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A COMPUTER SYSTEM FOR THE STORAGE AND RETRIEVAL
OF GRAVITY DATA
KINGDOM OF SAUDI ARABIA
by
Richard H. Godson and Gordon E. Andreasen

ABSTRACT
A computer system has been developed for the systematic
storage and retrieval of gravity data. All pertinent facts relating
to gravity station measurements and computed Bouguer values may be
retrieved either by project name or by geographical coordinates,
Features of the system include vispal display in the form of printer
listings of gravity data and printer plots of station locations. The
retrieved data format interfaces with the format of GEOPAC, a system
of computer programs designed for the analysis of geophysical data.
INTRODUCTION
For the past several years high speed digital computers have
provided a convenient and rapid‘ﬁeans to systematically store large
volumes of information and to retrieve selected iteﬁs by various
criteria. In this particular application a system of storing gravity
measurements has been devised enabling the interested investigator
to recall all or any part of the stored data. The initiation of such
a system in Saudi Arabia is needed because the rate of data collection
is increasing and the problems of inventory and accessibility will
increase. Creation of a central gravity data bank permits systematic
storage while making the information readily available to interested

parties.




Each gravity value consists of a number of related measurements
usually referred to as "gravity facts". These include time of
measurement, geographical coordinates and elevation of the gravity
station, and the computed Bouguer anomaly. Entry to the storage
bank is by punched cards which are taen stored on a magnetic device.
The computer lists the data stored and provides a plot of station
locations.

Stored data can be retrieved by either project name or by
geographical coordinates. The computer provides a visual display
in the form of a list of the retrieved data and a plot of station
locations. An important feature of the retrieval is the simultaneous
creation of a mag;etic tape (or disk) file containing the data in
a form acceptable for entry into GEOPAC, a system of computer programs
designed for the énalysis of geophysical data (Godson, 1973).

The system was developed as part of the work agreement between
the U. S. Geological Survey and the Ministry of Petroleum and Mineral
Resources, Kingdom of Saudi Arabia. It was tested, is operational,
and is on file ag.the IBM 370/145 computer at the Computer Center,
College of Petroleum and Minerals, Dnahran.

DESCRIPTION

Gravity station data are stored as a file on a magnetic device,
“ Data for each station or stations are assigned a project name and
any number of pfojects can be stored in the same file. Each project,
however, must be assigned a different name, so that each is uniquely
identified within the file. Data input consists of a parameter card

to initiate execution, an identification card containing the project

name, and a set of gravity station cards, altogether called a "data set"



A description of the information contained on the input cards and

their associated formats is explained ‘-below in Data Input. If more

than one project is to be stored on a particular tape or disk file,
a new identification card and associated gravity station cards must
be included. This procedure is repeated until all projects have
been stored (see figure 1 for generalized chart of data flow).

The gravity data is stored on a magnetic device in an unformatted
form using Fortran reference number 12 (FT12F001). The first record
contains the project name and the number of stations in the project.
The following records contain sfation gravity data, one record for
each of the statidns (Appendix l: Gravity storage format).

As the station data are placed on a storage device, it is printed
(fig. 2).and stored in the computer. At the same time the maximum
and minimum latitude and longitude is calculated for each data set.

After storage of a data set is complete, the geodetic prasition
of each station is computed, using a Lambert conformal conic map
projection, and converted to X,Y coordinates, The Y-axis is the
median longitude of the data set as determined from the minimum and
maximum longitude values and the X-axis is the equator.

When all the station locations have been converted, a position
plot is produced on the printer (fig. 3). This plot serves as a
visual check for erroneous locations in the input data. It also
provides a convenient means for determining optimﬁm dimensions for
the orthogonal grid transformation.

At the conclusion of the printer plot, the data is output on a
temporary disk file in case additional processing may be required.

The data format is compatible with the requirements for input to the
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Figure 1. - Generalized flow chart of the gravity storage and retrieval system.
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Figure 2. - Printer listing of stored gravity data.
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subroutine GRID3D in GEOPAC, which grids randomly-spaced data for
processing by other subroutines (Appendix 2).
Any number of data sets (projects) can be stored at one time.
The data are placed on tape or disk in the order they enter the
computer,
Gravity data can be retrieved from a storage file in one of
two ways: by project name (data set ID) or by geographical coordinates.
If retrieval by project name is required, a card with the identi-
fication name oh it is input into the computer and the storage file
is scanned until a match is made between the identification on the
éard and a project identification stored on the file. When a match
beocurs the station data-is listed oh the printer (fig. 4), the
geographical coordinates are éonverted, a plot of station locations
is printed (fig. 5), and the data stored temporarily on disk in
GEOPAC format, using the identification name as the "output I.D.".
Often it is desirable to retrieve all the station data that
exist in an area bounded by specified latitudes and longitudes. 1In
this mode of retrieval é card is input specifying maximum and minimum
latitudes and longitudes. The storage file is then scanned and those
stations having latitudes and longitudes on or within the boundaries
specified are retrieved. The same procedure described in the previous
paragraph then follows. An example of the printer listing and station
plot obtained from this mode of retrieval is shown in figures 6 and 7.
Since retrieval in this manner may transcend several data sets,
the ID of the data output on temporary disk file is necessarily
different than when retrieval is by identification name. The disk

output ID used in this case are the letters 'RETR'. This ID is
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Figure 4. - Printer listing of gravity data retrieved by project name.
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A3, a2
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~T8e 67
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~€9.%0
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SUMROQUTYT INF GRF TSSO

RETRIEVAL REQUEFSTYED FOR YHE FCLLODWING RANGE
LATITUOE FRCM 29 2%,00 Tn 3¢ =,00

LONGTITUDE FROM 37 350,00 TC 2  10.00

STATION o » v T LATD LATM LONGD LONGM ELFVY A “N TC Gov €n6 sma CRA

14 26 7 &A 337 729 32.97 3 V.70 703020 GR2 ' [ 2Y:} V78TR8 .87 979100.1 -t 8,75 0.0
NS 1827TX 26 7 &8 €11 29 19.99 38 6488 RHA 60 662 Ne0 AT7B7S%.27 97907¢. 74 =-71.0% f.0
1z 26 7 &8 637 29 43.9n 3 T 48 T7TY% 70 e P 0«0 VIRTSS ST 9T0%, T —-€Q,¢6 O
3 25 7 68 439 29 37.88 38 L 799,00 GR? D0 27AvSS .57 9790%4,27 -567.7%8 ) O.n
19 27 7 68 a3s 29 S2.50 38 T+33 710,20 GF2 f.9 A7B7HB.ET7 9791208.n% -68e 28 0.0
20 27 7 68 S0 30 0.27 hL] 712 62%.20 Ga2 Ne.0 VIBI55.97 9791%1.17 -63.2% 0.0
sx 27 7 oA 620 29 42,064 37 S9.50 agn,60 Gh2 0.0 VPBTSR.ET 979066.70 =7is”0 LIV
L] R 27 7 &8 646 29 37.98 37 %9.74 T21 .40 G1. 2 G.0 278755.57 979104.25 -€31,07 0.7
L2 2r 7 &n 722 29 38.18 37 %4a,.3% 783,70 G62 Ce N APATRB .87 9T086.37 -€8492 L
. &7 T &8 750 2% 39-26 37 S2.40 754440 Gh2? .0 ATATRS =7 979093.20 -48,01 0.0
L3 29 7 6a 354 29 44,63 37 99.50 “3%.40 562 9.0 ”?F’ﬁ“-‘? 979083.0% ~-£9,64 0.0
ax - 29 7 &8 421 29 4AB.es 37 %9.131 RT74.30 Ge2 0.0 OPINIES, 0T 79AT¢ A0 ~71.98 o.0
7 29 7 88 ELE ) 29 52.29 37 89.69 779.10 Gh2 De3 9PeTSN.=7 e7AL08.52 ~¢9.96 0.0
L} 29 7 &8s 4% 30 0e20 37 99.38 P00.10 G2 Q.0 ATATSS .57 979132.9% ELE LY R 0.0
o9x 29 7 s® sS4 30 3.9 37 B6.39 6€7B.20 A2 0.0 OTATEN LT 977140.17 -t9.29 0.0
PP T62A . 29 1t 89 839 29 52.65 37 $S.58 A3a,%0 G62 n.0 VTARTER ST S770R%,90 -77.21 0.0
PP 763A 29 1t 89 9 0 29 54,95 37 5%.a83 785.40 662 Q.0 P78755.%7 97310¢.20 =70.55 0.0
PP T76T7A 29 1 8BS 1129 30 1.95 37 S6.28 704.60 G62 0.0 QIRTES X7 9?9132.92 -€8.78 0.0
PP 768 29 1 B9 1158 26 S68.70 37 5%.63 734.060 Go62 0.0 ATACSS =2 973100.14 ~83.42 0.0
PP 2a47A 30 1 &9 820 29 48.13 e 4.10 A%2.40 G&2 N.0 97BIN%.%T N79080.71 =Ti.38 040
e T97A 30 1t 89 1015 29 48.25 3a 4,59 T81.30 62 O.n ATRTSS .57 §79099.53 ~€9,79 6.0
PP T98A 30 1 69 to30 29 S0.83 38 4.40 754.80 662 n.0 DTETRS. 8T 979107, A2 ~-569,49 0.0
PP 229A . 8 1 &9 T4 29 44,18 37 5%.2S W60.40 G62 60 FATAPHR. =T 9730%4.9% ~-73.38 C.0
e 230A 28 t &9 810 29 42.09 37 9S%.17 987.10 GA2 2.0 L 24 ne-1. 7324 879051618 -74.87 0.0
. PP 228A 28 1 689 sy 29 46,07 37 %4a.A3 934,10 G862 c.0 I7475%.%7 9T70€2 . R -73.08 0.0
PP T750A 28 1 89 tons 29 AA.4A) 37 9s.a8 869.30 G562 0.0 TATSS .57 V790R0 .44 -71e31 0.0
PP TH1A 28 1 &9 10406 29 50.6% 37 S4.AD aéi.70 662 6.0 9TBTRS 5T 979086.62 -59.50 0.0
PP TO9A 3t 1 89 $ass 29 52.90 Je S.10 6HR4L. 3D G662 2.0 PIATES LT 979127.56 -fbe 6 n.0
PP aooﬂ‘- 21 1 8% (SR 4 2% S4.90 38 4,42 €97.40 62 - 1, VTATES 8T 97912%.29 68,064 n.o
PP BOLA 31 1 &9 1120 2§ 37.02 as .87 E5R.60 662 0.0 P7ATES .47 979140, 74 =-63. %9 r, 0

Figure 6. - Printer listing of data retrieved by geographical coordinates.
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required if additional processing by GEOPAC is required.

In addition to creation of a teméorary disk file, an option is
provided to punch the station data on cards in the storage input
format.

PROGRAM EXECUTION

The program that stores and retrievcs ﬁhe data is a subroutine
in GEOPAC called GRET3D, and resides on a disk at the Computer Center,

The control cards necessary to execute GEOPAC are shown in the
appendix under GEOPAC cataloged procedure and execution cont:uvl cards.
One card following the //GO.SYSIN DD * card is necessary to invoke )
the GRET3D subroutine. This card must have the characters GRET3D
punched in columns 1-6 and optionally an output file number for
temporary disk in columns 14 and 15. If these columns are left blank,
the output file number defaults to 15. Following the above card are -
the parameter and input cards described in the following sections of
this report.

If storage and retrieval is required in the same job, then two
separate executions of the subroutine GRET3D are necessary; one for
storage and one for retrieval. The subroutine is executed by the
card having the characters GRET3D in columns 1-6 as explained in the
above paragraph. As many as these separate calls to the subroutine
can be performed in one job as is required.

Additional processing such as model or trend studies after
storage or retrieval can be accomplished in one run and the reader

is referred to GEOPAC for an explanation of those routines.
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DATA INPUT
Data input is by data sets from éards only. One parameter card
that instructs the m@ogram to store data, one ID card and two cards
for each station of a project data set are required. An unlimited -
number of project data sets can be processed at one time by supplying
the appropriate identification and station éards.

Parameter card

Columns Format Name Description

50 Il ISTR Any non-zero number must be punched
in this column.

75-80 A6 SNAME The characters GRET3D must be punched

in these columns.

Jdentification card

Columns Format Name Description

1-20 5A4 . JdDh Date set identification.

27-30 I40 N The number of stations in the data set,
N <1000.

Station card 1

Columns Format Name Description
1-16 474 IST Station identification.
17-18 I2 IDA Day.
19-20 I2 IM Month.
21-24 I4 IY Year.
25-26 I2 IT Time in hours, GMT.
27-28 I2 IT™™ Time in minutes.
29-31 I3 LATD Degrees of latitude.
32-36 F5.2 LATM Minutes of latitude.
37-40 I4 LONGD Degrees of longitude.
41-45 F5.2 LONGM Minutes of longitude,
46-~-54 F9.2 ELEV Elevation in meters.
55 Al ELEVA Elevation accuracy code. Not used at
the present time.
56-59 A4 MN The number of the gravity meter used.
60-80 F9.2 GBV The gravity base value in milligals used

for this data set (e.g. Jiddah airport
value). It would be the same value on
all station cards of a data set.

13



Columns Format Name
77-80 A4 JST
Columns Format Name
1-8 F8.2 SBA
9-17 F9.0 COG
18-25 F8.3 TC

26-33 F8.2 CBA
77-80 A4 KST

Description

The first four characters of the station
identification (columns 1-4).

Station card 2

Description

Simple Bouguer anomaly in milligals
calculated with a density of 2.67.
Observed gravity in milligals.

Terrane correction in milligals.

Complete Bouguer anomaly in milligals
calculated with a density of 2.67.

The first four characters of the station
ID. It must match the characters punched
in the same columns of station card 1.

RETRIEVAL PROCEDURE

One parameter card is necessary to retrieve data from a storage

file.

set identification or by latitude and longitude limits.

The format of the card depends on whether retrieval is by data

The format

for retrieval by data set identification is as follows:

Columns Format Name
1-20 5A4 ID

40 11 oP
75-80 A6 SNAME

Description

~ Data set identification.

If punched card output is desired, punch
a 'l' in this column

The characters GRET3D must be punched

in these columns.

The format for retrieval by latitude and longitude is as follows:

Columns Format Name
1-2 I2 NLATD
3-7 F5.0 NLATM
8-9 I2 SLATD
10-14 F5.0 SLATM
21-23 I3 WLONGD
24-28 F5.0 WLONGM
29-31 I3 ELONGD
32-36 F5.0 ELONGM
40 Il OoP

75-80 AS SNAME

Description

Degrees of north latitude.

Minutes of north latitude.

Degrees of south latitude.

Minutes of south latitude

Degrees of west longitude.

Minutes of west longitude.

Degrees of east longitude.

Minutes of east longitude.

If punched card output is desired,
punch a '1' in this column.

The characters GRET3D must be punched
in these columns. :

14
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APPENDIX 1. - Gravity storage format
The records are written in unformatted binary form. The number
of records per data set is equal to the number of stations plus one.

Record One

Type Length Description
Alphanumeric 20 bytes Data set identification.
Integer 4 bytes Number of stations in the data set.

Remaining Records

Type Length ' Description

Alphanumeric 16 bytes Station identification.

Integer 4 bytes Day of the meter reading.

Integer 4 bytes Month of the meter reading.

Integer 4 bytes Year of the meter reading.

Integer 4 bytes Time in hours of the meter reading.

Integer 4 bytes Time in minutes of the meter reading.

Integer 4 bytes Degree of station latitude.

Real 4 bytes Minutes of station latitude.

Integer 4 bytes Degrees of station longitude.

Real 4 bytes Minutes of station longitude.

Real 8 bytes Station elevation.

Alphanumeric 4 bytes Elevation accuracy code.

Alphanumeric 4 bytes Meter number.

Real 8 bytes Gravity of the base station.

Real 4 bytes Simple Bouguer anomaly computed with
a density of 2.67.

Real 8 bytes Computed gravity value of the
station.

Real 4 bytes Terrane correction.

Real 4 bytes Complete Bouguer anomaly computed

with a density of 2.67.
The following example shows how a data set would be read:

READ (IDISK,END=999) (JD(I),I=1,5),N

DO 10 1I=1,N

READ (IDISK) (IST(J),J=1,4),IDA,IM,IY,IT,ITM,

*L,ATD , LATM, LONGD ,LONGM ,ELEV,ELEVA ,MN ,GBV,SBA, COG, TC,CBA
CONTINUE

15




APPENDIX 2,- Data format on temporary disk file - GEOPAC format
The records are written in unformatted binary form. The number
of records per data set is equal to the number of stations plus two.

The format is compatible with input requirements of subroutine GRID3D

in GEOPAC.

Record One
Type Length Description
Alphanumeric 20 bytes Data set identification.

Record Two
Type Length Description
Integer 4 bytes The number of stations in the data

. set.
Real 4 bytes The maximum X coordinate.
Real 4 bytes The minimum X coordinate.
Real 4 bytes The maximum Y coordinate.
Real 4 bytes The minimum Y coordinate.
Remaining Records
Type Length Description
Real 4 bytes X coordinate of the station.
Real 4 bytes Y coordinate of the station.
Real 4 bytes Simple Bouguer anomaly value
computed with a density of 2.67.
Real 4 bytes Complete Bouguer anomaly value
computed with a density of 2.67.

Real 4 bytes A dummy value of 0.0.

16
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APPENDIX 3. - GEOPAC cataloged procedure and execution control cards.

Z/7USG303Y JOR SEQe' USGS ANDRFASFN *,MSGLEVEL=(1,1),CLASS=N
//GF3SYS FROC TAPF=SCRTCH

77G0 EXFC PCM=CECPAC

7/7STEPLIE DC DSA=USG.LOADLIPSPISP=SHP

//7GO,FTYCSFCC1 L0 NOANAME=SYSIN

77GOFTOAFO0CL1 DD SYSNDUT=A

//7GO.FTO07¢CO1 CE SYSOUT=9,DCB=RLKSIIT=00

/7G0.FT09F001 CC DSN=PLLT,LARFL=((NL) sUNIT=(TAPED. s DEFER) »
77 DISP=(NEWLKLCEP) +CCR=(RLKSIZF=8000) »VOL=SERP=ETAPF
//GO.FTI0F001 NC DSA=SEPREILEJUNIT=SYSNA,SPACE={TRK»(2:2))>»
/7 NDCB=(RECFM=VES,RLKSIZE=2000)

//7GDaFTIIFOQL CC CSNoEEWORKIUNIT=SYSNA,SPACE={CYLs(2+2))
// DCBS={RECFM=VRS,RLKSIZF=2000)

7/7G0FTI2F00L DU DSA=EEGREV,UNIT=5YSDA,,SPACE=(TRK,(2,2)),
/77 DCB=(RECFM=VRS,RLKSI7E=2000)

//GNFTLAF 001 CLC NDSKN=EEGRIN,UNIT=SYSDA,SPACE=(TRK,(2,7)),
/7 DCB={RECFM=VBS,R_KSIZ?F=2200)

77GO,FTISFO01 T DSN=ELWCRKILUNIT=SYSNA,SPACE={CYL,{(2,2)),
/7 DCE={RECFM=VRS,ALKSIZE=2000)

//GO.FT16F001 CC DSN=ELCONTIDSUNIT=SYSCA,SPACE={TRK,(2,?)),
/7 NDCEB={RECFM=VRS,RALKSIZE=2000)

/7 PEND

/7 EXEC GECOSYSTIME=3

/7/7/GN.SYSIN CD #

17
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APPENDIX 4. - Subroutine GRET3D and PRPLOT listing.

SUBROUTINE GRET3D

SUPROUTINE RETRIFVES & CATA SET FROM GRAVITY TAPE 3y [N 0R
RETRIEVES STAYION DATA WITHIN SOSCIFIED LATITUNES AND LONGTITUDES
THE SUSRCUTINE CAN ALSC STCRF RECUCFD GRAVITY DATA

INTEGER FRCJU(S) SPROJ(BICRE( I}« ¥IM DAY JYFARGPRIJICH{ 3),

1 CBSFERV(I)JMETER(2 ) JREFNOHs SLUNIT,STAIN(2), TIVC,
2 ELACC ,LATCL,LONGR RN INGORCUT JMASTFR ,SCRAP  L,LINE(130),
3 ALATD,SLATDWLECNGD ELONGR, TITLE(30),00T(2)
RE AL CGeTCl1aTC2, LATNMGLONGM,SPL,CB W LATSL,LINGS,
1 NLATM, WLOCNGM,SLATN, WLNNGM, NLATS.SLATSWLONGS,
2 ELCNGS RUFF {5), IL

REAL#8 ELEV.CGGGV

REAL o 8 SNAMFL,BLANK/® '/ ,PNAME/'GRETIDY

INTEGER CF,CMD

LOGICAL#1 IVERT

LOCGICAL &« 1 GFRAPH(AK0CO)

NDIMENSTION XX{1000),YY(1000)+2Z1(1000)+72(1000)+723013072),NN{S5)
DIMENSICN JUN(S),L,TIST(4),2(3),ID(S)JRETR(S)

CATA NN/1+Ce0.0a1/

CATA JURETR/IRETR ,0 1,1 ¢ 0 ¢t,9v vy

FORVMATS

700 FOFRNMAT('0*,*FAD QOF FILE FNCOUNTEREND?)

90N FORMAT (20X, T2,FS.0,[3,F€,0)

F10 FORMAT (I 2sF S eC ol 2eFS5¢Co€fX e I30FSa04I3eMS5e0,s IXoIl1)

Q20 FLORMAT(SA4)

930 FCRMAT(SA4,1GX%,T71,9Xs11)

1000 FCRNMAT(1H1)

101N FCRNVMAT('0*,'RFETRIFVAL REQUESYTD FNR THF FOLLOWING ANGEY//,
1 IXs'LATITUDE FROM® 4 I34F€Ee?sf TO' I NFR24 /751X 'LINGTITUNE FROM?,
2 I1234F7e2,% TC'313,F7.7,/)

1020 FCERMATI{' ',60X,T73,F7,2/% *,84X,2CA1)

1030 FCORMAT (¢ ' ,S3x,A1,19X,41)

1080 FCRMAT (' ?482X s T 3:sF 72 1X9A1elTX3A151XeT,F7.2)

1050 FCRVAT(Y 9 ,CAX20A1 /7" *,E0Xe13,F7.2)

1060 FCFMAT(SA4,11C)

1070 FOFRMAT(/* *4,130A1)

2001 FCFRVY AT (484,212,140 224 13eFSe2918eFSe¢2eFTeTeA19A48:FTI,2e8X,A4,
1 /oF P 29FGe?,FBa3,FRL2,43X,A8)

20N2 FCRVAT('0* 888 ,3X 129 IXeal2+1IXel263Xe12,T12, IXe 1201 XeFS5,244X412,
1 PXeFSe2ePXoF7e2+s1X0A192X0A842XsFRa393XeFPe293XeFTFa2,52XeF3e2,
2 PX4FPL,2)

2003 FCOFRMAT(? ¢ SX s 'STATICN ' oBX e ™ N3 2XNs "MV gD X ?Y? 35X o¢T® o 3Xs "LATD® & 1X,
l"LAT“"2X0'LCNGU"1X.'LCNGM'.QX"ELEV"2X"A'.3X.'uw'g7x"TC's
2 BXs 'CRAVIGXs?CCG*9SX'EEAT ,7X, 'CRAT)

20048 FCFMAT ('O, *RETRIEVAL A5 HFEFN RENUESTED FCR NATA SET*sIXeSA&// /s
4 X, *'NLMEER CF FFECORDS =',.14,//)

2005 FOFMAT( N, 'CATA SET ANAMED ' ,5A4,' NOT FCUND!')

2006 FRRVMAT('1*,*STATICN FLCTY)

2007 FORMAT(IHCsSX4*wFST , 100X, * EAST'e /50X, L T N G I T U D E's/s

1 NCTF=—1 ATITUNE TS TN KJILOMETFNS FRAOV THF EQUATNR-=-NEGATIVF IN Se.

000009040
0000N3S50
000000690
00000070

00000100
000720110

000NN08N

00000220

00000340
n0no0n17n
20000400
00009459

00003540

? FEMTSPHRERE ¢ 4/ 7X 4 ' LLCNGTITUNE 1S [N KILOMFTENS FROM THE CFNTRAL MFRO000N3SS0

FITIAN-=NECATIVE FOR WFST LENGTITUNES W/ ///7)
2008 FCF¥AT(///77/741X971000 STATINNS HAVE REEN PETRIEVED - SEANCHY,
1 * 1S ENCENY)

2009 FORMAT(*0OS, *STIRAGE HAS REFN REQUFSTED FOR DATA 3SET',3x.5A4,///,

4 1Xe'NUMFER (OF FRECQPOS =¢,148,//)
1 - EODOY)

18
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SA(IR)-1617

APPENDIX 4. - Subroutine GRET3D and PRPLOT listing - Continued.

2100 FORMAT(//7/7/7+1%Xe*1ID CN STATION CARDS NO NOT AGREE?)

9100 FORMAT(74X,A6)

9200 FORNAT(*0°¢,*FIRST CARD CF LCATA SET DOES NOT HAVE GRET3D IN COLS 75
9300 FCRMAT('1%,44Xe*'S U B R C UT I NE GRET 3 0D%,/)

ICARD=S
IPRINT=6
IPUNCH=7
ITAFE=12
DO 2 I=1,1000
23{1)1=0.C

3 CONT INUE

QP = 1 PUNCFr CARDS

WRITE(IPRINT,9300)

& REAC(ICARC+9100.EAD=G98) SNAME
IF(SNAME.EQ.BLANK) GO TC 999
IF(SNAME.NE.FNAME) GO TC 9698
IRETR=0
REAC(99,900) RLCNGD,WLONGM ELONGD,ELONGM -

IF {WLONGD eEQeO e e AND e WLONGMeEQ oD ¢ « ANDELONGDeEQe0 ¢ s AND . ELONGM.EQe
1 0.) GO YC 2000

RETRIEVAL BY LATITUDE ARND LONGTITUDE
10 REAC (99,910) NLATDSNLATM,SLATD.SLATM WL ONGD s WLONGM,
1 ELCNCGD,ELONGM,CP
K=0
IRFTR=1
NLATS SECCNC(NLATD,NLATM) 00000240
SLAYS CECONC {SLATD,SLATM) 00000250
WLENGS = SECCAD{(WLONGD,%LCNGM) . 00000260
ELCNGS = SECCNCIELCNGD,FLCNG™M) . 00000270
XMX=ELONGS .
XMN=WLONGS
YMX=NLATS
YMN=SLATS
WREITE{(IPRINTS1010) SLATC,SLATM,NLATD NLATM ,WLONGDs¥LONGM,
1 ELCNGD,L,ELCAGWM
WRITE(IPRINT.2003)
90 READ(ITAPESFNDE=G50) (JD(I)+s1=1s5)sN
D0 200 I=1,N
REACIITAFE) (IST{JU)eJ=1e8)+IDASIN,IYsTT o ITM,LATD,LATMLONGD,,LONGM,
1 ELEV+ELEVAMN,CRV,,SPA,COG,TC,C38
LATS=SECCAC(LATD,LATM)
LONGCS=SFCCND{LONGD+LCAGM) h
TEST . 0000000

IF (LATS LT.SLATS) GC TC 100 00000&10
IF (LATS GT.NLATS) GC TC 100 00000€20

IF(LONGS+LT.WLCANGS) GC 10O 100

IF{LCNGSGT ., ELGNGS) GO TC 100

IF{OPEQel) WRITE(IPUNCH,2001)

1 (IST(J)ed=104)s ICALINL IV IT o ITMLATDLATM,LONGD,LONGM,ELZV,
2 ELEVA,MN,GRAV-IST(1),SRA,COG,TCLCRBA,IST(1)

RRITE(IPRINT 42002) ISTIDALIMLZIYLITo,ITM,LATDSLATM,

1 LCNGDGLCAGMLELEVL,ELEVAMN,TC,GRV,CNGVSBA,CBA

K=k+1

IF(K.GT«1000) GC TO 9G7

XX {(K)=LONCS

19




SA(IR)-167

APPENDIX 4. - Subroutine GRET3D and PRPLOT listing - Continued.

"YY(K)=LATS
Z1(K)=SE&8’
22(x)=CEA

100 CCATINUF
200 CCATINUE
GC TO 90
C
C RETFIEVAL BY ID
C
2000 REAC(99,930) (ID(I)sI=14S).,00,1STR
) IF(ISTR.NE.N) GO Tn 2080
2010 REAC(ITAFELFAND=G98) JN,.N
PC 2015 K=1+€
IF(IC(K)EGeJC{(K)) GO TC 2014
GO T 2017
2014 CCATY INUE
2015 CCNTINUE
GC Y0 203cC
2017 D2 2020 I1=1,N -
PEACCITAPE) (IST(U)+J=148) s INA,IM IV IT A ITMLATD LATM,LONGD+LONGM,
" 1 ELEVELEVAJMAN ,GRV,SRA,CCG,TC ,CRA
2020 CCATINUE
GC 70 2010
2030 WRITE(IPRINT,2004) JD.N
WRITE(IPRINT ,2003)
XMX:—-I COF‘Q
XMA=1,0FE &9
YMX=-1,CFA49
YMN=1,0F4S
DO 2040 I1=1.N
REACCITAPRPE) (IST(J)eJ=1,28)5 I0AIM IV IToITNLATDLATMILONGDILONGM,
1 ELFVJELEVA,MNsGRAVsSPA,CCG,TC,C2A
WRITE(IPRINTZZ002) TIST,INA,IM IV IT,ITM,L ATDWLATM,
1 LCNCDLTAGN FLEVELEVAMNSTC 5BV CNGS3A, CDA
IF(CP.EQ.1) WRITE(IPUNCH+,2001)
I (ISTLJ) eJ=1,8) e ICAGINGTY I ToITMLATDJLATM,LENGD L INGM,LEV,
2 ELFVASMAGBVIST{1),SBACOGTCL,CRA,LIST{1)
IF(1«GT.1C00) GO TN 967
LATS=SECCAC(LATCLATM)
LCNGS=SECCNC (LTANCD, LONGW)
IF{LATS.CTeYMX) YMX={ATS
IF{LATS LY. YMN) YMN=LATS
IF(LCNGS GT o XMX) XMX=LCNGS
IF(LCAGS LT 4XMN) XMA=LCACS
XX (1)=LONCS
YY{(I)=LATS
Zt(1)=SRA
22 (1)=CEA
2040 CONTY INUE
K=N
950 FEWINC ITAPE
IFIKEQ.C) G0 TN S9a

[alg)

CCMFUTE FOLYCONTC FRCJUFCTINN

2050 CMSEC=(XNX+XMAN)I/2.0
IL=CMSEC-XMX
CALL FCLF{Oe YNXZ,IL 4XF,YF)
XMX=,0014(-XP)
YNX=,C014YP

20



SA(IR)-167

APPENDIX 4. - Subroutine GRET3D and PRPLOT listing - Costinued.

IL=CMSEC~xMN
CALL FOLP(O e ,YMNsILeXF.YB)
XMN=,001#{(-XP)
YMA=,001#YP
A=K
DO 2060 I=1.N
IL=CMSFC-xX{(1)
CALL FCLP(OeosYY(I),y L, ,xXP,YPR)
XX(I)=.001&{-XxP)
YY(I)=.,001aYP

2060 CONT INUE

PRINTER PLDOT QOF STATIQONS

(s ala)

CALL PLOT1(AN.S510,10,10)

WRITF(IPRINY,2006)

CALL FLOTZ(GFAPH »XMX ¢ XMN ,YMX, YMN)

CALL FLOT3("X*eXXsYY.N)

CALL PLOTA(30,."® L AT ITURDBE)
WRITE(IPRINTY.2C07)}

WRITE ON CISK FCR INPUT TO GRIDDING SUBROJOUTINE

(a2 Xal

IF{IRETRNESL1) GC TO 20€5

NO 20€3 I=1,5

JC(I)=JRETR(I)
2063 CCAT INUE
20652 WRITE(JDISK) JD

WRITE(JDISK) N sXNMXs XMN, YMX, YMN

NO 2070 I=1,.N

WRITE(JDISK) XX{I)sYY(I1)oZ1(I),2Z2(1),23(1)
2070 CCNT INUFE

GC YO S

STYCFAGF OF RECUCED CATA FRDM CARDS

[aalal

2080 REAMC(ICARC,1CE0,FND=GSR) UDWN

WRITF({IPRINT2009) JD.N

WRITE(ITAEE) JDLN

XMX=—1,0EAQG

XMN=1.,0E49

YMX=—140F 49

YMA=1.0E4G

WRITE(IPRINT,2003)

DC 20G0 I=1,.N

REAC(ICARC 2001 +END=9G8) ISToIDAGIMeIY  IToITM,LATDLLATM,LONGD,
1 LONGMJELFVLFELEVAMN,;GRV,,JSTS3A,CNG,TC,CRA,KST
IF(JSTNEKST) GO TO GGE

LATS=SECCAD(LATC.LATM)

LCNGS=SECCNC (L CNGL,LCNGM)

WRITE(ITAPE) ISTICALIM IV ITAITNLLATDJLATNGLONGD,
1 LCAGMELEVL,ELFVAWWMAC(BVSBACNG,TC,CPA
RRITE(IPRINTZ002) IST,ICAIM, IV IT,ITM,LATD,LATM,
1 LCNGLoLOAGH L ELEVELFVAMN,TC,GRAV.CNG+SA,CBA
IF(LATSeGT s YMX) YMX=SLATS

IF{LATS LT YMN) YWN=LATS

IF(LONGS«GT o XMX) XMX=LCONGS

IF(LCNGS LT XMN) XWN=LQOANGS

XX{I)=LCNGS

YY{I)=LATS

21



2090
99a
2200
995

997

SA(IR)-167

APPENDIX 4. - Subroutine GRET3D and PRPLOT listing - Continued.

21(1)=S84A
Z22(1)=CBA

CCNT INUE

K=N

GO TO 20%C
WRITE(IPRINT ,2200)
FOFMAT(*0*, *NUMEER
GO TO 999
WRITE(IPRINT,2100)
GO 10 6966
WRITE(IPRINT,2008)

- GO TO 9S50

999

9998

996
9999

nAn

[a W ala)

nNnOON

REWIND JCISK
REWIND ITARE

RETURN .
WRITE({IPRINT.S200)

. GO TO 96SS
998 .

WRITE(TIPRINT,700)
REWIND JCISK
REWIND I1TAPE
RETURN 2

WRITE (IPRINT,2005)
REWINC JCISK
REWIND ITAPE
RETURN 1

END

OF RETRIEVED STATIONS IS ZERO')

1D

FUNCTION SECONC(ICEG.FMIN)

CCNVEFRTS ANGLE IN INTEGER OEGREES.FLOAYING

FLCATING SECONDS.
DEEC = IDEC

SECCND = SIGN{1«,DEG)2{3600.*ABS(DPEG)+ 60 aFMIN)

RFETURN
END

SUFRCUTINE PCLP (P1,P2,1ILsX,Y)

POLYCCNIC PRCJECTICN CF FOINT LAT=P2, DIFF LCNG=IL FROM ARSITRARY
LAT CF ARBITRARY ORIGIN
XsY IN METERS.

CENTRAL WVMERICIAN.

ALCNG LAT P2, Y=DIST FRCM¥ P11 TO P2,
P1.P2,ANC IL IN SECCNPRS.

REAL ILLLALIP,LIFR

DATA ARCCNEJWESQeLA,AD0,A2,A4 ,AG,AB/8.84R1363E~-6,6.7686580E-3,637820
16.496367399.7.32433.898v3@.4187.oO454o6.0F—5/

1P=F2-P1

SINP2=SIN(P222RCCNE)
CCSP2=COS(P24ARCCNE)

THETA=ILASINP2

A=SORT(1.C~—(ESOa(2.4SINP2)) )/ (LA*ARCONE)

IF (SINP2) 142,1
COT=COSP2/SINF2
GO TO 2
CCT=1.,0E73

X=(COToSIN{THETAAARCCANE) )/ ({ AARCONE)

TIPR=IP#ARCCNE

FR={ (P24P1)/2, ) #ARCCNF

Y=A0R[PR=(AP4CNS( (2 #PRIFSIN{IPRI )+ (AL 2CNS(A.2PRIASIN(2«#1IPR))-(ASR

22

MINUTES ToO

X=DIST FROM CM

00001220

00001239
00001240
00021259
00001260
000012790
00001280
00001230

DE® NN L AN~

3
Q

=
N

13
14
15
16
17
18
19
20

21

AANANAANAADNAANNAANAANAD
=



[aNaNa]

125

14

128

12

126

11

130

SA(IR)-167

APPENDIX 4. - Subroutine GRET3D and PRPLOT listing - Continued.

1CCS(EAPRIASINI(ILAIPR)I+ABACOS(B2APRIASIN(A.*[PR)
RETURN
END

SUPRCUTINE PRPLCT ,
PETE SMIDINGER SUMMER 196€ MATH £ CNMP NR GSFC NASA
IMFLICIT LOGICAL#®L1(W)s LOGICAL *1(K)
DIMENSION NSCALE(S)JABANCS(26)eXx(1),Y(1)
LOGICAL®1 AOS{10) /000,217 422%,03%,%48 ,351,°%6%,171,%8%,¢9v/
LOGICAL 1 IMACGF (1), CHJ.LLABEL (1)
LCGICAL #t v GHC/Z %=/ NC/ 4%/ 43L/"Y v/
L v HF/'F Y/, HF 1/ e/ HF2/ 0,/
CATA VvC/ZaFy
LoGICALAY FOR1(139)/°(1XA1,F8. L1X121A1)/
L «FOR2(15)/°(1XA1, 9X121A1)°%/
| 8 +FORZ(19)/°* (1HOF « s F « )/
DATA KPLOT1 /oFALSEe/s KPLOT2/.FALSE./
DATA KABSC+KCRD.KAOTGL /3# FALSFE,/

ENTRY PLCT1(ASCALE.NHL + NSBHNVL +NSBV)
KPLOT1=,TRUF »

KFLCT2=.FALSE.

NH=TABS(NKL)

NSH=TABS (NSBH)

NV=TABS (NVL)

NSYV=T1ABS(NSEV)

NSCL=NSCALE(1)

IFINFANSEANVAASY . NELO) GO TO 128
WRITE (£,14)

FORMAT(TS,*SCVE PLOT1 ARG. ILLEGALLY 0°)
KFLDOT=.,FALSF. .
RETURN

KPLC.‘:.T“UE -

IF(NV.LEL2S) GO TO 126

wWRITE (6,12)

FORMAT({TS,"'NN. OF VERTICAL LINES >25°*)
RETUPN

CCNT INUE

NVM=NV—-1

ANVR=NV+1

NDF=NHANSH

NOKFE=NDH+1

NOV=NV#NSV

NDVFE=ANDV+1

NINC={NDHPANDVP)

IF(NDV.LE«120) GO TO 130
KchTzopﬂLSEo

WRITE (H411)

FORMAT (TS, 'RWICTH CF GFRAPH >121')

RE TURN

CONY INUE

IF(NSCL LEC.0) GO YO 70
FSY=10e#»oASCALE(2)

FSX=10.%»#NSCALE(4)
IY=MINO(TAES(NSCALE(3)),7)+1
IX=WNINO(IABSI{NSCALF(S))s9)+1

GO0 1O 75

23

00020709
000720400
05020500
00020600
00020700
00020800
00020900
N0N21000
700721109
00021200
90021300
n0071400
00021500
00021600
00021700
00021700
00021900
00022000
00022100
00022200
00022300
000272400
00022500
00022600
00022700
00022°09
00022909
00023000
00023100
00023200
00023300
00023400
00023500
00023600
00023700
nON>3200
00023900
00024000
001241900
00024200
00524300
00024400
00024500
N0D2aF 0N
00024703
0077400
00024900
00025000
00025100
00025209
000253200
aoo2sa0d
00125509
N007SA00



70

75

80

90

100

220

225

228
230

» -

SA(IR)-167

APPENDIX 4. - Subroutine GRET3D ané PRPLOT listing - Continued.

FSY=1.

FSX=1e

1Y=4

IX=4
FOR1(10)=NCS(1IY)
NA=MINO(IX NSEV)I-1
NS=NA-MINO{KNA,120~NNDV)
NR=11-NS+NA

Ti=NB/10

[2=NRB-11210
FOR(EI=NCS(T1+1)
FOR3(7)=NCS(12+1)
FORI(I9)=NCS{(NA+1)
IF{(NV.GT.C) GC YO 90

‘00 80 J=11.18

FOR2(J)=8L

GO TO 100

I1=NV/10
I12=NV-11%10
FORI(11)=NCS{I1+})
FCOR3(12)=nCSs{12+1)
FORI(13)=+F
It=NEV/1C0
I3=NSV-110100
12=132/710
I3=13-124%10
FOR3(14)=NOS({(11+1)
FORI(15)=NOS(I1241)
FOR3(16)=N0S(13+1)
FOR3(17)=HF1
FOR3(18)=FOR3(9)
IF(KFLOT1) RETURN
KFLCT1=«TRUE.

ENTFY PLOT2{IVAGE s XMAX s XMIN,YMAX ,YMIN)
KPLOT2=.TRUE.

IF(KPLCT1) GO 7O 210

NSCL=0

NH=5

NSH=10

NV=10

NSV=10

GC TO 128

CCNTINUE

IF( NCTKFLOTIRETURN

YMX=YMAX

DH = (YMAX-YMIN) /7 FLOAT{NCH)
DV = ARS([XMAX-XMIN) / FLOAT(NCV)
D0 220 I=1,NVP
ABNGS(I)=(XMINSFLOAT((I-1)4NSV)*DV) *F5X
Nne 225 I=1,NIMG

IMAGE(I)=EL

DO 240 I[=1,NNHP

I2=1 aNDVF

I1=12-Nnv

KNFCR=MOC (I—-1,NSH)«NF 0
IF(KNFDR) GO TN 230

N 229 J=Itl.lz

IMAGE( J)=HC

CONT INUF

24

00025700
00025800
00025900
00025000
00026100
00026200
00026300
00026400
000726500
09026600
00026700
No0N26900
00025900
N0027000
000271090
00027200
00027300
00027400
00027500
00027€00
00027700
00027200
00027900
00028000
00028100
00028700
00028300
0002R409
00028%00
0002R500
00028700
00028200
00028900
00029000
00029100
00029200
000293200
00029409
0007°9%00
0002900
00029700
00929290
00079200
A002N0C0D
00030100
000107200
00A3IN200
n0N30407
00923000
00030600
nONID709
09070700
00033500
aNNI1IN00
00031100
0003120"
00031300
NON31409

.00N3I1€0C

007231%02



23S
240

300
301
13

312

420

430

SA(IR)-167

APPENDIX 4. - Subroutine GRET3D. and PRPLOT listing - Contirued.

,DO 240 J=11,12.NSV

IF(KNHOR) GO YO 235
IMAGE (J)=NC

GC YO 240 4
IMAGE(J)=VC -,
CONT INUE
XVINI=XMIN=-DV/ 2.
YMINI=YMIN-DH/2a

RE TURN

ENTRY PLCTYI(CH,XsYaN3)

IF(KPLOT2) GO TO 212

WRITE (6,13)

FORNMAT(TEL,"PLLCT2 MUST RE CaLLENY)
CCNTINUE

IF{.NCT.KFLOT) FETURN

IFI{N3,GT,.0) GC YO0 14

WRITF (6,1%)

FOFRMAT(TS.'PLLT3, ARG2 < 0°)
RETUPN

DC 3220 1I=1,N3
DUMI=({X{1)-XMIN1)/DV
DUM2={Y(T1)—-YMIN1) /DH

IF(DUM] e L Te0esORDUM2.LT,0,) GO TN 320
IF{DUM] s CE«NDVP DR NUM2 .GEJNDHO) G0 TO 320
NX=14TNT(CUM1)

NY=1+INT(CUM2)
J=(NDHP-=NY) s NDVP+NX

INAGE (J)=CH

CCATINUE

RE TURN

ENTFRY PLCOTA (NL,LABEL)

FNTFY FFLCTA(NL,LABEL)

TF{ «NCT.KFLCT) RETURN

IF{.NCT.KFLCT2) GO TO 301

N0 42¢C 1I=1,NDFP

IF(TlFC.NDFP .ANC,KBOTCL) GC TQO a20

wiL=8L

IF(T.LE.NL) wL=LAPEL(I)

I2=T1 ANDVF

11=12-NDV

IF {MOD( l—l'Nsh)IEQQOO‘ND..NOT.KORD) G0 TO 410
WRITE (6+FOR2) WL+ {(IMAGE(J).JU=I1.12)

GO TO a2¢0

CCNT INUE

CRONC=(YMX—-FLCAT(1-1)2DK) *FSY

WRITE (6+FOR1) WLORDNO({IMAGFE(J)+J=T1,12)
CCANT INUE

IF(XKABSC) C¢O TQ 430

WRITE (6+FO0R3) (ABNCS(J)eJ=1sNVP)

RETURN

ENTRY OMIT(LSW)
KABSC=MOD(LSW,2)eEN.1
KCRD=MOC (LSW+48) .CGEa2
KBOTGL=LSwGE.4
RETURN

ENTRY PLTAPE(ITAPFE)
NCT YET
RETURN
END
25

00031700
00031800
00031900
00032000
00032100
00032200
00032300
00032400
00032500
00032600
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
00034000
00034100
00034200
00034300
00034400
00034500
00034600
00034700
00034800
00034900
00035000
00035100
00035200
00035300
00035400
00035500
00035600
00035700
00035800
00035900
00036000
00036100
00036200
00036300
00036400
00036500
00036600
00036700
00036800
00036900
00037000
00037100
00037200
00037300
00037400
00037500
00037600
00037700
00027200
00037900
000138100



