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- ABSTRACT

A FORTRAN program that prepares the Calcomp plotter tape for
drawing cross-sections from gridded map data is described and docu-
mented. The program accepts gridded data of the form Z(x,y), where
Z is the value at the grid intersection, (x,y). Up to 10 sets of
Z(x,y) data for a given grid may be drawn on the same section. The
positions of the end points of the cross-section are arbitrary. A
bilinear interpolation scheme is used to obtain the Z(x,y) values
along the specified cross-section.

The program was designed to provide a visual aid for interpreting
input and output data for two-dimensional (areal) finite-difference
models used in aquifer analysis and geothermal reservoir simu]atfon.
The program should, however, be useful for drawing cross-sections of
any multiple Z(x,y) gridded data. The computer code is called CSPP

standing for Cross-Section Plotting Program.



INTRODUCTION

The purpose of this report is to describe and document a F@RTRAN
computer program that draws cross-sections from gridded (map) data,
using Calcomp plotter software. The program was designed to serve as
a visual aid for evaluating input and output data of finite-difference
models used in grouhd—water hydrology. The computer code is, however,
general enough to be used for other applications. For example, the
program could be used on gridded data supplied by the GPCP software
package (California Computer Products, Inc., 1971).”

Some typical hydrological applications of the plotting program
are given in the example section in this report. Commonly, in grouhd-
water simulation applications, the aquifer and its confining beds are
irregular. For such problems it is helpful to draw geologic cross-
sections based on the input data for the finite-difference grid (see
figure 1). These cross-sections can be compared easily with available
geologic sections to evaluate the accuracy of the input data (see figure
2). Output data can be evaluated in the same manner. For example, the
computed values at specifiec times during a simualtion may be plotted

on the same section for comparison with observed values (see figure 3).

1 The use of brand names in this report are for identification
purposes only and does not imply endorsement by the U.S. Geological
Survey.
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A rectangular grid showing the location of a section
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Figure 2. An example geologic cross-section corresponding

to A-A' in figure 1.
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Figure 3.

An example of computed hydraulic-head profiles
for various times along the section A-A' in
figure 1.



PROGRAM DESCRIPTION

The object of the computer program is to communicate to the
CALCOMP software the information necessary to draw the desired cross-
section from given gridded data, Z(x,y). The user supplies the x-
and y- coordinates of the grid lines, the z-values for each grid inter-
section, the x- and y- coordinates of the end points of the dasired
section, the number of intermediate interpolation points, and other
data to control the scaling, size, and labeling of the plot. Up to
10 sets of z- values may be plotted on the same cross-section. The
computer program calculates the coordinates of equally spaced inter-
mediate points (the number of which is supplied by the user) along
the section, computes the z- values at the end points and intermediate

points, and makes the necessary calls to the CALCOMP software.



The numerical scheme that computes the values along the section is
based on bilfnedr interpolation for a rectangular grid. Figure 4 shows
a portion of a rectangular grid and the position of an interpolation point
(x'y, y'). The program must first locate the grid block that contains

the point (x', ¥'). The value, Z(x', y') may then be calculated from
4
I(x', y') = 2 2V

k=1

where k is the number of the surrounding grid points as shown in figure
4, and Z, is the corresponding value of Z(x,y) at the grid point. The

interpolating function, Vie is obtained from (Zienkiewicz, 1971)

Vi = 174 (T4nn, ) (14€)

where
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Figure 4.

A portion of a typical grid showing the location
of the interpolation point (x', y') and the labeling
of its neighboring grid intersections.



PROGRAM ' USE

This program was designed to be applicable to a large variety of
potential uses. The only input required is several parameters specif
fying dimenéions, scaling, labeling of the cross-section plot, and the
X,Y and Z(x,y) values (as many as ten sets of Z(x,y) are permitted).

Another input parameter allows the user to specify the amount of
interpolation to be done for each curve of the cross section. The user
specifies the number of equally spaced points between endpoints A and A'
at which the program will compute the corresponding Z(x,y) values by
interpolation. The accuracy and smoothness of each curve depends on
this parameter and it should be carefully chosen.

The following control cards are necessary to run this program:

//J@B CARD

// EXEC FARTCLG,REGIPN.G@=170K

//FORT.SYSIN DD *

DECK
//LKED.SYSLIB DD DSN=SYS1.CALC@M1.C936.PLATTER,DISP=SHR

Prepares output for tapé]

//GP.FTO9F001 DD SYSPUT=(K,,<FORM#>) [retrieva]

//G@.SYSIN DD *
DATA
//

These control cards are used in conjunction with a Data 100 Model 78
terminal and were provided to us by Steven P. Larson, WRD. For other

terminals, the normal CALCOMP software and plot-tape must be used.



The sample.pfob}em that follows ﬁsed 170K bytes of core on the IBM
370/155. The core used will depend largely on the number of grid points.
The program calls the following subprograms:

1) GETVAL (interpolates at intermediate points)

2) CALCOMP BASIC SOFTWARE PACKAGE (California Computer Products,

Inc., 1969)

On a successful run the program will print the x,y coordinates and
the Z(x,y) for each of the equally spaced interpolation points. A1l of
the cross section points will be printed for each set of Z(x,y). If a
point on the cross section lies outside the specified grid, an error
message will be printed that includes the coordinates of the point, and

the run will be terminated.



DATA INPUT

COLUMNS

Card 1
1-2
6-15

16-25

26-35

36-45

46-50
51-55
56-60

61-65
66-70

Card 2
1-10
11-20

21-40
41-60
Card 3

1-30

Card 4
1-80

FORMAT

I2
F10.0

F10.0

F10.0

F10.0

I5

I5

IS

I5
IS

F10.0
F10.0

5A4
5A4

1013

20A4

NAME

A
BEG(1)

BEG(2)

END(1)

END(2)
NX
NY

NUMPTS

SETS
NPEN

XUPIN
YINCH

XTITLE
YTITLE

SET(I)

TITLE

DESCRIPTION

No. of sets of data points to be input-
x-coordinate of the beginning cross
section point

y-coordinate of the beginning cross
section point

x-coordinate of the end cross section
point

y-coordinate of the end cross section
point

No. of x-values input

No. of y-values input

No. of points to be used for calculating
the cross section

No. of data sets to be plotted

No. of different colored pens to use
(choice of 1,2 or 3 colors to alternate
when drawing cross section)

Units/inch in the x-direction

If > 0 No. of inches in the y-direction
If < 0 use XUPIN as scale for y-direction
Label written on x-axis

Label written on y-axis

List (by order in which they are read in)
of each data set that will be used in

drawing the cross-section (up to 10)

Heading to appear at the top of the piot

10



COLUMNS FORMAT NAME DESCRIPTION

NX/8 Cards , -
1-80 8F10.0 X(J) x-coordinates of grid points
NY/8 Cards ‘ _
1-80 8F10.0 Y(K) y-coordinates of grid points
ZS*NX*NY/8 Cards |
1-80 8F10.0 Z(I,J,K) Z-VALUES to be plotted
I = No. Sets
Jd = No. x's
K= No. y's

n



EXAMPLE

This example demonstrates the use of the program in constructing
geologic cross-sections from structural maps. Figure 5 shows a finite-
difference grid and the location of the section A-A'. Four sets of
z-values were used in this example, and the input is shown in Table 1.
Each data set is composed of elevation data on each of four geologic
units; a structural map at the top of "Unit 3" (see figure 7) is shown
in figure 6. The elevations in figure 4 are in meters above mean sea
level and were prepared for a finite-difference model using well data.
The contours were plotted using the Calcomp GPCP program. Using the
structural map in figure 6 and the other elevation data, the geologic

cross-section A-A' in figure 7 was constructed.

12
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Listing of input data for example problem.
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415.00

G24R 4
1066R .0
5181.6

=R98 4N
«72%.10
-b45,0
«h45, N
-345,0
550,00
472560
«72T70,10
655,10
‘?lgon
=220.0
=190.0
=70040
=8720,10
-h& ()
=550,10
-=930.1
']O“non
(tef
Nel
135.¢
305, ¢
38N, (
385,
45,
150,
280 o
350,10
376, ¢
1750
260,4C
?604(
2004¢
210.(
325
200.(
100
=10af
0af
0ol
7230,
395,
4204
420
205 ¢
3754
380
386,
415,



68,00
G800
3l-e00
LB SalP N tA¥
2N, 0N
320400
348,00
A, 0N
PAp NN
37,00
36,00

ﬂ.ﬂ

fef
I, NG
E]c.nb
K3IN G0N
S6000
W AN A NE
ARl&L.NnH
alvsant
48000
4arnhanr
475 ,n¢0
41,00
3Igh, 00
RN LO1.
REE, 0y,
G0E N6
YL nn
I4& 4,00
45,00

47500
47%, 00
3601400
308400
$3%,4 90
3IlLe 0t
240,00
.57"0”0
3ineN0
3Fha0C
130,00

N0

[
nlhe N0
18000
“\3().."@
L4100
ACEHMEIEH
L3040
43 a0l
L4, 10
alahify
G50
"30.2‘5("
G61Nne00
60 ()
A g 110
G0 0
AN I0
40,00
WL, e

33IR,N0
G0, 00
415,060
335,00
320,00
130,00
3?2010
354,070
I10D00
050U
375.u0
40400
N
454,00
“25.00
L1h,.00
R{itg )]
Kbk 00
445,070
GRY a0
4 iH g L1
G4 g 0
DR TT
4zh el
G704k
400600
0D
7R, 0¢
KL L YRt
375,00
Y460 4000

320.00
365,00
405,00
310.00
275,00
31%.00
34%,00
330.00
370,00
320,00
3z25.00
630,00
€20,00
(e
510.00
S510.00
510,00
52%.00
360,00
475,00
440,00
450,00
445,00
3606400
380,00
30400
400,00
39,00
360409
340,00
340,00

Table 1.

325.00
330,00
365.00
410,00
365,00
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375,00
3.0
380,00
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605,00
600,00

445,00

575,00
4nsh, 00
515.00
460,00
45%,00
435,00
410,006
435,00
445,00
350400
3gn.nc
45,00

0a0
4y0.00
345,00
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# PROGRAM LISTING

L]

1
1
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ﬁ*“h###%&669“9&““““&«ﬂ##ﬂ“d#ﬂﬁ“#ﬂﬁ“*&GO#“QO#'GGQ‘#CGQ#GGGG“QG##QG#O!.OQ#QGQ#{

FEA, RPEG(Z)obNT (P ok X (100) oRPXXL102)9PY(100)sPYY (102)sTITLE(Z20)
FF AL X(bﬂ)oY(EU)'((10050050)-ZZ(§0~SW)QXTITLE(5)-YTITLE(S)

IRTEGFS SET(10) oSETSeXYZ75eYMpdoZSH»TBUF(1000)
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N - MUMBE R QF X=Val(FS

AYe MNUMRE = GF Y=VoLULFS

(F]l= CNTTS/ZEnCE IN YaDTKECTICON

EXe X COORLEINSTE CF THE CALCULATEDR CRNSS SFCTICE
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IF (REGLL1) el ToaX (1) eORaHEG(L)«GTaX(NX)) GO TC 70
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