight track
between successive data points

15-18 NEF value of the ist NEF contour Real

19-22 " " " 2nd " ""

23-26 " 3rd " " "

27-30 " " " 4th

31-34 5th

35-38 6th " "t "

39-42 7th

43-46 " 8th t "t "

47-50 " " 9th " ft "

51-54 " f " 10th " " "t

D-3

I



I
TABLE XI

DATA CARD FORMAT

Columns Contents Mode Range

1-7 y-distance Integer >0

8-14 Distancz to 1st NEF contour ""

15-21 2nd

22-28 3rd " " " "

29-35 "4th " " "

36-42 5th

l3-49 6th "

50-56 " " 7th " " ""

57-63 f " 8th " " " f
64-70 " 9th "t

71-77 1 " 10th " " " "

TABLE XII

CONTOUR CLOSING CARD FORMAT

Columns Contents Mode Range

1-7 Closing distance of 1st NEF contour Integer >0

8-114 it " 2nd " " " "

15-21 it 3rd " " "' "

22-28 4th " " "

29-35 " 5th " " " "

36-42 " " " 6th I"

43-49 " I I 7th " ? " "

50-56 " It 8th t t " "

57-63 " f " 9th " f "

64-70 " f 10th

D-4



b. Merged contour control card #1. This card specifies the
location along the flight path where contour calculations
are to commence and the increment along the flight track
for which the contour distances are to be computed. The
set of NEF contour values for which the contour distances
are to be computed must also be specified on the card.

c. Merged contour control card #2. This card specifies the
point at which the merging process is to be terminated as
well as the offset of the rimways (flight paths).

For each of the two contours to be merged the data to be
processed must appear in the following sequence:

a. A title card. This card identifies one of the contours
be merged (up to 80 characters are allowed).

b. A contour control card. This card details the stsrting

location and the interval along the track of succ~ssive
data cards and the NEF values of the successive data poi.ts
on each card.

c. Data cards containing the distance along the flight traci
and the distances to the contours for the given trac'-.[

d. A blank card.

e. A card w!th the closing point of the various NEF contours.
The columns pertaining to contours which do not close in
the interval under consideration are left blank.

f. The same sequence as a through e but now for the second
track.

The various card formats are described in Tables VIII
through XII.

All distances, which are read into or generated by the
program must be uniquely defined. In order to make input to
MERGENEF compatible with the output of the NEF prograr. the
data describing the contours for each runway are accepted in
the same form as the output generated by the NEF program. For
purposes of output, however, a unique origin must be specified.
MERGENEF assumes that the point of takeoff roll of the first
runway for which data are entered Is the new origin. As the
contours obtained will generally be plotted, the output of
,ERGENEF ias been organized with this use for the data in mind.
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To find the correct offset distanc%, do the following:

1. Choose one of the two runways to be the datum line. j
2. Stand.ng at the beginning of this runway and looking along the

flighttrack, is the other runway on the left or on the right? I
3. If the other runway is on the left, YO :s negative.

If the other runway is on the right, YO is positive.

4. Still Iooking. down the flighttrack, is the beginning of the other _
runway ahead of you or behind you?

5. If the othe- runway is ahead, XO is positive.
If the other runway is behind, XO is negative.
If the other runway is right next to you, XO is zero. i

EXAMPLE: Runways 25-L and 25-R East Mythical Municipal Airport 1970. 1

1. Choose Ist. runway to be 25-L. 1. Choose 1st. runway to be 25-R.
2. 25-R is to the right. 2. 25-L is to the left.
3. YO= +7000' 3. YO= -7000'
4. Beginning of 25-R is ahead. 4. Beginning of 25-L is behind.
5. XO = +2000'. 5. XO= -2000'. r

For results compare Fig. D-2. For results compare Fig. D-3.

FIGURE D-1. ALGORITHM TO FIND CORRECT OFFSET DISTANCES.
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The output for each point along the flight track, whi;-h is
considered by the program as the datum line, consists of 4 sets
of numbers. The first row gives the contour distances to the
righl of the right hand runway. The next two rows give the
contour distances between the two runways, those clcsest to
the right hand runway first, and the final row gives the
contour distances to the left of the lefthand runway. All
references to left and right are for a person looking down the
flight track. All distances, which are to the left of the
datum are given a negative sign.

The offset of the runways is also referenced t" the same
origin, and a displacement in the X-direction (along the
track) given by the appropriately signed distance. The offset
in the y-direction follows the same convention as is used in
specifying the output. if the second runway is to the right
of the first, the sign of the y-offset is positive, on the
other hand, if the secondi runway is to the left of the first
the y-offset is negative. A simple algorithm to find the
correct offset values is given in Fig. D-1.

The examples, which we have carried through in Appendix A,
can also serve here to illustrate the procedure. We assume
that each of the two examples gives the operations on only one
of two parallel runways. The desired contours are then obtained

4by using the MPERGENEF program. The results are shown in
Figs. D-2 and D-4 for the 1970 and i990 forecasts respectively.
Fig. D-3 shows an alternate computation of the 1970 contour
to demonstrate how either one of the runways can be chosen for
the datum.

A few words of caution are in order. The MERGENEF program
is in essence an interpolation scheme which generates a summation
curve from two overlapping curves. It is clear, that such a
program is most accurate when a large number of points are
known between which the desired curve must be fitted. The
routine becomes therefore inaccurate when only a few contours
are still existence at a particular X-value. In particular if
only one or two contours are left (at fairly large X-values)
the program cannot compute the contours accurately and the
resultant output shows a diverging rather than a closing
contour. The reason is that at those points the program
performs on extrapolation, rather than an interpolation.
Similarly the contour with the smallest NEF value is always
extrapolated (it is always further away than the contours it
was generated from) and therefore it is better to supply the
program with one lower value NEF contour than is of interest
(i.e. if the 25 NEF contour is desired MERGENEF will compute
its location more accurately if the 20 NEF contour Is also
known to the program).

D- 7II



As it is necessary to punch the NEF contour information into
cards for input to MERGENEF it is more convenient (and it j
eliminates errors) to have the computer punch out the necessary
information while the P'"F contours are computed.

One way to achieve tViis is shown in Fig. D-5. The mod:L 'Ied I
NE. routine MODNEF will punch out the cards needed by MERGE0EF
in the right sequence. It is up to the user, however, to
supply the identifying and control cards needed to run the I
merging program. This can be added after all cards are punched
out and sorted into parallel runway sets. If cards are not
the medium chosen to punch the MODNEF output (but for example
a tape or disk), the user will have to make surt that the
needed control information is inserted in the MODNEP output
stream. Such extensive modifications are not within the scope
of this text.

A flowchart of the MERGENEFF program is given in Fig. D-6,
a program listing in Fig. D-7.

ID-
.I

II
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DOUBLE PUNWAYSET 25L-25R 197C
START- C INTERVAL= 2000 CONT)LJRS 25m 30. 35. 40. 45. 50. 55.
STOP z 16"0C XtY OFFSET O.F 2ND RUNWAY= 200f, 7300

EAST MYTHICAL MUNICIPAL AIRPORT - F3RECAST 1970 25-L
STARTs 0 INTERVALs 2000 CONTIJRS 25. 30. 35. 40. 45. 50. 55.

EAST MYTHICAL MUNICIPAL AIRP("RT - FORECAST 197') 25-k
STAPT- 11 IIT1IIRVAL- 2000 COJNTOJ;tS 25. 30. 35. 40. 45. 5C. 55.

DISTA~rE Tri PFAFGEI CONTnUk (IN FFET) FROM FIStr ti)NjAY

CONTOUR VALUES 25. i0. 35. 40. 45. 0. 55.

X VALUE- . )r0.
TO RIGHT 12117 1'P45 Q700 P907 P173 *646 7321
BFTWFEN 4t'57 5•091 520 6346 ')771
RUNhAYS 2575 1594 Q2; 510 87
TO I.FFT -4'r%,6 -34r-1 -2423 -1rq52 -920 -407 -236

X VALUFs (.OC .
TO PI.•HT 114,4n I nAC4 0421 ,3r35i 7-20 7417 7216
B r TI-FE'A 4531 541% 6372 h4"a 6912
RUN16AYS 2111 1307 736 390 36
Tr LEFT -4C(93 -2'.-!7 -2065 -11.8 -732 -384 -178

X VALUE- 6C00.
TO FIGHT IIC71 9'•f 3 9qb, P307 7732 73P4 717$
-&ThEEN 3725 401a 569h 6e64 6609 ')6.

RUNWAYS 2Q12 1769 1057 404 2P9 13
Tln LrFT -31-11 -?617 -174'j -1054 -590 -302 -137

X VALUE: qnoo.
TV RIGHT 1"1f24 ;614 A745 e0s3 7590 7302 7137
31-Tv FElJ 4277 S?42 5q44 b3l5 6711 59A#
R•IJ'AYS 2417 1592 1012 b86 366 41
Tr IEFT -'ZIPI -24rl -1577 -0q4 -tP9 -3ts -164

X VALUE- If)'CC '.
TO PIrHT I o?1,5 91 rs R675 7004 7609 7365 71b4
RL TýrFN 4' 3E-. 5415 5,1RQ 6113 .633 bq5@
RLIN6AVS 2',3I 1y71 1213 754 447 171
T1 LEFT -3t13 -2a00( -In7) -1lQ2 -746 -4h3 -201

X VALUE* 1200l0.
TO) IIGIHT 13c.t3 I ce@ P379 A195 7746 7403 7201
RFT IEF1) 4 ;70 5779 6244 4551
RIJN%%AvY 2.2bi 1417 en? 35? &ROf'
TI tF~l -4;'2a -A 1 -22061 -1466 -909 - IS2 C

X VAL'JC I 4rfV% .
TIr PFIG,!47 I101" IO-" 4? 4 "b 7 743q 73.2 0
St ThEEN 4t)40 so;50 6176
PUINIAYS f, 2,.1 1406 b31 6640
TO! LEFT -5,17S -_j -7 -?7'QI -13QR -'s? "' I'

X VALUF:. I ho6 0 .
TVIF lIG1tT I1 1 1 a QS q 4( 64l 7647 0 I
BE TFN' 4171 557? 6160
R.IWAYS Wh751 1277 %6q
TI! LEFT -%qII -4n4(Q -2424 -12A8 -472 r

FIGURE D-2. EXAMPLE OF COMPUTER OUTPUT - MERGED CONTOUR
DISTANCE LISTING, EXAMPLE 1
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)OUBIE PUNWAYSET 25L1-?SR 11)9C ALTFPNAT- COMPUTATION
STAVT- T 11NTLRV L= 2100 C (INT3JAS 25. 30. 35. 40. 45. 5C. S5.
STOP = 1610C XV [FSET VP 2ND RIINWAY- -20009 -73Cc

'AST MYTHICAL UtJNICIPAL AUIRI'QT - F IRF(•Sr I1)71 25-R
START= 0 INTERKVAL-L 2 i.o CCINI('Jr(S 2S. 30. 35. 4n. 45. 50. S55

EAST MYTHICAL -'Jý 'IJ I -AL AIfVWP7 - rI" wcASr 107q ?%-L
STARTs . INTIKVAtt 2)111 Cr,'T3JJS 25. 10. 35. 40. 4S. SC. 55.

I 1ST, , VP MFI-tC.t) L.I\%TrLtW IN FFrT) FRrJ" F IRST PUN'iAV

:ClNTUR VAI lifS ',. C. ). 40. 4 S. sr1. .

K VALUFý !.
TO P IGiT "I1i 3P4S 2794 110 7 1173 646' 421
.1 . -442V. -5S405~ -s"70 -64RI -GQ12
~LJU';A VS -?4.?-48 t, -117 9 -3 -22h

Tft Ir T -i.l"e - 104'r -1142 4 -4;1)? -7l23 -7?47 -723f

X VALUE= 2^00.

qR TkFF I., -,.Q) e" - h2 - 'h 1 -6004 -- 1 1
ROWS44 -I t)0 -e027 - 5 1 f -h

T, LFFT -tIICP, -')('P
7  -n.h lif)f -7732 -7304. -7170

x VALUE= 4•On ,.
TO' Pir.1,T r .I ?rt, /f, 1I3n7 73? 3e4 I Ii
OPFT6FF%,-:•f' -Si?I1 - M4,? -0,39)5 -671C % 4,

1111",•AYv% -4 27 -2 I,, - 11011 -715 - in,) -

Tt' LIFT -It'* ii -'r,17 -1 14'. -si,54 - 711 -71i2 -711'

X VAt urz h If0.
Tf) 9:16#4T 1 "-4 21,14 174-1 1~% 15 0':% 1
B FTOw ,•' -4-t? -L,4C' - ,"7 -'t 4 Q.1. -1)63 1. -'i¢5A
Bk Tw'. \ -44 -. ',a -',s',' -',ý.4 -?1I ) -I

it VAI JE~ - 40
To pit';til 3 (.j 1 4c. 1L, -f;4 'p a J(6' 164
BE ThFr!. -'.C•- -- -"7"'. -' 24•5 -hS1.2 -bQ?-
RU .hA Y. -2'.,' -" I'. -1 I nIL -t%,6 - 164 -41

T,' L67 I -IC oo I 1')-1?-74h -74063 - I I

V VALUF= I1"n-.
T•' pi 01T iU o f I 'j r I,- -.?- I11 74(' 4 .S 2CI

(tl YkEr'i -- L. 73 " r '-t -f- 4 7 "17 h 47

R t.N v S -SOt I -172C -?s' -44F -171
tf. I FrFT -1 1 7ct -1n ,, - I., - %4t,te -'. '4,• - 736,

VALtUF- It?rfC.
Tr. F ,6il 4 ,7LI Ile,. ?•, 1, 14%1 e• •5

F1E T ,,F F's -4 474 -5AI -'. 417n

RIINhýAY% -" Z 4i - I-•," -w03 "3%-
Ti IFF r P1 T IJ 71, - I• {" a ill 4, -.0o a• -• 7

SALaIJF ar I 4r'.
TI IJI~I 'G1I fIS Ini i60 4 l7 c"

IUTpI -'.12 % "7 2 -6hil3

I trF- -I'-.ll -r C' L . 4 -' 4 -J,.'* -7'?72 0

X VAI 11E: I h (V*

TI- I. i,'1 1 f '. 4;, r'4 24-% 1lVl 4 7' P C'

Rtj'jiAyS -?QI' . 1 j. - `474
T.' I rF - 1,fl7r -l11)7 -",35 -'142 C" c' C

FIGURE 0-3. EXAMPLE OF COMPUTER OUTPUT - MERGED CONTOUR
DISTANCE LISTING, ALTERNATE COMPUTATION OF
EXAMPLE I
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DOURLE RUNWAYSET ?SL-25R 1990
STARTs 1i INTERVALz 2000 CONTnURS 25. 30. 35. 40. 45. 50. 55.

STOP - 100000 XY OFFSET OF 2ND RUNWAY= 20009 7ýO0

EAST MYTHICAL MUNICIPAL AI[PORT - FORECAST 1993 25-L
STARTs 0 INTEPVALm 2000 CnNTOUAS ZS. 30. 35. 40. 45. SO. SS.

EAST MYTHICAL MUNICIPAL AIRPI'RT - FORECAST 1993 25-R
STARTo 0 INTERVAL= 2o00 CONTOU;kS 25. 33. 35. 40. 4S. 5C. 55.

,ISTANCE TO MEP'ED C•.NTLOUO (IN FEET) FROM FI4ST PUN4AY

CONTOUR VALUES 25. 3n,. 35. 40. 45. s0. !)5.

Y VALUEm 20co.
TC' kIGHT 1477P 13174- 1177'j IC6q9 "10 401 4333
B, TWF Eft 4117 4170 5b69

RUNWAYS 2352 1550 910
Tr LEFT -h'15 -5253 -4062 -1117 -2279 -I15n -051

X VALUF 400'.0.
TO RIGHT 130-65 12228 11051 10113 Q2?7 855: 7951
BF TWFEN 3672 4716 5458 5091
RUNWAYS 2771 1804 1141 612
TO L-FT -R7'14 -4457 -1431 -2570 -17,S -1144 -654

X VALUES 600(1).
TO RIGHT t.,P2 11442 L.0425 95b" 8797 9144 7654
BETWEEN 4392 5239 s5bO 6387
RUNWAYS 7417 L127 1076 739
TO LEFT -5125 -4107 -320c -21b3 -1619 -106, -003

X VALUE. m1nc0.
TO RIGHT 17lno 1115h In2( ; 9gb2 8614 d065 1803

Bf TEF 4567 S375 5924 S261
RUN•AVS 3460 2324 1446 793
TO LEV1 -5277 -460n -3".? -3367 -2122 -1442 -qin

X VALUEs 100C0.
TO FIGHT 177Qf 115n7 10.Q5 10367 q322 8442 78A(0

SkrTWF.N 4504 5529 6201
RUNWAYS 2346 13(62 703
TO LEFT -73C9 -6622 -5qnl -3645 -2321 -13o3 -711

X VALUFm 120r0.
TI' P I(:.T 1',273 11.24 12qC' 1 1CO 97 q915 3370 7712
:11 TikFEN 4431 Sti1l #291
RUNAVS 7438 11719 362

Tt- LFIT - 7I'.7 -ý40q -61t1 -372q -2122 -11.5 -394

X VALUE- 14001).
TO RIGHT Ie-Et; I 1S"IVP 13221 I C'8QA 26b q197 7396
BE I hEFP? 4531 SF14
RUNWAYS 731% R53 6634
Tin LEFT -1|C72 -109ts7 -63W? -3t64 -23n0 -IC7 -91

V VAt UEu 1600n,.

TO PI,•HT 1'.'e,5 17')'Qn 13731 1086? Q117 7q1 7r.91

RE TWEFEN 4701 6144
RUNWAYS 2043 40b fi620

TO LEFT -_1,"11 -10A72 -_639) -3751 -1893 -494 C

X VALUEs 180'3.
TO RIGHT 2?ARS idSR2 1140•) 10764 8Rq9 7484 4")

,E "WEEN 49?7
RUNAYS 1bp6 h6('O
in LEFT -17101 -11626 -6704 -3bO0 -1594 n 0

FIGURE D-4. EXAMPLE. OF COMPUTER OUTPUT - MERGED CONTOUR
DISTANCE LISTING, EXAMPLE 2
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DISTANCE TO MERGED CONTOUR (IN FEET) FROM FIRST RUNWAY

CONTOUR VALUES 25. 30. 35. 40. 45. 50. 55.

X VALUE= 20000.
TO RIGHT 2621q 19570 14000 10617 8506 0 0
BETWEEN 5334 j
RUNWAYS 1251
TO LEFT -?C203 -12450 - 6 126 -3426 -1205 0 0

X VALUE= 22000.
TC RIGHT 28429 19955 13970 10427 8203 0 0
BETWEEN 5 7 f5
RUNWAYS 738
TO LEFT -21410 -12q2q -6828 -3204 -697 0 0

X VALUE= 24000. j
TO RIGHT 28373 [9924 13839 10203 7694 0 0
BETWEEN 6271
RUNWAYS 9

TO LEFT -21393 -13013 -6715 -2928 -49 0 0

X VALUE= 26000.
TO RIGHT 28F48 20175 13749 P925 7037 0 0
BETWEEN
RUNWAYS 6193
TO LEFT -22117 -13051 -6587 -2598 0 0 0

X VALUE= 28000.
TO RIGHT 29790 20271 13604 9585 0 0 0

BETWEEN
RUNWAYS
TO LEFT -22861 -13193 -6444 -2184 0 0 0

X VALUE= 30000.
TO RIGHT 30038 2023C 13428 9168 0 0 0
BET6EEN 3P68
RUNWAYS 2490
TO LEFT -23r15 -13161 -6259 -1663 0 0 0

X VALUE= 32000.
TO RIGHT 30072 20153 13232 R644 0 0 0
BETWEEN 4797
RUNWAYS 1325
TO LEFT -23C73 -13072 -6043 -1000 0 0 0

X VALUE= 34000.
TO RIGHT 30133 20n7P 1.3012 7979 0 0 0
BETWEEN 5794
RUNWAYS 78
TO LEFT -231P3 -12002 -5794 -406 0 0 0

X VALUE= 360C0.
TO RIGHT 30246 11079 12759 7405 0 0 0
BETWFEN
RUNWAYS 6035
TO LEFT -23210 -12P91 -5517 0 0 0 0

FIGURE D -4. EXAMPLE OF COMPUTER OUTPUT - MERGED CONTOUR

DISTANCE LISTING, EXAMPLE 2 (CONTINUED)
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DISTANCE TO MERGED CO;NTOUR (IN FEETI FROM FIRST RUNWAY

CONTOUR VALUES 25. 30. 35. 40. 45. 50. 55.

X VALUE= 38000.
fC 'lIGHT 30242 19Pb2 12476 0 0 0 0
BE iWEEN
RUNWAYS

TO LEFT -23219 -12766 -5203 0 0 0 0

X VALUE= 40000.
TO RIGHT 30251 19736 12154 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -23226 -12633 -4834 0 0 0 0

X VALUE= 42000.
TO RIGHT 30251 IC5Y7 117P6 0 0 0 0
BETWEEN
RUNhAYS
TO LFFT -23221 -124PS -4424 0 0 0 0

X VALUE= 44000.
TO RIGHT 30242 19447 11359 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -23211 -12330 -395S 0 0 0 0

X VALUE= 46C0C.
TO RIGHT 30235 19285 1OP5u C 0 0 0
BETWEEN
RUNWAYS
TO LEFT -23203 -12161 -3397 0 0 0 0

K VALUE= 48000.
TO RIGHT 30232 19112 10273 0 0 0 0
BETWEEN
RUJNWAYS
TU LEFT -23200 -11979 -2637 0 0 0 0

X VALUE= 50000.
TO RIGHT 30234 IqQ27 9533 0 u 0
BFTWEEN 4150
RUNWAYS 242
TO LEFT -23203 -117P5 -119 0 0 0 0

X VALUE= 52000.
TO RIGHT 30244 18730 7927 0 0 0 0
BETWEEN AR05
RUNWAYS 163
TO LEFT -23213 -1157A -R4:) 0 0 0 0

X VALUEm 54000.
TO RIGHT 30263 18519 7680 0 0 0 0
BETWEEN 6831
RUNWAYS 123
TO LEFT - J2' -11355 -385 0 0 0 0

FIGURE D-4. EXAMPLE OF COMPUTER OUTPUT - MERGED CONTOUR

DISTANCE LISTING, EXAMPLE 2 (CONTINUED)
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DISTANCF TO MEFGED CONTOUR (IN FEET) FROM FIRST RUNWAY

CONTOUR VALUES ?5. 30. 35. 40. 45. 5C. 55.

X VALUE= 56000.
TO RIGHT 30292 182c2 7445 0 0 0 0
BETWEEN 687q
RUNWAYS 7A
TO LEFT -23263 -11115 -324 0 0 0 0

X VALUE= 5R000.
TO RIGHT 30336 18049 7233 n 0 0 0
BFTWEEN 6925
RUNWAYS 24
TO LEFT -2333q -10859 -84 0 0 0 0

X VALUE= 60000.
TO RIGHT 30397 177el 7050 0 0 0 0
BETWFEN
RUNWAYS 6979
TO LEFT -23374 -'05F3 0 0 0 0 0

X VALUE= 62000.
TO RIGHT 30480 1750R n 0 0 0 0
BFTWEEN
RUNWAYS
TO LEFT -23462 -102F5 0 0 0 0 0

X VALUE= 64000.
TO RIGHT 305Q3 17205 1 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -235&0 -9962 1 0 0 0 0

X VALUE= 66000.
TO RIGHT 30743 16876 0 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -23740 -9610 1 0 0 0 0

X VALUE= 68000.
TO RIGHT 30c'44 16517 0 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -23951 -9223 3 0 0 0 0

X VALUE= 70000.
TO RIGHT 31?10 16121 0 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -?4234 -97C3 0 0 0 0 0

X VALUE= 72000.
TO PIGHT 31574 15682 0 0 0 0 0
BETWEEN
RUNWAYS
T(I LEFT -24622 -8306 0 0 0 0 0
FIGURE D-4. EXAMPLE OF COMPUTER OUTPUT - MERGED CONTOUR

DISTANCE LISTING, EXAMPLE 2 (CONTINUED)
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DISTANCE TU P4EPGED CONTOUR (IN FEET) FR(w FIRST RUNWAY

CONTOUR VALUES 25. 3r. 35. 40. 45. 50. 55.

X VALUE= 74000.
TO RIGHT 32061 15183 0 0 0 0 0
BETWEEN
RUNWAYS
TO LEFT -25139 -77.6 0 0 r 0

X VALUE- 7Z000.
TO RIGHT 32757 14626 0 0 0 0 0

BFTWEFN
RUNWA YS
TO LEFT -25899 -710r8 0 0 0 0

X VALUE= 78000.
TO RIGHT 33F7P 13030 0 0 0
BETWEEN

ft RUNWAYS
TO LEFT -27133 -6242 0 0 0 0 0

X VALUE= 80000.
TO RIGHT 35871 13024 0 0 0 0
SETWF EN
PUNwAYS
TO LFFT -29412 -4996 0 0 0 0 0

X VALUE= 82000.
TO RIGHT 45890 114O 0 0 C 0
BETWEEN 1373
RUNWAYS 672
TO LEFT -46585 -43P7 0 0 0 0 0

X VALUE= 84000.
TO RIGHT 105704 104'65 ) 0 0 0 0
BETWEEN 6778
RUNIWAYS 203
TO LEFT -qq896 -3245 0 0 0 0 0

X VALUE= 86000.
TO RIGHT 108015 10044 0 0 C 0 0
BETWEEN 6700
RUNWAYS 181
TO LEFT -102314 -2R02 0 0 0 0 0

X VALIJE= 18000.
TO RIGHT 1104Co 061A 00 00
BETWEEN 6822
RUNWAYS 156
TO LEFT -104830 -2346 0 0 0 0

X VALUE= 9C000.
TO RIGHT 112P8Q 0172 9 0 0 0 0
BETWEEN 6847SRUNWAYS 124
TG LEFT -107 453 - Ie1 0 0 0 0 0

FIGURE D-4. EXAMPLE OF COMPUTER OUTPUT - MERGED CONTOUR

DISTANCE LISTING, EXAMPLE 2 (CONTINUED)
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SI STAN('- !fl v(i-Ft, (ý r.TPU.$ 1114 F'Ert) FRO4 uP!-ST RUNhuAY

CONTOUR VALOIES 3c. 35. %0. '-5. 50. i5.1

X VAI JE= 2Cf. ( "
T[-R pI.;HT 115 5". T~r' c 0 n
3FTbwEFN. 6R74
RU%.VAvS cl I
TC LEFT -1[O198 1I~ 0 C

X VALUF= C4000O.
TU F 1(;?T 118243 IL5 3 0C
BE TiFErk 6:)C4
RU.NAYS
TU IEFT -1131I'1 - QC4 0 00

X V/ALUE= c,6"Co.
T(C PIGI-iT 2! 1I. i4 t 0 1) 0

RUNwAYS 2
TO LFFT -111,236 -~ I C; 0 0 0

X VALUF= 0 i002
TF i IGf-T 17';4P2 71C2 1 r 0

R~rllA -,; 6174

Tr tEF T  -IIq~p? 0 r 01

D-16



C~~~~~~~~~ TI' S£S;P M~CTI)t~ 'E NEF :OIreru. *P'JT112
k E ThIS Fr's I"[I ROUTINE PUWC.*S DIWT T'IE ICAqDS

c PC'JI&() k7! T-t "ESN: C1T3JR INERG1%; :t3JTIPIF
r Ail f,`I-Es V&.'aTI-i nFl T*t ;CC'TIPNE APE UV'a1A4GE9

ClipI14, tP¶l, £aX14F. LLSTPT

.... . . . .. ........... a . .....* a.*.... .. * ... . . .

C a%43~ XSTAT, XF4i.J. kr %AL., C~ftTU~lq %NAX(4 1 Ct3I
!%''" O.ETI'-I, 'tFET(4), '%&Ll(121, 4PdP~iI'I, £CAtC1II, PC&aICI? I -!w 2

~tw4l?. !)SC'%L'(?, ALT1n4.11121, Prda'aANI1!1. P4LN4A1 251, APTPIS-21 (CC 3
C I w449 PPlc(5-1, EPTPIS2I,~h~, 1(1?1. P144SPE(IZI, IDEN'T(IMi ("p 4

C~q I )SCR2TI3,?OI. ALTJ1I-(-3,231, ProiOIR(3,21PI, E)*4I4(Fv?3I (U1 s

,44MA PpKLEFI(35,2,?5I.IT1221I P:*4aER(V'q2,12) (2" 6

C'

---------------------------------------------- ---------------------------

=3"

rEI-CnN(3', I 5"

NE FruN,?) 1 55

N*OAXII
NMAX~l 51

N"hX1) =51

N-MAXW~ 30
DE) 1 1=1,4
NTFTIII = 0

1 PJIFT(l) =

C
2 CALL CAýDIN

C
C THEF TUENTIFYING INFORM~ATION IF r4EC DATA IS PUNCHED 1JEAE.

C
wHRIE(2,2010) 1LNiT

C201C FeVQ4AT(13A4)

FIGURE D-5A. PROGRAM LISTING -MODNEF CONTROL ROUTINE
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C. JST AWJJ JtVX ARE 1ft~RCc.jfc:D TO CQItATt THE )ESIRED PiI4CA4i:' PUTPUT.

.1ST = SIM'T
JOY = DX

C

X = XSTARI4

k4NC'IT 7

D:" 3 K=1,7
XCLCSf(Nld =fl

3IVI.~4I = 4n

CIt CALL APD(YI

N.-COYN = 1NNEXTj

Y2 = IY(kl
Yl= V2*C4 p

F ~CALL ANEF 1V2, 'dEP?)

CALL AKFF (VI, 'dEFI)

Z1 YC = x!.EW(YI, IFEFI, Y2, NEF2, CONTUR)
IF (YC - 3Zb0eC.) 239 239 22

22 Y!~ = 1^C

23 (CCTIN1UE
IF (Ye' - 12.t)J 24,w 25, 25

24 CCtkTIN4UE
CALL LASTPflX, XCLOSEV41I

YC= 0.
NN'EXT =NFKFXT - I
GS. Tn 28

25 IF (AJS(YC -Yl) -2.1 7Q, 28, 26
26 IF IABS((YO -Yjl Y O) 3 .131) 213v 28,#?
27 Y2 = YI

NEF? = NEFI
VI = Vo
CALL ANEF lIY, NEF11
GO Tfl 21

2A IY(N) = YC + C.5
40 CONTINUE

C
C

I INCNT = LINZNT + I.
IF (LIN'-NT) 43, 429 42

42 1 INCNT = 5
WRITE (3, 3034) IDENT
WRITF (3, 30,01) NEFCflN

FIGURE D-56. PROGRAM LISTING -MODNEF CONTROL ROUTINE
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UN FO F

43 IX = X + 0.5
WPIF 11, -40n"••F l IX, (IY(N), N=loNcnN|

C.

C Sl-.f 0)ISTANht- At ChIC'' T4F TWAC( AND THE CONT'rJ•q DISTAN',ýFS ARE- PUNCHE.) H.ERWE.

ýITrM2,2rn2) IX, lIY(II, I=1,NCON)
002 F FI A I ( I 1171

(-

C.

IF (N'rFXT) 5., 5,ri, 53
C

59 X X + DX

55 lr ," = r)

.,,prr P , 3"nrf P-
Or 71) '1= v7
IX - X( LlSr 1('4 + ",5
IF (IX) 7f', 7r', ",0

rW .f Tnl (61, 6?, 61, 64, f5, 66, 67), N
1 v. IT F (3, 30"11 IX

G1' Tl 60
I? b%:TF (3, 303?) IX

(,1 TO) 6n
63 1r-'ITF (1, 3T"3) IX

r, rl o6
O.4 GI, TF (3, 3C34) IX

G" TO 6q
v) . P I TE (3, 3035)1 X
GO' To 6r

ih 6w ITE ( 3, V*A'f ) Ix
G'l Tn 60

(67 1,i.ITI- (3, I.'0 7) IX
69 1 F IG•T i

C.+.

THi- 6iLAN (CAF'P! AT THE FPjl) ý THE UINT)UR 3ISTANCF 0ATSET IS PUNC-4E) HERE
C

Wl: ItE12,2r,))

20(C0 F(.RMAT(f 9)C

C THE CA0') .INTAI',ING THE C.L)SI'4G Pl(INTS 3F T-41- CnNTOURS IS PUozHru '4EcF

(0fl 201Q4 I =1 7
2(104 IX(LSIII a XC LfC .( I I + l.h

,f;ITF(2p2C02) (IxrtIS(I), I a 1I1
r(-.

,,r TO t'"1, ?I)t IFL(;
71 6P ITF (19, "f)3(,)

FIGURE D-5C. PROGRAM LISTING - MODNEF CONTROL ROUTINE
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cl

72 GV TO 2

3Cfql F(ORMAT (It, 32X, 'DIS.IA•IE TO .f(INTOUR IN FEET'I 114, 'POINT ONO/
I OX, 'FLIGHT TýACKI, 71j / qX, - - -

3Z.4 Fn&4,AI (1( ', ISX, J1A4 / OX, I --------- -

3O(' F iFMAI (ICX, lb, 4X, 7181
3006 f.rPMAT 00t) I
303C FVVMAT 11+1v 7X, 'CVNV)U4 C-L)SP4' I RXt #POINT OP" FLI3HTt

1 / AX, rTPAC KI )
3C31 FP1-1 iAT (6..1, ? I, l

3C11 t' '.'T +9, 17X, 101
3^.'ý FI*RAT (0 II69 4"X9 1 91

"'1-45 1-FIER 4 AT (4+1, 51X, ja)
3% 3 A FL•U•I (* , f. IX , HIml
3037 I-rPAT (4+0 6'-•X t 1 )

FNU I

1

I

I
1
I

FIGURE D-5D. PROGRAM LISTING - MODNEF CONTROL ROUTINE
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MfRGENEF

DIMENSION Tl( IOIT2( lI),TP(22),TMI(22,T'(21U
DIWENSION CM(I,0hCIIICO),C2( 1O1,CP(Z2,CNI22b)CB(21)
DIMENSION RXICLS(I0) ,RX2CLS( 13)
INTEGEP XICLSIIO), X2CLSE1O), IRRAY(200,10)
INTEGF9 DXM, CXI, DX2, X0, YO, XEND

INTEGER ABE3, XBEGI, XBEG2
DIMENSION LBLM(20), LBLI120), LBIL2(20)

* 0J1MENSIO'N MlYP(10), MYM(IO), MYAIIC), MYB(101

CC NEF CJNToUo M E E
CC NEF CONTnUR MERGING PCUIINE
S C
C
C

I C gegeo e•... cc eg... oo •eg cc... ge. e•... o.

IC PURPOSE. T:! ACCEPT CONTOUR~S FROM TWO PARALLEL RUNWAfS
C lIt.D rENFPATE TtH MERGED CONTOURS.

C ........ ... . .... . . ..... . . ..... g. ..... g ..... .. . .......

C INPUT.
C THE DATA FOR THE MERGER

C
C I. LA$EL FCP TFE MEPGFP

C 2. X-START, X-INTERVAL, AND THE CONTOUR VALUES FOR THE MERGER
C 3. X-fND, X-OFFSET, Y-OFFSET OF THE 2ND 2UNWAY FF-04 TiE 1ST
c

C TI-FE DATA FCR IHE FIRST RUNWAY

C 1. LABEL FOR THE FIRST RUNwAY
C 2. X-STAIT, X-INTERVAL, CONT.)UR VALUES

C 3. X-VALUE, Y-VALUES FOR EA:H CONTOUR
C 4. THE CONTOURS ARE TERMINATED WITH A BLANK CARD
C 5. THE SET 9F DATA FUR THE FIRST RUNwAY IS TERMINATE)

C WITH THF X-VALUES FOR THE CLOSURE OF FA-I CONTOUR

C
C THE DATA F4 THE SECOND RUNWAY IS SItILAa T3 THAT )F THE FIRST

C
C. oo ge .apge. ,. oeg*E e ge. eeo o...g° eee e. go .oo eoeeo.co e eeoe o eo

C
C READ THE DATA FOR THE MERGCk
C

300 READ (1,10031 LBLM
READ (1,10031 XBEG, DXM, (CMII), Itl,l•I

IF (DXM) 205,205,301
301 CONTINUE

C
C THE PROGRAM STOPS WHEN THE X-INTERVAL FOR MERGER IS 3

C
DO I I = 1,IC
IF (CM(I)) 2,2,1

I CONTINUE
GOTO 3

2 1 = 1 -1
C 3 NCM = I

READ) (l,l100!) XEND, XOst YC

FIGURE D-7A. PROGRAM LISTING - MERGENEF ROUTINE
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MEPGFNEr:

C READ THE .PrTA 9O()P THE FIRST RUNWAY
FEAD (I,1003) L ILI
PEAO) (I ,100r1 XBEGI, rx, (C(l), II1Ito)

D0 4 I = I,1)
IF (C ifIi) 5,5,4

4 CONTINUE
GOTO 6

C = I -1
b NCL I

7 FFAD (1,1002) IX, (IPFAY(J,I), I=INCII
IF (IRRAYIJ,1I) 302,3C2,P

302 IF (IX) 9,9 8
8 JJ +1

GOITn 7
CfNXI= J - I

REAl) (I, 1002) (XICLS(I), 1=,14C1

DO 700 NR=1, N1
700 FXICLS(NR) = XICLS(NR)

C
C READ THE DATA F3F THE SFCCN[) RUNWAY

PEAD (I,IC03) LBL2

PEA) (l,1CO0() XBFG2, [)X2, (C2(I), 1=1,101

DO 10 1 = 1,10
I F ( C2 (I| 1 1 tI, I!, I C

10 CONTINUE
GOTO 12

11 1 = ! - 1
12 NC2 = I

J = NXI + 1
13 FEAO (IIrCC2) IX, (IRPAY(J,IJ, I=1,NC2)

IF (IRkAY(J,|)) 303,303,14
303 IF (IX) 15,19,14

14 J = J + I
GCTO 13

15 NX2 = J - NX! - I
READ (1,1C12) (X2CLS(I), I=INC2)
DO 7C1 NR=INC2

701 RX2CLS(NF) = X2CLS(NR)
WPITE ( 3,301C•I

C

C WRITE THE INPUT rATA FCR IDENTIFICATION PURPOSES

C
WRITE (3,30111 LBLM
WRITE (3,3012) XBEG, CXM, (CM(I)t i=1,N:M)
WRITE (3,3013) xEND, X0, YO

WRITE (3,3020)
WRITE (3,3011) LBI.
WRITE (3,30121 XMYEGI, DXI, (CI(I), I=1,N:1I

WRITE (3,3020)
WRITE (3,3011) LRL2
WRITE (3,30121 XBEG2, DX2, (C2(1), I=I,NC2)
LINES = 60

C
C FIND THE FIPST X-VALUE WHERE ROTH SETS -IF CONTOURS ARE DEFINED

FIGURE D-7B. PROGRAM LISTING - MERGENEF ROUTINE
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M.FRGENkf

C
)T = XBEGI.
IF (xT - XBF ; - XO1 16917,17

16 XT = XIEG2 * XO
17 X = XHEG

R= X
I F(X I I R . 702 , 11 F

702 RX = 1.
18 IF (X - XT) lr),20,20
1 q X = X + DXM

RX = X

G-?Tn 
18

C CHECK FOR, CLOSURE UF THE CONTOUR
SC

J (X - XBFG1I/DXI + 1
XP = (J - 1) * DXl + XBFG1
Do 26 I 1,NCI

IF (IRRAY(J,I)) 22,22,28
28 CONTINUE

IF (XICLS(l)) 25325,21
21 IF(X XICLS(Il )) 23,?2,22
22 TIC() = 0.

GOTO 26
23 IF (XP + DXI - XlCLS(1)) 25,24,24
24 TIMI = (( XlCIS(I)--X)/(XICLS(I1 - XPI)*IRRAY(Jl)

GOTO 26
25 TlfI)=((X-XP)/DX1)*(IPPAY(J+III-IRqAY(J Il))÷IRRAYIJtlI

26 CGNTINUE
C
C INTERPnLATE TO FIND THE Y-VALUES FOR THE TWO CONTOURS SETS AT X
C

J = (X - XO - XiEG2)I/X2 + I
XP (J-1) * DX2 + XC + XBEG2

K = J + f'NXI
DC 36 I=I,NC2
IF ( IRRAY(KI ))32,32,38

3P CONTINUE
IF (X2CLS(I)) 35,'35,31

31 IF (X- X?CLS(I) - Xf 33,32,32
32 T2(1) 0.

GOTn 36
33 IF (XP + OX2 - X2CLS(I) - XO) 35,34,34
34 T2(I1 = ((X2CLS(I)-XI/(X2CLS(I1-XP))*IRRAY(K,I)

GO TO 36
35 T2(1) = ((X - XP)IDX2) *

C (IRRAY(K+1,I) - IRAY(K,1) + IRRAY(K,I)
36 CONTINUE

C
C TI, T2 AFE THE SET OF INTFRPOLATEO Y-VALUES FOR THE CJNTOUR
C VALUES OF THE FIPST AND SECOND KUNWAYS AT X
C
C INTERPOLATE UNDER FLIGHT PATH
C
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C CX1 IS THiE C'N-TOUJF VA'LUE 01N FIRST RUNWAY (UNDER PATH)
C

3 50f NJ = NJC1-1
00 151 1=lNJ
IF (XlCLS(LI) 35i1051t352

35 1 CONTINUE
CXl= (0.- Tl(NCl-1))/(Tl(NCL) - TI(NCI-11)*

C (CL(NCI) - C1(Nr1-I 1) + Cl(NCI-lJ
CAJTO 360

352 JS = 1+1
Or' i'i3 J=JSNCl
IV(XICLS(J))355,l55,3St,

35b IF (X - XlCLS(J)) 3539354t354
353 CONTINLIF

1356 CX1 = TI(J-2)/(TI(J-?)-71(J-1))*(Ll(J-1J-Cl(J-?fl CLIJ-21
GCtTO 36f)

355 IF(J-2) l35'i,1355,135f(
1355 6I.JTE(3,304S) XCl(J)

VR'I TE (393011) LAL I
LINES = LINES + S
G(JTn 39'n

354 CXI = AL2(*.(PX1Ct.S(J-l)/PI~X / %~L06(RXICLS(J-1)/fRXLCLS(J))
C (C1(J) - CIIJ-11) + CIIJ-1)

C CX2 IS TI'E LOINT7''Uk VALUF ON SECCND PUNWAY

360 NJ = NrZ2-1
00 1b1 11,tNJ
IF (XCtS(1)) 3,11361,362

361 CONTINUE
C Y2= ( C. - T 2 ( C2-1flI(T2 INC 2 - T2 (NC2-1fl

C IC2(Mt?2 - C2(NC.2-1)) +C2?HC2-1)
GOT"I 357

362 JS = L41
DtW 363 J=JSPNC2.
IF(X?CLS(J) ) 365 ,365,366

366 IF (w - Y2CLS(J)l 363,3649364
363 CCNTINUF.
1366 CX? = T2(J-2I/(T2'IJ-2)-T2(J-1I)*(C2(J-1)-C?(J-2) )+C2(J-2)

GL:Tfl 357

1365 WPITE(39304P) X, C2IJ)
WRITE(3,3011) LBL2
L INES =LINLS + 6
GnTn ion~

364 CX2 ALnG("w2CLS(J-1)/APS(PX-X0)) /ALflGIRXZCLS(J-11/,RX2CLS(Jll*
I IC2fJ)-C2(J-1))4C2(J-I)

357 Y 0.
K 4
GUTfl 520

35'3 CCXl = 1C.*AL(!GlO(IC.**(CXI/10.) + 10.**(:c2/in.)i
V YO)
K 4
GfTr) ý10

368 rCX2 = lf'.*ALOGI0(10.**(CX?/I0.) + 0*(C/.I

FIGURE D-71). PROGRAM LISTING - MERGENEF ROUTINE
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C
C
C GENERATE THE CONTOUR VALUF VS. Y FUNCTION AT T"E GIVEN 9
C ALONG THE L I NF TFl THE kl[,AT OF THE TWO CONTOURS AND T3 THE LEFT.
C
C
C CPTP ARE THF ASSOCIATED LISTS OiF CONTOUl AND Y-VALULS Tr, THE RIGHT OF
C THE TWO HUNWAYS,
C
C
CC NtTM ARE THE ASSOCIATED LISIS UF CONTOUP AND Y-VALUES TO THE LFFT OF
C THF T~i1 PUNWAYS.
C
C

C THE CASE WHERF THE FIRST RUN'WAY IS THE RIGHTMGST
C UR WHFRE IWO PATHS ARE SUPERPOSEI
C

4 IF (YO) 401,401,4115 401 NP = 0
0O 404 I = INC1
Y = TI(1I
IF (Tl(l)) 404,404,402

402 K = I
GOTO 520

403 N!P = NP + I
CP(NP) = +O.*AL )GIO(O.4*(CI(I/IO.) 4 13.**(CC2/lO.1)
TP(NP) = Y

404 CCNTINUE
)•' 1410 1 = 1 NC2

Y = T2(I) ) YO
IFYl) 1410, 1410,1405

1405 l=5
G(JTO 510

1406 NP = NP +1
(P(NP|=IO.*ALIC.IO(I0.•,m(Ci(1)/I0.I+IO.**(CCI/1O.)I

TP(NPI = Y
1410 C(INTINUE

NO = 1
GOT?) 600

1411 NM = (I

DO 401 I=INC2
Y = -12(l) + YO
IF (T2(Il 4('7,407,405

405 K = I
GOTO 510

406 NM = NM + I
CN(NM) = I1.4:ALJGIO(1I.**(C2(II/I0.) + I".**(CCi. I.))
TM(NM) = -T2(II

407 CONTINUE
DO 1450 1=1,NC1
S= -TI(Il

IF (Y-Y(') 141 , I1450,145C
1415 K = 5

GOTO 520
1416 NM = NM + 1

FIGURE D-7E. PROGRAM LISTING - MERGENEF ROUTINE
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CN(NMI +C*Ll,0r*I1I/1. 0*(C!0I

TMNM Y -YC 
I

1450 CONTINUF
NO =I
GOTO 6501I1451 NP = NP + I
(PINP) = rfx1
lP(NY) = 1.1
MA = 1.9 + 1

CN('4-) = ZCX2

yP C.

GVTd 4V)~
c

v;H CS HFPE THE StCC?40 ktJ4WAv 1S THC -7IGHTM0-ST

411 NP= 0
M0 414 ;=1,rIC2
Y T2(11 Yr

IF MITlli 41'4,414,41,1

CP(NP = + l.**(CCI/1Q..II

44CCNTINUE
CC 14t.(? I = I,NCi

IF-(Y-YO) 146r,146r,I(,25

1425 KEl
Gria 520

1426 NP = NP + I

CP(NPJ = +0~AC(C*'C()l. 13.**(CC2/1C1) I
TP(.%P) ='Y - YO

1460 CONTINUE
NO = 2
GOTO 600

1461 %4M = C'
DC" 417 !=1,N~l
Y -Till)
IF (TIMI) 417,417,415

415 V 2
GCTO 520

416 NM =NM + 1

TMINM) = Y
417 CONTINUE

Dr 1470 1 = I,NC2
Y = -T241) + Yo

1F(Y) 1435,1470,1470
1435 K=6

GPTfl 510

1436 NM = NM .
CN(NM) =10. * ALnGltC(1C.**(C2(I)/10 1+ 10.**(CCI/10.II)

FIGURE D-7F. PROGRAM LISTING -MERGENEF ROUTINE
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4- TM(N4) =Y

A 1 1470 C, O'T I NUE
NC = 2
GOTO 650

1471 NP =NP + 1
CP(NP) =CC02
TP(NP) w 1.
NM - N'm + I
CN(Nm) = CCXl
TM(N~4) -1
YP = YOj ym = 0.

C (B, TB APE TIFE ASSOCIATE!) t IST S OF CONT0JR VALUES A~4) Y-VALUES
CFFOR THE REG1ION PFTw[EN THE TWO FUN4'AYS AT THE GIVE'J x-DISTANCE
C

420 Y = 0.
DY = V0120).
DO 423 1=1,21

K3
GCTn 510

421 K = 3
GCTO 520

422 CB(Ij = 10.VALOrv10(lC.**(CC1/1G.) +1Q.**(CC2/1O.)I
TB(f) =Y
Y = V + DY

423 CONTINUE
C
C INTERPOLATE PETWEEN Cnt'KTOURS TV- GET THE Y-VALUES F)R TIE MERGED CONTOURS.

C MYA, MYB ARE TWO POSSSIPLE Y-VALUES F'Jr EAZH CO'4TOUR AETWEE4

43C DV2 442 I=1,NCM
"VYA~l) = 0
MYB(I) = C
IF (YO) 43194421431

431 DC0 441 j=lt20
IF (CM(fl CB(J)) 433t4'449434

433 IF (CM(I) -CF(J+1Il 4419435,43q9
434 IF (CPA(1) -CP(J+11)'435,435,441

435 Ii- (CB(J1I) - CiR(J)) 437,436,4137
436 TY = tTB(J+l)tTB(jll/2.

GOTO 438
437 TYV (CM(I) - CB(J3) / (CB(J.+1) -CB(JlI

C 1TB(J4-1) - TIIJ)) + TR(J)
438 IF (MYI3(I)) 440,439,440
439 MYB(I) = TY

GOJTO 441
440 MYA(I) = Ty
441 CONTINUE
442 CONTINUE

C
C MYP IS THE LIST OF V-VALUES FOR THE CONTDJRS TO THE '41GHT OF THE RUNWAYS.
C

DO 455 I=1,NCM
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PYP(I)

IF (NF -1) 455,4'59,,51
451 If- (Cm(II I CP(u)) 45P,45?,45-2
452 flO 453 J 1,NP

IF (CM(I) -(PUj)) 454,453,453 -
453 CLINTINUF

G(.IO (1 45
454. IF (J - NP) 45C,45P,45q9
459 TT a PIJ-1)

IF (TI) 4r7,456t45'?

456 IT =TP(J)/AI4S(TP(J))I
457 MVP(I) = 1C.-**(CM(I) - CP(J-1))/ICPIJ, Cp(J-1JI*

C ALflG1A(AteS(TP(J)/IITfl*TT + VP
GCTIl 4';5

456 'ý'YPlII KPAI~I) - CF(J-1)1/(CP(J) - CP(J-1)1*
C. (TP(J) -TP*'-l)) + TP(J-lfl VP

455 L(ONTI ' .UE

c MYM IS THEf LIST O~F V-VALUES FO(R THE CONMlRS TO THE LEFT OF THF RUNh#AYS.
C

Jfl 465 1 =1 t 'C V

JYII =

IF (NP -1) -(.5,465,461
461 II- (CM(1 ii- IN(l)) 46F,4.62,462

IF (CM(IJ CN(JJ) 4b4,463,463
463 CONTINUF

GOTP 4i'65
4'4 IF I -, -I -1,46,-u -,P
4(.q IT = T(J-1J

IF (IT) 467,466,4tý7
46t IT = TM(J)/AIVSITM(J))
467 "YM(I) = V0.**(tC'4(I) - CN(J-1))/(CN(J) -NJ1)

C ALOGIO(A[BS(TM(J)/TT)))*TT 4+ YP
COff0r 465

468 VYM(J) =(CP(II - CN(J-I))/fCN(JJ - CN(J-1))*
C (TM(Jt Tm (J-1)) +TM(J-1)* YM

465 CONTINr'UE
C
C VNPITE THE flUTPLIT
C

LINES =LINES + 6
C
C 54 LINES ARE PUT O.N EACH P'AGE OF OUTPUT
C

IF (LINES - 481 ?12,212,211
211 LINES 0 (

WRITE (3,30211
WRITE (3,30PO)
ývPITF ( 3,3022) (CMI!), 1=1 ,NC'm)
WRITE (393020)

C
C THE CUNTn'Uk VALUES FrrR THE MEPGF:R APE WR ITTEN 4T THE TP

FIGURE D-7H. PROGRAM LISTING - MERGENEF ROUTINE
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; MF:RGENE:F

SC THE X-VALIJF FOR THE MFPGFD CENTOUR Y-VALUES IS WRITTEN
C THE Y-VALUES ARE WRITTEN

212 WRITE 13,3023) X
WR ITE %3,1024 (MY;)(Il, I=I,NCM)
WRITE ( 3,3.025),

DO 221 I=INC-.

M= MYA(I)
IF (M) 240,230,240

221 CCINTINUE
WRITE (3,3'12AI

Dr' 222 I = 1, (V.

j K: 2
? : 4YBI I
IF (M) 240,230,240

222 CONTINU•E
WRITE (3,3029) (MYM(I), l=1,NCM)
WRITE (3,3020)

C
C THE X-VALUE IS INCRFMEk.TED
C AND END CHECKS ARE PERE3P-'ED
C

399 X = X + DXM
IF IX - XEND) 201,201,300

201 XP = DX1*INXI-1) + XRFG!
IF(X-XP) 202,3C'0,3C")

202 XP DX2*INX2 - 1) + O 4+ XBEG2
IF X - XP) 203,300,30C

2C3 RX = X
GOTO 20

C
C IF THIS MERGEO CON(CUR IS DUNE, . NEW SEl OF DATA IS READ IN.
C

205 STOP
230 GOTO 1231,232,233,234,235,236,237),I
231 WRITE (3,3031)

GOTO 238
232 WRITE (3,3032)

GCTO 238
233 WRITE (3,30331

COTO 238
234 WRITE (3,3034)

GOTO 238
235 WRITE (3,3035)

GCTO 238
236 WRITE (3,30361

GCT9 238
237 WRITE (3,3037)
238 GOTO (221,222),K
240 GOTO (241,242,243,244,245,246,247),I
241 WRITE (3,3041) M

GOTO 248
24. WRITE (3,30042) 2

FIGURE D-71. PROGRAM L!STING - MERGENEF ROUTI NE
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GOTO 24F;

243 1IITE (3,30C '-A) M
GLTfl 249

244 IhPITC ( 3,1044 1 M
GCTQ 248

245 WRITE (3,3045) A 

A

GOTO 2 4-

246 F I T E ( 3,3046) 1
GOTn 24A

247 WRITF (3,3047) '

24P GCrTO (?21,222),K

C
C TC GET THE Ci•t,.TOUR VAL.F FOR THE FIRST RUNWAY AT A GIVEN Y-VALUE

510 CCI = 0.
TY = Y

IF (TY) 511,512,512
511 TY = -TY I
512 IF (TI(I)l 530,5"10,513
513 J 1

IF (TY - TIllM) 514,514,517
514 NJ = NC - 1

DO 516 J ltNJ
IF (TY TI(J)) 5159515,516

515 IF (TY - Tl(J+l 1) 516,511,517
516 CONTINJE

CCI = (TY,'TI(NCI))*(CI('IC1) - CXl) + CXI

GOTO 5-3n517 [F(TY) 1517,151b,15117

1516 TY = 1.
1517 IF (TI(J+1)) 518,518,519
51R CCI = ALOC(TI(J)fTY) / ALOG(TI(JH)*(CXI - LI(JI) + CI(JI

GCTO 530
519 CCI = tLrK;(TI(J)/TYI/AL2C{(T (J)/rI (J+iH)*(CI(J+I)-CI(J) )Cl(J)

530 GO1O(4l06,413,421,369,1406,143 ! ,K
C
C TC GET THE CC.TfTUK VALUE FOR THF SECOND RUNWAY AT A GIVEEN Y
C

520 CC2
TY V - YO

IF (TY) 521,522,5?2
521 TY -TY
522 IF (T?(1)) 54(,54r),523
523 J = 1

IF (Ty - T2(1)) 524,524,52?
524 NJ = NC2 - I

DO 526 J=1,NJ
IF (TY - T2(J)) 525,525,526

525 IF (TY - T2(J+I1) 526,527,b27
526 (ONTINUE

CC? = (TY/T2(NC?))*(C?(NC2) - CX2) + CX2
GLTfl 940

52- IF(TY) 1527,192b,1527
1526b IY = 1.

FIGURE D-7J. PROGRAM LISTING - MERGENEF RJUTINE
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127 IF (T2(J+1)) 52PP521i,5?9
5528 CC? ALOG(T2(J)/TY) / AL]G(T2(JH)*(CX2 -C2(J)) %r21J)

GCIOT 540
f. 529 CC2 =ALO)G(T2(J)/TYI/ALOG(T2(j)/T2(J.1I)*(C2(j+l)-C2(JH.+C2(JI£540 GOTO (40%3,4I6,42Z,35F,14I6tj4?6)tK

600 NC = 0
NMI = NP - I
00 607 I z1,1*41
IPI = I + I
00( 607 J1IP1,NP
IF(CP(,JI - CPU))l 601,6C2961P

601 CT =CPU )
C PU ý (J)

CT = TPU)I TP(1) =TPIJ)
TP(J) = CT
GUmn 607

602 IF(ABS(TPUli) - AHS(TP(J)J) 6039,604,606
603 CPUl) =CHU) + 0.01

CPUJ) =CPUj) - 0.01
GCTO 601

604 DO 605 Kz=I,NM1
CP(K) = CP(K+1)

605 IPWK = TPIV41)
NC = NC + I
GCTO 607

606 CPUl) CP(I) - 0.01
Cp(J) =CP(J) + 0.01
COTO 607

608 IF(ABS(TPfI)) - ABS(TP(J))) 607,609,607
609 TP(I) = TP(I) + 1.

TP(J) = TP(J) - 1.
607 CONTINUE

NP =NP - NC
GVITO (1411,14611, Nfl

650 NC 0
NMI Mm - 1
D0 657 I=1,N'x1
[P1 = I + I
DO 657 J=TPIINM
IF(CN(J) - CN4I)) 651,652,658

651 CT CN:(l)
CN(1) = CN(J)
CN(J) = CT

CT= TM(I)
TM(I) = TM(J)
TM(J= CY
GnTO 657

652 IF(AfBS(TM(1)) - ABS(rM(J))) 653,4;5496~56
653 CN(I) = CN(I) + 0.01

CN(J) = CN(J) - 0.01
GUTO 651

654 DO 65S K=J,NMI
CN(K)= NKI

FIGURE 0-7K. PROGRAM LISTING -MERGENEF ROUTINE
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655 TM(K) TM(K+I)

NC = NC ÷ 1+
GOTO 0~'7

656 CN(I) z CN(I| - IOON(J) = CN(J) + t.O0
GOTO 657

65P IF(ABS(TM(Ii) - ABS(TM(Jl)) 657,b5Q,657
659 TM(I) = TNII) + 1.

TM(J) = TM(J) - 1.
657 CUNTINUE I

NM = NM - NC
GOTO 14i1,1471) , NO

1000 FCRMAT (217, 1OF4.01
1001 FORMAT (117)
1002 FCRMAT (1117)
1003 FORMAT (20A4) I
3000 FOR'MAT ( 1017)
3001 FCk'MAT (I X VALUE = ', 1FB.O)
3002 FORMAT (f TS', IOF7.1)
3003 FCRMAT (I CS'1 JOF7.1I
3004 FORMAT ' NS', 41P) ,
3005 FORMAT (I ', 517)
3006 FORMAT (I ', 17)
3010 FORMAT ('11)
3011 FORMAT (' I, 20A4)
3012 FORMAT Is ', 4X, 'START= ', 17, 4X, 'INTERVAL= *, 17,

C 4X9 'CONTOLIRS '9 ICF4.0)
3013 FORMAT (' 1, 4 o, 'STO.P = ', 17, 4X,

C IX,Y OFFSET OF 2ND PLJNWAY= 1, 17, , ', 17)
3020 FORMAT (' ')
3021 FORMAT ('I', 1bX,

C 'DISTANCE T( N'ERGFD CONTOUR (IN FEET) FROM FIRST RUNWAY')
3022 FORMAT I' I, 'CONTOUR VALU'ES 't 1OF7.Oi
3023 FORMAT I' 1' IX VALUE= 't IF1.0)
3024 FORMAT (' 'I 6X, 'TO RIGHT ', 1017)
3025 FCRMAr (' 'i 6X, 'BETWEEN', 3X)
3028 FORMAT (' 'I 6Xr 'RUNWAYS', 3X.'
3020 FORMAT 4' It 6X, 'TO LEFT ' 1017)
3031 FORMAT ('9' 23X)
3032 FORMAT ('+', 30X)
3033 FORMAT ('+', 37X)
3034 FCRMAT 100f ,44X)
3035 FORMAT ('I+ 51X)
3036 FORMAT ('-', VPX)
3037 FORMAT 10+99 65X)
3041 FORMAT I I + I6X, 17)
3042 FORMAT ($'+' 23X9 17)
3043 FORMAT ('+', 30Xv 17)
3044 FORMAT (o+, 3"7X, 17)
3045 FORMAT ( I'' 44X, 171
3046 FORMATr 1+1, 5Ix, 17)
3047 FORMAT ('.' I1SX, 17 )
304• FVIJRpAr(, X VALUF 'v IFR.0,'*,** CLOSURE OF *,FT.O,

I' CO.NTrUR NFFEDE.')END
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