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INTRODUCTION

The FORTRAN computer program listed in Table 1 has been used by the -
U.S. Geological Survey since 1972 to obtain terrain corrections to a distance
as far as 167 km from gravity stations. This program evolved from earlier
versions of the program that were first announced and distributed in 1966
(Plouff, 1966). The digitization for & previous terrain correction program
of the U.S. Geological Survey (Kane, 1962) adopted the one-kilometer square
grid of the Universal Transverse Mercator (UIM) coordinates that are marked
on most topographic maps. J. H. Healy (oral communication, 1§65) suggeséed
to me that a system based on geographic latitude and longitude coordinates
could be more general, more efficient (for storing digital elevations) and
more flexible than the one~km UTM grid system. Healy suggested that only
one quadrangle map of digitized average elevations needs to be retained in
the computer memory at & given time.

I wrote & FORTRAN program in 1965 that implemented Healy's suggestions.
That program and its later revisions primarily were used with l5-minute maps
digitized in one-minute compartments and with one-by-two degree maps digitize
in 3-minute compartments. The version of the program released as a preprint
associated with the presentation at the 36th Annual Meeting of the Society of
Exploration Geophysicists (Plouff, 1966) included all the basic improvements
over previous terrain correction programs. These improvements are the digiti
tion and gravity station locations in a latitude-longitude reference system,
the assembly of digitization in quadrangle map units, & tie to &n inner
circular boundary that permits an exact join to coaventional hand terrain
corrections, a listing of maps needed but not found in the digital map-input,
correction for the effect of the earth's curvature, and use of a gravity
formula that is more accurate for those compartments that are closest to the
location of the gravity station.

The last improvement was made because the formula used in the'previous
program was fairly accurate but was based on the assumption that the ground
surface is horizontal within every compartment (fig. 1). To a first approxi-
mation, however, the ground surface near any point tends to slope throug@
that point, in order to account for the observed difference of elevation
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Figure 1l.--Comparison of Kane's approximation to gravity effect of
flat-topped rectangular prism. Solid lines indicate
broadside orientation; dashed lines indicate diagonal
orientation. Compartments are one-km squares. Constant
height of compartment is distance to center of the
compartment times number indicated near curve. Density
is 2.67 gm/cn®.



between that point and nearby locations. A simple formula, in which it

is assumed that all the mass within a compartment is concentrated along

a vertical line mass at the center of the compartment, was found to provide
& close approximation to the gravity effect of a ground surface that slopes
through a nearby station location (fig. 2). At farther distances from the
gravity station-- distances that exceed about 4 compartment widths
from the station--the gravity value calculated by using the two formulas

are nearly identical,

Further modifications between the time of the 1966 program and the
accompanying listed program improved the distance formulas, removed some
minor discrepancies, protected the program user against making mistakes,
and were in response to a need for a more self sufficient "final" program
in terms of punch card and printer output. A program later was written to
convert previous one-km digitization to one-minute (about 1.85 by 1.5 km)
digitization, so that previous elevation digitization could be adopted for
use with the present program. That program (Robbins, and others, 1973)
enabled a substantial block of gridded topographic data in southern
California to be absorbed into one-minute and three-minute digitization
that entirely covers the state of California.

listed in Table 1

Though the program/has been extensively tested, no surety should be
impiied concerning proper execution of the program. I would welcome
receiving the results of independent tests. The program is by no means
"final", Only positive values of latitude and longitude have been tested.
The terrain corrections for land below sea level and for ocean compartments
underlain by rock that does not have a density of 2.67 g/cc are incorrect
in the accompanying program. There is no provision of the nearby terrain
corrections for gravity observations at or below the surface of the ocean.
The effect of water in large inland lakes or seas is not accounted for.

An option for using the 1967 Geodetic Reference System for calculating the
theoretical value of gravity at sea level has not been provided. None of

the advantages of interactive computer usage, such as prompting and storage

on disk or tape, are implemented, There is no option to reduce the bulk
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Pigure 2.--Comparison of line element approximation to gravity effect
of rectangular prism bounded on the top by an inclined
plane that passes through the station. Solid lines
indicate broadside orientation; dashed lines indicate
diagonal orientation. Compartments are one-km squares.
Direction of dip indicated by arrow. Numbers indicate
slope of inclined plane. Density is 2.67 gm/en’.



of the printed output and the associated specialized input and output
formats. The accompanying program, however, is useful for the majority
of cases and can be adopted with little or no modification for use on

most digital computers,

DIGITAL GRAVITY TERRAIN CORRECTION PROGRAM

General

A generalized program flow chart is shown in Figure 3. The arrange-
ment of the card input to the gravity terrain correction program is shown
in Figure 4. 'Computer cards" on the illustration for example indicate
positions for Job Control Language cards of the IBM system. The accompany-
ing program (Table 1) was written in standard FORTRAN IV language and has
been used on an IBM-370 computer system. The program designation, MO040O,
serves to distinguish this program from all other versions of the program.
The "99-cards' shown on Figure 4 are cards with nines punched in all 80
columns. These cards serve as delimiters that indicate the end of the
sets of station cards or map cards. The formats of other specific types
of cards are described later. Examples of typical punch cards are shown

in Figure 5 and punch cards for a test case are listed in Table 2.

Limitations

The total number of gravity stations may not exceed 500, The total number
of "map sets'" may not exceed 10, but &4 is the expected practical limit.
The total number of digital maps within a set may not exceed 80. No more
than 13 maps from a given map set can be used to provide the specified
map coverage for any gravity station, Map parameter cards may not specify
compartment and map sizes such that there are more than 30 compartments
along the north-south dimension of a map and no more than 40 compartments
along the east-west dimension of a map. There must be an integer number
of compartments in a map. Similarly, there must be an integer number--not
over 15 in either the north-south or east-west direction--of "blocks'" in a

map. A block is grouping of compartments that is intermediate in size



Read location of area, number of sets of maps
Read station data
t—— Calculations for first/next set of maps
Read variables needed for this set of maps
Establish indexing and distance test parameters
Establish rectangular boundary of meps needed for each station
t——Calculations for first/next map
Read identification and location of map
Read elevations of compartments
Assemble compartments of map into blocks
Designate indices for map
——Calculations for first/next station
Test if map is needed; if not, go to next station
Test each block of map
A#MA Calculate terrain correction of block or compartment, if needed

Add to previous total for block

Add to previous total for map

mmm——
Write name of area and list of variables used for this set of maps

~Agsemble information for each station
List maps needed

Write name and terrain correction of map

—Write total terrain correction; list coordinates of maps needed
but not found

Summarige correction, including close-in values

Pigure 3,--Flow chart of program.
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Figure 5.-- Examples of punchcards.



between & "compartment” and a "map". The block size for one-minute
digitization (one-by-one minute compartments), for example, usually is
three-by-three minutes in anticipation of coarser three-minute digitiza-

tion provided in another map set.
Definitions

The numbers near the left margin in the following paragraphs refer to
inclusive card column numbers. The term "default" is the value or con-
dition assumed if card columns for the specific parameter are left blank
or are zero. The term "alpha" refers to any keyboard character. "Integer”
is any right justified number without a decimal point. '"Decimal” is a
number in which a decimal point may be punched or the location of the

decimal point is assumed to be located as indicated in the associated

description.
Lead card
1-24 Alpha, Name of area or a title,
25-26 Integer. Indicates format of station cards. The code number

minus-2 should be punched if punch card output is desired.
The code numbers minus-l, zero, and one also are permitted.
A detailed description is given in the next sectionm.

27-28 Integer. The number zero indicates that the station elevations
are expressed in feet. The number 3 indicates that station
elevations are in meters.

29-30 Integer. The total number of digital map sets (or types) to
follow the station data. The num ber 2 would indicate that 2
map sets will follow (for example, one-minute and three-minute
digitization).

31-36 Decimal. Optional second density. The terrain corrections
always are calculated for an assumed average rock demnsity of
2.67 g/cw3. The terrain correction and corresponding Bouguer
anomaly also will be calculated for the optional second average
density punched in these columns., The defaultis a demsity of
2.50 g/cm3.

Station card formats for code numbers in columns 25-26 of the Lead Card
Minus-2 or minus-1 code (Burch format)

The present program produces punch card output only if this code is minus-2
(see description of "special card for punch output" for details of the
format of the output card). If this code is minus~l, no output card is
produced and alpha columns except 1-5 are ignored.

1-5 Alpha., Five-digit station name.



6-7

8-11

12-14

15-18

19-24

35-39

40

41-44

45-51

52-57

69-73

Integer. Latitude degrees (assumed North and positive).
Negative numbers would give incorrect results.

Decimal, Latitude minutes with decimal point assumed between
columns 9 and 10.

Integer. Longitude degrees (assumed West and positive),
Negative numbers would give incorrect results,

Decimal., Longitude minutes with decimal point assumed between
columns 16 and 17,

Decimal., Elevation with decimal point assumed between columns
23 and 24.

Decimal. Hand terrain correction in milligals or total terrain
correction exclusive of that determined within this program.
submittal, The assumed density is 2.67 g/ The decimal

point is assumed between columns 37 and 38, The default implies

a hand correction has not been done. Therefore, it is suggested
that the number 1 punched in colummn 39 (0.0l milligal) rather than
zero should be used to indicate that a hand correction has been
determined for hand corrections that are less than 0,005 milligal.

Alpha. An optional code letter that indicates, for example, the
distance to which the hand terrain calculation has been determined.
The letter '"F" may indicate that the hand correction has been done
through Hayford's F-ring.

Alpha, An optional code grouping that indicates, for example, a
4-digit accuracy code.

Decimal., The observed gravity in milligals without the leading 9.
The decimal point is assumed between columns 49 and 50; therefore,
0.01 milligal units are provided.

Decimal. The free-air an maly in milligals, with the assumed
decimal point between columns 55 and 56. The default condition
(or anomalies that are zero) signifies that the program will
calculate the free-air anomaly using the International Formula
of 1930 to calculate the theoretical value of gravity at sea
level and the formula used by Swick (1942) to

calculate the free-air correction.

Alpha, Optional information to be passed to the punch output card.
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Zero or one codes

1-4 Alpha, Four-digit station name.
5-23 The same information related to location and elevation as appears
in columns 6-24 of the Burch format.
24-29 Decimal. Relative observed gravity in milligals with the decimal

point assumed between colummns 27 and 28, The value is relative
978,000 milligals if the code number is zero. If the code number
is one, then the leading two digits (97 or 98, to cover the range
of 975 to 985 gals) have been dropped from the absolute value of
observed gravity.

71-74 Decimal. Hand terrain correction in milligals with the assumed
decimal point between columns 72 and 73.

Special parameter card for punch output

This additional card must be placed between the Lead Card and the first Station
Card if the format code is minus~2 in columns 25-26 on the Lead Card. The
eantire card may be blank or may provide the following supplementary data,

The column structure of this card is identical to that of the punch output
cards (see later section), but the card lacks numerical values.

1-3 Alpha, Three-digit prefix (area or project identifier) that is
to precede the 5-digit station name on the output cards.
9 Alpha. Prefix, such as "N" or "+", that is to precede the latitude
on output cards,
16 Alpha. Prefix, such as "W"” or "-" or "+" that is to precede the
longitude on output cards.
63 ) Alpha, Unless column 63 is left blank, this symbol will replace

the symbol punched in column 40 of all station input cards. This
symbol signifies the closest distance to which the computer terrain
correction is carried.

76-80 Alpha. Unless left blank, this group of symbols will replace the
data in columns 69-73 of the station input card. This option
would rarely be used.

Map parameter card

One of these cards precedes each set of digital maps. The number of such cards
therefore is prescribed in columns 29-30 of the Lead Card., See Figure 3 for
the position of this type of card and see Figure 5 for an example of a com-
bination of three of these cards,

1-3 Integer., North-south dimension of digital "map" in minutes. For
example, 15 minutes is convenient for maps of one-minute digitiza-
tion and 60 minutes for three-minute digitization.

4-6 Integer. East-west dimension of digital "map" in minutes. For
example, 120 minutes is convenient for maps of three-minute digit-
ization.

11



The geographic units of measurement (minutes or seconds) of the following four
numbers are defined in columns 63-64 of this card, The program execution stops
if there is not an integer number of "compartments" in a "block" or if there

is not an integer number of "blocks" in a "map'".

7-8 Integer. North-south dimension of the smallest cell--a "compartment'=--
of the gridded elevations.

9-10 Integer. East-width dimension of a compartment in minutes or seconds.

11-13 Integer. North-south dimension of a block of compartments, If the

compartment size is one minute, for example, the block size would be
three minutes, in order to make an exact join with three-minute
gridded topography in another map set.

14-16 Integer. East-west dimension of a block in minutes or seconds.

17-24 Decimal, Maximum distance in kilometers to which a digital terrain
correction is to be calculated by using this set of maps. The con-
tribution to the terrain correction of all blocks of compartments
whose centers occur at or beyond this distance are ignored.

25-32 Decimal. Minimum distance in kilometers to which a terrain correc-
tion is to be calculated by using this set of maps. Note that the
minimum distance for the 3-minute set of digital maps should be
identical to the maximum distance of the l-minute set of digital
maps, for example. This distance must exceed half the diagonal
length of a compartment. The minimum distance selected for the
map set with the smallest compartment size usually is equal to the
farthest distance to which hand terrain corrections are carried.
For example, 0.895 km (Hammer F-ring) is used for half-minute
digitization and 2.29 km (Hayford F-ring) or 2.615 km (Hammer H-ring)
are used for one-minute digitization.

33-40 Decimal. The distance in kilometers beyond which groups of com-
partments are lumped to form blocks for purposes of calculation
of the terrain correction. This distance must be less than the
value in columns 17-24 and probably should be greater than twice
the maximum dimension of a block.

41-48 Decimal. Distance in kilometers beyond which a correction for the
earth's curvature will be made. Values less than the default of
14 km produce a warning message, because the assumption of maximum
slope upon which the curved-earth approximations are based would
not necessarily be valid at shorter distances.

61-62 Integer. The number zero (or blank) signifies that the terrain
corrections for only those compartments whose centers occur at
or beyond the distance given in columns 25-32 are calculated.
The number one signifies that an exact join to cylindrical rings
of conventional hand terrain corrections will be made by excluding
all parts of compartments that are closer to the station than the
distance specified in columns 25-32 and including in the terrain

12



calculation all parts of compartments that are farther from the

station than that distance. The latter option may be selected
for only one Map Parameter Card of the terrain model,

63-64 Integer. The number 60 signifies that the units of compartment
and block dimensions given in columns 7-16 are expressed in seconds.
The units are expressed in minutes if this number is one.

Map Lead Card
1-12 Alpha, Name of map.
The following four numbers specify the geographic coordinates of the northwest

corner of the map. Negative numbers should not be used. The purpose of the
extra space in each field is to improve readability.

13-15 Integer. Latitude degrees.
16-18 Integer. Latitude minutes.
19-22 Integer. Longitude degrees.
23-25 Integer. Longitude minutes.
26-27 Integer. Number that defines the units of compartment elevations.
0 or 1. All elevations are expressed in feet.
6 Positive elevations are in feet and negative elevations
are in fathoms.
31 Positive elevations are in meters and negative elevations
are in feet.
33 All elevations are expressed in meters.
36 Positive elevations are in meters and negative elevations

are in fathoms.

Map elevation card

Ten average elevations are punched on each elevation card. Each elevation
occupies 7 columns and the decimal point need not be punched if the elevation
is a right-adjusted, integer number. In practice the elevations are estimated
no closer than the nearest 10 elevation units, so that drum-card control is
used to punch the final zero digits. Columns 71-80 often are used to indiate
an abbreviated map name and a sequence number.

A blank or a zero elevation indicates that an elevation estimate has not been
made and a terrain correction will not be calculated for that compartment,
Therefore, a ~1 or a +1 should be punched for compartments whose average
elevation is near sea level. Negative compartment elevations refer to ocean
bottom depths, so that water rather than rock beneath sea level is accounted for.
Unfortunately, a small error occurs for land compartments that are beneath sea
level, because sea water rather than air is assumed to be present,

The sequence of compartment numbering begins with the compartment in the north-
west corner of the map and continues eastward along the northernmost row of
compartments. Then, the compartments of the next row to the south and each
successive row farther to the south similarly are arranged in west-to-east
progression. A total of 23 elevation cards are needed, for example, to
digitize l5-minute maps into one-minute compartments.

13



Format of output cards

1-3
4-8
9
10-15

16
17-23

24-29

30-36

37-40
41-46

47-52
53-57

58-62

63

64-69

70-75

76-80

Prefix from columns 1-3 on the "Special card".
Station name (from 1-5 of Station card).
From Special Card.

Latitude in degrees and minutes carried to hundredths, without a
decimal point (from 6-11 of Station Card),

From Special Card.

Longitude in degrees ‘and minutes carried to hundredths, without
a decimal point (from 12-18 of Station card).

Elevation to nearest 0.1 foot or meter, without a decimal point
from 19-24 of Station card.

Observed gravity in milligals to nearest hundredth without
decimal point (from 45-51 of Station card). No leading nine.

Alpha data from 41-44 of Station card.

Free-air anomaly in 52-57 of Station card or as calculated
during program execution.

Simple Bouguer anomaly at a reduction density of 2,67 g/cm?

Hand terrain correction in milligals in 71-74, expressed to
0.01 milligal,

Total terrain correction, including hand and digital computer
correction at a density of 2.67 g/cm3.

Single character from column 40 of the stationm input card or
from the Special Card.

Complete Bouguer anomaly expressed to 0.0l milligal at a re-
duction density of 2.67 g/cm®. It is the Simple Bouguer anomaly
(47-52) plus the total terrain (58-62) plus a correction for the
earth's curvature to 166.7 km.

Complete Bouguer anomaly expressed to 0.01 milligal at the red-
duction density specified in columns 31-36 of the Lead Card.
That density is assumed instead of 2.67 g/cm®in making the mass,
terrain, and curvature corrections, Note that a simple formula,
2% T, /2.67), is used to convert the total terrain correction
(58-62), T,, from a density of 2.67 g/com® to the equivalent
terrain correction, T,, at the second density, D,. The contri-
bution of sea water compartments to the terrain correction is
not correctly obtained for the second density when using this
simple formula.,

Optional data from 69-73 of the station input card or 76-80 of
the Special Card.

14



Printout from terrain correction program (Table 3)

An example is attached. The first page includes a listing of the infor-
mation about the punch card input and the calculated values of the theo-
.retical gravity and free-air anomaly. When the free-air anomaly is pro-
vided on the station input card, the value 900,000 is printed for the
theoretical gravity. Next, the names and location of maps of the first
set are listed, A summary of the terrain corrections is printed, a
station at a time. A similar list then is printed for each successive
set of maps,.

For each station the terrain correction of each map within the indicated
range of distances is listed, Where maps are needed but not found in

the set of maps, & 1ist of the coordinates of the northwest corner of
these maps is printed. Rarely, the coordinates of a map located near
the maximum distance may be listed, though the map is ind uded in the
set, owing to a slightly abbreviated formula used for relating geographic
to rectangular coordinates used in the map indexing part of the program,
Later when the omitted maps are found or become available another com-
putation can be made by using these maps and adding the terrain correc-
tion to the earlier printed total for each station.

The last pages of printout include a summary of the free-air anomaly and
the simple and complete Bouguer anomalies at the two densities, The
column labelled "(NEAR)" refers to that part of the computer terrain
correction which represents the contribution of compartments that inter-
sect the inner circular radius. If an exceptionally high value is printed,
the average elevations in map compartments near the station should be
checked. If no error is found, an outward shift of the selected inner
circular radius may be considered,

The time of execution for a typical set of 60 stations using 4 sets of
maps for terrain corrections in the distance interval 0,068 to 166.7 km
is 48 seconds on the IBM-370 Computer. The maximum execution time for

2 sets of maps (1' and 3' digitization) that cover the distance interval
2.3 to 166.7 km is about 0.6 second per station and the length of printout
is about 16 lines per station.

Iggut[outgut requirements

The program requires a region size of 160,000 bytes on the IBM-370 system.
Logical unit 5 is used for reading data cards, unit 6 is used to print the
results, and unit 8 is used for punch card output. The time of execution
for a typical set of 60 stations using 4 sets of maps for terrain correce
tions in the distance interval 0,068 to 166.7 km is 48 seconds on the
IBM-370 Computer. The maximum execution time for 2 sets of maps (l' and
3' digitization) that cover the distance interval 2,3 to 166.7 km is

about 0,6 second per station and the length of printout is about 16 lines
per station,

-
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TABLE 1,.--List of gravity terrain correction progras (m0400)

e N o N aNaNaNaNaNa ol ol o N o N ol

Lo N Nl

DOUBLE PRECISION DENTS,GOBS,THGLDENTST,DENTSK
DOUBLE PRECISION DATID,DATNM,BLANKN,OBSGER
INTEGER*2 NUNMS
DIMENSION BREACSE) HSDENTS(S00),SLATR(S00),SLONRM(SO00),ELS(500),
1““"5(500013)oSllV(SOU;13)0'005(SOO)cTEIN(SDO)oki(500,005(500)0
2 6V(S00),6CEN(SOD),LTM(SOD),LNN(S00)
DIMENSION A(CUQ(SO1)oALPNl(501)0.lYl.(5°1)oODS‘l(SD')
COMRON /STATN/ DENTS
CONMON lﬂtu:RnlNZ:IHAXZoBLZKolLZLoGOZBoOAZBoAONoBON:SYoSuo
1 AL.B, GCEN,GRAV,GV,sNURS
COMMON /BLK2/ SLATM,SLONM,AS,BS,ELS,BREA,LTN,LNN
DATA BLANK/® */
DATA BLANKN/' v, -
SO0 STATIONS. 80 RAPS, 1200 (30 NORTH BY &0 WEST) COMPARTHENTS
PER MAP, BREA-NANME OF AREA,
LC=0 IS CARD OUTPUT FORMAT OF GRAVITY REDUCTION PROGRAM FIRST USED
ON WASHINGTON COMPUTER (EXCEPT MAND TERRAIN CORRECTION PUNCHED IN
COLUMNS 71-74). OBSERVED GRAVITY IN COLUMNS 33-38, OBSERVED GRAVITY
CARRIED TO 0.0 MGAL. 6 DIGITS RELATIVE TO 978,000. LC=1 FOR FIRST TWO
SIGNIFICANT FIGURES DROPPED FROM OBSERVED GRAVITY, LCs=1 FOR 7 DIGITS
RELATIVE T0 900,000, LD=3 FOR STATION ELEVATIONS IN METERS.
LD=0 FOR FEET, D2-SECOND CHOICE OF DENSITY (FIRST 1S 2.67).
NTYPE-NUMBER OF DISTINCT MAP SETS TO FOLLOW STATION DATA (0 1S 1).
(PROBABLY FIRST RMAX=2ND RMIN, FIRST COMPOSITE BLOCK=2ND COMPART)
LCu=2 SIMILAR TO LC==1 FORMAT EXCEPT PROVIDES PUNCH OUTPUT WITH
ADDITIONAL INFORMATION READ IN AND PUNCHED OUT
NCIRCsQ
RAD1=10000.0
RAD2=0.0
ASPMAX=(0,0
READ (S,100)BREALLCLLD,NTYPE,D2
100 FORMAT (6A4,312,F6.3)
INFORRATION FOR CORRESPONDING COLUMNS OF OUTPUT CARD,
ALFASBLANK
DATNRSBLANKN
STDENT=BLANK
SIGNL TeBLANK
SIGNLNEBLANK - .
IF (LC EQ@. =2) READ (S5,106) STOENT,SIGNLT,SIGNLN,ALFA,DATNN
106 FORMAT (A3,SXoA1,6X0A1,66X0A1,12X0AS)
IF (NTYPE .LE. O0) NTYPE®=1
DEGR= 1,7453292E~2
WRITE C(6,206)BREA/NTYPE
206 FORMAT (°I1TERRAIN CORRECTION PROGRAN D, PLOUFF 9-1972°%,/,
1 SSHOSUNRARY OF PRELIMINARY VALUES FOR ,6A4L 19N TERRAIN COR
CRECTION/,180 WILL BE RMADE FOR ,12,13N SETS OF MAPS/,31HM0 STA LATE
3TUDE LONGITUDE ELEV,4&4X,40HOBS GRAV THED GRAV FREE AIR MAND TER
4 )
READ IN STATION DATA
DENTQ~ IBENTIFICATION, LQYS.:SLATH- LlTITU.ﬁ IN DEGREES, MINUTES.
LONSD,SLONN~- LONGITUDE IN DEGREES, WINUTES. ELS- ELEVATION IN FEET,
0 6 K=1,502
NSsK
IF (NS=-S501) 77,76,91
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76
216

”

C BURCH FORMAT., TC-TERRAIN CORRECTION DONE BY HAND (1IN MGALS FOR 2.67).

1=-=CONTINUED

URITE (6,216)DENTS(500)

FORMAT (9H STATION » AS,204 1S CA!. NURBER 500.)
60 T0 4

THG=0,0

ALPHA(K)BBLANK

ACCUR(K) =BLANK

DATID(K) =BLANK

IF (LC .NE. =1 AND, LC .NE, =2) GO TO 3

C FA=PREVIOUSLY CALCULATED FREE AIR ANOMALY, S=DIGIT STATION NANE,

IF (LC .EQ, =1) GO TO 4

C LC==2 OPTION (PUNCN OUTPUT)

107

102
$2

201
41

42

43

C LON
3

101

68
70
75
209
58
s?
60
61

READ ‘50’07)DENTSY:LTO.'OL")‘IOELS!So'Co‘LPNA(l’o‘((“.(‘)'ﬁo.So
1 FALDATIO(K)

FORNMAT (‘S;lZ'F‘-zo!3oF‘.2oFC.1a10!a'5.2051al‘o'?.lo".lo?'lol’)
1F CALFA NE, BLANK) ALPHA(K)=ALFA

If (DATNM . NE., BLANKN) DATID(K)SOATNR

60 TO0 S2

READ (S, 102)DENTSTLLT,Q@T,LNsON,ELSIS,TC,GO0BSHFA
FORMAT (AS 120Fke0l1830Fb,20F001010X0FS,205X0F7.20F6.2)
IF (LT=90) S5,7,7

PECSELT+QT/60,0

PRIZOEGR*PESS

IF (L0 €8, Q) 60 TO 42

IfF (L0 .EQ. 3) 60 TO 41

WRITE (6,201)

FORMAT (3OHISTATION ELEVATION UNITS WRONG)

stToF

ELKM=ELSIS/1000,0

60 TO 43 .

ELKME3 048006E-4~ELSIS

IF C(FA) 56455,56
G USED FORMAY (EXCEPT TC PLACED IN COLUMNS 71=74)
READ (S,101)DENTST LT, QT LN,EN,ELSIS,GO0BS,TC
FORMAT (A6, 12,F6 .20 30Fbo2,F0.1,F6.2,81X,F4,2)
IF CLT=90) 8,7,7

1F (LD .EQ@., O0) 60 0 70

IF (LD .E@, 3) 60 TO 68

WRITE (6,201)

sSTOP

ELKM=ELS1S/1000.0

60 10 7S

ELKNaS 048006E~42ELSIS

If (LC .E@. 0) 60 TO S8

IF (LC .€@. 1) GO TO 57

WRITE (6,209)

FORMAT (SOHIOBSERVED GRAVITY FORMAT NOT RECOGNIZED)
stToP

G08S=G0BS+7,.804

60 10 S9

K68=608$/1000.000

1F (KEB-4) 60,60,61

G08S=6085+8.004

60 Y0 59

608S=G08S*7.004
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S9 PEGSaLT+@T/60.0 72
PHISDEGR*DEGS 73
$S SsSIN(PHI) T4
1 Y4 2 1.2 78
E2SELKMeELKN 76
C THG~THEORETICAL GRAVITY RELATIVE 10 900,000 mgaLS
THE=? . B049D4+52¢(5149,232+423.082+52) 7?
€ SWICK FORMULA
FAS(GOBS~THE) *ELKM«(308.77 =0.44 #$§2)-0,072 «€2 78
$S6 BOUG(K)I=FA 79
€ STATIOKR LATITUDE AND LONGITUDE IN RINUTES
JT=aT 80
JNsQN 81
SLATM(K)=QT=JT 82
SLONM(K)ISQN=~JN 83
LTM(K)=60eLTHJT 84
LNR(K)®60eLN+IN 85
ELS(K)SELKN 86

C AS,BS ~EW AND NS CONSTANTS FOR CONVERSION BETWEEN GEOGRAPMIC AND
C RECTANGULAR COORDINATES (UNITS ARE KM/NINUTE).

C=COoS(PH]) 87
C2sCeC 88
AS(K)=Cw(1,861656-0.0063432C2) 89
BS(K)® 1,861656+C2+(0,000160+¢2-0.019028) 90
IF (AS(K) .LT. ASWMAX) GO TO 83 91
ASRAX®AS(K) 92
BSMAX=BS(K) 93
83 Gvi(x)=0.0 9
GCEN(K)=D.0D 9s
DENTS(K)SDENTST 96
0BSGR(K)=GgOBS 97
60BS=G0BS+9.005 98
THG=THG+9,00S 99
WRITE (6,214)D0ENTST, LT,QT/LN,QONSFELSISH,G08S,THG, FALTC 100
214 FORMAT (11X, AS/I13,Fb.2¢140F6.2,F7,0,2F11,2,2F10.2)
6 TERN(K)SETC 101

C TOTAL NUMBER OF STATIONS, NS, CARD WITH 99 IN LOCATION FOR LATITUDE
C DEGREES PLACED BENIND LAST STATION CARD,

7 NS=NS~1 102
CALL ARRNG(NTYPE,RADI,RAD2,NCIRC,ASRAX,BSMAX,NS) 103

1F (NCIRC) 63.62,63 104

62 WRITE (6,215INS,BREA,RADT 105

215 FORMAT (13H1SUMMARY FOR » I4,13N STATIONS IN , 6A4/,73H COMPUTER
TTERRAIN CORRECTIONS CARRIED FROM NON-CIRCULAR INNER RADIUS OF .

2F8.3)

60 T0 69 106
63 WRITE (6,218INS,BREA,RADT 107
218 FORMAT (13HISUMMARY FOR , 14o13M STATIONS IN , 6A4/,73W COMPUTER

;T!R;dll CORRECTIONS CARRIED FROM CIRCULAR INNER RADIUS OF

£8.3)
69 WRITE (6,219) RAD2,02 108
219 FORMAT (4N TO,F8.3,37H K1LOMETERS, OENSITIES ARE 2.67 AND ,F5.2,

1 30m BENSITY OF 2.67 1S USED FOR/, * VALUES IN COLUMNS LABEL

2LED CCr TC, TER, (NEAR), AND TOT, TC~MAND CORRECTION®/,® TER=TOTA
3L CORMPUTER CORRECTION. (NEAR)=PARY OF TOTAL THAT REPRESENTS CONTRI]

19



TABLE 1=--CONTINUED

4BUTION'/, °* OF COMPARTRENTS THAT INTERSECT INNER CIRCULAR RADIUS
S. TOT=HAND PLUS CONPUTER TERRAIN,."/, *0 STATION LATITUDE LONGITUD
6E ELEY 08sS ‘R‘V.I ‘x’.'c‘c.ﬁsxl.s‘.o1 S.-.Z (44 TC'o

7 4X,"TER (NEAR) TOT',4X,°C.0,.1 C.8.2 ACC STA®)

020s92/2.67 109
02Ps0,012774+92 116
20 53 KS=1,NS 111
ELSISu3280.833¢ELS(KS) 112
JTSLTIR(KS) 113
JNBLNR(KS) 114
LT=J4T/60 11§
LN®JIN/60 116
JTeJT=460+LT 11?2
INaIN-60*LN 118
QT8 JTHSLATR(KS) 119
ANRJN+SLONN(KS) 120
FASBOUG(KS) 121
SBAYI®FA-3 410658E-2+ELSIS 122
SBA2SFA-D2P*ELSIS 123
EQSELSIS*ELSIS 124
TCRTERW(KS) 12S
TER=GV(KS) 126
CCoELSIS*(4466200.0-32,822ELS1IS+1,27€-62E2)+1,0€6-9 127
TERCORSTCHTER 128
ASTERCOR~CC 129
CBAIESBATI+A 130
CBA2uSBA2+A*D20Q 131
GO0BS20BSGR(KS)+9,00S 132
IF (L0 .EQ. 0) 6O TO 67 133
66 ELS1Ss0,30480062ELSLS 134
67 DENTSKSDENTS(KS) 118
IF (LC .NE., =2) 60 TO S3 136
JT8100,02QT7+0.5 137
JNs100,0+QN+0.5 138
LEL®10.0+ELSIS*0,.5 139
1FAs100.0*FA+0,.5S 140
158=100.0+88A1+0.5 141
17C=100.0+7C+0.5 1462
ITER®100,0°TERCOR®D. S 143
1C81=100.0+CBA1+0,S 144
1C82=100.0+CBA2+0.5 145
LOBGR=1,0D220BSGR(KS)+S5,00~1 1446
IF CIFA LT, 0) IFAmIFA-1 147
If (IS8 LT, 0) 1S8=1SB~-1 - 148
1fF. CI1CBY LT, 0) JCBIm]ICBYI~-1 149
IF (1C82 .LT. 0) 1CB2sICB2~-1 150

WRITE (8,400 STQENT'DE"TSKISX‘”LTlLT:J?oSlGNLNaL”oJ“'LELoLO.G'I 151
1 ACCURCKS)SIFA,ISBIITCAITER,ALPHA(KS)1CB1,ICB2,DATID(KS)
400 FORMATY (ASoASoA10125160,AY,13,14,16,17,A6,216,215+A1,216,R%)
S3 WRITE (6+,211) STOENT,DENTSK, LT,QT,LN,QN,ELSIS,60BS, FA,SBAY, 152
1 SBA2,CCs TC,TER,GCEN(KS), TERCOR,COAT,CBA2,ACCURIKS) ,DENTSK
211 FORMAT (1XoA30AS, I30F 620,14, F6.2,F8.1,F10.2,3F9,2,F85.2,4F6.2,
1 2F8.2,1XsA651X5A8)
799 CONTINUE 153
91 sSTOP 154

20
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Lo 2]

VOO ONAOOCNOONONN

SUBROUTINE ARRNG(NTYPE,RAD1,RAD2,NCIRC,ASHAX,BSMAX,NS)
POUBLE PRECISION DENTS,ASTER,RIFC(10),RIL(C10)
INMTEGER«2 NURS
DIRENSION BREA(G),DENTS(SO00),LATSD(SO0),SLATN(SOO0) . LONSD (500,
TSLONR(S00),ELSC(S00)  LATNW(SO0),LONNN(SO00)»LATSE(SOO),LONSE(500),
2DENTR(3,81),NURS(500,13),6RAV(500,13),E(30,40).,
SLATR(81),LONQ(B81),BELCT15,15),6V(500),0Y(4),AS(500),88(500)
DIMENSION GCEN(SOOY, LTM(SC0),LNM(500),RSSC¢SO0Y,LCIRC(1D)
COMMON /STATN/ DENTS
CORMON /RAP/ DENTR,LATQ,LONG .
COMMON RMIN,RRINZ,RRAX2,BL2K,BL2L,0B2B,QA2B,AQR,BAN,ST, SN,
1 4,8, GCENLGRAYV,GV,NURS
COMMON /BLK2/ SLATM,SLONR,AS,BS,ELS,BREA,LTH,LNN
DATA ASTER/'esvceeret/
DEGH=  1,666667E-2
PEGRE  1,745329€~-2
DEGR2830,125°DEGR*DEGR
DEGR24m0,25 «DEGR*DEGR
CONSTANT N TERRAIN CORRECTION FORMULA., DISTANCES IN KM, GRAVITY IN
MGALS. DENSITY IS 2,67
6P=2.67+6.670
LATM,LONM~- TOTAL NUNBER OF RMINUTES ALONG N-S AND E~-W EDGES OF QUAD,
KCLAT,LCLON~ CORRESPONDING SHAPE OF SRMALLEST CORMPARTRENT IN RIN/SEC.
RUST BE INTEGRAL NUMBER OF COMPARTMENTS AND BLOCKS ALONG EDGES OF QUAD
AND EACH ELEMENT MUST OIVIDE BY AN INTEGRAL NURBER INTO THE LARGER
ELEMENTS, KBLOK,LBLOK= CORRESPONDING SHAPE OF COMPOSITE BLOCK IN
RIN/SEC (sKCLAT,LCLON IF COMPARTMENTS OF ONLY ONE SI2E ARE DESIRED).
RMAX,RMIN-OUTER AND INNER RADII OF TERRAIN CORRECTION., IN KILOMETERS,
RUED~ INTERMEDIATE RADIUS, FOR CONVERSION TO LAKGER BLOCKS, IN KM (=RM
IF NOT USED). RGR~ DISTANCE FOR CONVERSION OF GRAVITY FORMULA (WITH
AND WITHOUT CURVATURE CORRECTION),.
KCIRCaNON-2ERO, I1F RMRIN JOINS TRUE CIRCULAR BNDRY,
SHALLEST PERMISSABLE QUAD IS 1 MINUTE, COMPARTMENT T SECOND.
COMPARTMENT AND BLOCK SIZ2ES EXPRESSED IN MINUTES (KSECs=1) OR SECONDS
(KSEC=60)., RAP EDGES ALWAYS IN MINUTES,
00 92 NRAPSI,NTYPE
READ (S,103)LATM,LONR,KCLAT,LCLON,KBLOK,LBLOK,RRAX,RMIN,RRED,RGR,
1 KCIRC,XSEC
103 FORMAT (213,212,213,4F8,4,12%,212) -
I1F (LATA .EQ, KBLOK .OR, LONM .EQ, LBLOK) GO TO 99
1F (XKCLAT .EQ@, KBLOK ,OR, LCLON .E@., LBLOK) 6O TO 99
IF C RAIN LT, RRED .AND. RMIN LT, RMAX) 60 TO 80
MRITE (6,227) RRINSRMED, RMAX .
221 FORMAT (' INNER RADIUS®,F8.2,° 1S NOT LESS THAN INTERRMEDIATE, OR OV
1TER RADIUS®,2F9.2)
9t sTOP
IF (RGR .6T. 13.99) 60 10 81
WRITE (6,222) RGR :
222 FORMAY (///'OWARNING, EARTH CURVATURE EFFECT IS ASSUMED NEGLIGIBLE
1 FOR DISTANCES LESS THAN 14 KN_,.°/, * YOUR SELECTION B8F*,F9.2,
2 ' KM MAY LEAD TO INACCURACY IN TME APPROXIMATION USED.')
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81 IF (NMAP ,GT, 10) 68 TO 2
RIF(NMAP)=RRIN
RILINMAP)=RRAX
LCIRC(NMAP)=KCIRC
2 1F (REIN=RADT) 94,95,95
96 RADI=RNIN
95 IF (RMAX LE. RAD2) 60 TO 97
RAD2=RMAX
97 NCIRC=NCIRC*KCIRC
IF (NCIRC .LE. 1) GO TO 96
WRITE (6,210)
210 FORMAT (STHIMORE THAN ONE CIRCULAR INNER RARIUS CAN NOT SE RUN)
sTOP
96 RMAX2ERRAX«RMAX
RMED2=RMED*RNED
RMIN2SRMIN*RNIN
RGR22RGR*RGR
C ROWS (DIFFERING LATITUDE) AND COLUMNS OF SMALL COMPARTRENTSIN LARGE 8L
MCBeKBLOK/KCLAT
NCBELBLOK/LCLON
LTESSLBLOK=LCLON*NCB
KTESEKBLOK=KCLATeN(CS
IF (LTES .NE, O .OR, KTES .NE.0) GO TO 99
CPNUMSNCBeNCE
ncB1=nCB~-1
_NCB1=NCB=1
C NUMBER OF COMPARTMENTS AND LARGE BLOCKS IN QUAD, BY ROWS AND COLUMNS
NJN=(60*LONN)/LCLON
NITR(60°LATN)/KCLAT
K8Q=(60+*LATN) /KBLOK
L8a=(60+*LONM) /LBLOK
C EDGES OF QUAD EXPRESSED IN MINUTES AND IN DEGREES
BaN=_ATH
AQR=LONN
pOD=BAM/ 60,0
AQD=AQM/60.0
KLCMPEXCLAT*LCLON
CORP2KLCNAP
COMP2sCONP2/3600,.0
C EDGES AND MHALF-~EDGES OF LARGE BLOCKS IN MINUTES
BLOXK=KBL 0K
BLOKL=LBLOK
BLOKK=BLOKK/60.0
BLOKL=BLOKL/60.0
SLOK2=8L OKK+BLOKL
8L2x=0,.5+BLOKK
BL2L=0,.S*BLOKL
C MALF~-EDGES OF LARGE BLOCKXS IN INDEXING UNITS .
BLK2K=BL 2K /BaN
BLK2L=BL2L/AGN
MLATH=0 ,S+paN
C EOGE OF QUAD MINUS HALF=BLOCK IN MINUTES, FOR TESTING RMAX
Q828 sBON-BL 2K
QA2B=AGH=-8L2L
C EBGES ANO MALF-EDGES OF COMPARTMENTS IN MINUTES OR SECONDS
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COMKEKCLATY 72
COML=LCLON 73
CMK2=COMK /120,00 74
CAL2=COML/120,.0 75
BC2K=BL2K~CMK2 76
BC2L=BL2L~=CML2 77
ARCSB=CONP2/BLOK2 78
pams0s60.0/8am 79
AQM60=60.0/Aam 80
RN120=RMAX/120.0 81
RMXBASRMAX/BONM 82
RMXAQERMAX/AQN 83
1F (KSEC .EQ@. 1) GO TO 44 84
IF (XSEC .EQ, 60) GO TO &S (1
WRITE (6,213) 86

213 FORMAT (49HICOMPARTMENT UNITS NOT SPECIFIED IN COLUMNS 63-64)
sTOP 87

C MINUTES

44 BLK2K=60.008LK2K 88
BLK2L=60.0°8LK2L 89
NINZSNIN/ 6O 90
NIT=N1T/60 91
KTESSLONM=NJN+LCLON 92
LTESSLATM=NITaKCLAT 93
If (LTES .NE. O .OR. KTES .NE,O0) GO TO 99 9
K8Q=KBQ/60 95
LBe=LBG/60 96
KTESSLATM=-KBQ*KBLOK 97
LTES=LONM=LBG*LBLOK 98
IF C(LTES .NE. O .OR. KTES .NE.O) GO TO 99 99
COMP223600,.0+COMP2 100
8L0K2=3600,0¢BLOK2 101
BL2K=60.0+8L2K 102
BL2L=60.0°8L2L 103
BLOKK®KBLOK 104
BLOKL=LBLOK 108
#C2K=60.0+BC2K 106
8C2L=60.0*8C2L 10?7
0828384 Nn-8L 2K 108
QA2B=AQM=-BL2L 109
60 TO 46 110

C SECONDS

4S5 comKksCOMK/60.0 11
COML=COML/60.0 112
KTES=60*LONM=NIN*LCLON 113
LTES=60*LATM=NIT*KCLAT 114
1f C(LTES .NE. O .OR. KTES .NE.0) 6O TO 99 115
KTES=60+LATA-XBQA*KBLOK 116
LTES=60*LONN=LBQ*LBLOK 1?2
IF (LTES .NE, O .OR. XKTES .NE.O) 60 TG 99 118

46 BLIZKBA-1T 119
AC10=0.5¢COMLEASHAX 120
8C10=0.5+*CONK*BSHMAX 121
TEST=ACI10«ACI0+BC10+8C 10 122
IF (RMIN2 .6T. TEST) GO TO 82 123

23
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(2]

[al 2 X aNal

WRITE (6,223) RNIN

223 FORMAT (° PROGRAM NOT WRITTEN TO INCLUDE CASE WHERE NALF OF COmMPAR

1TMENT DIAGONAL-LENGTH 1S GREATER THAN INNER RADIUS °, F6.2)
sTOP
82 TESTERNED=RAIN
HALF ODIAGONAL OF LARGEST BLOCK
ADELE(ACIO*»NCB)*22¢(BC102M(B) 22
ADEL=SQRT(ADEL)
IfF (TEST .67, ADEL) 60 TO 84
WRITE (6,224) RMIN,RMED
224 FORMAT (°* SELECTED RADII',2F8.2,' DO NOT LEAVE ROOM FOR BLOCKS®)
Stor
ERROR OF 0.001 WMINUTE
84 ACI10=ASMAX/1000.0
BC10=9SMAX/1000.0
80 9 IS=1,NS
FLOATING POINT NOTATION FOR LOCATION OF STATION IN INDEX SYSTEM (QUAD
INCREMENTS) .,
20 6% M=1,13
65 NUNS(1S,M)=0
nss(1s)s=0
STS(SLATR(IS)*LTN(1IS))/60.0
STIND=BQAMO60*ST
SNIND=(SLONM(IS)SLNRCIS))/AQR
NWY CORNER OF QUAD IN WHICH STATION IS LOCATED IN INDEX SYSTEM,
STATIONS ALONG EASTY AND SOUTH EODGES INCLUDED IN QUAD TO NORTHWEST,
LATSD(1S)=STIND+Y .0
LONSDCIS)®SNIND®1,.0
MAX RADIUS IM DEGREES
RE2=RAN120/8S(1S)
CN=COS(DEGR*(ST+RQ2))
CS=COS(DEGR*(ST~RQ2))
C2NaCNeCN
C28sCSe(CS
RONSRNXBE/(1.8616564C2N+(0.000160+C2N-0,019028))-BLK2K
RBS=RNXBQA/(1,8616564C23+(0.000160+C25~-0.019028))-BLK2K
RANSRNXAQ/ (CNe(1,861656~0.0063432C2N))~8LK2L
NORTH BOUNDARY OF COVERAGE NMEEDED, IN INDEX UNITS~ REFERRED TO N¥
CORNER OF BOUNDING QUADS, NUMBERS INCREASE TO NW. THEN S, E, AND W,
LATNW(1IS)SSTIND4RBN +1,0
LATSECIS)sSTIND=RBS ¢1,.0
LONSECIS)sSNIND=RAN +1,0
9 LONNW(ISISSNIND#RAN 1,0
WRITE (6,208)
208 FORRMAT (1Y)
CALCULATE TERRAIN CORRECTION, ONE QUAD AT A TINE
20 10 me=1,91
TOTAL NUMBER OF QUADS COUNTED
NQ=nQ
IDENTIFICATION OF QUAD, COORDINATES OF NW CORNER- DEGREES, MINUTES
OF LATITUDE AND LONGITUDE IN INTEGERS, KFATH IS & IF DEPTNS (NEGATIVE
ELEVATIONS) IN FATHONS-=FEET OTHERWISE., 33 IS FOR ALL DEPTHS IN
MNETERS, 36 FOR ELEVATIONS IN METERS AND DEPTHS 1IN FATHORS, 31==nN, FY
READ (S,104)(DENTQ(ID,ME),ID31,3),LTO0,LTNO,LNDQ,LNNQ, KFATH
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104 FORMATY (3A4,213,14,13,12)
IF (LTDQ@=-90) 74,112,112
764 WRITE (602‘2)(DENYO(l’vﬂ.)ol0'1oS)oL'D.tlTﬂO:LlD‘oL“ﬂﬁ
212 FORMAT (1X,3A4,213,14,13)

1F (N@~B81) 11,73,73

73 URITE (6,217)(DENTE(10,81),1D%1,3)

217 FORMAT (244 80 MAPS EXCEEDED.

sTO0P

C ELEVATIONS OF COMPARTMENTS IN FEET,
€ STARTING AT NORTHWEST CORNER,
€ CARG WITKH 99 IN LOCATION FOR LATITUDE DEGREES PLACED IENXN. Et!VAYION
C CARDS OF LAST QUAORANGLE IN DATA==THE FINAL DATA CARD

11 READ  (S5+10S)CCECLod)pd®1,NIN)/L=1,NIT)

10S FORNAT ((10f7.0))
831 00 307 J=1.NJN

060 307 Is1,N1T
307 €(1,3)%E(1,9)71000.0

IF (XFATH=31) 300,306,306

300 b0 301 Js1,NJN
00 307 1I=1,NIT

307 €(1,4)%0,3048006°E(1,J)
IF (KFATH=-6) 305,302,308
306 IF (XFATW-33) 308,305,309

302 20 304 Js=I,NIN
00 304 Ism1,NIT
ElsE(1,d)
IF CEL1J) 303,304,304
303 E(1,J)=6,0*E1)
3046 CONTINUE
60 Y0 305
308 20 310 Ji=1,NJN
pO 310 Ist1,NIT
€14s€(1,4)
IF (E1J) 312,310,310
312 €(1,3)80,30480062€14
310 CONTINUE
60 10 305
309 900 311 J=1,MiN
00 311 1si,NIT
ElJSE(1,J)
IF (EL1J) 313,311,311
313 E(1,J)=1,8288036E14
311 CONTINUE

C AVERAGE ELEVATION OF COMPARTMENTS USED FOR ELEVATION OF BLOCKS,

305 00 86 Kk=1.,kBe
KFSsuCB+k
K1sKF=-NCB
00 86 L=1,L00
LFsNCSeL
LIstLF=NCH)
ELEV=0,0
CPONISCPNUN
20 30 ll=Kx1,KF
80 30 JJsLiLLF
EldsE(11,44)

MAP 384,144 IS NUMBER 81 )

ONE WEST-T

25

O'EASY IOU AT

160
161

162
163

164

165

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
18
182
183
184
185
186
187
188
189
190
191
192
193
194

195
196
197
198
199
200
201
202
203
204
20s



TABLE

1==CONTINUED

C PROTECTION AGAINST BLANK ELEVATIONS

31

Sé
30

32
 B]
8é

C Nu
t 1]

¢ IN

4

S
206

IF (E1d) 54,31,54
CPONI=SCPDONI-1.0

60 T0 30

ELEVSELEVSELY

CONTINUE

15 (CPONY) 32.32.85
BEL(X,L)=0.0

60 T0 86
BEL(K,L)SELEV/CPONT
CONTINUE
CORNER OF QUAD, IN MINUTES
LINWGS60+sLTDAOLTMG
LNNWQA=60eLNDQeLNNE
QT=LTNUE

QNSLNNVE

INDEX UNITS OF ONE~-PER-QUAD
LATQ(MQ)SLTNWQ/LATH
LOND(MQ)=RL_NNWE/LONMN
LTa=LATA(NMQ)

LNQELONG(NQ)
LTESELTNNQ=LTO2LATR
KTESRLNNUQ=LNE+LONN

IF C(LTES .NE. O .OR. KTES .NE.O0) 60 TO 99
1F (me@ .E@. 1) 60 T0 3
MINUS=NMQ-1

20 & Km1,MINUS

IF (LTQ .EQ. LATE(K) .AND. LNG@ .EQ, LONG(K)) 60 Te S
CONTINUE

60 10 3

WRITE (6,206)

FORMAT (° THIS MAP WAS SKIPPED, IT ALREADY MAS BEEN USED.')
60 To 10

C PARAMETEKRS FOR NORTH ANO SQUTHMOST BLOCK ROWS OF MAP

3

C COMPUTATION OF TERRAIN CORRECTION FOR

C BETERMINE 1F QUAD IS TO BE USED. FIRST OMIT STATIONS WHERE QUAD OCCURS

DEGTOPRDEGH=(QT~-BL2K)
C@SsCOS(DEGR*DEGTOP)

C2=Case~Cas
BT=1,.861656+C2+(0.000160+C2-0.019028)
ATSCOS2(1,861656~0,006343+C2)
PEGBOT=DEGN* (AT-BAN+BL 2K}
CeS=COS(DEGR*DEGBOT)

c2=cQs*CaQs
B8=1,8616564C2+¢0,000160+c2-0.019028)
ABSCQS*(1.861656-0,0063432C2)
ADELR=(AB-AT)/BL1

SOELR=(BB-8T)/BL1T

90 13 1S=1,NS

€ OUTSIDE BOKDER OF RMAX-RECTANGLE, SEQUENCE N, S, W, E,

14
15
16
C LAT

IF ¢ LT “LATNNC(IS)) 16,14,13

1F ¢ LTe “LATSECIS)) 13,15,15

IF ( LNG “LONNN(IS)) 16,16,13

1F ¢ Lne =LONSE(1S)) 13,17,17
ITUDE AND LONGITUDE OF STATION IN MINUTES

26

ONE QUAD., ONE STATION AT A TIME

206
207
208
209
210
211
212
213
214
218

216
217
218
219

220
221
22
223
224
225
226
227
228
229
230
231
232
233

234

23S
236
237
238
239
240
24
262
243
244
245
246

247

248
269
250
251
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17 STESLATH(IS)+LTN(IS)
SNESLONMCIS)+LNN(]1S)
DEGS=ST/60.0
DEGNESN/60,.0

C DIFFERENCE IN LOCATION BETWEEN NW QUAD CORNER AND STATION. IN MINUTES

QTSTS(LTNUA=-LTN(IS))=SLATA(]IS)
ANSNES(LNNWA=-LNR(IS))-SLONMC(]S)
Qr1S28=Q@TST-BL 2K
QANS2B=aNSN-BL2L
QANBE=ANSN=-QA2R
eQT8sQarsST-0828
C INDEX UNITS FOR CORNEK OF QUAD IN WHICN STATION LOCATED
LTISSLATSD(IS)
LNS=LONSD(IS)
C TEST IF QUAD OUTSIOE RMAX RADIUS SQUARED
IF (LT@=LTS) 19,22,20
19 OPHIZ2S(DEGS-DEGTOP) »»2
AQ2® (0 . So(ATHASC(IS))s (1 . O0¢DEGR2B2DPHTIZ) ) 222
B822s(0,.5*(BT+BS(1S)))es2
IF (LN@~-LNS) 21,22,23
20 DPHIZ2S(DEGS-DEGBOT) »e2
AQ2=(0,52(AB*AS(1S8))*(1,0¢+0EGR2820PHL2)) w902
822=(0,5+(BB+BS(1S)))»eQ
IF (LNQ-LNS) 24,22,25
C SOUTHEAST
21 DISE2=882+QTS2B+QTS28+A02+QNS2B»aNS28
60 TO0 26
C SOUTMNUHEST
23 DISE2=8Q22QTS2B+QATS2B+AQ22QANB*QANS
80 T0 26
C NORTHNEAST
26 01S@2sBQ2°QaTB*QQTB+AQ22ONS2B+ANS28B
60 TO0 26
C NORTHWEST
25 015Q2=8022QQTB+QATB+AQ2+QANB*QANS
C TEST RMAX
26 1F (DISQ2-RMAX2) 22,13,13
22 BCOMK®BS(IS)»COMK
ACOMLEAS(1S)eCOML -
ABCS=E0 . 5*SQRT(BCOMK+BCOMKSACONL »ACONL)
MSSNSS(IS)+1
IF (MS=14) 72,721,719
?1 WRITE (6,220)0ENTSCIS),DEGS,DEGN, COENTO(ID,®Q),1051,3)

220 FORMAT (° STATION *,AS5,2F8,3,° (RENAMED ewess) NEEDS MORE THAN 13

TRAPS  /,8X,°® MAP ', 3A4,° NEEDED BUT NOT COMPUTED.')
PENTS(IS)®ASTER
60 70 13
72 RSS(1S)sAS
NUNS(IS,mS)uma
RCSSRAINSABCS
RCSSRCS5*RCS
ELSTSELS(IS)
DPHIZ2u(DEGS~DEGTOP) o2
ATOPSQ,SoCATHAS(IS) o (1,.00DEGR24*DPHIZ))
8ToPs(0,.S+(BT+BS5(1S))

2?

252
253
254
2SS

256
334
258
259
260
261

262
263

264
265
266
267
268
269
270
271
272

273
2724

2?7s
276

344
278

279

280
281
282
283
284
285
286

287
288
289
290
291
292
293
294
295
296
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OPHI2=(DEGS-DECBOT)ww2 297
ABOT=0,5*(AB+AS(LS) '(1.00DEGRZ"DPﬂl2)) 298
8807=0,5+(88+85(18)) 299
ADEL ®(ABOT-ATOP)/BL1Y 300
BDEL =(8BOT-BTOP)/BLY 301
ASATOP-ADEL 302
8sBTOP-BOEL 303
ARQUSAT=ADELR 304
SROU=BT-BRELR 305
€ START LOOP FOR TESTING BLOCKS OF COMPARTMENTS NORTH TO SOUTH
20 611 [=1,K8Q 306
KfenCBe] 307
Ki1sKF=-n(B1 308
FXisy=1 309
C FOR DISTANCES OF STATION TO BLOCK ROW
8=B+BDEL 310
ASA+ADEL 311
C FOR OISTANCES WITHIN BLOCK ROW
AROWEARQUSADELR 312
BROW=BROW+BDELR 313
DISTN=B*(QTS2B-FK1+BLOKK) . 316
IF (DISTN .6E, RMAX) GO TO 611 318
€ BLOCK AREA IN SQUARE KILOMETERS
AREABSAROU*BROW*BLOK?2 316
BCOMK=BROW* COMK 31?7
ACOMLSAROWCORL 318
C CONSTANT IN TERRAIN CORRECTION FORMULA
GPASAREAB=GP 319
ACSs0,S5+ACONL 320
8C5=0,5+8COMK 321
C EAST TO WEST
90 40 L=1,L00 322
LFSNCBeL 323
LisLF=NCB1 324
FList~1 325
79 DISTWsAe (ANS2B8-FLT*BLOKL) 326
R2B=DISTNODLISTNSDISTW*DISTY 327
EF (R2B-KMAX2) 28,40,40 328
28 IF (R2B-RMEM2) 34,29,29 329
C USE LARGE BLOCKS, AVERAGE THE ELEVATIONS OF COMPARTMENTS,
29 ELEVEREL(I,L) 330
IF C(ELEV .NE. 0.0) 60 TO 87 331
WRITE (6,211) 1, L,DENTS(IS) 332
211 FORMAT (' WARNING, BLOCK®, 13,°3+%513,"E HAS 2ERO ELEVATION.®
10" TC NEEDED BUT NOT CALCULATED FOR STATION ¢,AS)
60 10 40 313
87 GOSGIELEVIELSTHLR2B,K6K2) 334
60 10 39 335

C USE SMALL COMPARTRENTS, OISTANCES RELATIVE TO CENTER OF COMPARTMENT
C IN NW CORNER OF 8LOCK,

34 BISNCROISTNGROW*BC2K 336
DISHC=DISTU+AROW®BC2L 33?7
£J1%0.0 338
68=20.0 339
00 35 II=K1,KF 340

28



TABLE

¢ o1s

214

38

€ RCS
C TES

49
51
37

64
18

35
3
40
411

C END
13
C END
10

99
229

12
€ rrl

1==CONTINUED

F1420,0

YC=DISNC=FJIvBCONK

YC2av(eY( -
TANCE, IN KN, FROM STATION TO NORTH AND S EDGES OF COMPARTHENT
DYNSY(C+BCS

pYSaYC~-8CS

IF CABS(DYN) LT, 8C10) pYN=0,0

IF (ABS(OYS) .LT. B8C10) oYS=0,0

YNSDYNCDYN

YSaDYSepYS$S

PY(1)SDYN

0Y(2)=DYN

DY(3)=DYS

DY(4)=DYS

80 78 J4sLiLLF

ELEVEE(II,4d)

IF (ELEY .NE, 0.0) 60 TOo 38

WRITE (6,216) 11,3J,DENTS(1S)

FORMAT (! WARNING., COMPARTMENT®,13,%S,°,13,'C HAS ZERO (LEVATIO~.
1,° TC NEEDED BUT NOT CALCULATED FOR STATION ',AS)
60 10 78

XC=PISWC-FIJeACONL

XC2sxCox(C

RC=xC2¢YC2

IS RRIN PLUS 0.,5¢ SLANT LENGTH OF COMPARTMENT
T IF THIS MAP GROUP REQUIRES INNER TIE TO CIRCLE
IF (KCIRC) 49,51,49

IF (RC=RCS) 64,.51,51

IF (RC=-RMIN2) 78,37,.37
6C2G6(ELEV,ELST,RCLRGRZ) «ARCSD

68sGB*GC

&0 10 78 -
CALL GINNER(XC,YCoACS,YS,YN,DY, ELEVLELST,RC,AREAB,GPA,GB, N
1 RER2,ARCSB,ISL,ACTI0)

Fli=Fli+1,.0

FJlsFile1,.0

CONTINUE

‘IAV(ISOHS)‘GRAV(lSoHS)*‘B*AR!A.

CONTINUE

CONTINUE

GRAV(IS,MS)SGRAV(IS,MS) eGP

STATION LOOP

CONTINUE

MAP LOOP

CONTINUE

60 10 12

WRITE (6,229)KCLATLLCLON,KBLOK,LBLOK,LATM,LONR,LTDA,LTMQ,LNDQ,LNNE
FORMAT (1X0213,3%X,21403%022404X,213,15,13/0 64X, *STOP, ABOVE LISTE
10 COMPARTMENT, BLOCKs MAP SIZ2ES OR NORTHWEST CORNER OF RAP DO NOT

2PROGRESS BY INTEGER WULTIPLICATION CEXCLUDINGE 1).')
srtop

NQsNa=-1
NTOUT

IF(KCIRC .EQ@. 0) 6@ TO 52

WRITE (6,200)RMIN,RNAX,BREA

29

341
342
343

344
345
346
347
348
349
350
3%1
352
353
354
355
356
357

358
359
360
361

362
363
364
365
366
367
368

369
370
371
372
373
374
375

376
377

378
379

380
381

382
383
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200 FORMAT (°OKAP COVERAGE FOR *,FB8.3,° TO ',F8.3,' KILORETERS *,
1 *'(CIRCULAR INNER JOIN) OF *o6A4)
€0 10 S3 384
$2 WRITE (6ozo9>nnxn.knax.aasn 385
209 FORMAT (°OMAP COVERAGE FOR *,F8.3,"' TO *,F8.3,° KILOMETERS ',
1 *(PIECEMEAL INNER JOIN) OF *,6A4%)
$3 IF (XSEC .E@. 60) 60 710 48 386
47 WRITE (6,204)KCLAT,LCLON,KBLOK,LBLOK 387
206 FORMAT (36N SMALLEST COMPARTMENT DPIGITIZED ARE ,12, &M BY ,12.
1 33H AND LARGEST COMPOSITE BLOCKS ARE,I3,3M BY,I3,84 RMINUTES) -
60 10 SO . 388
48 WRITE (6,205)KCLAT,LCLON,XBLOK,LBLOK 389
20S FORMAT (36N SMALLEST COMPARTMENT DIGITIZED ARE ,I2, 4M BY ,12,
1 334 AND LARGEST COMPOSITE BLOCKS ARE,I3,3M BY,13,8M SECONDS)
SO WRITE (6,207)LATR,LONN,RMED,RGR 390
207 FORMAT(49M IN LATITUDE AND LONGITUDE, QUADRANGLES USED ARE » 130
26N BY , 13,94 MINUTES,.»268 CONVERSION TO BLOCKS AT ,F7.2,4H KM,./,
3 25H CURVATURE CORRECTION AT ,Fé.0,° KNM,*,//)
C BEGIN INDEXING LOOP FOR EACH STATION

90 90 1S=1,NS 39
STeSLATHM(IS)*LTN(IS) 392
SNSSLONM(IS)*LNN(IS) 393
0EGS=2ST/60.0 394
PEGNESN/60.0 398
WRITE (6,202)DENTS(1IS)s,0EGS,DEGN 396
202 FORMAT(9N STATION ,AS,° AT*,F7.3,1HesFB8.3," DEGREES')
WRITE (6,203) 397
203 FORMAT (6X, 2(3INMAP,9X,"NW CORNER (D,M)°*,7X,°HRGLS®,11X)) )
A=AS(1S) 398
B=BS(1S) 399
CALL DEXQDUIS,LATNUW(IS)»LONNW(IS) »BGD,AQD,LATSE(IS),LONSECIS),- 400
1 LATSD(IS) LONSDCLIS),NQ, ASS(IS), LATH,LONR)
90 CONTINUE 401
92 CONTINUE 402
JNENTYPE 403
IF (JN .6T. 10) JN=10 404
WRITE (6,201) 40S

201 FORMAT (/7/,'0LIST OF RADIAL COVERAGE FOR SUCCESSIVE MAP SETS’»/,
1 ° INNER BOUNDARY 1S PIECEREAL UNLESS CIRCULAR 1S INDICATED. °*»

2 °ALL OUTER BOUNDARIES ARE PIECEMEAL®) )

80 6 J®1,4N 406

IF(LCIRC(J) .E@. 0) GO TO 7 407
WRITE (6,215) RIF(IIIRILI(Y) 408
215 FORMAT (1X,F10.5,° TO ',F10.5,° KM (CIRCULAR INNER JOIN)®)
60 70 6 409
7 WRITE (6,216) RIF(JIL,RILCY) 410
216 FORMAT (1X,F10.5+° TO *H»F10.5,' KR*)
é CONTINUE 411
RETURN 412
END 613

SUBROUTINE GINNERCXC,YCoACS,YS,TN,DY,ELEV,ELST ,RC,AREAB,GPA,GB,

1 RGR2,ARCSB,IS,ACIOY Cincclan inmen goir
POUBLE PRECISION DENTS
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INTEGER*2 NURS
DIMENSION DX(&),0Y (&), R2(4),

SCEN(S00),DENTS(SQ0)

DIMENSION GIAV(SOO'IS)oNURS(SOOo'S)o‘V(SOO’

CORMON /STATN/ DENTS

COMMON Q"IloRHlNZORHlXZO'LzKO.LZL'.'ZQQOAZBohﬂﬂo..ﬂc5705”0

1 AoB, GCEN,GRAV,GVoNUNS
64 DPXNBXCHACS

DXE=XC=-ACS .

IF (ABSCOXW) .LT. AC10) OXwm(0,0

IF (ABS(DXE) .LT. AC10) OXE=0.0

XusdXWeDXW

XE=DXEeDXE

DX(1)=pXW

DX(2)=DXE

DX(3)SDXE

oX(6)SDXN

R2C1)=XN*YN

R2(2)=XE+YN

R2(3)=nXE+YS

R2(4)mXUGYS

816s0.0

C NPT=NUMBER OF CORNERS OF COMPARTMENT THAT ARE LOCATEO

C OUTSIDE RNIN CIRCLE

NPT=0
20 320 k=1,4
IF (RAIN2 ,6E. R2(K)) 60 TO 320
NPTSNPT Y
IF (Bl6 «GE. R2(K)) GO TO 320
K8l6=K
B8]16=R2(K)

320 CONTINUE
IF (NPT .EQ, O) RETURN

C ASSIGN COORDINATES (X2,Y2) TO CORNER FARTHEST FROM STATION

Y2=0Y(KB16G)
X2sDX(KBI6)
11=1
1281
IF (X2 LT. 0.0) l1==1
IF (Y2 LT, 0.0) j2%-1
KTEST=Q
S1sDXWeDXE
IF (S1 .6E. 0.0) 60 TO 337
S1sDY(1)eDY(4X)
~ IF (S1 LT, 0.0) KTEST={
337 si=l?
$2s=12

C COORDINATES OF CORNER CLOSEST TO STATION (OPPOSITE FARTHEST CORNER)

KSMLEKBIG+2
IF (KSHL 6T, &) KSML=KBIG6-2
X1S9X(KSHL)
YiIsDY(KSHL)

C CALCULATE ACCORDING TO MHOW MANY CORNERS ARE OUTSIDE CIRCLE

60 TO (322,323,324,325), NPT
C ONE CORNER OUTSIOE CIRCLE

322 CALL CENTD(0.00%X2,0.00Y20S7, S2,AREASTM,XR,1)

31

O 0~ [ BV R VN V]

22
23
24
25
26
t44
28

30

31
32
33
34
35
36
37
33
39
60
41
42
A3

44

46
(¥4

48
49
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C ASSUME 0,002-MINUTE LOCATION ACCURACY

C Tuo

C FIND COORDINATES OF SECOND CORNER OUTSIDE CllCLE’AOJlCSNT FAITNSST

323

65

ABAR=ABS(AREA)

IFCABAR LT, 1.0E=5) RETURN
REAR2=(YReYMIXNEXN) / (ABAR*ABAR)

IF (RSAR2 LY. R2(KBIG)) GO TO 406
REAR2=R2(KB16)
HRELST+SART(RBAR2/RCI*(ELEV=ELST)
60 TO0 40S

POINTS OQUTSIDE CIRCLE,

LBIGeKBIG*T

IF (LB1G .EQ, 5) LBI6=1

IF (R2(LBIG) 6T, RMIN2) 66 TO 65
LB16=KB 6=

IF (LBIG .E0, 0) LOBIG¢

IF C(OY(KB16) .EQ, DY(LBIG)) 60 TO 342

C REVERSED ROLES

376

377
367

343

342
346

347
351

344

€ X1 AND X2 ARE OF OPPOSITE SIGN

349
368

IF (Y1) 326,343,377

LY e~}

60 TO0 367

LYY=t

L3I=J2eL Y

IF (L3 .E@, 0) GO TO 368

CALL CENTO(Y1,Y2,0.0,X2,52+s ST1,AREAL,XM,YR,2)

60 TO 403

IF (X1) 346,364,347

LXle=1

60 T0 351

Lx1st

LémIToLX?

IF (Lé ,EQ@, 0) 60 TO 349

CALL CENTD(X1,X2+0.00720S1s S2,AREA,YR,1XM,2)
60 10 403

I1F (RAIN-ABS(Y2)) 344,344,330
IF (RRIN-ABS(X2)) 343,343,330

C 3 CORNERS OQUTSIDE CIRCLE

324
51
52

53
354

5

é

?
8

101
355

1F (R2(KSNHL) .E@., RRINZ2) 60 TO 37
IF Cv1) S$51,52,53

LYi==1

60 10 354

LYi= O

€0 7O 354

LYl=s 1

L3ul2+Lv1+3

IF (X1) Soebe?

LXi=n=q

60 T0 8

tx1= 0

60 T0 8

LXI® 1

LémIteoL XT3

60 V0 (101,102,103,102,101), L3
60 TO (355,121,104+121,355), L&
CALL CENTD(X150.0,Y1,0.05510S2,AREASTALXN,D)

32

(368 FOR OPP, Y1, Y2)

S0
51
Se
S3
Sé
5S
56

57
58
59
60
61
62

63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78

79
80

81
82
83
84
85
8é
87
a3
89
90
91
92
93
94
9s
9%
97
98
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121
122

104
1S5

108

102
105

106
103
11
356

112
12

109

114

113

107
14

330
110

118
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60 10 400

CALL CENTD(Y1,0.0,0.0,0.0052,S1,AREA,XN,YN,6)
60 10 400

CALL CENTO(X1,0.0,0.,000.0,51+S2,AREA,YN,XN,6)
60 70 400

IF C(A@S(Y2) .G6E. RMIN) 60 TO 355

LBIG=KBIG

IF (LOI16 .EQ. S) LOIG=?

IF (DX(LBIG) .EQ. DX(KBL!E8)) 60 TO 108
LBIG=KBIG~1

IF (LO16 .Ea. 0) LB1G=4

CALL CENTD(Y1,Y2,0.0,X2082+ ST1,AREA,XMN,YN,2)
60 T0 114

60 TO (122,105,106,105,122)+ L&
AREA®(Q.7853982+«RNIN2

DIGERMINLRNIN2/3,0

YN=S1+816

XN=$2+B16

60 10 400

IF CA@S(Y2) .LT. RMIN) GO 10 15

60 10 122

0 TO (111,112,113,112,111), L4

IF (ABS(X2) .LT. RMIN) 60 TO 12

CALL CENTD(Y1,0.0ex1,0.00,52,S12AREALXM,YN,3)
80 T0 400

IF (ABS(X2) .6E. RMIN) GO TO 121

LBIGEKBIG+1

IF (LBIG .EQ, 5) LBIG=1

IF (DY(LBIG) .EQ. DY(KBIG)) &0 TO 109
LBI6=KBIG~1

1F (LBl6 .EQ,. 0) LBIG=4

CALL CENTD(X1,X2,0.00Y2,8S15 S2,AREA,TM,XN,2)
LR=10-(KBIG*LBIG+KSML)

CALL CENTD (0.0,DX(LR)+0.0,0YCLR),0.0,0.0,AREAR,XE,XW,1)
60 TO0 115

IF (ABS(X2) .LT. RMIN) 60 TO 107

IF (ABS(Y2) .LT. RMIN) GO TO 1§

CALL CENTOD(X1,X2,Y1,Y2,8S1, S2,AREA,YNR,XN,S)
AREARSAREA

60 10 115

IF (ABS(Y2) .GE. RMIN) 60 10 12

LB16=KB1G*? *

IF (LOI6 .EQ@. 5) LBIG=?
LRE10-(KBIG+LOIG+KSNL)

CALL CENTD (0.0,0XCLR),0.0,0Y(LR),0.0,0.0,AREAR,XELXNW,1)
60 To 110

AREAR=].0

CALL CENTD (0.0,DX(LBIG)+,0.0,0Y(LBIG)»0.0,0.0,AREALXE,XH,Y)
AREARSAREARSAREA

CALL CENTD (0.0,X2,0.0,72,S1,S2,AREA,YN,XN,1)
AREARBAREARCAREA

ABAREAGS(AREAR)

RBAR2= (XM XM¢YMsYN)/(AREAAREA)

HSELEV

60 10 405

33

99
100
101
102
103
104
105
106
107
108
109
110
ARR)
112
113
114
115
116
117
118
119
120
121
122
123
124
129
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
162
143
164
145
146
147
168
149 .
150
151
152
153
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c&C
325
S¢

5S
56

360
s?
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ORNERS OUTSIDE CIRCLE

IF (X1) $54,37,55

LX¥==}

60 10 Sé

Lxt=s 1§

L3sIteLXY

I1F (L3 .NE. 0) 60 TO 366
1F (Y1) S$7,37,58

LYi==1

G0 10 59

S8 LY1= 1
S9 Lé=12+L Y1

IF (L4 .EQ. O) RETURN

378 1F C(ABS(Y1) .GE. RMIN) 60 TO 37

361

366
16

17

18

C REV
19
373

C moMm
400

C monm

403
406
405

200
404

37
[4 ]

C NOTY

C R=NUMBER OF CORNERS OUTSIOE COMPARTMENT (EXCEPT 5=3), ABSOLUTE VALUES

CALL CENTD(0.0,0.0,Y1,0.0,0,0,S2,AREA, YN, XN,&)
60 T0 400

IF (Y1) 16,37,17

LYis=1

60 TO 18

LYY= 1

LémI2eLY?

1F (L& . NE, Q) GO TO 37
ERSED ROLES

1fF (ABS(X1) ,GE. RMIN) 60 TO 37

CALL CENTD(0.,0,0.0+X1,0.0,0.0,S1,AREA,XN,YM,4)
ENT OF RECTANGULAR COMPARTMENT,

AREARSABS ((X2=-X1)*(Y2~Y1))

AREA SAREAR-AREA
ENTS ABOUT Y= AND X<=AXES FOR REMAINING AREA
YM=XC*AREAR=-YR

XN=YC*AREAR-XN

ABAREABS (AREA)
RBAR2E(YNMeYNOXM2XN)/ (ABAR* ABAR)
RBARSSQRT(RBARY)

HSELSTHRBAR® (ELEV=ELST)/SQRT(RC)
GCSABAR*G(M,ELST,RBAR2,RGR2) /AREAB

B816=GC*GPA

IF (KTESY .E@. 1) WRITE (6,200) BENTS(1S).Bl6
FORMAT (&X,°STATION *,AS," IS INSIDE CALCULATED COMPARTMENT, °,
1 "CORRECTION USED 1S°,fB8.3,' mGAL.")
GCENCIS)=GCEN(LIS)*BIG

GB=GB+GC

RETURN

GBsGB+ GUELEV,ELST,RC,RGR2)*ARCSS

RETURMN

END

SUBROUTINE CENTO(X1,X2,Y1,Y2,8S1,S2,AREA, YN, XN, N
Cale

INTEGER®2 NUNS GINNER — - I
BINENSION GRAV(S00,13),NUMS(500,13),6V(500),6CEN(S00)
CORMON R,AA, RRAX2,8L 2K ,BL2L,8B28B,QA28,AQN,BAN,ST,SN,

1 As8B, GCENLGRAV,GV,NUNS
E-COMMON STATEMENT NARES ARE OIFFERENT THAN OTHER SUBROUTINES

34

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
172
173
174

175
176

177
178

179
180
181
182
183
184
185
186
187

188
189
190
191
192
193

N -



TABLE 1--CONTINUED

C GIVE PROTECTION AGAINST SQUARE ROOTS OF NEGATIVE NUMBERS MEANT TO BE O
G0 TO0 (12,12,35,4,35,6), 1
12 AX2=ABS(X2)
AY2=ARS(Y2)
X22=x2¢X%2
Y22=Y2¢Y2
AAX22ABS (AA~222)
AAY22AA-Y22
SAX2sSART(AAX2)
I (M B8, 2) GO TO 2
C 1 CORNER OUTSIDE
1 AAY2mABS(AAY2)
SAV2SSQRT(AAY2)
C FACTOR TERMS TO MINIMIZE LOSS OF SIGNIFICANT FIGURES
AREARAX2¢ (AY2~-0.598AX2)-0, S'(sz-savz+AAn(Aasxu(szla>oausxn(snvzl
1 RY))
vn-s1-(o.s-avz’(722/3.0-AA12)¢AAx2-snx213.0:
XMeS2¢ (0. S5¢AX2¢(X22/3.0=AAY2)+AAY2°5AY2/3,0)
RETURN
C 2 CORNERS OUTSIDE~CONNECTED AREA
2 Sxm§1ex1
X11=2x10x1
AAX1sABS(AA~-X1Y)
SAX1eSQRT (AAX1)
AREAZAY2+ (AX2=-SX)~0,5+(AX2+4SAX2-SXoSAXI+AA+(ARSINCAX2/R)
1 <ARSINCSZ/R)))
YHeS10(0,50AY2+(X22~-X11)+(AAX2*SAX2=AAXT1*SAX1)/3,0)
XM20,5982¢ (AX20(X22/3,0-AAY2)-SX#(X11/3.0=AAY2))
RETURN
C & CORNERS OUTSIDE-CONNECTED INSIDE AREA USED
& AAYISABS(AA=Y1eY1)
SAYIsSQRT (AAYY)
AREAZAA2ARSINCSAY1/R)=ABS(Y1)eSAY
Yn=0,0
XNs0,6666667282¢AAYT*SAY
RETURN
3S AYI=ABS(YY)
X112x1ex1
Yi11ayievy
AAX12ABS(AA-X11)
AAY12ABS(AA=Y11)
SAXI=SQRTCAAXY)
SAYISSQRT(AAYT)
IfF (# _EQ., S) 60 10 S
€ 3 CORNERS QUTSIDE~-? CORNER INSIDE USED
3 sx=S1ex1
IF (SAY1 .EQ., $X) GO0 T0 10
AREA2SX e (AY1=-0,5+SAX1)=0, S-(AY1OSAY1-AAt(Alslﬂ(SAV?IR)-lRS!N(SlIR)
1)
YRESTe(AAXTeSAXT/3,.040.50AY30(Y11/3,0=AAXY))
XMeS2¢(AAY19SAY1/3,040,5+SXo(X11/3,0=AAY1))
RETURN
C CASE WHMERE A CORNER IS ON CIRCLE AND WHOLE COMPARTMENT IS OUTSIDE
10 AREA=0.0
YH=0,0

33

QNGO N>

10
12

13
14

13

16
17?7
18

19
20
21
22
23

24
26

27
28
29
30
31
32
33
34
35
36
37
38
39
40

41
42
43

44
45
46

47
48



TABLE 1--CONTINUED

xm=0,0
RETURN
C 3 CORNERS OUTSIDE-OCCUPIES 3 QUADRANTS (CLOSE-IN)

S AX1=ABS(X1)
AX2=ABS(Xx2)
AY2=AQS(V2)
X22=X2eX2
Y22=Y22+Y2
AREASAX28 (AYT14AY2)+AXT1@AY2=D, 52 (AXI2SAXTI+AYTIoSAYY
1 SAA*(1,S570796+ARSINCAXTI/RISARSINCAYI/R)))
YRRST1e (0, Se(AY1e(Y1T/3,0=-AA®X22)¢AY20(X22-X11))~AAX1*SAX1/3,0)
XM2S2¢ (0, Se(AX12(X11/3,0°AA¢+Y22)+AX2*(Y22=Y11))=AAY1eSAY1/3.0)
RETURN

€ 3 CORNERS OUT, Y120,0

6 SX=§1eX1
X11=sX18X1
AAX1=ABS(AA-X1T)
SAX1=SQRT(AAXYT)
AREASD,S2(AA2(1,570796-ARSIN(SX/R))~SX2SAX1)
YMRS12AAX12SAX1/3,0
XMaS2+(AA*R/3,0¢0,508X2(x11/3,0~AA))

RETURN

END

SUBROUTINE DEXQD (IS, LT LN,BAD,AQD,LTSELLNSELLTS,LNS,NE, ns.
1 LATH,LONM)

INTEGER=2 NURMS
DIMENSION 10(5.7).GCEN(SOO).GRAV(500013)'GV(SOO)oDEMtH(3013)o
1 DENTQ(3,81),NUMS(S500,93), LATER(81).,L0NC(8Y),
2 LTDQUI)ILLTMR(I3)ILLNDQ(I3),LNNGC13)
COMMON /MAP/ DENTQ,LATQ,LONG
COMMON RMIN,RMINZ2,RMAX2,BL2K,BL2L,2B28,QA28,A0N,BQN,ST,SN,
1 As8, GCENLGRAV,GV,NUNS
C PREPARE LIST OF QUADRANGLES NEEDED dea,o‘?
b0 41 x=1,8
00 41 Lst,7
61 1e(x,L)=0
C Mw CORMER OF INDEX MAP IN INDEX UNITS,DEGREES, AND uxuures.
QTNUSLT
ANNW=LN
QTINUSBQP* R TNY
QANNUNZAQD*ONNY
Q8260.*0TNY
QA 60, *QNNY
C FIND QUADS NEEDED, FIRST BY N=-S-W~E BOUNDARIES, THEN RADII,
C REFERENCE TO NW CORNER OF QUADS,
KMAX=L T=L TSE+
LRAXSLN=LNSE+
KSM1=LT=LTS
LSMISLN-LNS
KSP1SKSNT ¢2
LSPIaLSNTe2
00 42 K®1,KMAX
80 42 L=1,LNAX

36

49
1]

51
bT
53
S4
$5
sé

s?
S8
59

60
61
62
63
64
65
66
67
68

»rw

14
15
i6
17
18
19

21



TABLE 1--CONTINUED

- ©

(o]

42 1Q(K,LISIQ(K,LI®R
B82=8+8
A2mA®A
SOUTHN CORNERS
QTS2BaST+BL 2K
EAST CORNERS
ANS28=SN¢BL2L
NORTH CORNERS
AaTST=ST+QB28
WEST CORNERS
ONSN=SN+QA2D
NW CORNER
IF (KSR1) 152,152,156
156 IF (LSKR1) 158,158,187
157 b0 44 K=1,KSKY
FR=K~1
QT=QB~-FK*BAM~-QTST
00 44 L=1,LSN1
FLaL~1
AN=QA-FL2AQM~-ANSN
DISE2=B2+QT+QAT+A2eQN*QN
IF (DISQ2-MMAX2) 44,44 ,43
43 la(K,L)Zla(K,L)=2
64 CONTINUE
NE CORNER
188 IF (LMAX-LSP1) 182,151,151
151 00 46 x=1,K5M1
fFxaKe-1
QTsQAB~-FK*BAN~-QTST
B0 46 L=LSP1,LRAX
FLal -1
QN=QA-FL*AQM-ENS 2B
P1SQA23B22QT+QT+A2*QNAN
IF (DIS@2=-RMAX2) 46,446,485
45 1Q(K,L)=1Q(KoL)=2
46 CONTINUE
SH¥ CORNER
152 1F (KMAX-KSP1) 155,153,153
153 IF C(LSRHY) 159,159,160
160 DO 48 KSKSP1,KMAX
FKsK=-1
QT=QB~FK*BQAN=-QTS28
00 48 L=1,L8M1
FLsL=~1
ANSQA-FL*AQM=-QNSN
DISQA2=B2+QT+QT+A2+QN=AN
IF (BISQ2-RMAX2) 4B,48,47
67 la(x,L)®IQ(KsL)=2
&8 CONTINUE
SE CORNER
159 IF (LRAX-LSP1) 155,154,154
154 90 SO K=KSP1,KNAX
FKESK~1
AT=QB-FK*8QAN-QTS2B
90 SO LsLSPI1,LNRAX

3?7

22
a3
24

25
26
27
28

29
30
31
32
33
34
35
36
37
38
39
40

41
42
43

&S
46
&7
48
49
50
S

s2
53
54
5%
56
5?7
58
S9
60
61
62
63

64
65
66
67
68



TABLE 1--CONTINUED

FLaL~9 69
QN=QA-FLoAQM-QNS2B 70
PISE2282+QT*QAT+A2°GN*@AN 71

IF (pISQ2-RMAX2) S0,50,149 72

149 1Q(K,L)=IQ(K,L)=2 73
SO CONTINUE 74
155 CONTINUE 75

€ QUADS USED

75 e8=0, 76
R=0 7?7

IfF (mS) S$3,53,54 78

S4 00 132 ma=1,nms 79
N SNURS(1IS.mQ) 80

66 LTA=LATQ(N) 81
LNQsLONQ(N) 82
LTB=LATR*L TG 83
LNASLONMsLNQ 84
LTO=LT8/640 8s
LNDSLNA/60D 86
LTOQ(MQ)nLTH 87
LTRQ(KQ)=LTB=602LTD 88
LNDQ(RQ)SLND 89
LNMQ(MQ)SLNA=S0*LND %0
LTS=LT=LTa*1 91
LNSELN-LNQ#1 92
IQCLTS,LNS)ZIQ(LTS,LNS)=? 93
PENTM(1,RQ)SDENTQ(1,M) %
PENTR(2,MQ)=DENTQ(2,M) ' 9s
DENTM(3,MQ)SDENTQ(3, M) 96

132 GB=GB+GRAV (IS, HQ) (1
68 GV(1S)I=GV(1S)+GB 98
I1F (NS-1) S$3,134,52 99

§52 mSSamrs/2 100
nS2=24nSS 101
ASK=EKS-NS2 102

0 93 m=2,KS52,2 103
nizn=9 104

93 WRITE (6,206)CPENTN(IO,MN1),1D021,3), LTDQ(MI)LLTHNQA(RI) LNDE(NT), 108
1 LNRQG(MYI) ,GRAV(IS,NT), C(DENTH(LID. M), IDmI,3),.LTOQ(M),LTRA(N) .
2 LNDPQ(R)LNMQ(R),GRAY(1IS,R)
204 FORMAT (2X,2¢3A4,16,13,18,13, F11,3,6X))
IF (MSRA) 134,133,134 106
134 URITE (6,207)CDENTHCID,RS),LID=Z1,3),LTOQCHS) LTHQ(RS) ,LNDGCNS), 107
1 LNRQ(NS),ERAV(IS,RS)
207 FORMAT (2X,3A4,16,13,18,13,F11.3)

133 WRITE (6.,205)6G8 108
20S FORRMAT (39X,16HTOTAL CORRECTION,F?7.3,10M RILLIGALS)

S3 LTOSLTeLATR 109

LNASLN*LONR 110

20 136 Kk=1,5 . 111

00 136 L=1,7 112

IF (10(K,L)~2) 136,137,136 113

137 LTAINSLTR=LATH*(K=-1) 114

LNRINSLNA-LONM® (L ~1) 115

LIVEGRLTRIN/ 60 116

33



TABLE 1--CONTINUED

LNDEGRLNMIN/ 60 ' 117
LTRINSLTHIN=60+LTDEG 118
LNRINSLNWNIN=60¢LNDEG 119
138 WRITE (6,209)LTOEG,LTMIN,LNDEG,LNMIN 120
209 FORMAT (16H NOT FOUND,16,13,18,13)
136 CONTINUE 121
RETURN 122
END 123

FUNCTION G(H,E,R2,RGR2)

C DETERMINE TERRAIN CORRECTION FOR COMPARTMENT, HoE= ELEVATION OF
C COMPARTMENT AND STATION IN KN, R2~ SQUARE OF DISTANCE IN KM, RGK2-
C TEST RADIUS FOR USE OF CURVATURE CORRECTION.
RP2=1.0/R2 1
RP=SQRT (RP2) 2
HKM=E-H 3
HE2BHKMeHKM ¢
HR2SHE2*RP2 S
IF (H) 14,25,1 [}
1 1F (RGR2-K2) 2,2,% 7
€ CURVATURE ACCOUNTED FOR. MODIFIED LINE ELEMENT FORMULA,
2 EARTH®HE371,2 ]
C2=R2/EARTH 9
620, 5*HKNeRPsRP2 10
FGENKM+(2 11
IfF (MR2=0,013) 4,4,3 12
3 FGRFE=0.7S*HKM*HR2 13
4 G=G*F6 14
RETURN 15
C NO CURVATURE, LINE ELERMENT FORMULA,
S IF (HR2-0,.6?) 7,6.,6 16
6 GaRPe(1,0-1,0/SQRT(1,0+NR2)) 17
RETURN 18
7 620.5*RP2HR2 : 19
1f (HR2-0.013) 13,13,8 20
8 F6=21,0-0,75+*nR2 21
IF (HR2-D,.12) 12,%12,9 22
9 HRL=HR2*HR2 23
FG2FG+0.6252MR4 24
IF (WR2-0,26) 12,112,110 25

10 FGRFG~0,.5468752HR2*HR4 26
1F (MR2-0,.37) 12,12,11 27

11 FGRFG+0,4921875¢HRO2HRSG 28

12 6%6*F6G 29

13 RETURN 30

C SEAUATER COMPARTMENTS (NEGATIVE ELEVATIONS)

14 E2=EE 31

IF (RGR2-R2) 15,715,118 32
C WITH CURVATURE :

15 EARTHS6371,2 33
CoD.S5*R2/EARTH 34
C2wCe( 35
CEnC+E 36
CENBC+NERM 37

39



TABLE

17
C NO
18
19
20

21

22

23
24
25

1--CONTINUED

CE2=CE*CE

CEH2SCEHCCEH

Cé=C22C2

CE4sCE2*CE2

CEHASCEH2CEN2

RPLARP22RP2

FEo=C2+0,38462CE240.61562CEN2
! ~0.75+RP22(~C4+0,3846*CEL*D,61S4+CEHG) ¢Q, 62$-RP50(- C2+Ch
2 *0.3B462CE2*CELPD ., 61562CEHYCENHL)

80, S5*RP2RP2+FG

RETURN
CURVATURE

IF (HR2-0.42) 20.,20.19
6aRP*(1,0-0.3846/SORT(1,0*E2/R2)~0.6154/SQRT(Y . 0+HE2/R2))
RETURN

FGu0.3846°E240.6154*NHE2

IF (HR2~-0.,02) 24,24.21

E4mE2*E2

HEA=HE2*HERQ

FGuFG=0,75¢RP2+(0 . 384562E4+0, 6155-n£4)

I1F (HR2-0.16) 24,24,22

RPLERP2*RP2

FOSFGP0 . 625*RPE2 (0. IBLO62ER2EL*Q 6ISLaHEOHEL)

1F (HR2-0.30) 24,24,23
FORFG=0.54687S5+RP2*RPL*(0.384L52EL*ELQ . OT1SA*HEL*HES)
G0 .S5eRPeRP2sFG

RETURN

END

&0

38
39
40
41
42
43
[ 1)

45
46

47
48
49
50
51
52
53
Sé
5S
56
S7
58
59
60
61
62



Table 2. List of punchcards for test case (See Table 3 for printout).
SAN JUAN MTS., COLORADO -2 0 3 2.5 ’

SJM

B2173716471075267 65570
18573755081065045137180

99999999999999999999999999999999999999999999999999999999999999999999999999999999
5 53030 60 60 4.1 89 9 15.0 5M

SJM VIIB7
835

37 20 107 50 ~

8040 8330 8310
7700 7800 7800 7780
7080 7310 7300 7360
6920 7380 7290  T400
7320 7640 7430 7280
7480 7470 7490 7300
7600 7680 7450 7260
7500 T80 7250 7200
7320 T160 7160 7180
7130 7000 7030 7130
SJM VIIB8 37 20 107 55
7500 T150 7000 6960
7860 7320 6980 7070
7380 7280 70480 6950
TRU0 7180 6150 6880
7480 7300 7120 6780
7610 T110 6980 6740
7270 6900 6850 6690
6800 6720 6660 6550
7360 7520 7320 7160
7R40 7300 7080 6940
SJM VIIC2 37 15 107 55
7190 7050 6950 6840
6880 6970 7160 7090
6780 6900 7220 7400
6750 6750 6850 6840
7260 7280 7230 6860
7160 7290 6920 6660
6950 6900 6760 6600
6720 6650 6650 65140
6700 6640 6540 6380
6540 6560 6500 6340
TRIAL MAP 37 15 107 55

15 1
IGNACIO 3
7810
6840
6800
7310
6860
6800
79480
6790
6650
7750
6580
6340
6860

L 7928477
1188UD5347884138
8.0
uq..,uens sJ 30 SECOND
8200 7950 7780 7700
7750 7650 7600 7400 7340
7420 7380 7340 7300 7650
T460 7260 7230 7560 7680 -
7240 7250 7480 7640 7880 -
7100 7260 7680 7750 7700
7080 7260 7360 7800 7410
7180 7040 7120 7250 7220
7180 7080 7000 7070 7030
7070 7060 7010 6950 6970
SJ 30 SECOND
7250 7700 7520 6650 6550
7600 7840 7900 7020 6550
7360 7520 7260 6600 6560
6850 6720 6550 6580 : 6550
6620 6550 6600 6680 6880
6600 6540 6750 6860 6950
6570 6740 6860 6940 7260
6530 6640 6960 7080  T160
6880 6710 6900 6940 7320
6580 6640 6880 7080 7280
SJ 30 SECOND
6600 6880 6780 6980 7040
6760 6880 6650 6800 6870
7200 6750 6370 6760 6810
6880 6830 6BB0 6470 6560
6680 6720 6680 6410 6550
6580 6690 6530 6430 6370
6480 6430 6330 6360 6660
6320 6310 6B60 6680 6640
6320 6460 6610 6610 6620
6320 6850 6590 6590 6620
$J 30 SECOND

g/o4u;.4=.~¢¢(zq,aayt,.,atke.zzs,J
999999929999;99399999999999999999?3999999999999999999999999999999999999999999999
SAN JUAN MTS

37 15 108 00
7300 7270 7160
6970 7020 6960
7080 6920 6520
7400 7670 7560
6870 6880 6870
6680 6380 6450
7410 7110 6920
6780 6760 6770
6370 6260 6550
7080 6750 6660
6550 6530 6480
6180 6280 6480
7460 7250 6560

7170
6850
6750
7810
6820
6660
6730
6700
6720
6580
6540
6370
6810

7020
7280
6830
7250
1770
6830
6610
8020
6730
6460
7180
6430
6310

L))

—

7010
7160
6900
6920
7620
6830
6440
7420
6730
6250
7300
6530
6180

6580 6800
7030 6930
6950 6920
6670 6510
7800 7230
6820 6820
6390 6600
7160 6920
6680 6700
6250 6520
6780 6630
6360 6530
6250 6110

- 7570

KXFIS

VIiIB?
VIIBY?
VIIB7
VIIBT
viis?
VIIBT
VIIBT?
. VIIBT
viiB7
viiB7

VIIB8
VIIBS
V1IB8
V1IBg
VIIBS
VIIBS
vIIB8
viise8
VIIBS
VIIBS

VIIC2
VIIC2
VIIC2
VIIC2
vIic2
vIIC2
VIIC2
VIIC2
vIIC2
vIIC2

7540
7600
8050
7800
7880

7320
7190
7060
7000

6690
6570
6580
6740
6970
7320
7340
7620
7490
7250

7000
6920
6720
6800
6750
6710
6670
6680
6700
6780

6960IGNACIO3
6840IGNACIO3
68201IGNACIO3
6600IGNACIO3
69TOIGNACIO3
6750IGNACIO3
6680IGNACIO3
6770IGNACIO3
6580IGNACIO3
6670IGNACIO3
6470IGNACIO3
6580IGNACIO3
6800IGNACIOQ3

01
02
03
04
05
06
07
08.
09
10

01
02
03
04

O DION EWN -~

10
11
12
13



Table 2.-~Continued

6650
6310
6540
6550
6370
6420
6850
6630
6560
6680
DURANGO
9480
8700
8500
10820
8640
9130
9990
6980
9550
10490
6840
9350
8600
8100
7600
7650
7970
7300
7960
7480
6900
7500
T150

6720 6670 6640
6270 6160 6320
6760 7280 6790
6690 6980 7320
6290 6050 6380
6620 7120 6730
6690 7100 7200
6570 6180 6660
6600 6600 6500
6800 6950 6990
37 30 108 00

880 8930 8860
7!70 7400 8000
8230 7750 - 8340
10150 9590 9320
7300 6870 7760
8680 8340 7600
9200 9900 10200
6650 7080 8170
9180 8400 7550
9840 8880 8580
7800 8480 8830
8930 7900 7000
8640 8830 8860
8860 9860 9240
7800 7540 6790
7560 7640 7860
8060 7900 7700
6760 7110 6750
7780 7860 7240
7370 7200 7640
6700 6620 6950
7350 7800 7500
7100 7100 7000

6660
6290
6660
7370
6570
6480
7070
6530
6330
6900

8830
9050
9000
9040
8720
7990
10040
8930
6680
9460
9250
6600
7960
8800
6880
7630
7520
6600
7670
7760
7350
7220
7000

6680
6570
6640
6480
6680
6500
6460
6540
6400

8150
9520
8470
9100
10550
8350
9200
10300
6600
9300
9100
7790
8450
8350
8430
7360
7900
7170
7800
7610
7550
7800

7380 6920 6690
6680 6700 6800
6260 6120 6270
6660 T180 6760
6960 7330 7270
6300 6130 6560

6640 6560 6550°

6650 7030 7140
6660 6150 6410

SAN JUAN MTS

7950 8330 9190
9820 9850 9000
7300 7200 7800

8900 8180 7630

9820 10120 10320 -
7010 6750 7600

8560 8300 7660
9260 9050 9300
6860 7920 8750
8990 8120 7250
9200 8980 8200
8400 9100 9340
8650 8000 6850
7950 7920 7730
8970 8700 8660
7000 7600 T270
7820 7900 7380
7380 7800 7360
6900 6580 6700
7800 7300 7310
7290 7100 7280
7100 6600 6950

6620IGNACIOS3 1A
6860IGNACIO315
6520IGNACIO316
6540IGNACIO317
7220IGNACIO318
6560IGNACIO319
68T0IGNACIO320
7150IGNACI0321°
6460IGNACIO322
’ IGNACIO323

9500DURANGO
8690DURANGO

8800DURANGO"

8630DURANGO
96 30DURANGO
8720DURANGO
TOSODURANGO
9T40DURANGO
9100DURANGO
6600DURANGO
8760DURANGO
9240DURANGO
6800DURANGO
7560DURANGO
8300DURANGO
6600DURANGO
8 100DURANGO
7800DURANGO
7000DURANGO
TO000DURANGO
7280DURANGO
7330DURANGO

DURANGO

N b o ad ol b ol b b o b
OOV N EWN OOV BRI ZWN -
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NN
N -
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60120 3 3 12 12 166.7 60.

DURANGO
8900
11770
11980
10580
9300
11870
11580
10000
11160
12160
10380
10090
11670
12090
9080
9960
10210
11360
9940
9310
10880
11700
10180

AMS 38 108

9400 10320 11360
12480 11580 11080
12390 12180 11990
9940 9800 10070
9010 9440 10900
11870 10950 10070
11470 12060 12070
9820 9860 9310
10030 9920 11490
11880 11810 12160
10170 11040 11050
9510 9070 8820
10950 10800 11920
12870 11810 11480
8880 9030 9410
9500 8740 8350
10550 11890 12070
11910 10720 11130
10290 10180 9170
8740 8850 8160
11190 11880 11100
11570 11100 10640
10990 10380 9200

12200
10070
10950

8790
11120
11450
11630

8480
12470
11260
11550

8230
11460
10770
10830

7910
11580
10580

9790

7850
11170
10210
10270

11280
11540
10670

8170
12280
11890
11150

7890
11480
10810
11640

7780
10680
10760
11010

7730
11780
10210
10710

7720
10790
10190

9030

L H]

10760 11370 12210
10670 11710 12030
10070 10650 11010
7690 7590 7590
11020 12260 11960
10840 11900 12070
10810 11760 11640
7640 7580 7580
11440 12210 11030
10390 10990 11890
11750 11740 10930
7630 7600 7600
10300 10910 11340
10170 9900 11260
11580 10780 10280
7650 7620 7600
10660 12200 12170
9620 9240 " 9790
10680 10720 9290
7670 7650 7610
10610 11070 11950
10660 10730 9490

9420 9810 9380

12150 38108
11480 38108
10430 38108

7570 38108 °

12480 38108
11620 38108
11120 38108
7560 38108
12450 38108
11170 38108
10680 38108
7560 38108
12400 38108
10840 38108
9780 38108
7580 38108
12040 38108
9850 38108
8680 38108
7600 38108

" 12240 38108

8920 38108
8300 38108
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Table 2--Continued

8340
10920
11990
10680

8100
10110
12180
11460

8870

9460
11900
11920

9260

9430
11270
10970
10180

9580

9740
11050
11230

9800

9220

9600
10170

9170

9500

8380
11090

7810

8400

7690
10310

7530

7690

7310
10210

7310

8040

7340

9780

7540

8190

T440
10700

7140

8020

7280
11130

6890

7110

7540
11010

6620

6240

8380
10290

8200
10030
11480
11320

8020

9370
11800
11340

8380

9290
11170
11380

9490

8700
10090
10700
10890

8830

9980

9580
11910

9680
10040

9040
11120

8720

9200

8180

9970

7570

9320

7850
11260

7290

8090

7760
10760

7130

7650

7780
10200

6840

7700

7500

9900

6500

7290

7670

9810

6610

6720

7600
10670

6510

6190

7450
10000

8140
10980
12180
10150

8010

9990
11540
10800

8420
10100
10570
11640

9170

9380
10840
11520
10100

8270
10590
10370
10860

8250

9550

8840
10320

7960

8450

8500

9730

7180

8730

9230
10100

6790

8000

8420

9900

6780

7280

8000

9750

6450

6890

7930
10150

6300

6870

7840

9440

6220

7080

7790
10470

6450

6370

7780
10230

7920
10110
11030
10330

7870

9700
10820
11230

8360

9170
10600
10900

8600

8860
10770
10650

9030

8330

9500
10870

9710

7130

9200

9340

9690

7530

8280

8980

9410

7560

8100
10310

9860

7290

7940

9570

9730

68140

7090

8650

9690

6750

6680

8430

9760

6600

7130

8890

96130

6610

T470

7950

9710

6660

6570

7600
10150

7780
9990
11460
10990
7770
8970
11670
10650
7980
8760
9990
10020
8160
8440
8770
10020
8380
7960
9030
10510
9110
8110
8630
9260
9920
9080
8430
10170
8680
7930
9150
10940
8780
7260
8990
10170
8820
6880
7260
8460
9210
6720
6900
9490
9360
6610
7860
9930
9500
7180
7340
8600
9290
7110
6690
7750
9870

7740
11240
11320

9680

7750
10000
11630

9440

7750
11070
11040

9470

7850
10270

8760
10650

7980
10300

8260
10570

8400

9840

8140
10260

8820

8930

8500
10570

8410

7880

8850
11180

8390

T340

7850

9910

8340

6950

7090

9600

8600

6680

7800
10300

8770

6680

7830

9840

9180

7130

6880

8970

8660

6970
6600
8060

9100

7690
10200
11530

8720

7700
10060
11620

8860

7690
11920
10050

9650

7680
11040

9690
10060

7730

9680

8330
10580

7790

8960

7920
11310

7870

8450

8080°

11850
8000
7990
8030

11520
8080
7540
7900

11680
7980
7060
7200

10980
8230
6710
7300
9510
8740
6590
7090
8730
8900
6680

6820°

8820
9010
6920
6680
8970
8580

7660
11650
11680

8470

7660
12040
11090

9950

7660
12020
10980
10310

7640
11200
10210
10540

7630
11240

8800
11240

7650

9530

8670
11580

7720

8520

8280
11190

7840

7580

7890
11320

7910

7270

7670
11080

7880

6950

7490
11390

8120

6750

7870
11000

8250

6560

7280
11310

8370

6430

7000
10800

8410

6450

6720
10080

8400

7630
12410
10380

8490

7630
12470
10840
10050

7630
11920
11420
11280

- 7620°

11450
11090
11310
7610
9640
10530
11510
7620
8800
10300
11450
7680
8020
“8740
10730
7710
7950
7900
10740
7750
7290
7590
11870
7750
6930
7490
11120
7900
6760
7880
11770
7960
6610
7300
11100
8010
6460
6900
10150
8010
6390
7380
9420
8170

7600 38108
11720 38108
9640 38108
8280 38108
7600 38108
10940 38108
10770 38108
9640 38108
7600 38108
10410 38108
11480 38108
10350 38108
7600 38108
9980 38108
11650 38108
10010 38108
7600 38108
9280 38108
11480 38108
11230 38108
7600 38108
8160 38108
10040 38108
10880 38108
7600 38108
8800 38108

- 8800738108

10780 38108
7620 38108
8010 38108
7620 38108

10630 38108
7630 38108
7310 38108
7340 38108

11440 38108
7640 38108
7180 38108
7220 38108
10510 38108
7680 38108
7200 38108
7240 38108

11160 38108
7760 38108
7040 38108
6950 38108

11380 38108
7860 38108
6610 38108
6980 38108

10890 38108
7910 38108
6370 38108
7830 38108
9920 38108
7960 38108

99999999999999999999999999999999999999999999999999999999999999999999999999999999
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Toble 3. Ezasple e¢f printeut frem terrain correction pregras R0400.
TERRAIN CORRECTION PROGRAR B, Ploufft 9-1972

SURRARY OF PRELININARY VALUES FOR SAN JUAN RNTS.. COLORAPD TERRAIN CORRECTION
WILL BE RAGE FfOR 3 SETS OF RaAPS

$TA LATITUGE LONGITUME ELEV 00S GRAV THEOC GRAV FREE AIR NnaNe TER

B217 37 16,47 107 32.67 6357, 979284.77 979940.081 -39,5% Q.14
1857 37 55.08 106 50,435 13718, 978841.38 979994.90 133.357 11.88
-0——-fhﬁ"“JL;,‘441

SIN viIn? 37 20 10?7 S0
$JN viied 37 20 107 ss
STATION B217 IS INSIOE CALCULATED COMPARTRENT. CORRECTION uSE® 1S 0,000 mGAL.
$IN v]IC2 37 15 107 53
IRIAL NAP 37 15 107 33
THIS NAP WAS SKIPPED. IT ALREADY MAS AELN USED.

RAP COVERAGE fFOR 0.89% 10 4,100 KILORETERS (CIRCULAR LINNER JOIN) OF SAN JUAN NTS,» COLORASO
SHALLEST CORPARTRENRT BLGITIZED ARE 30 BY 30 AND LARGEST COMPOSITE BLOCKS ARE 60 v 60 SECONDS

IN LATITUDE AND LONGITURE. GUADRANGLES USED ARE S ay S MINUTES. CONVERSION TO BLOCKS AT 4,00 N,
CURVATURE CORRECTION AT 135, KA,

STATIOR 8217 AT 37,274, 107,878 stcRets
nae Ny CORNER (Dom) neLs nAP NY CORNER (D.NM) LS
$4n viig 37 20 107 3§ 0.478 $40 vilcC2 37 18 107 $S 0.010
TOTAL CORRECTION 0.488 MILLIGALS
STATION 1337 AT 37.913, 106,841 obnets

RAP Ny coantr (0,R) neLS Nap nE coRuER (dom) AGLS
not reuned 38 0 106 33
NSt rouns 38 0 106 50
NeT FOuUNd 37 §3 106 53
NOT Foume 37 38 106 S0
1emacio 3 37 15 108 O .
SURANGO 37 30 108 O

NAP COVERAGE FOR 4,100 TO  21.000 KILONETERS (PIECENEAL INNER JOIN) OF SAN JUAN NTS., COLORADO
SHALLEST CONPARTRENT OIGITIZE® ARE 1 OY 1 AND LARGEST COMPOSITE BLOCKS ARE 3 BY 3 NINUTES

I LATITUBE AND LONGITUSE. QUADRANGLES USE®D ARE 15 BY 15 MINUTES. CONVERSION TO BLOCKS AT 14,00 &R,
CURVATURE CORRECTION AT 14, KN,

STATION 0217 AT 37.274¢ 107.878 OEGREES

)

Aar Ny CeanERr (D.W) ReLS [ ] 14 Ny CORNER (D.LN) n6LS

IGNACIO 3 37 13 108 0O 0.060 SURANGO 37 30 108 0 0.6493
TOTAL CORRECTION 0,733 mILLIGALS

N8t FOUND 37 30 108 18

NOT FOUND 37 30 107 4S

HOoY FOUND 37 18 108 1S

N0T FOUND 37 13 107 43
STATION 1857 AT 37,918, 106.841 PEGRESS

Aar 6y CORNES (D,M) A6LS RAP Ny CORNER (B,N) NELS

NOT FOUND 38 13 107 13

NOT FOUND 38 13 107 O

NOT fOoune 38 18 106 43

NET FOUND 33 0 10?7 1S

nov FOUNS 38 O 107 o

NOT FOUND 338 0 106 43

a8



Tasle Je-contisued

EARES- ARS 33 0 108 O

NAP COVERAGE FOR 21,000 TO 106.700 CILORETERS (PICCEREAL I1NNER JOIN) OF SAR JUAN YTS.. COLORAOOD
SHALLEST CORPARTRERY DIGITIZED ABE 3 BV 5 ARO LASGEST CORPOSITE BLOCKS ARE 12 BY 12 RINUTES

IR LATITUOL ARD LONGITUOE. OUADRANGLES USED AOE 60 BY 120 RINTES, CORVEASIOR TO 0LOCKS AT  $0.00 xA,
CUOVATURE CORRECTION AT 16, €N,

STATIOR 8217 AT 37,276+ 187.378 otentls
L1

N COBRED (D,R) neLs nae ®8 CoRnER (0. M) LS
SURARES ARS 38 0 108 © 0.371
TOTAL CO00ECTION 0.37% RILLIGALS

ROT FBUNO 30 0 110 ©

uot foumo 3¢ ¢ 108 ©

"9t FOURO 38 0 110 ©

R"OT FOUND 37 0 110 0

"OT FOUNO 37 0 108 ©

ROt FaURD 3¢ O 10 8

®OY FoOUmO s 8 108 ©
STATIONR 1837 AT 37,918, 106.04% VEGRELS M

nap WY CORNED (0,M) LS faae N COBNER (O,M) LS
WoANGe amg 38 0 108 © 2.133

TOTAL COROECTION 2,183 MILLIGALS

weT roune 0 & 108 ©

®er FOUNO 40 ° 100 0

ROT FOURD 0 0 10 ©

"OT fOUNO 30 0 108 ©

ROT FOUND 30 0 100 ©

80T FOURD 38 0 110 o

net FOURD 38 0 19 ¢

®#0T FOumo 37 0 118 0

R8T FOURD 37 0 08 3

AT FoUND 37 © 106 ©

L!'IY OF RARIAL COVERAGE FOO0 SWCCESSIVE mAP 3¢TS

,-0':0.::”." 13 P;:::IQAL UBLESS CLOCULAR IS INGICATES. ALL OUTER DOUNDARIES ARE PlECENEA
e 894 T (18} KRN (CLRCULAR (WEER JOIM)
a.cmgj';q::v.mno [ }wwunmw

21.00000°T0 164.70000 =N

-~ pags shinssd
SURRARY FOR 2 STATIONS IN SAR JuAR AT., COLOCAGO
CONPUTER TEORAIR CORRECTIONS CAORIEOD FROM CISCULAR INMER 0AOIWS OF  0.393

70 166,700 EILONETERS, OURSITIES A0S 2,47 a9 2,580 OENSITY OF 2,07 1S USED FOB
VAMLRES 18 COLURNS LASELLED CCo TCo TS (WEAR)I, ANO 70T, TCoNANS (ORRECTION

TER=TOTAL CORPUTED CORRECTION, (NEAO)=PART OF TOTAL THAT REPRESENTS CONTRIBUTION

OF CORPARTAEATS TRAT INTERSECT INNES CIBCULAR RA0IUG. TOT-NERO PLUS CORPUTER TERmalN,

STATION LATITUME LONGITWOE fLev 008 pmAV P.A. So0.1 $.8.2 ({3 Te TER (mEAOY TOY Cobot €.0,2 AcCC sta
SIN 8217 37 16,47 107 52,67 957.0 979284.77 39,35 <203.18 248,94 1,32 8,14 1,61 0,02 .79 <282.99 -2s0.172 (1124
345 1837 37 35,08 106 30,43 13798.0 $78841.38 133,37 334,31 -304.52-0.09 11,88 2.8 0.00 14,06 320,19 =291,30 #3534 1037



