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Abstract

SIPT is an interactive Fortran computer program that was 

developed for use with a timeshare computer system with program control 

information submitted from a remote terminal, and output data displayed 

on the terminal or printed on a line printer. The program is an 

upgraded version of FSIP1 (Scott, Tibbetts, and Burdick, 1972) with 

several major improvements in addition to .its adaptation to timeshare 

operation. The most significant improvement was made in the procedure 

for handling data from in-line offset shotpoints beyond the end 

shotpoints of the geophone spread. The changes and improvements are 

described, user's instructions are outlined, examples of input and 

output data for a test problem are presented, and the Fortran program 

is listed in this report.

An upgraded batch-mode program, SIPB, is available for users who 

do not have a timeshare computer system available (Scott, 1977).



Introduction

SIPT is an interactive Fortran-4 computer program for inverse 

modeling of seismic refraction data. Output of the program is 

presented in tables and as a plotted vertical cross section representing 

velocity layering beneath a line of seismic spreads. SIFT evolved from 

FSIP1, a batch-mode Fortran program developed and described by Scott, 

Tibbetts, and Burdick (1972) and by Scott (1973). SIPT has been 

developed and tested on a DEC-1070 computer with an ANSI Standard 

Fortran Compiler, and should be operable with only minor modification 

on any time-share machine with a virtual memory and a similar compiler.

This report describes the salient features of SIPT with emphasis 

on the changes and improvements' that have been made over its 

predecessor FSIP1. An outline of user's instructions and examples of 

input and output data are presented along with a complete listing of 

the program.

Salient features of SIPT

The following basic assumptions apply to the. inverse modeling 

procedure used in SIPT:

1. Layers are continuous and extend from one end of the line of 

refraction spreads to the other.

2. Layer velocity increases with layer depth.

3. Horizontal velocity is equal to or greater than vertical 

velocity for any given layer.

4. Although vertical and horizontal velocity for a given layer



may be different from one another, both velocities are 

constant from one end of a spread to the other. Vertical 

and horizontal velocities may vary from one spread to 

another.

5. The program user determines and specifies the refraction 

layer that is represented by each arrival time entered as 

input data. If a refraction layer is not specified, that 

arrival time is not used in computing the depth model.

6. The program user determines and specifies the position (in 

3-D space) of each shotpoint and geophone for which arrival 

times are entered as input data.

7. Limits of input data:

Number of layers in a problem: 2-5. 

Number of geophone spreads in a problem: 1-5. 

Number of shotpoints per spread: 1-7. 

Number of geophones per spread: 2-25. 

Number of problems per job: no limit.

The following changes and improvements over FSIP1 were made in 

developing SIPT:

1. SIPT is designed to be operated by remote terminal rather 

than by batch processing procedures.

2. Input data for SIPT are placed in a disk file in either of 

two modes: (1) formatted according to the card formats 

specified for FSIP1, or (2) free field for more convenient 

entry by remote terminal. (See examples under INPUT DATA.)



The first option makes it possible to use card decks 

previously punched for use with FSIP1.

3. Output options of SIPT are: terminal only, line printer 

only, or both terminal and printer. The volume of output 

data displayed on the terminal can be selectively reduced 

by use of type-out suppression options designated by keyboard 

entry in response to prompts typed out on the terminal during 

program execution.

4. Shotpoint explosive charges can be located in any layer in

SIPT. In FSIP1 all shots were assumed to be in layer 1 which 

sometimes caused this layer to be distorted near the shotpoint 

when shots were located in deep holes.

5. In FSIP1 the refraction horizons were extrapolated beyond 

the end geophones of the end spreads using the dip that was 

determined for the horizon between the two end geophones. 

This procedure sometimes produced erroneous projections of 

refraction horizons, resulting in an unreasonable model, 

particularly when option JOFF=1 was selected, which caused 

rays to be traced from distant in-line offset shotpoints 

along projected refraction horizons. In SIPT, under the 

JOFF=1 option, refraction horizons are extended beyond the 

spread ends to the actual entry point of the ray traced 

from the offset shotpoint into the refraction horizon 

during the. previous iteration of ray tracing. Under the 

JOFF=0 option the refraction horizon is projected using



the dip obtained by linear regression of depth points 

occurring under the half of the geophone spread in question. 

This procedure usually projects the refraction horizon at 

a much gentler and more reasonable dip. However, in cases 

where this approach still produces an unreasonable re'sult, 

a new option called ID IF can be selected by placing a 1 

(rather than zero or blank) in column 80 of the second 

control cord, or in the case of free field data, by 

inserting a 1 (rather than zero) as the ISth (and last) 

variable entry on the second input data record. This option 

(IDIP=1) causes the ray-tracing subroutine RAYUP to use the 

average slope of the ground surface along the geophone 

spread(s) in place of the computed dip of the refraction 

horizons in tracing a ray from a refractor to a target 

geophone or shotpoint, which is equivalent to making the 

assumption that the directions taken by rays entering and 

emerging from the refraction horizon are those that would 

occur if all layers were parallel with the ground surface. 

The model layers are not forced to be parallel with the 

surface by this option. However, the selection of this 

option cannot result in a completely valid model unless 

the refraction horizons are actually parallel with the 

ground surface, and it should not be used except as a last 

resort to obtain a reasonable model when large and 

uncorrectable errors are associated with input data. The



IDIP option of SIPT replaces the IFILL option of FSIP1, an 

option that was seldom used and never needed since it merely 

changed the selection of characters used in producing the 

printer plot of the vertical cross-sectional model. 

Removal of the IFILL option has simplified subroutine* PLOT, 

resulting in more efficient operation.

6. The option JOFF=0, obtained by putting a blank or zero in 

column 79 of the second control card in FSIP1, has been 

Improved significantly in SIPT. The objective of this option 

is to reference the arrival times associated with offset 

shotpoints (beyond the spread end shotpoints) to the arrival 

  times of the end shotpoints and then to trace the rays from 

the end shotpoints to the target geophones rather than from 

the offset shotpoints to the target geophones. This 

approach has the advantage of avoiding the need for an 

error-prone extrapolation of the refraction horizon beyond 

the end shotpoints (as described in item 5 above). However, 

one of the limitations of selecting this option with the old 

FSIP1 program was that the offset shotpoint arrival times 

could not be referenced to the end shotpoint times for a 

given layer unless at least one of the geophones received 

refraction arrivals (representing the layer in question) 

from both the offset shotpoint and the end shotpoint. In 

the new program SIPT, if the arrival times from the two 

shotpoints from the refractor do not overlap, two lines are



fitted (by least squares) to the arrival times that are 

recorded from the two shotpoints for the refraction horizon, 

and the reference time correction (which is later subtracted 

from the offset shotpoint arrival times) is taken as the
 

time difference between the two fitted lines at a point 

midway between the two inner geo'phones, one receiving an 

arrival from the offset shotpoint, the other from the end 

shotpoint. 

7. As an extension of item 6 (above), in FSIP1 if no arrivals

from the deepest refraction horizon were obtained by shooting 

the end shotpoint, then there was no way of referencing the 

arrivals obtained from the offset shotpoint to those obtained 

from the end shotpoint for the option JOFF»0, and the option 

JOFF=*1 had to be used to obtain an interpretation down to 

the deepest layer. In SIPT, this problem is overcome by 

determining a reference correction time under the assumption 

that the two deepest layers are parallel. If this assumption 

is made, the times representing the deepest layer can be 

referenced to the arrivals representing the next shallower 

layer (obtained from the same shotpoint) by subtracting

ati

from the arrivals representing the deepest layer. In the 

above formula At. represents the reference correction time



for referencing the arrivals from the offset shotpoint to 

the end shotpoint for the next shallower layer i (At. is 

obtained by the technique described in item 6 above). V. 

and V.,, represent the apparent velocities for the deepest 

layer i+1 and the next shallower layer i, and are determined 

by fitting lines (by least squares) to the arrival times 

representing the two layers.

8. A new option called XTRUE is available in SIPT. Its normal 

(default) value is zero .(obtained by placing a zero or blank 

in column 20 of the spread control card, or as the 5th word 

of the equivalent record in a free-field data file). The 

purpose of the option is to correct for the slope of the 

ground surface and to compute new inline coordinate values 

(x) for geophone and shotpoint locations for XTRUE=0. If the 

inline coordinate values for shotpoints and geophones are 

corrected for surface slope prior to entry into input data 

files, then the option XTRUE=1 should be selected to skip 

the correction. When the slope correction option XTRUE^O 

is selected, the position of geophone number 1 is left 

unchanged and all other shotpoints and geophones are 

referenced to it. Users should be aware that the XSHIFT 

option (4th word on spread control card or record) is not 

affected by this new option (XSHIFT is not corrected for 

slope of the ground surface when XTRUE^O) and it is the 

usef's responsibility to correct XSHIFT for surface slope

before it is entered into the input data file.
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User's instructions

The following instructions are divided into two sections: 

(1) Preparation of data files, and (2) Executing SIFT by remote 

terminal.

1. Preparation of data files: 

A. Card input

1. Data cards may be prepared using formats described 

by Scott, Tibbets and Burdick (1972) (Appendix A, 

p. 27-32) except that the new control variable 

IDIP replaces IFILL in column 80 of the second 

control card. (See item 5 on p. 4-6 of this report.) 

The new variable XTHUE is available for correcting 

x-distances for 'the slope of the ground surface 

(see item 8, p. 8).

2. Card image files are entered into the computer disk 

storage system and are assigned discrete names 

with a separate file with a discrete name for each 

problem. 

B. Free field input

1. When data files are entered directly from the 

terminal it is more convenient to enter them in 

free field form than in card formatted form. This 

is accomplished by typing commas between adjacent 

numeric data values rather than placing them in 

specific columns or fields. Alphanumeric characters



representing spread symbols and shotpoint symbols 

occupy only one space (column) of the record, and 

are followed immediately by the next data value 

without separation by a comma or a space (see 

example). Data for each problem are entered as a 

discrete file and each problem is given a unique 

file name. The "END" card (END punched in 

columns 1-3) that is required as the last card in 

an input data 'file for FSIP1 is not needed in a 

data file to be used with SIPT, although its 

presence will do no harm. 

2. Executing SIPT by remote terminal:

A. Log in and give the proper system commands to compile 

and execute SIPT.

B, Respond to program-generated prompts as indicated below. 

1. "ENTER DATA FILE NAME (OR <CR> TO EXIT):" The 

proper response to this prompt is to type in the 

discrete name of the disk file containing input 

data for the problem to be processed, followed by a 

carriage return. If all problems in the job have 

been processed, press the carriage return key 

without preceding it with any other keyboard entry. 

This will stop execution of the program and exit 

from it so that the user may log off the terminal 

or enter some other job.
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2. "ENTER INPUT FMT TYPE: C-CARD, F-FREE FIELD:" 

If the input data file is formatted according to 

the card formats specified for FSIP1, type in "C" 

followed by a carriage return. If the input file 

is prepared in free field format, type in "F" 

followed by a carriage return.

3. "ENTER OUTPUT UNIT: P=LPT, T-TERMNL, B=BOTH:" 

Type "P" for output on the line printer, "T" for 

output on the -terminal, and "B" for output on both 

the line printer and the terminal. Follow the 

character typed with a carriage return. If either 

the "T" or "B" options are selected, the prompts 

marked with asterisks below will be typed during 

execution of SIPT; if the "P" option is selected, 

these prompts will not be typed.

4. "ENTER NEW EXIT, -6 THRU +6 or <CR> FOR OLD:" If 

you want to change the exit number from the one 

specified in the input data file, enter the desired 

exit number (preceded by a minus sign for brief 

output or by a plus sign or no sign for full 

output), and then type a carriage return. If you 

do not wish to change the exit number, simply press 

the carriage return key without a prior entry. If 

the exit number is negative and "P" was selected 

in response to the prompt in item 3 above, the
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program will complete computation of the problem, 

print results on the line printer, and cycle back 

to the first prompt which calls for entry of a new 

input data file.

*5. "TABLE OF SP & GEO" DATA? ENTER TO TO TYPE,* <CR> 

TO SUPPRESS:" Type "T" followed by a carriage 

return if you want the input data file containing 

shotpoint, geophone, and arrival time data typed 

back out on the terminal. If you want this 

information suppressed, press the carriage return 

key without a prior entry. If the "B" output option 

was selected in item 3 above, the table of shotpoint 

and geophone data will be printed on the line 

printer regardless of the response to this prompt. 

If the "P" option was selected, the prompt is 

skipped and no response is needed.

6. "T-D PLOT: 1=RAW, 2-DATUM, 3=PRE-D, 4=L1 REMOVED:" 

This prompt will be suppressed (because it is not 

applicable) if the exit number selected in item 4 

is negative, or if it is negative on the original 

data file if a new exit is not selected in response 

to the item 4 prompt. In the case of a negative 

exit number the T-D (time-distance) plot is omitted 

from both printer and terminal output. If the

* This prompt is skipped for output option "P" (See item 3 of this 

section.) <



prompt is typed, the proper response is to type a 

"1" to obtain a T-D plot of the raw arrival times, 

"2" for a T-D plot with arrival times corrected to 

the datum plane, "3" for a T-D plot showing arrival 

times as they exist just prior to depth computation 

.of layer 1. This plot will show the arrival times 

from offset shotpoints referenced to those from end 

shotpoints if the option JOFF=0 is selected. Type 

"4" to obtain a T-D plot with layer 1 stripped 

away. After the desired number is typed, press the 

carriage return key. Only one number (and one T-D 

plot) may be selected for any given problem run. 

The T-D plot is made on the line printer or on the 

terminal, not on an x-y plotting device. If option 

"T" or "B" was selected in item 3 above, the 

following prompts are typed out. If "P" was 

selected the program cycles back to the first 

prompt which calls for entry of another input data 

file. 

*7. "ENTER T TO TYPE, <CR> TO SUPPRESS: If you want

the T-D plot typed out on the terminal, type in "T" 

followed by a carriage return. If you want it 

suppressed, press the carriage return key without

* This prompt is skipped for output option "P". (See item 3 of this 

section.)
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a prior entry. If option "B" was selected in item 

3 above, the T-D plot will be printed on the line 

printer regardless of the response to this prompt.

*8. "TABLE OF RAY END POINTS? T TO TYPE, <CR> TO

SUPPRESS:" Type in a "T" followed by a-carriage 

return to have a table of elevations and x-coordinate 

distances typed out for all points of entry and 

emergence of critically refracted rays into and out 

of refracting horizons. Press the carriage return 

key without a prior entry to suppress this table on 

the terminal. The table will be printed on the line 

printer if the "B" option was selected in item 3 

above regardless of the response to this prompt.

*9. "DEPTH BENEATH SPS-GEOS? T TO TYPE, <CR> TO

TO SUPPRESS:" Type in a "T" followed by a carriage 

return to type out this table of depths and 

elevations of refracting horizons beneath each 

shotpoint and geophone. Press the carriage return 

key without a prior entry to suppress this type out. 

The table will be printed on the line printer 

regardless of the response to this prompt if the 

"B" option was selected in item 3 above.

*  This prompt is skipped for output option "P". (See item 3 of this 

section.)
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*10. "DEPTH PLOT? ENTER T TO TYPE, <CR> TO SUPPRESS:" 

Type "T" followed by a carriage return to obtain 

a typed plot with reduced depth scale of the cross 

section representing the interpreted two-dimensional 

model. To suppress this plot, press the carriage 

return key without a prior entry. The depth plot 

will be plotted on the line printer if option "B" 

was selected in 3 above, regardless of the response 

to this prompt.

After a response is made to this prompt the program cycles back 

to the first prompt which calls for entry of a new input data file.

* This prompt is skipped for output option "P". (See item 3 of this 

section.)
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APPENDIX A. -r Input data examples 

Card input data

Input data in card format for the test problem SIPTST.J06 is 

listed below. Output is listed in Appendix B.

SIPTST.J06 SPREADS S AND S
2644 2.5
1 1520
2 5900
3 9500
4 15000

DEMONSTRATION OF EXIT 6
00

S
S
S
S
S
S
S
S
S
S
S
5
S
S
S
S
$
$
$
$
S
$
1
1
$
$
*
1
$
*
*
$
1

3
A
C
B
1
2
3
4
5
6
7
8
9

10
11
12
4
I
A
C
B
1
2
3
4
5
6
7
8
9

10
11
12

12
24969
24930
25075
24856
24841
24840
24873
24902
24843
25010
24911
24987
25132
25005
25059

12
24869
24987
25117
25499
25132
25003
25005
25024
25059
25096
25137
25174
25207
25293
25381
25445

1
  29
400
900

0
75

150
225
300
375
450
497
600
675
775
875
675 1

-704
«" 75
275
563

0
50

100
150
200
250
300
350
400
450
500
525

END

2 
2
2

13
24
36
485
62
66
78
73
81
93
91
99

2
2
2
2

92
86
88
96
99
995

105
107
108
U3
1165
119

2
2
2
2
3
3
3
3
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4

69
57
47
43
37
19
25
24
43
65
69
78

275
275
37
485
56
57
62
645
65
70
74
77

3
3
3
2
2
2
2
2
2
3
3
3

2
2
2
2
2
4
4
4
4
4
4
4

97
93
87
865
8b
75-
75
64
60
50
34
18

65
50
44
40
30
19
20
30
30
50
55
60

4
4
4
4
44'

4
3
3
2
2
2

3
3
3
2
2
2
2
2
2
2
3
3

87
74
71
72
685
62
59
55
49
47
45
46

4
4
4
4
4
4
4
4
4
4
2
1
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Free field input data

Input data in free field form for the test SIPTST.TTY is listed 

below. Output is listed in Appendix B.

SIPTST.TTY SPREADS S AND $ DEMO OF EXIT 6
2,6,4,4,2.5,16.66667,0*0,0*0,0,0,0*0,0,0,0,0
1*1520
2*5900
3*9500
4*15000
53*12*0*1
SA2486.9,»29,0,2
SC2493.0*400,0,2
582507.5*900*0,2
51,2485.6*0,0,13*2*69,3i97i4
52,2484,1,75,0,24,2,57,3,93,4
53,2484.0,150,0,36,2,47,3,87,4
54*2487.3*225*0*48.5*2*43*2,86.5,4
55,2490,2,300,0,62,3,37,2,66,4
56,2*84,3,375,0,66,3,19,2,75*4
57,2501.0,450,0,78*3*25*2,75*4
58,2491.1,497,0,73,3,24,2,64,3
59,2498,7,600,0,81,4,43,2,60,3
510,2513.2,675,0,93*4,65,3*56*2
511,2500.5,775,0,91,4,69,3*34,2
512,2505.9,875,0,99,4,78,3,18,2
$4,12,675*1
$L2486.9*-704,0,2
$A2498.7,-75,0,2
$C25il.7,275,0,2
$82549,9,563,0,2
$1.2513,2*0,0,92,4,27,5,2,65,3,87,4
$2,2500.3,50,0,8b,4,27.5,2*50,3,74,4
$3,2500,5,100,0,88,4,37,2,44,3,71,4
$4,2502,4,150,0,96,4,48,5,2,40,2,72,4
$5,2505,9,200,0,99,4,56,2,30*2,68,5,4
$6,2509,6,250,0,99,5,4,57,4,19,2,62,4
$7 * 2513,7,300,0,105,4,b2,4,20,2,59,4
$8,2517,4,350,0,107,4,64,5,4*30,2,55,4
$9,2520,7,400,0,108,4,65,4,39,2,49,4
$10,2529,3,450,0,113,4*70,4,50,2,47,4
$11,2538,1,500,0,116,5,4,74,4,55,3,45,2
$12,2544,5,525,0,119,4,77,4,60,3,46,1

18



APPENDIX B. ~ Output data examples 

Terminal output

Terminal output for the test problem SIPTST.J06 is given on the 

following pages. Output for compiling and loading the program on 

DEC-10 computer system is given below.

.EX SIFT.FOR 
FDRTRRH:'SIFT
MfllM.
RflVUP
TEP.P
KEMDS
REGFES
REGV
HDEV
EXTRP
ELCDP
DIP
fiVG
RDMIG
RfiVCCR
FILLIN
PLOT
SET IP
HTIME
TIE
LINK: LORDING
CLHKXCT SIFT EXECUTION]
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.EX SJPT.REL 
LINU 
CLNfrXCT i

ENTER DATA PILE MrtME -CIP <CP X TO EXIT*: 2IPTST.TTY 
ENTER INPUT FNT TYPE: CaCfiPD* F»FFEE FIELD: F 
ENTER OUTPUT UMITi P»LFT. T = TEPHML« B=EOTH: T 
ENTER MEM EXIT. -6 THRU *6 QP <.CP> FOP OLD:

SIPTrr.TTY SPPEftDS S AND J 

CONTROL CAPO DATR

2IPT REV 20*

DEMO OF EXIT 6

lxa XDflTlx2 SLOPE INTCP BLIM 
0.0 0.0 .0000 0. 0 0.50 
0. 0 0.0

SPPEflD

TflBLE OF SP S, GEO DATR? T TD TYPE. vGR> TO SUPPRESS: T

S X L V FJst
2644 2.5

VELOCITY CfiPDS

SPREftD I
L VV VH
1 1520. 0.
2 5900. 0.
3 9500. 0.
4 15000. 0.

FT^R MS.'G
16.7 1.0

SPREAD
VV

0.
0.
0.
0.

EDi

2
VH

0
0
0
0

TLIM TOD 
10. 0 0 0 0

SHOTPOINT flUD GEOPHONE Ii 

SPREfiD S» 3 S 12 SEQPHONES. XtHIFT = 0.0. XTPUE

ELEV X LOG Y LOG DEPTH UPHOLE T FUDGE T END £

A
G
3

243*.'?
24'?3. 0
25 or. 5

-29. 0
400.0
900. 0

0.0
0.0
0.0

2.0
2.0
2.0

0.0
0.0
0.0

0.0
0.0
0.0

0
0
0

G ELEV

TIMES » PUDGE T AND LAYERS REPRESENTED

1
2
3
4
5
6
7
3
a
10
11
12

2436.
2434.
2434.
2437.
2490.
2434.
2501.
2491.
2499.
2513.
2501.
2506.

0.
75.
150.
225.
300.
375.
450.
497.
600.
675.
775.3-5.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

13.
24.
36.
49.
62.
66.
73.
73.
31.
93.
91.
99.

2
2
2
2
3
3
3
3
4
4
 t
4

69.
57.
47.
43.
37.
19.
25.
24.
43.
65.
69.
73.

3
3
3
2
2
2
2
2
2
.3
3
3

97.
93.
37.
37.
36.
75.
75.
64.
60.
56.
34.
13.

4
4
4
4
4
4
4
3
3
2
2
2

SHOTPOINT flND ijEOFHOHE 

SPREAD *. 4 CHOTPOINTS» 12 i3ECF-HOME::» XSHIFT = .J75. 0. XTPiJE * I 

2P ELEV X LOG Y LOG DEPTH UPHOLE T FUDGE T EMD SP

0
0
0
0

L
A
C
B

2436.9
2493.7
25U.7
2549.9

-704.0
-75. 0
275.0
562. 0

0.0
0,0
0.0
0.0

2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

  ELEV

RPRlVflL TIMES * FUDGE T flHD LftYEPS PEPPEtENTED 

>: Y SP L IP ft SP C iP B CP

1
2
3
4
5
£
7
3
9
10
11
12

2513.
2500.
2501.
2502.
250«i.
2510.
2514.
2517.
2521.
2529.
2^,33.
2545.

0.
50.
100.
150.
200.
250.
300.
350.
400.
-»^.o.
500.
525.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

92.
3*.
S3.
 9-s.
99.
100.
105.
107.
10:3.
113.
117.
119.

4
4
4
4
4
4
4
4
4
4
4
4

23.
23.
37.
49.
5»s.
57.
*2.
65.
65.
70.
74.
T t .

2
2
2
2
2
4
4
4
4
4
4
4

65.
50.
44.
40.
30.
19.
20.
30.
39.
50.
55.
60.

3
3
3
5

^

2
2
2
2
2
2
2

37.
74.
71.
72.
69!
62.
59.
55.
49.
47.
45.
*+6.

4
4
4
4
4
4
4
4
4
4
2
I
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T-0 PLOT: l»fAM. £*DATUM« 3=PPE-D« 4«Lt PEMVD: 3 
EMTEP T TO TVPE« «CP TO lUFPPf-CCJ T

QVEPPIfiE '-'I « 1320.
QVEPPIPE V2 « 3900.
OVEPPIDE V3 * 93-10.

v-4 - i saoo.

S T-D PLOT   PPE-DEPTH M ' TIE CDPP IP JJQFF«0
P 5
P E
E a
A
0

2

2 1

2 2

2 3

2 4

S 3

2  »

2

2 7

2 3

 5 9

5 1

S 2

 B 3

 B 4

i 3

2
,'B 4

 s
 5 7

 S 3

B 9

 S 10

i 11

$ 12

5

2
P

0

fl *
-
*
 
-

*
 
 
 
-
*

^
*

 
*
-

_
*

C »«
-
-
*
-

*

-
A *!

-
-

*
-
 

*
 

*
 
-

*

_

*
 

B *
*
 

C *:
*

_
*

_
*
-
-
*
-
-
»

*

B s

0

TIME v M I L L I 2 £ C Q N 0 t  
20 40 £0 30 100

*****
i -

2 * » *3» 4*
t : : -

i i t -

* 2 * 3 + * 4 *
: » : -

t : : -
:   t » -

: t : -
* 2*3 * * 4 *

* *2 2 * * 4 *
: t : -

: » : -
2 » *3 * 4 *

: : s  

t : :
2+ * * 3 4 * *

* * * : : * *
: : s -

: s :  
* 2 * * 4 3* *

: t : -

*2 * *33*

" " : : J -
 a 3 4 *

: t : t
: : t : -
*2 *42»-« *44*

t : : i : : : -
: i : : : : : -

*2 *4:3 * : 4 * :*
: : : t : : : -

* 22 »» * 34 * 4 *
t :: : t :

» : t > : : -
*: 224* «* :*

: s : : : : t -
2* 2 * M * 4 3* 4*

: : : t -
*: * i*t * *

2* * » *4 *   *
: » :
**! **
2 » 4*ss * *

t i : : -
*2» 4* si * *

: i : -
* 2* 4 * « * *

t : : -
t : : -

* *42**>* *
: s : -
t : : -

* *23* a* *

* * 1 3 !» * *

*****

i«) 40 riO 30 100
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-29.

0.

73.

 

130.

223.

300.

373.

400.

430.

497.

600.

 »73.

723.

773.

323.

373.

900.
923.

930.
973.

1023.

1073.

1123.

1173.

1200.

123?.



TRBLE OF PRY EMD PTt? T TQ TYPE- «!CP> TD iUPPPESSi T 

PflY END PTS BENEflTH iS

1 >1 -2. 2 *9. 3 33. 4
EL 247*.i 2403.3 2391.3

2 X 72. 2 129. 3 130. 4
EL 2474.9 242*.2 2372.*

3 X 149. 2 204. 3 213. 4
EL 2479.9 2429.4 2354.4

4 X 224. 2 22*. 2 297. 4
EL 2432.4 2432.4 2324.2

5 X 273. 3 304. 2 443. 4
EL 244*.5 . 247*.0 2314.0

* X 351. 3 377. 2 554. 4
EL 2445.2 2473.5 2327.5

7 X 435. 3 447. 2 *03. 4
EL 24*4.0 2434.1 2350.7

3 X 431. 3 49*. 2 517. 3
EL 24*9.9 2433.3 2452.4

9 X 534. 4 599. 2 *4*. 3
EL 234*.3 2493.5 2425.5

10 X *13. 4 597. 3 *30. 2
EL 2372.3 2415.2 2493.7

11 X 722. 4 714. 3 777. 2
EL 2333.3 2412.2 2490.7

12 X 32*. 4 331. 3 330. 2
EL 239*.5 2431.0 '2492.*

PflY END POINTS EEMEflTH SHOTPQIHTt

L2 PT y. -2*. 403. 0.
EL 2475.9 2430.* 0.0

L2 LF X 0. 393. 393.
EL 0.0 2430.2 2494.2

L3 PT X 32. 442. 0.
EL 2415.3 2439.9 0.0

L3 LF X 0. 379. 357.
EL 0.0 2449.5 2*.34.0

L4 PT X 3. 0. 0.
EL 2392.1 0.0 0.0

L4 LF X 0. 0. 339.
EL 0.0 0.0 2379.*
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PftY END PTS BEMSftTH

1 X 
EL

2 X 
EL

3 X 
EL

4 X 
EL

5 X 
EL

6 X 
EL

7 X 
EL

3 X 
EL

EL

1 0 X 
EL

11 X 
EL

12 X 
£L

W»Y END

L2 RT X 
EL

L2 LF X 
£L

L3 f?T X 
EL

L3 LF >: 
EL

L4 PT X 
EL

L4 LF X 
EL

2P L

615. 4
2366.5

671. 4 
2331.7

725. 4 
2393.2

763. 4 
2332.7

319. 4 
2334.1

331. 4 
2402.3

925. 4 
2395. 3

993. 4 
2413.2

1057. 4 
2437.9

1113. 4 
2456. 0

1173. 4 
2437.9

1200. 4 
2504.6

 P A

670. 2
2493.3

724. 2 
2493.4

772. 2 
2494.9

319. 2 
2437.4

373. 2 
2492. 0

330. 4 
2402. 1

927. 4 
2393.2

993. 4 
2413.0

1053. 4 
2440.7

1114. 4 
2453.3

1173. 4 
2433. 0

1199. 4 
2501.9

SP C

732. 3 
2423.7

773. 3 
2435.4

313. 3 
2444.2

331. 2 
2437.5

330. 2 
2492.6

929. 2 
2496.3

972. 2 
2499.4

1022. 2 
2501.6

1071. 2 
2504.4

1122. 2 
2503.9

1164. 3
2494.5

1190. 3 
2500.5

£*> B
         4.

750. * 
2334.7

793. 4 
£394.0

341. 4 
2399.3

905. 4 
2392. 0

964 . 4 
2392.9

1003. 4 
2413.0

1066. 4 
2423.1

1103. 4
2442.7

1136. 4 
2465.7

1171. 4 
2430.1

1133. 2 
2514.6

0. 1 
0.0

PaiNTi BENEflTH tHOTPQIMTt

0. 
0.0

0. 
0.0

0.
0.0 »

0. 
0.0

669. 
2339.3 » 

0. 
0.0

601. 
2493.5

0. 
0.0

640. 
2433.9

0. 
0.0

669. 
2339.3

0. 
0.0

954. 
2493.3

943. 
2497.9

992. 
2462.7

930. 
2453.6

0. 
0.0

0. 
0.0

0.
0.0

1233. 
 2513.2

0.
0.0

1232. 
£509.3

0.
0.0

1236. 
2505.3
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DEPTH BEC« ATH iPt-'5EOS~ T TO TY?E» <CP> TO SUPPRESS: T 

SPREAD 2 DEPTHS BENEATH SPS *.« '3 QS

£P >.' EL

A -29. 24:56. '?
C 400. 2493. 0
B 900. 25 07. 5

GEO

1 0. 2455.6
2 75. £434.1
3 150. £434.0
4 225. 2437.3
5 300. 2490.2
 a 375. 2434.3
7 450. 2501.0
3 497. 2491.1
9 -500. 2493.7

10 675. 2513.2
11 775. 2500.5
12 375. 2505.9

VELOCITIES: USED
LAYER 1

VERTICAL 1520.
HORIZONTAL

SPREAD -J DEPTHS

2P X EL

A 600. 2493.7
C 950. 2511.7
B 1233. 2549.9

>3EO

1 675. 2513.2
2 725. 2500.3
3 775. 2500.5
4 325. 2502.4
5 375. 2505.9
6 925. 2509.6
7 975. 2513.7
3 1025. 2517.4
9 1075. 2520.7

10 1125. 2529.3
11 1175. 2533.1
12 1200. 2544.5

VELOCITIES UiTED
LAYER 1

VERTICAL 1520.
HQPIiOHTAL

LAYER 2 

DEPTH ELEV

U.3 2475.6
12.2 2430.3
13.3 2494.2

9.3 2475.3
9.0 2475.1
4.1 2479.9
4.9 2432.4

13.3 2476.4
5.3 2479.0

16.6 2434.4
' 2.7 2433.4

5.2 2493.5
19.6 2493.6
9.9 2490.6

14.0 2491.9

LAYER 2
5900.
5900.

BENEATH -»S 5,

LAYER 2

DEPTH ELEV

5.2 2493.5
13.3 2497.9
31.5 2513.4

19.5 2493.7
6.9 2493.4
?.2 2491.3

14.9 2437.5
13.3 2492.1
13.3 2496.3
14.3 2499.4
15.6 2501.3
16.0 £504.7
20.1 2509.2
24.3 2513.3
23.9 2515.6

LAYER 2
5900.
5900.

LflYER 3 

DEPTH SLEV

31.6 2405.3
42.0 2451.0
53.9 2443.6

77.1 2403.5
67.3 £416.3
57.9 2426. 1
51.3 2435.5
46 . 3 244 3 . 4
35.3 2443.5
45.1 2455.9
33.6 2452.5
65.7 2433.0
37.7 2425.5
63.9 2431.6
61.2 2444.7

LAYER 3
9500.
9500.

 3EOS

LAYER 3

DEPTH ELEV

65.7 2433.0
55.4 2456.3
41.4 2503.5

37.7 2425.5
71.3 2423.5
63 . 9 243 1.6
64. 3 2433. I
61.2 2444.7
57.2 2452.4
53.5 2460.2
47.9 2469.5
42.1 2473.6
41.5 2437.3
41.1 i-97.0
43.0 2501.5

LAYEP 3
9500.
9500.

LAYER 4 

DE»TH ELEV

95.3 2391.6
143.3 2349.2
109.5 2393.0

93.1 2337.5
101.9 2332.2
113.0 2366.0
139.6 2347.7
153.3 2336.9
141.1 2343.2
139.3 2361.2
133. 1 2353.0
139. 0 2359.7
135.3 2377.9

 I 11.3 2333.7
110.2 £395.7

LAYER 4

15000.

LAYER 4

DEPTH ELEV

139.0 2359.7
106.9 2404.3
41.4 2503.5

135.3 2377.9
117.0 2333.3
111.3 2333.7
110.2 £392.2
110.2 2395.7
109.4 2400.2
104.3 2409.4
93.6 2423.3
30.3 24-10.4
69.5 2459.3
50.3 2437.3
43.1 2496.4

LAYER 4

15000.

LAYER

LAYER

LAYER

LAYER
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DEPTH ENTER T TO TYPE* :CP> TD r

0
I
5 ELEVftTIQH -FEET-
T

2325 2375 2425 2475 2525

-29. » » « s * C » »
- t8 s :

0. - » « C 8 » ft '» *
88 :
88 s* :

75. - *8 Cs » ft ' *
- : 8 s  

8 8 8

- 8 8C *

sB » s»
 150. - ! » ! *ft> *

- 8 S 88

8 8 S 8
8 C SS

225. « B * + 8 »« > *
- 8 8 88

- 8 :ft s :

300. B : * * : C > *

- 8 888

- 8 ft 8 8

375. - s * * :S Cf» t-

400. * » j *t* «. »
- . 8 88!

3-8 2 8 fl 8 8

450.   8  *  * s  *  C > »
: 888

- 8 8 ft 8 8

497. s * * 8 » C> *
8 SB :

ft 8 8 88

8 « 8 88

- i 8 88

  8 8 88

 >00. * B : + C *: * »*»»  *
Lfl s s s

8 81? : 8

£75. - SL » s * s* » »
88 B :

725. - *8 « C s **» >»
- 8 C8 88

B 88

775. - *Ls *:C . * »s sj »
:B « s

- 88 88

3a5. - » L:ft » : C * ft > »
t s 8 C : C s

375. - » s » * 8 * ft «-. »

900. * * Bs" i * % 1 »
925! - * ws * s » C > »

8 2! 8 8

950. * * 8 » 8 * :: » »

975.   »B*» 8  *  C'»»
  . s» 2 88

- B 8 8 8

1025. - » $ s* C >»

SLft S 8 *8

1075. - * B s 8 C '»»
- 8888

- B 8 8 8 8

1125. - * * Lfl » 8 . C »>
B > I 8

1175. * * »B» C : » >
s C B :

1200. -     » * sftL s * >

1233. * * " * :*:; »

2325 2375 2425 2475 25£5

25

 3
S E
P Q

2575

» ft

1

» 2

» 3

» 4

* 5

 f >J

* C

* 7

3

* ft

* i

* 2

* 3

* 4

+ 5

* B
 ^ £

* C
» 7

* 3

» 9

10

* 11

* 12

* B

2575

P
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E
ft
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C

p
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C

*

C

C

t

S

 £

S

 5
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J

S

 j

 s
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s

s
1

s

s

1

 s

 s
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Line printer output

Printer output for the test problem SIPTST.J06 is on the following 

pages. Note that the selection of exit -6 (instead of 6 given in the 

example of terminal output) reduces the amount of output information
 

printed. Terminal output for executing the program is given below.

ENTER DfiTR PILE NRME <QR <CR> TO EXIT'': SIPTST. JO*
ENTER INPUT FMT TYPE: C=CflRDs F=FREE FIELD: C
ENTER OUTPUT UNIT: P=LPT«. T=TERNNL.« B=BQTH: P
ENTER NEW EXIT? -* THRU t-6 OR <CR> FOR OLD: -6

ENTER DfiTfi FILE NOME «:QR <CR> TO EXIT!': 
STOP

END DF EXECUTION
CPU TIME: 52.35'ELRPSED TIME: 19:7.45
EXIT
C59.76 556 1033 '

26



S
I
P
T
S
T
.
J
0
6
 

S
P
R
E
A
D
S
 
S 

AN
D 

I 

C
O
N
T
R
O
L
 
CA
RD
 
DA
TA

S
IP

T
 

RE
V

 
20

D
EM

O
N

ST
R

A
TI

O
N

 
O

F 
E

X
IT

 
6 

P
L

O
T

 
S

C
A

L
E

S
 

D
A

T
U

M
O

V
E

R
R

I
D

E
V

A
L

U
E

S

IP
RD
S 

EX
IT

 
LA
YE
RS
 

VC
AR

DS
 

FT
/C
OL
 

FT
/H
O*

 
MS
/C
OL
 

EL
EV
 

x 
po

s 
EL
EV
 

x 
PO
S 

'% 
SL

OP
E 

IH
TC
PI
 

WL
IM
 

TL
IM
 

TK
AC

E 
OF
F 

DI
P

2 
-6

 
4

V
E
L
O
C
I
T
Y
 
CA
RD
S

SP
RE
AD
 

1
LA

YE
R 

VV
 

VH

1 
15
20
, 

0,
2 

59
00
, 

0,
3 

95
00
, 

0,
4 

15
00
0.
 

0,

 
H
O
T
P
O
I
N
T
 
AN

D 
G
C
O
P
H
O
N
E

4

S
P
R
E
A
D

VV

0. 0. 0. 0.

DA
TA

2,
5 

0,
3 

I

2 
S
P
R
E
A
D

VH

9. 0, o, 0,
 

.

SP
RE
AD
 
S,
 

3 
6H
OT
PO

IN
TS
, 

12
 
GE

OP
HO

NE
S,

 
X
S
H
I
F
T
 
*

SP
 

EL
EV
 

X 
LO
C

A 
24

86
.9
 

-2
9,
0

C 
24
93

,0
 

40
0,

0
B 

25
07
,5
 

90
0,
0

CE
O 

EL
EV
 

X 
LO

C

1 
24

85
,6

 
0.

0
2 

24
64
.1
 

75
.0

3 
24
84

.0
 

15
0.

0
4 

24
87
.3
 

22
5,

0
5 

24
90
,2
 

30
0.
0

6 
24
64
,3
 

37
5,
0

7 
25

01
,0
 

45
0,
0

8 
24
91

.1
 

49
7.

0
9 

24
98
,7
 

60
0,
0

10
 

25
13
,2
 

67
5,
0

11
 

25
00

, 
B 

77
5,

0
12
 

25
05

,9
 

87
5.
0

Y 
LO

c 0.
0

0.
0

0,
0

Y 
LO

c 0,
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

o.
o

0,
0

0,
0

DE
PT

H 
U
P
H
O
L
E
 
I

2,
0 

0,
0

2.
0 

0,
0

2,
0 

0,
0

AR
RI

VA
L 

TI
ME

S 
t

SP
 
A 

SP
 
C

13
,0

 
2 

69
.0

 
3

24
,0

 
2 

57
.0

 
3

36
.0

 
2 

47
.0

 
3

48
,5

 
2 

43
,0

 
2

62
,0
 

3 
37

,0
 
2

66
,0
 
3 

19
,0
 
2

78
,0
 
3 

25
,0

 
2

73
,0

 
3 

24
.0

 
2

81
.0
 
4 

43
,0

 
2

93
,0
 
4 

65
.0

 
3

91
,0
 
4 

69
,0

 
3

99
,0
 
4 

70
,0

 
3,0

 
0,

0 
0,

0 
0,

0 
0,

0 
0
,
0
0
0
0
 

0,
0 

0,
50
 

10
.0
 
0
0
0

 

0
,
0
»
'
X
T
R
U
E
 
« 

i

FU
DG
E 

T 
EN

D 
SP

0,
0 

0
0.

0 
0

0,
0 

0

FU
DG
E 

T 
AN

D 
L
A
Y
E
R
S
 
R
E
P
R
E
S
E
N
T
E
D

SP
 
B 

SP

97
,0

 
4

93
.0

 
4

87
.0

 
4

86
.5
 
4

86
.0
 
4

75
.0

 
4

75
.0

 
4

64
,0

 
3

60
,0

 
3

, 
56

,0
 
2

1 
34
,0
 
2

18
,0
 
2



8I
PT

ST
.J
06
 

S
P
R
E
A
D
S
 
« 

AN
D 

$ 

 
H
O
T
P
O
I
N
T
 
AN

D 
GE
OP
HO

Nf
i 

DA
TA

D
E
M
O
N
S
T
R
A
T
I
O
N
 
OF

 
EX

IT
 
t

SP
RE
AD
 i

f 
4 

SH
OT

PO
IN

TS
, 

12
 G

EO
PH
ON
ES
, 

XS
HI
FT
  

 
67
3,
0,
 
XT
RU
E 

  
i

5P
 

EL
EV
 

X 
LO
C 

Tf 
LO

c 
DE

PT
H 

U
P
H
O
L
E
 
T 

FU
DG
E 

T 
EN

D 
SP

L A C B

C
E
O 1 2 3 4 5 6 7 8 9 10 11 12 to 00

24
86

.9
 

24
98
.7
 

25
11
,7
 

25
49
,9

EL
EV

25
13
.2

25
00
,3

25
00
.5

25
02
.4

25
05
.9

25
09
.6

25
13
.7

25
17

.4
25
20
.7

25
29

,3
25

38
,1

25
44

.5

-7
04

,0
 

 7
5,

0 
27
5,

0 
56
3.

0

X 
LO
C 0,
0

50
.0

10
0,
0

15
0,
0

20
0,
0

25
0,

0
30
0,

0
35

0.
0

40
0.

0
45

0.
0

50
0,

0
52

5.
0

o.
 

o.
 

o,
 

o.

y 
LO
C o. o. o. 9. o. o. o. o. o. °. o. o.

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2,
0 

0,
 

2,
0 

0,
 

2,
0 

0.
 

2,
0 

0.

A
R
R
I
V
A
L
 
T
I
M
E
S

SP
 
L 

SP

92
,0

 
4 

27
.

86
,0

88
,0

96
,0

99
,0

99
,5

10
5,
0

10
7,
0

. 
10
8,
0

11
3,
0

11
6,
5

11
9,

0

27
.

37
.

48
.

56
.

57
.

62
.

64
.

65
.

70
.

74
.

77
,

0 0 0 0

0,
0 

0.
0 

0.
0 

0.
0

+ 
FU
DG
E 

T
A 5 
2

5 
2

0 
2

5 
2

0 
2

0 0 5 0 0 0 0

SP
 
C

65
,0

50
.0

44
.0

40
.0

30
.0

19
.0

.
20

.0
30
.0

39
.0

50
,0

55
,0

60
,0

0 0 0 0

AN
D 

LA
YE
RS
 
R
E
P
R
E
S
E
N
T
E
D

3 3 3 2 2 2 2 2 2 2 3 3

SP
 
B

87
.0

74
.0

71
,0

72
.0

68
.5

62
.0

59
.0

55
,0

49
,0

47
,0

45
,0

46
,0

SP

4 4 4 4 4 4 4 4 4 4 2 1



$
I
P
T
5
T
,
J
0
6
 

8
P
R
E
A
D
S
 
A 

AN
D 

I
D
E
M
O
N
S
T
R
A
T
I
O
N
 
Of
 
EX

IT
 
6

SP
RE

AD
 f

t 
BA
Y 

EN
D 

PO
IN

TS
 H

EN
EA
TH
 

CE
O 

SP
 A

i 
P
O
S
 

E
L
C
V

* 3 4 5  7 8 9 10 11 ia

RA
Y 

EN
D 

PO
IN

TS

I*
«2
 

RI
GH

T

L«
2 

LE
FT

L«
3 

RI
GH
T

L»
3 

LE
FT

L
M
 

RI
GH

T

L
M
 

LE
FT

PO
S 

EL
EV PO
S 

EL
EV PO
S 

EL
EV PO
S 

EL
EV PO
S 

Et
EV P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

B
E
N
E
A
T
H

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
Q
5
 

E
L
E
V

P
O
S
 

E
L
E
V

PO
S 

EL
F.

V

P
O
S
 

E
L
E
V

 
2
,
2
 
2 

2
4
7
6
,
1

7
2
,
4
 
2 

2
4
7
4
,
9

14
9.

1 
2 

2
4
7
9
.
9

2
2
4
.
0
 
2 

2
4
»
2
.
4

2
7
7
,
9
 

3 
2
4
4
6
,
5

3
9
0
,
9
 
3 

24
45

, 
2

4
3
5
,
5
 
3 

2
4
6
4
,
0

4
*
1
,
0
 

3 
2
4
*
9
,
9

5
3
4
,
4
 
4

2
3
4
6
.
8

6
1
7
,
8
 
4 

2
3
7
2
,
8

7
2
2
.
0
 
4 

2
3
B
B
,
B

6
2
6
,
4
 
4 

2
3
9
6
,
5

S
H
D
T
p
U
I
N
T
S

  
2
6
,
4
 

2
4
7
5
,
9

0,
0 

0
,
0

32
,4

24
15

, 
8

0
,
0
 

0,
0

B.
4 

2
3
9
2
,
1

0,
0 

0
,
0

ce
np
nu
ii
es

SP
 
C

6
8
,
5
 
3 

2
4
0
8
,
8

12
8,
8 

3 
2
4
2
6
,
2

2
0
4
,
1
 
3 

2
4
2
9
,
4

2
2
6
.
0
 
2 

2
4
8
2
.
4

3
0
4
,
4
 
2 

2
4
7
6
,
0

1
7
0
.
9
 
2 

2
4
7
8
.
5

4
4
6
,
9
 
2 

2
4
8
4
,
1

4
9
6
.
2
 
2 

2
4
R
8
.
3

5
9
8
,
7
 
2 

2
4
9
3
.
5

5
9
7
.
0
 
3 

2
4
1
5
,
2

7
1
3
,
9
 
3 

2
4
1
2
,
2

8
3
0
,
5
 
3 

2
4
3
1
.
0

4
0
3
,
2
 

2
4
8
0
,
6

3
9
8
,
0
 

  
2
4
8
0
,
2

4
4
2
.
0
 

2
4
3
9
,
9

3
7
8
,
9
 

2
4
4
9
,
5

0,
0 

0,
0

0,
0 

0
,
0

SP
 
B

38
.0

 
4 

2
3
9
1
.
8

12
9.

7 
4 

2
3
7
2
.
6

2
1
2
.
8
 
4 

2
3
5
4
,
4

29
6.

7 
4 

2
3
2
4
.
2

4
4
3
,
4
 
4

2
3
1
4
.
0

B
6
3
.
6
 
4 

2
3
2
7
,
5

6
0
2
,
9
 
4 

2
3
5
0
.
7

5
1
6
.
6
 
3 

2
4
5
2
.
4

6
4
5
.
7
 
3 

2
4
2
5
.
5

6
7
9
,
6
 
2 

2
4
9
3
.
7

7
7
7
,
4
 
2

2
4
9
0
.
7

87
9,

 8
 
2 

2
4
9
2
.
6

0,
0 

0.
0

8
9
8
,
0
 

2
4
9
4
,
2

0.
0 

0,
0

8
5
7
,
1
 

2
4
3
4
,
0

o.
o

0
.
0

8
3
8
,
9
 

2
3
7
9
,
6

SP



5
I
P
T
S
T
.
J
0
6
 

S
P
R
E
A
D
S
 
S 

A
N
D
 
I

D
E
M
O
N
S
T
R
A
T
I
O
N
 
O
F
 
E
X
I
T
 
6

S
P
R
E
A
D
 
1 

R
A
Y
 
E
N
D
 
P
O
I
N
T
S
 
B
E
N
E
A
T
H
 

C
E
O
 

Sp
 
L

1 
P
O
S

E
L
E
V

2 3 4 5 6 7 1

o
 

9 10 11 12

R
A
Y
 
E
N
D
 
P
O
I
N
T
S

L
«
2
 

R
I
G
H
T

L«
2 

L
E
F
T

L«
3 

R
I
G
H
T

L
»
3
 

L
E
F
T

L«
4 

R
I
G
H
T

L
»
4
 

L
E
F
T

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

C
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

B
E
N
E
A
T
H

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

P
O
S
 

E
L
E
V

6
1
4
,
6
 

2
3
6
6
.
5

6
7
1
.
4
 

2
3
8
1
.
7

7
2
4
.
9
 

2
3
9
3
.
2

7
6
7
.
7
 

2
3
8
2
,
7

8
1
8
.
5
 

2
3
8
4
.
1

8
8
0
.
6
 

2
4
0
2
.
3

9
2
5
.
0
 

2
3
9
5
.
3

9
9
2
,
9
 

2
4
1
3
.
2

1
0
5
7
.
3
 

2
4
3
7
.
9

1
1
1
2
,
9

2
4
5
6
,
0

1
1
7
2
,
7
 

2
4
8
7
.
9

1
1
9
9
,
7
 

2
5
0
4
.
6

4 4 4 4 4 4 4 4 4 4 4 4

G
E
O
P
H
U
N
E
S
 

SP
 
A

66
9 

24
93 72
3 

2
4
9
3

77
2 

24
91 81
9 

24
87 87
2 

2
4
9
2

86
0 

2
4
0
2

92
6 

23
98 99
2 

24
13

10
56

 
2
4
4
0

11
13

 
24

58

11
72

24
88

11
98

 
25

01

.9 .8 ,5
 

.4 ,4 ,9 .4
 

.4 .8
 

.0 .4 .1 .'
2

.8
 

,0 .3 .7 .8
 

.8 .7 .0 .7
 

,9

2 2 2 2 2 4 4 4 4 4 4 4

SP

73
2.

24
28

.

77
7.

 
24
35
.

81
8.
 

24
44

.

83
0.
 

24
87
.

87
9,
 

24
92
.

92
9.

 
24
96
.

97
2.

 
24
99
.

10
21
. 

25
01

.

10
71

. 
25
04
.

11
21

.
25

08
.

11
63

. 
24
94
.

11
90
. 

25
00

.

C 1 7 9 4 2 2 7 5 8 6 1 e 0 4 5 6 3 4 5 9 7 5 5 5

3 3 3 2 2 2 2 2 2 2 3 3

SP
 
B

7
4
9
.
5
 

2
3
8
4
,
7

7
9
2
,
5

2
3
9
4
,
0

8
4
1
,
0
 

2
3
9
9
.
3

9
0
5
,
3
 

2
3
9
2
.
0

9
6
3
.
6
 

2
3
9
2
.
9

1
0
0
7
,
6
 

2
4
1
6
.
0

1
0
6
5
,
7
 

2
4
2
8
.
1

1
1
0
7
,
7
 

2
4
4
2
,
7

1
1
3
6
.
3
 

2
4
6
5
,
7

1
1
7
1
,
3

24
00

.1

1
1
8
3
.
0
 

2
5
1
4
.
6

0
,
0
 

0
,
0

4 4 4 4 4 4 4 4 4 4 2 1

S
H
O
T
P
O
I
N
T
S

0
.
0

o.
o

0.
0 

0
,
0

0,
0

o.
o

0
.
0

o.
o

6
6
9
.
3
 

2
3
0
9
.
3

0
,
0
 

0
,
0

60
1,

0 
24

93
t5

. «

0 0

63
9 

2
4
3
3 0 0

66
9 

2
3
8
9 0 0

.0
 

.0 .7
 

.9 .0
 

.0 .3
 

.3 ,o
 

«o

95
3.

 
24
98
.

94
7.

 
24

97
.

99
1.

 
24

62
.

93
0.

 
24

53
, 0.
 

0. 0. . o
,6 3 8 9 7 7 2 6 0 0 0 0

0
.
0
 

0
,
0

1
2
3
2
.
4

2
5
1
8
.
2

0.
0 

0
.
0

1
2
3
1
.
7

2
5
0
9
.
8

0.
0 

0
,
0

1
2
3
6
,
2

2
5
0
5
,
0

8
P



J
0
6
 

6
P
R
C
A
D
3
 
A 

A
N
D
 
I 

D
E
M
O
N
S
T
R
A
T
I
O
N
 
OF

 
E
X
I
T
 
6 

S
P
R
E
A
D
 
S 

S
M
O
O
T
H
E
D
 
P
O
S
I
T
I
O
N
 
O
F
 
L
A
Y
E
R
S
 
B
E
N
E
A
T
H
 
S
H
O
T
P
O
l
N
T
S
 
A
N
D
 
G
E
O
P
H
O
H
E
S

*p A C B

P
O
S
I
T
I
O
N

  
2
9
,
0
 

4
0
0
,
0
 

9
0
0
,
0

S
U
R
F
 
E
L
E
V

2
4
6
6
,
9
 

2
4
9
3
,
0
 

25
07

, 
5

L
A
Y
E
R
 
2 

D
E
P
T
H
 
.E
LE
V

11
,3

 
2
4
7
5
,
6
 

12
,2

 
2
4
8
0
,
8
 

13
,3

 
2
4
9
4
,
2

LA
YE

R 
3 

DE
PT

H 
EL

EV

61
,6

 
2
4
0
5
,
3
 

4
2
,
0
 

2
4
5
1
.
0
 

5
8
.
9
 

2
4
4
8
,
6

L
A
Y
E
R
 
4 

D
E
P
T
H
 

E
L
E
V

9
5
.
3
 

2
3
9
1
,
6
 

1
4
3
.
8
 

2
3
4
9
,
2
 

1
0
9
,
5
 

2
3
9
8
,
0

G
E
Q 1 

0,
0

2 
7
5
,
0

3 
15

0,
0

4 
. 

2
2
5
.
0

5 
3
0
0
,
0

6 
3
7
5
,
0

7 
4
5
0
,
0

8 
4
9
7
,
0

9 
6
0
0
,
0

10
 

6
7
5
,
0

11
 

7
7
5
,
0

12
 

8
7
5
,
0

V
E
L
O
C
I
T
I
E
S
 
U
S
E
D
!

V
E
R
T
I
C
A
L

H
O
R
I
Z
O
N
T
A
L

2
4
6
5
.
6

2
4
8
4
.
1

2
4
0
4
.
0

2
4
8
7
.
3

2
4
9
0
.
2

2
4
8
4
.
3

2
5
0
1
,
0

2
4
9
1
,
1

2
4
9
8
,
7

2
5
1
3
.
2

2
5
0
0
,
5

2
5
0
5
,
9

L
A
Y
E
R
 

1

15
20

,

9.
8

9.
0

4.
1

4.
9

»
.
 

5.
3

16
,6

2.
7

5.
2

19
,6

9,
9

14
,0

2
4
7
5
,
8

2
4
7
5
,
1

2
4
7
9
.
9

2
4
8
2
,
4

2
4
7
6
,
4

2
4
7
9
,
0

2
4
8
4
,
4

2
4
B
W
.
4

2
4
9
3
,
5

2
4
9
3
.
6

2
4
9
0
.
6

2
4
9
1
,
9

L
A
Y
E
R
 
2

5
9
0
0
.

5
9
0
0
,

77
,1

67
,8

5
7
,
9

51
.8

46
,8

35
.8

45
,1

38
.6

65
,7

87
,7

6
8
,
9

6
1
.
2

24
08

.!
)

2
4
1
6
,
3

2
4
2
6
.
1

2
4
3
5
,
5

2
4
4
3
.
4

2
4
4
8
.
5

2
4
5
5
,
9

2
4
5
2
,
5

2
4
3
3
,
0

2
4
2
5
.
5

2
4
3
1
.
6

2
4
4
4
.
7

98
,1

1
0
1
,
9

1
1
8
.
0

13
9,

6
1
5
3
.
3

14
1,

1
1
3
9
,
8

13
3,
1

1
3
9
,
0

1
3
5
,
3

11
1.

0
11
0.
2

2
3
8
7
.
5

2
3
8
2
.
2

23
66
, 
0

2
3
4
7
,
7

23
3b

, 
9

2
3
4
J
.
2

2
3
6
1
,
2

2
3
5
8
,
0

2
3
5
9
,
7

2
3
7
7
,
9

2
3
8
0
.
7

2
3
9
5
.
7

L
A
Y
E
R
 
3

95
00

.
95

00
,

L
A
Y
E
R
 
4

15
00
0,

L
A
Y
E
R

L
A
Y
E
R

u>



SI
PT

5T
.J

06
 

SP
RE

AD
S 

8 
AN

D 
S 

DE
MO

NS
TR

AT
IO

N 
OP
 E

XI
T 

6 
SP
RE
AD
 I

 
SM

OO
TH

ED
 P

OS
IT

IO
N 

OF
 L

AY
ER
S 

BE
NE
AT
H 

SH
OT

PO
IN

TS
 A

ND
 G

EQ
PH
ON
E5

LA
YE
R 

2 
LA
YE
R 

3 
LA
YE
R 

4

SP
 

P
O
S
I
T
I
O
N
 

S
U
R
F
 
E
L
E
V

C
E
Q

D
E
P
T
H
 

E
L
E
V

D
E
P
T
H
 

E
L
E
V

V
E
L
O
C
I
T
I
E
S
 
US

ED
I

V
E
R
T
I
C
A
L
 

H
O
R
I
Z
O
N
T
A
L

L
A
Y
E
R
 

1 

15
20
.

L
A
Y
E
R
 
2

59
00

,
5
9
0
0
,

L
A
Y
E
R
 
3

9
5
0
0
,

9
5
0
0
.

D
E
P
T
H
 

E
L
E
V

A C- B

60
0

95
0

12
38

.0 ,0 .0

24
96
.

25
11

.
25

49
,

7 7 9

5.
2

13
.8

31
.5

2
4
9
3

2
4
9
7

25
18

.5 .9 .4

65
.7

55
.4

41
.4

2
4
3
3
.
0

2
4
5
6
.
3

2
5
0
8
,
5

1
3
9
.
0

1
0
6
*
9

4
1
,
4

2
3
5
9
.
7

2
4
0
4
.
6

2
5
0
B
.
5

  
 
 1 2 3 4 5 6 7  9

10 11 12

6
7
5
,
0

7
2
5
,
0

7
7
5
,
0

8
2
5
,
0

6
7
5
,
0

9
2
5
,
0

9
7
5
,
0

1
0
2
5
.
0

1
0
7
5
,
0

1
1
2
5
,
0

1
1
7
5
,
0

1
2
0
0
,
0

2
5
1
3
.
2

2
5
0
0
.
3

  
2
5
0
0
.
5

2
5
0
2
,
4

2
5
o
5
,
9

2
5
0
9
,
6

2
5
1
3
,
7

2
5
1
7
.
4

2
5
2
0
.
7

25
2
9.
 3

2
5
3
8
.
1

  
2
5
4
4
,
5

19
,5 6.
9

9.
2

14
.9

13
.8

13
.3

14
.3

15
.6

16
.0

20
.1

24
«!

28
.9

2
4
9
3
.
7

2
4
9
3
.
4

2
4
9
1
.
3

2
4
8
7
.
5

2
4
9
2
.
1

2
4
9
6
.
3

2
4
9
9
,
4

2
5
0
1
.
8

2
5
0
4
.
7

2
5
0
2
.
2

2
5
1
3
,
8

2
5
1
5
.
6

87
.7

71
.8

6
8
.
9

64
,3

61
.2

5
7
.
2

53
.5

47
.9

42
,1

41
.5

41
.1

4
3
.
0

2
4
2
5
.
5

2
4
2
8
,
5

2
4
3
1
.
6

2
4
3
8
.
1

2
4
4
4
.
7

2
4
5
2
.
4

2
4
6
0
.
2

2
4
6
9
,
5

2
4
7
8
.
6

2
4
8
7
.
8

2
4
9
7
,
0

2
5
0
1
.
5

1
3
5
.
3

1
1
7
.
0

11
1.

6
1
1
0
.
2

1
1
0
.
2

1
0
9
.
4

1
0
4
,
3

9
3
.
6

8
0
.
3

6
9
.
5

5
0
,
3

48
,1

2
3
7
7
.
9

2
3
8
3
.
3

2
3
8
8
.
7

2
3
9
2
.
2

2
3
9
5
.
7

2
4
0
0
,
2

2
4
0
9
.
4

2
4
2
J
.
8

2
4
4
0
.
4

2
4
5
9
.
8

2
4
8
7
,
8

2
4
9
6
.
4

L
A
Y
E
R
 
4

. 
15
00
0.

L
A
Y
E
R

L
A
Y
E
R

1
0



S
T

.J
O

D
 1 S T

2
3

2

-2
9

.

0
.

7
5

.   

1
5
0
.

2
2
5
.

3
0
0
.

3
7
5
.6 

S
P

R
E

A
D

S
 

S
 

A
M

D
 
t 

D
C

M
O

N
S

T
K

A
T

IO
N

 
O

F
 

E
X

IT
 

6
i

E
L
E

V
A

T
IO

N
 

(
F

E
E

T
 

5 
2

3
5

0
 

2
3

7
5

 
2

4
0

0
 

2
4
2
5
 

2
4

5
0

 
2

4
7

5

*
 

*
 

*
 

| 
4-

 
I 

+
 

+
 

8
 

*

I
t
 

I.
s 

t 
s
t

*
 

 » 
 

I 
+

 
t 

4
 

-f
 

A
1 

S
 

I 
I

I
t
 

I
t 

I 
»

I 
IS

 
t

t 
D 

1 
1

- 
- 

: 
t 

t
1 

I 
S

t 
t 

i
4-

 
+

1
 

4-
 

C
 

t 
+

 
+

 
A

-
 

1 
t 

  
* 

1

1 
« 

*
1 

1
1 

t 
'

1 
1

t 
:

:B
 

ic
t 

i 
i

+ 
I 

4> 
*
' 

1 
* 

 »  
A

t 
I 

- 
f 

t
I 

t
 » 

  
  

 
   

  
. 

«
: 

t
t 

* 
«

I 
C

t 
»

-
I
B

 
t 

I 
t 

+ 
4-

 
* 

4.
 

J 
4-

 
4
-A

 
1 

t 
C

1 
1 

5 
I 

t 
' 

1 

-
I
 

1 
»

J 
J 

t

-
I
 

«
1 

t 
A

t
B 

* 
*
 

* 
+ 

I 
«  

-f 
1 

C
:

  
i 

' 
 

i 
  

. 
r 

' 
j 

. 
i

: 
t

1 
A

t
t 

t
: 

* 
* 

* 
4. 

t*
 

. 
+ 

:
t 

S
 

C
t

t 
I
t

s
j 

G
 

P
1 

ft 
k; 

n
) 

P
 

0
 

K
 

A U
 

. 
2
5
0
0
 

2
5
2
5
 

2
*5

0
 

2
5

7
5

4. 
4-

 
* 

4. 
A

 
4

I
^

>
 

*
 

4>
 

4-
 

i
 

S

* 
* 

M   w
'

"

>
 

t
 

4-
 

4-
 

2
 

S
   > m «

 

«  
 

.

> 
4- 

«  
t 

3 
»

O
T

' 
  « » 

>
 

t 
+ 

+ 
4 

5
 V   

> 
4- 

' 
-f

 
t 

5 
6

  
 

 
t t t 

' 
' 

' 
- 

'
t 

 
t 

-
* 

-
>

 
4-

 
*
 

t
 

*
 

5

t t



M
til

M
m

o

CD O<

v«*

 to



9
0

0
, 

-

9
2

5
.

9
5

0
.

9
7

5
.

1
0
2
5
.

1
0

7
5

,

1
1

2
3

,

1
1
7
5
.

1
2
0
0
.

1
2
3
8
. 

< 4
2
3
2
!

D I 8 T

> 
t 

* 
1

* 
t 

It
 

.
t

B 
| 

1
1 

1
t 

* 
L 

1 
* 

+1
 

t
A

t 
8

1 
1

 f 
t 

* 
1 

t 
* 

1 
*

1 
1

B 
1 

1
* 

t 
* 

1 
* 

t 
| 

t
1 

1
1 

8
  

I 
1

B 
I

1 
1

* 
-f 

t 
| 

t
i
t

1 
1

1 
1

1 
1

1 
LA

 
I

B 
| 

1
t 

-t- 
t 

t
i
t
 

t
l

1 
1

1 
1

1 
1

B 
1 

1
L 

A 
I

t 
t 

t 
t 

t
i
t

1 B
l

1
1

1
t 

t 
t 

t 
t 

t 
B

t 
t 

t 
+ 

t 
t

h 
t 

t 
t 

+ 
t 

t

f 
2

3
5

0
 

2
3

7
5

 
2
4
0
0
 

2
4
2
5
' 

2
4

5
0

 
2

4
7

5

1

E
L
E

V
A

T
IO

N
 

(
F

E
E

T

8 
t 

» 
t 

t 
' 

-i
1 

1
1 

1
It
 

> 
t 

t
C 

1
1 

1
8

t 
» 

t 
t

8 
I

1 
1

C 
> 

t 
t

1 1 1 1
1

tC
 

> 
t 

t
1 

1
1 

1
1 

1
i 

i
i 

|
t 

C 
>

t 
t

i 
i

i 
i

i 
i

i 
i

i 
i

1 
t 

C 
t 

> 
t

1 
1 

1
1 

1 
1

1 
1 

1
1 

1 
1

C 
1 

1
1 

It
 

I
t
 

> 
t

1 
1 

B 
I

1 
C 

1 
1

It
A

L
 

1 
t 

>
t

I
I
I
 

1
I
I
I
 

1
II

 
1 

1
l|
8
 

8 
|

t
 

S
| 

I 
t
 

«
t 

H

2
5

0
0

 
2

5
2

5
 

2
5
5
0
 

2
5
7
!

)

C 
B 

A

6 
1

C 
1

7 
1

8 
t

9 
t

10
 

t

a
 

 

12
 

»

t 
B

 
9

!> >
8

G
 

F
8
 

E 
K

F
O

E
A 0



APPENDIX C.   Fortran program listing 

The Fortran program for SIPT.FOR is given on the following pages,
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