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ABSTRACT

Processing of data taken with the U.S. Geological Survey's coal- 
seismic system is done with a desktop, stand-alone computer. Programs 
for this computer are written in the extended BASIC language used by the 
Tektronix 4-051 Graphic System. This report presents computer programs 
to perform X-square/T-square analyses and to plot normal moveout lines 
on a seismogram overlay.

INTRODUCTION

Since the early days of reflection-seismic exploration, plots have 
been made of the shotpoint-to-detector distance (X) squared versus 
reflection arrival time (T) squared in order to obtain a velocity, and 
consequently a depth, to a specified reflection horizon (Green, 1938). 
For the ideal case of a single layer of constant velocity, the inverse 
slope of an X-square (independent variable)/T-square (dependent vari­ 
able) plot exactly equals the square of the constant (average) velocity 
of this layer. When the model consists of a-set of parallel layers in 
which the layer velocities (the interval velocities) are constant, Dix 
(1955) has shown that the square of the inverse slope is the root-mean- 
square (rms) velocity (Telford and others, 1976, p. 271). Full discus­ 
sion of that quantity with the units of reciprocal velocity squared 
represented by the slope of the least-square straight-line on an X- 
square/T-square plot is beyond the scope of this report. Let us simply 
call the velocity so obtained the X-square/T-square velocity.

The purpose of the first section of this report is to discuss a 
computer program used to determine a velocity from an X-square/-Tsquare 
plot and to list the negative of the deviations from the least-square, 
straight line drawn through these data. For a group of reflections 
recorded on a single seismic record, these listed values constitute a 
statistical set of static corrections. If the reflection times have 
been corrected by first-arrival procedures prior to entry into the X- 
square/T-square program, then the deviations represent additional static 
shifts beyond the reach of near-surface refraction arrivals.

The second program of this report presents a procedure to plot 
normal-moveout lines on a seismic-record overlay. In working with 
seismic records targeted at shallow horizons, use of these overlays can 
help the interpreter isolate those arrivals that have a higher likeli­ 
hood of being reflections.

These data processing procedures were.developed as part of the U.S. 
Geological Survey's coal-seismic system. All computer programs were 
written in an extended BASIC language developed by Tektronix, Inc. for 
use with their 4,051 Graphic System. Two pieces of Tektronix computing 
equipment1 are required by the programs: a 4-051 Graphic System with a 
32K-byte memory and a 4-631 Hard Copy unit.

All programs are self-prompting. In tracing through a sample 
problem, you will notice that the programs print questions and requests 
followed by a flashing question mark. The computer then waits for you 
to enter a response from the keyboard. Replies entered in order to run 
the sample problems are enclosed in boxes on the figures of this report.



X-SQUARE/T-SQUARE ANALYSES

In this report, X-square/T-square analyses are used to determine a 
velocity to a selected reflecting horizon and to compute and list the 
negative of the deviations from the least-square straight line through 
the X-square/T-square plot. To a first approximation, these tabulated 
values can be thought of as representing residual statics those that 
remain after the static corrections obtained from first-arrival pro­ 
cedures have been applied. Caution!, blind application of these resid­ 
ual statics can be a dangerous procedure when only a few good reflec­ 
tions, such as those from a coal horizon, are present on the records 
because you may inadvertently remove the very structure on the coal 
horizons that you seeked to find by running the seismic survey.

Figure 1 is a copy of the screen display showing the responses 
needed in order to produce the results shown on figure 2. All distances 
are in meters and all times are in milliseconds, (msec). Data used in 
this example were taken as part of a shear-wave experiment conducted in 
an area covered with glacial drift (Hasbrouck and Padget, 1982).

X-SQUARE, T-SQUARE ANALYSIS PROGRAM

HEADER ON RECORD (8 characters) 
AREA NAME (29 characters,nax>
LATITUDE (12 
LONGITUDE (13 

SOURCE TYPE (18 
DETECTOR TYPE (18

characters»«ax> 
characters*wax) 
charactcrs»nax) 
characters*nax)

DISTANCE TO FIRST DETECTOR 
DISTANCE TO LAST DETECTOR 

DETECTOR INTERVAL

21841915
THORNE COLLIERY
53 39 15.5 H
89 56 82 U
HAMMER SHEAR TO SU
TRANSVERSE, 49 HZ
49
133
3

INDEX NO.
1
2
3
4
3
6
7
8
9
19
11
12
13
14
13
16
17
19
19
29
21
22
23
24
25
26
27
29
29
39

DETECTOR DISTANCE 
49 
51 
54 
57 
69 
63 
66 
69 
72
73
78
81
84
87
99
93
96
99
192
195
199
111
114
117
129
123
126
129
132
135

REFLECTION TIME

Figure 1. Copy of screen display showing sample of data entries for the 
X-square/T-square program.



21941815 AREA: THCRNE COLLIERY LAT:33 38 is.s H LONG:88 ss 92.8 w
SOURCE TYPE: HAHHER SHEAR TO SU DETECTOR TYPE: TRANSUERSE, 48 HZ 
HIM X: 48 KAX X: 135 DELTA X: 3 HXH T: 428 HAX T: 717

DIST STATIC CflRR OIST STATIC CQRR

Xt2 Tt2 UEL"«.218
X SQUARED 

COIHCIDEHT-RAY TIME* 339 HORBAL DEPTH- 38.7

Figure 2. Copy of screen display showing the results produced by the X- 
square/T-square program using information entered on figure 1.

PLOT NORMAL MOVEOUT LINES ON SEISMOGRAM OVERLAY

Tracing a seismic reflection arrival across a high-noise, large- 
stepout seismic record requires knowledge of the approximate normal 
moveouts (NMO) for each reflection. Usually one obtains these NMO's by 
reading their values off a normal moveout chart (Hasbrouck, 1980b), a 
graph on which for a specified velocity function a family of coincident- 
ray-time curves is plotted over a range of NMO's and source-detector 
distances. In our shear-wave, shallow-coal studies, however, I have 
found an overlay (made to the same dimensions as the seismic record) of 
NMO lines to be more useful in picking the records. The computer pro­ 
gram described in this section of the report produces these overlays.

The program accepts three spread geometries: (1) a single-ended 
spread with equally spaced detectors, (2) a split spread with equally 
spaced detectors, and (3) a. spread with unequally spaced detectors. If 
the last choice is made, then you must enter the offset distance for 
each trace as prompted. In the sample problems that follow', only a 
single-ended spread is used. Offset to the far detector, trace 1, is 66 
m, detector spacing is a constant 6 m, and offset to the near detector 
is 0 m. Thus, the arrival time to the near detector equals the time of



the coincident ray, the ray of same down-going and up-going path.

In this program, a zero-dip reflecting horizon is assumed. Thus, 
the coincident ray is the vertical ray (Telford and others, 1976, p. 
263). Discussion of normal moveout, NMO velocity, and construction of 
NOM charts is given in part 3 of the series on coal-seismic, desktop 
computer programs (Hasbrouck, 1980b).

Three methods of computing NMO velocity to and within the selected 
time interval are included in the program: (1) velocity determined from 
a discrete-layer model, (2) velocity derived from a downhole survey, and 
(3) velocity obtained from a set of X-square,/T-square observations. 
Each of these choices is illustrated in the sample problems. If X- 
square/T-square velocities are selected, two methods of display of the 
NMO curves are offered.

After the spread information has been entered, the program prints: 
"ENTER RECORD WINDOW INFORMATION". lou then supply the time at which the 
record, or record segment, to be overlain started and ended. In all the 
following sample problems, these times are 0 and 500, respectively. The 
program will also prompt? "ENTER NMO WINDOW INFORMATION". Here you are 
being asked to enter the coincident-ray times (TO's) for each of the NMO 
curves to be plotted. As an example, assume you wanted the four NMO 
curves with TO's of 100, 200, 300, and 4.00 msec. To produce these curves 
you would enter a start time of 100 msec, an end time of 4-00 msec, and 
an interval time of 100 msec.

Discrete four-layer model Sample Problem 1:

Responses for this example are shown on figure 3« Tabulated near 
the bottom of this figure are the computed reflection times and rms 
velocities to the base of each of the four layers of the model, followed 
by a listing of the NMO velocities for each of the six specified coinci­ 
dent-ray times. Note: for a constant velocity over the entire interval, 
use a one-layer model.

Figure 4- shows the six-NMO-curve, 12-trace, seismic-record overlay 
resulting from entry of the information on figure 3» The numbers along 
the top trace are the coincident-ray times for each NMO curve; the 
numbers beneath the bottom trace are the corresponding NMO velocites. 
Velocity units are the equivalents: km/sec or m/msec.

Velocity function from downhole velocity survey Sample Problem 2:

For this example, eight NMO curves were selected, starting at 
T0=100 msec and ending at T0=450 msec, with an interval of 50 msec. 
Thus, one-way times (those recorded in a downhole velocity survey) range 
from 50 to 225 msec at an interval of 25 msec. Discussion of the down- 
hole velocity survey is given in part 2 of this series of reports 
(Hasbrouck, 1980a). For each of the one-way times you are prompted.on 
figure 5 to -enter the downhole survey one-way times and their associated 
rms velocites that bracket the preselected one-way times. The program 
takes these data, performs a linear interpolation between the bounding 
times, tabulates the results (bottom of fig. 5), and then uses these 
values to compute the NMO curves plotted on figure 6.



SUPERPOSE NMO CURVES ON ZERO-AMPLITUDE 12-TRACE SEISMIC RECORD

ENTER RECORD AND SPREAD INFORMATION

SELECT SPREAD TYPE AND DIMENSIONS
1. Single-ended spread with equally spaced detectors
2. Split spread with equally spaced detectors
3. Spread with unequally spaced detectors 

ENTER SELECTION FROM ABOUE LIST; NUMBER - [Tj

FOR THE SINGLE-ENDED SPREAD MIJH_EQUALLY SPACED DETECTORS: 
Offset to trace-1 detector ' 
Offset to trace-12 detector '

ENTER RECORD HINDOU INFORMATION 
Tine at start of record : 

Tine at end of record :

SELECT VELOCITY FUNCTION TO AND WITHIN NMO INTERVAL
1. Velocity fron discrete-layer node!
2. Velocity fron dounholc velocity survey
3. Velocity fron set of Xt2-Tt2 analyses 

ENTER SELECTION FROM ABOVE LIST; NUMBER .» |T

ENTER NMO WINDOW INFORMATION
Start tine of NMO window :

End tine of NMO window  
Interval within NMO window !

Number of NMO curves '

ENTER MODEL PARAMETERS
Number of layers in nodel

LAYER
1
2
3
4

THICKNESS 
28 
16 
42 
19

INTERVAL VE LOCITY
725 
.4 
.6 
.5

NOTE: VALUES TO BASE OF LAYER 
LAYER REFL TIME RMS VEL

1 168.8 9.258
2 248.8 8.388
3 388.8 8.439
4 429.9 8.445

INTERVAL VELOCITY BENEATH LAYER 4

NMO VELOCITY AT SPECIFIED T8'S (COINCIDENT-RAY TIMES)
CURVE NO.

1
2
3
4
5
6

T8 
289 
259 
399
359
499
459

NMO VEL 
8.286 
8.325 
8.385 
8.422 
8.442 
8.582

Figure 3* Copy of screen display showing entries for sample probem 1.



MHO 

0/S

CURUES USING RESULTS FROM 4-LAYER MODEL COUP. DATE: 22-JAN-83 

58. a 188.8 198.8 288.8 258.8 388.8 358.8 488.8 498.8

Figure 4. Copy of screen display showing results for sample problem 1.

Note on figure 6 that the NMO curve at T0=100 msec crosses NMO curves at 
TO's of 150, 200, and 250 msec. One can well imagine the difficulty of 
interpreting a seismic record taken in such an area. Picking the 
records after overlaying them on NMO curves makes identification of 
seemingly anomalous arrivals a little more plausible.

Velocity from X-square/T-square analyses Sample Problem 3'

Typical responses for this case are shown on figure 7. If you 
elect not to use the strip-display option, then answer N in response to 
the question, "Do you want strip display centered on TO?". Once this 
response is given you are then asked to enter NMO window information. 
Here you must enter a start time of the NMO window less than the lowest 
coincident-ray time from the X-square/T-square data set, 150 msec in 
this example. Correspondingly, you must enter an end time of the NMO 
window such that it is greater than the largest TO of the data set, 350 
msec in this example. After information about the survey area has been 
entered, you then supply the number of X-square/T-square values, fol­ 
lowed by the ordered pairs of TO's and X-square/T-square velocities. 
Finally you enter the values of the estimated rms velocities at those 
times that bound the observed-data times (last two values entered on the 
bottom of fig. 7).



SUPERPOSE NMO CURUES ON ZERO-AMPLITUDE 12-TRACE SEISMIC RECORD

ENTER RECORD AND SPREAD INFORMATION

SELECT SPREAD TYPE AND DIMENSIONS
1. Single-ended spread with equally spaced detectors
2. Split spread with equally spaced detectors
3. Spread with unequally spaced detectqns 

ENTER SELECTION FROM ABOUE LIST; NUMBER »|T

FOR THE SINGLE-ENDED SPREAD WITH EQUALLY SPACED DETECTORS;
Offset to trace-1 detector 
Offset to trace-12 detector

 51 
9

ENTER RECORD 141NDOH INFORMATIONnrTine at start of record » 
Tine at end of record * 588

SELECT VELOCITY FUNCTION TO AND WITHIN HMO INTERUAL
1. Velocity fron discrete-layer nodel
2. Velocity fron dounhole velocity survey
3. Velocity fron set of Xt2-Tt2 analyses 

ENTER SELECTION FROM ABOVE LIST; NUMBER ~

ENTER NMO WINDOW INFORMATION
Start tine of NMO uindou >

End tine of NMO uindou -
Interval uithin NMO windou =

Nunber of NMO curves '

ENTER DATA FROM A DOUNHOLE"SURVEY
Survey area (28 char»nax)

Hole designation <7 char,nax>
Data date <12 char,nax)

12345678981234567898)
1234567
123456789812

CURVE
NO.

1
2
3
4
5
6
7
8

1-WAY
TIMEiT8

58
75
188
125
159
175
288
225

BRACKETING 1-WAY TIMES 
SHALLOWER DEEPER

45
78
92
121
148
179
199
229

55
88
184
148
155
188
228
132

BRACKETING RMS VELOCITES
UEL I? <TO VEL 9

.22 

.35 

.58 

.53 

.79 
1.1 
1.4 
1.6

.28 

.48 

.52 

.78 
1.8 
1.3 
1.6 
1.8

>TO

INTERPOLATED VEL VS COINCIDENT-RAY TIME
CURVE NO. R£FL TIME NMO VEL

1 188.e 8.25
2 158.e 8.38
3 288.8 8.51
4 258.8 8.57
5 388.8 8.98
6 358.8 1.28
7 488.8 1.47
8 458.8 1.59

Figure 5« Copy of screen display showing entries for sample problem 2.



HMO CURVES USING RESULTS FROM OOUNHOLE UELOCITY SURVEY PATE: 22-JAN-83 
AREA: 12343678981234367998 HOLE: 1234367 DATA TAKEN ON 123496789012 
0/S 98.8 188.8 198.8 288.8 298.8 388.8 338.9 498.8 498.8

0123 0138 9131 0

Figure 6. Copy of screen display showing results for sample problem 2.

Using the information entered on figure 7, the program performs a 
linear interpolation, computes NMO times, and makes the presentation 
shown on figure 8. Here the NMO curves are at equal 100-msec intervals.

X-square/T-square velocity with strip-display mode Sample Problem 4-:

To invoke strip-display mode, answer Y to the question, "Do you 
want strip display centered on TO?". When this option is selected you 
are not asked to supply NMO window information, but instead you are 
asked to enter the half width of the strip (10 msec in this sample 
problem ). We can think of this as entering the beginning and end times 
of a 20-msec wavelet centered on the NMO curve.

To compare the displays of examples 3 and 4-, we use the same X- 
square/T-square data as in sample problem J>. These entries are shown in 
the boxes on the bottom of figure 9»



SUPERPOSE NMO CURVES ON ZERO-AMPLITUDE 12-TRACE SEISMIC RECORD 

ENTER RECORD AND SPREAD INFORMATION

SELECT SPREAD TYPE AND DIMENSIONS
1. Single-ended spread with equally spaced detectors
2. Split spread with equally spaced detectors
3. Spread with unequally spaced detectors 

ENTER SELECTION FROM ABOUE LIST} NUMBER » 0T|

FOR THE SINGLE-ENDED SPREAD WITH 
Offset to trace-1 detector 
Offset to trace-12 detector

66
0

:QUALLY SPACED DETECTORS:

ENTER RECORD HINDOM INFORMATION 
Tine at start of record 

Tine at end of record
9
599

SELECT VELOCITY FUNCTION TO AND WITHIN NMO INTERVAL
1. Velocity fron discrete-layer nodel
2. Velocity fron dounhole velocity survey
3. Velocity fron set of Xt2-Tt2 analyses 

ENTER SELECTION FROM ABOVE LIST; NUMBER -GCI
Do you want strip display centered on T8? <Y OR N)

ENTER NMO WINDOW INFORMATION 
Start tine of NMO window 

End tine of NMO window 
Interval within NMO window

59
459
199

Nuntocr of NMO curves « 5

Survey area (29 char,nax)
SP designation (7 char>nax)

Data date (12 char,nax>

12345673991234567899
1234567
123456789912

Nunber of Xt2-Tt2 values »(T]

COINCIDENT-RAY TIME Xt2-Tt2 VEL

Est. RMS vel for first NMO curve (T9»59> 
Est. RMS vel for last NMO curve (18=458)

Figure 7. Copy of screen display showing entries for sample problem 3

The result of these inputs are displayed on figure 10. In making 
this presentation, no interpolations are called for; thus, we see only 
those NMO curves using velocities determined from the X-square/T-square 
analyses. Note the compression of wave forms as a function of normal 
moveout; compare, for example, width of strips for TO's of 50, 150, and 
250 msec.



NHO CURVES USING UELOCITIES FROM Xf2-Tt2 ANALYSES COHP. DATE: 22-JAM-03 
AREA: 12343*78991234367899 SP: 1234367 DATA TAKEN ON 123456789812 

38.8 188.8 138.9 288.8 258.8 388.8 358.8 488.8 438.8
T8 
66 ISfl 2Si «sa_

68

42

A.
Ifl

UEL 8 813123 814375 9.625

Figure 8. Copy of screen display showing results of sample problem

you must know

COMMENTS ON AND LISTINGS OF THE PROGRAMS

In order to put the programs of this report to work, 
how to perform the following operations:

1. transcribe the programs into the computer,
2. store the programs on magnetic tape,
3. retreive the programs from magnetic tape,
4.. enter information from the keyboard, and 
5- copy the screen display. 

These tasks are well documented in the computer's operator's manuals.

Four control characters (ones requiring the holding down of the 
control, key as the letter is entered) are used in the programs: G (ring 
bell), K (move cursor up one line), L (erase screen and move cursor to 
the HOME position), and the RUB OUT (move cursor, to the left margin and 
down one line). In the printed listing these control characters are 
shown as G_, K_, L_, and _.

If your computer does not contain a clock, you must either replace 
the time statements (for example, CALL "TIME",A$) by a REMARK statement 
and then remove all references to time-term string variables in various

10



SUPERPOSE NNO CURUES ON ZERO-AMPLITUDE 12-TRACE SEISMIC RECORD

ENTER RECORD AND SPREAD INFORMATION

SELECT SPREAD TYPE AND DIMENSIONS
1. Single-ended spread with equally spaced detectors
2. Split spread with equally spaced detectors
3. Spread with unequally spaced detectors 

ENTER SELECTION FROM ABOUE LIST; NUMBER

FOR THE SINGLE-ENDED SPREAD WITH EQUALLY SPACED DETECTORS: 
Offset to trace- 1 detector 
Offset to trace- 12 detector

ENTER RECORD WINDOW INFORMATION 
Tine at start of record 

Tine at end of record

SELECT VELOCITY FUNCTION TO AND WITHIN NHO INTER UAL
1. Velocity froft discrete-layer Model
2. Velocity fron dounhole velocity survey
3. Velocity fron set of Xt2-Tt2 analyses 

ENTER SELECTION FROM ABOUE LIST; NUMBER -3]
Do you want strip display centered on T0? (Y OR N) 

Half width of strip in nscc « f 181

Survey area (28 char»nax)
SP designation (7 char>wax)

Data date <12 char,wax)

Nunbcr of Xt2-Tt2 values

12345678981234567898
1234567
123456789812

COINCIDENT-RAY TIME 
58 
158 
258 
358 
458

Xt2-Tt2 UEL
.2
.3125
.4375
.625
.8

Figure 9« Copy of screen display showing entries for sample problem 4,

print statements, or you must enter the appropriate times after adding 
prompts such as illustrated below:

1000 CALL "TIME%A$
2000 CALL "TIME",B$ 

replaced by:
1000 PRINT "START TIME = ";
1002 INPUT A$
2000 PRINT "END TIME = ";
2002 INPUT B$

11



NHO CURUES USING UELOCITIES FROH Xt2-Tt2 ANALYSES COHF. DATE: 22-JAN-93
AREA: i2343573991234367390 SP: 1234357 DATA TAKEN ON 12343<789«12
O^S 59.9 199.9 189.9 299.9 289.9 399.9 389.9 499.8 439.9

Figure 10. Copy of screen display showing results for sample problem 4..
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LISTING OF THE X-SQUARE/ T-SQUARE PROGRAM

100 PRINT "I_X-SQUflRE/ T-SQUflRE flNflLVSIS PROGRflM"
110 INIT
120 DIM fi*<20X B*<9>'C*O
120 DIM S*<18>,X*<12>, Y*<20>,
140 B*»"T SQUflRED"
130 C*»"X SQUflRED"
160 X*»"Xt2 Tt2 VEL* 14
170 Y*»"COINCIDENT-RflV TIME*"
180 Z*»"NORMflL DEPTH-"
130 REM ** ENTER RECORD RND LOCflTION INFORMflTION
200 GOSUB 520
210 REM ** ENTER DETECTOR DISTflNCES flND REFLECTION TIMES
220 GOSUB 660
220 MOVE 0,0
240 PRINT
250 REM ** PLOT X-SQUflREX T-SQUflRE DflTfl
260 GOSUB 380
270 REM ** COMPUTE X-SQUflRE/ T-SQUflRE VELOCITY
280 GOSUB 1200
230 REM ** PLOT LEflST SQUflRE LINE
290 MOVE X2<1>, VI
210 DRflW X2<Ni:>, V2
220 REM ** PRINT VELOCITY, COINCIDENT-RflV TIME, flND NORMflL DEPTH flT X»0
220 WINDOW 0, 120, 0, 100
240 VIEWPORT 0, 120, 0, 100
25© IMflGE 12fl, D. 2D, " km/s*c"
260 MOVE 0, 4
279 PRINT USING 250:X5, VI
-239 IMflGE 26X, 20fl, 4D
230 MOVE 0, 4
400 PRINT USING 230:V*, 12
41© IMflGE 52X, 12fl, 2D. D
420 MOVE 0, 4
420 PRINT USING 410:Z», Z0
440 MOVE Bl, 83
450 REM ** COMPUTE flND TflBULflTE TIME DEVIflTIONS
460 GOSUB 1379
470 GOSUB 144O
480 MOVE 0,0
430 PRINT
300 PRINT "G_G_G__PROGRflM COMPLETED"
310 END
320 REM ** SUB:ENTER RECORD flND LOCflTION INFORMflTION
320 PRINT "_ HEflDER ON RECORD <Q characters) » ";
340 INPUT HS
350 PRINT " flREfl NflME <20 character*, max> » ";
360 INPUT fl*
370 PRINT " LflTITUDE <12 characters, max> » ";
380 INPUT L*
530 PRINT " LONGITUDE <12 characters, max)   ";

13



600 INPUT o*
610 PRINT " SOURCE TVPE <13 characters, max> » ";
620 INPUT S*
639 PRINT "DETECTOR TVPE <13 characters, max> » ";
649 INPUT D*
650 RETURN
660 REM ** SUB:,ENTER DETECTOR DISTflNCES flND REFLECTION TIMES
670 PRINT " DISTANCE TO FIRST DETECTOR » ";
680 INPUT Dl
699 PRINT " DISTANCE TO LRST DETECTOR » ";
700 INPUT D2
710 PRINT » DETECTOR INTERVRL »   ;
720 INPUT D3
730 N1»<D2-D1?/D3+1
740 DIM TKN1>, T2<N1>, T3<N1>, T4<N1>, X1<N1>, X2<N1>
730 PRINT "_INDEX NO. DETECTOR DISTflNCE REFLECTION TIME"
760 D4=*D1-D3
770 FOR J»l TO Nl
7S0 D4-D4+D3
790 XKJ5-D4
800 PRINT "' "; J; " "; Xl< J>; " ";
310 INPUT TKJ>
320 NEXT J
830 CflLL "MIN", Tl, Ml, II
840 CflLL "MflX'S Tl, M2, 12
359 X2»Xlt2
869 T2=Tlt2
879 RETURN
330 REM ** SUB: PLOT X-SQUflRE, T-SQURRE DflTfl
890 REM ** PRINT TOP LflBELS
900 PRINT H*; " RREfi: "; R*J " LFIT:";L*;" LONQ:";0*
919 PRINT "SOURCE TVPE: ".= S$t " DETECTOR TVPE: "; D*
928 PRINT "MIN X: "; Dl; " MRX X: "; D2; " DELTfl X: "; D3; "
938 PRINT " MIN T: "; Ml; " MflX T: "; M2
940 RESTORE 950
950 DflTfl 5, 129, 19, 89, 1. 306, 2. 857, 0
960 REflD 81, B2, B4, B5, Kl, K2, VI
970 63*82-81
980 B6-B3-B4
990 REM ** PLOT BORDER
1000 MOVE Bl, 85
1010 RDRRM B3, 0
1020 RDRRM 0, -B6
1030 RDRRM -B3, 0
1040 RDRRM 9, 86  
1050 MOVE 0, <B4+B5:>/2+4. 5*K2
I960 FOR J»l TO 9
1970 E*»SEQ<BS, J, 1>
1030 PRINT E*
1090 NEXT J
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1190 MOVE <Bl+B2X-'2-4. 5*K1, 7
1110 PRINT C*
1120 REM ** PLOT Xt2, Tt2
1120 WINDOW X2<1>*X2<N1)*M1*M1, M2*M2
1140 VIEWPORT 81,62-84,85
1150 MOVE 0, 0
1160 FOR J*l TO Nl
1170 DRflW X2< J>, T2<J>
1130 NEXT J
1190 RETURN
1200 REM ** SUB: COMPUTE X-SQUflRE, T-SQUflRE VELOCITV
1210 fll»SUM<X2?/Nl
1220 fl2»SUM<T2>/Nl
1220 fl3»0
1240 1=14=13
1250 FOR J«l TO Nl
1260 fl3=»fl2*X2<J>*X2<J>
1270 fl4»fl4+X2<J>*T2<J:>
1280 NEXT J
1290 SI* < fl4-Nl*fll*fl2 > / <fl2-Nl*fll*fll)
1300 V1»SQR<1/S1)
1210 Il*fl2-Sl*fll
1320 I2»SQR<I1)
1320 2
1340 V
1350 V
1260 RETURN
1370 REM ** SUB: COMPUTE TIME DEVIflTIONS FROM LEflST SQUflRE LINE
1230 FOR J-l TO Nl
1290 T3CJ>aSl*X2<J>+Il
1400 NEXT J
1418 T3*SQR<T2>
1429 T4*T1-T3
1420 RETURN
1440 REM ** SUB: TflBULflTE TIME DEVIflTIONS <STflTICS>
1450 T4 T4
1460 PRINT " DIST STflTIC CORR"
1470 IMflGE 2X, 3D. D> 4X^ 3D. D
1430 N2=Q
1490 FOR J»l TO Nl
1500 N2-N2+1
1510 IF N2>23 THEN 1550
1520 PRINT USING 1470:XKJ)> T4<J>
1520 NEXT J .
1540 RETURN
1550 MOVE 81,85
1560 PRINT " DIST STflTIC CORR"
1570 IMflGE 24X, 3D. D, 4X, 3D. D
1580 FOR J-29 TO Nl
1590 PRINT USING 1570 : Xl< J>, T4(. J>
1600 NEXT J
1610 RETURN
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LISTING OF NMO-OVERLAI PROGRAM

100 PRINT "L-SUPERPOSE NMO CURVES ON ZERO-flMPLITUDE";
110 PRINT " 12-TRflCE SEISMIC RECORD"
120 INIT
130 DIM B*<13>,G*<1>, Xl<12>
140 Ql-1
130 CflLL "TIME",BS
160 PRINT "..ENTER RECORD flND SPREflD INFORMATION_"
170 PRINT "SELECT SPREflD TYPE flND DIMENSIONS"
180 PRINT " 1. Single-ended sPread with equally spaced detectors"
190 PRINT " 2. Split spread with equally spaced detectors"
200 PRINT " 3. Spread with unequally spaced detectors"
210 PRINT "ENTER SELECTION FROM flBOVE LIST; NUMBER - ";
220 INPUT N0
220 GO TO N0 OF 240,260,280
240 GOSUB 710 '
230 GO TO 290
260 GOSUB 320
270 GO TO 290
280 GOSUB 1010
290 PRINT "_ENTER RECORD WINDOW INFORMATION"
200 PRINT " Time at start of record   ";
210 INPUT Tl
220 PRINT " Time at end of record * ";
220 INPUT T2
240 PRINT "_SELECT VELOCITY FUNCTION TO flND WITHIN NMO INTERVflL"
230 PRINT " 1. Velocity from discrete-Iayer model"
260 PRINT " 2. Velocity from downhole velocity survey"
270 PRINT " 2. Velocity from set of Xt2-T1>2 analyses"
2S0 PRINT "ENTER SELECTION FROM flBOVE LIST; NUMBER - ";
290 INPUT N0 .
400 GO TO N0 OF 410,440,470
410 GOSUB 1160
420 GOSUB 1240
420 GO TO 370
440 GOSUB 1160
430 GOSUB 1380
460 GO TO 370
470 Ql=l
480 PRINT " Do you want strip display centered on T0? <Y OR N> ";
490 INPUT G*
300 IF G*»"Y" THEN 320
310 GOSUB 1160
320 GO TO 360
320 Ql-2
340 PRINT " Half width of strip in msec - ";
330 INPUT T5
560 GOSUB 2280
370 REM ** COMPUTE NMO TIMES
380 GOSUB 2320
390 REM ** PRINT LflBEL flND PLOT RECORD BORDER flND TIME LINES
600 GOSUB 2390
613 REM ** PLOT ZERO-flMPLITUDE TRflCES
620 GOSUB 2620
620 REM ** PLOT NMO CURVES
640 IF Ql-2 THEN- 670
650 GOSUB 2760
660 GO TO 630
670 GOSUB 2900
680 GOSUB 1100 ___
690 PRINT "G-G-G  PROGRflM COMPLETED"
700 END
710 REM ** SUB: SINGLE-ENDED SPREflD WITH EQUflLLY SPflCED DETECTORS -
720 PRINT "_FOR THE SINGLE-ENDED SPREflD WITH EQUflLLY SPflCED DETECTORS:"
720 PRINT "Offset to trace-1 detector * ";
740 INPUT X1<1>
750 PRINT "Offset to trace-12 detector * ".'
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769 INPUT Xl-::i2>
779 X2= <XI f 12 >-XI<1>>/ll
730 FOR J»2 TO 11
790 XlCJ>»XKJ-i:>+X2
800 NEXT J
SIS RETURN
320 REM ** SUB: SPLIT SPREflD WITH EQUflLLV SPflCED DETECTORS
320 PRINT "_FOR THE SPLIT SPREflD WITH EQUflLLV SPflCED DETECTORS:"
340 PRINT "Offset to trace-1 detector » ";
330 INPUT X1<1>
360 PRINT "Offset to trac*-6 detector » ";
870 INPUT Xl<6>
880 X2*<XK6>-Xl<l»/5
390 PRINT "Offset to trace-7 detector » ";
900 INPUT XK7)
910 PRINT "Offset to trace-12 detector » ";
920 INPUT Xl<12>
930 X3»<XK12>-Xl<7»/5
940 FOR J»2 TO 5
950 X1<J>»X1<
960 NEXT J
970 FOR J»8 TO il
980 XKJ>»X1<
990 NEXT J
1000 RETURN
1010 REM ** SUB: SPREflD WITH UNEQUflLLV SPflCED DETECTORS
1020 PRINT "FOR THE SPREflD WITH UNEQUflLLV SPflCED DETECTORS:
1030 PRINT "TRflCE NO. OFFSET"
1040 FOR J=l TO 12
1050 PRINT " "; J; " ";
1060 INPUT XKJ?
1070 NEXT J
1030 GOSUB 1100
1090 RETURN
1100 REM ** SUB: DEFflULT DISPLflV flND MOVE TO PflGE BOTTOM
1110 WINDOW 0. 130, 0, 100
1120 VIEWPORT 0,130, 0, 100
1130 MOVE 0, Q
1140 PRINT
1150 RETURN
1160 REM ** SUB: ENTER NMO WINDOW INFORMflTION
1170 PRINT "_ENTER NMO WINDOW INFORMflTION"
1130 PRINT " Start time of NMO window = ";
1190 INPUT T3
1200 PRINT " End time of NOM window * ";
1218 INPUT T9
1220 PRINT " Interval within NMO window = ";
1230 INPUT T4 '
1240 N»<T9-T8>/T4+1
1258 PRINT " Number of NMO curves - "; N
1260 DIM T0<N>,T<N, 12>, V2<N>
1270 T0<1>»T8
1280 T0<N>-T9
1290 DELETE T8, T9
1300 FOR J»2 TO N-l
1310 T0<J>»T0<J-1»T4
1320 NEXT J
1330 RETURN
1240 REM ** SUB: COMPUTE VELOCITIES FROM MODEL
1250 Q-l
1360 GOSUB 1100
1370 PRINT "ENTER MODEL PflRflMETERS"
1288 PRINT " Number of lasers in model » ";
1290 INPUT Nl
1400 N3-N MflX Nl
1410 DIM 8<N3>>C3<N1),T3<N1>, V0<Nl-»-l>, V3<N3>, V4<N3X Z2<N1>
1420 fil-O
1430 Bl-0
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1448 Cl-0
1450 PRINT "LflVER THICKNESS INTERVflL VELOCITV"
1460 FOR J-l TO Nl
1470 PRINT " "; J; " ";
1480 INPUT 20
1490 PRINT "K_ "j
1500 INPUT V0<J>
1510 8<J>-Z0/V0<J)
1520 B1-81+BO)
1520 T2<J>*2*81
1540 C1-C1+V0<J)*V0<J)*8<J)
1550 C2<J)-C1
1560 V4<J)»SQR<C1/81)
1570 NEXT J
1580 IMflGE 2X, 2D, 7X, 4O. D, 7X, 2D. 3D
1590 PRINT "_NOTE: VflLUES TO BflSE OF LflVER"
1600 PRINT "LflVER REFL TIME RMS VEL"
1610 FOR J-l TO Nl
1620 PRINT USING 1580:J, T3CJ), V4<J)
1630 NEXT J
1640 PRINT "_INTERVfiL VELOCITV BENEflTH LflVER "; Nli " » ";
1650 INPUT V0<N1+1>
1660 REM ** DETERMINE NMO VELOCITV flT SPECIFIED T0<J) TIME
1670 FOR J-l TO N
1680 IF T0<J»T3<1) THEN 1710
1690 V2<J)»V0<1)
1700 GO TO 1790
1710 FOR L-l TO Nl
1720 IF T0<J)>T2<L) THEN 1740
1720 GO TO 1790
1740 81-0. 5*<T0<J>-T3<LJ)
1750 82-0. 5*T0<J>
1760 C2-C2<L>+V0<L+i:>*V0<L+i:>*ei
1770 V2<J5»SQR<C2/B2)
1780 NEXT L
1790 NEXT J
1S00 PRINT "_NMO VELOCITV flT SPECIFIED T0'S <COINCIDENT-RflV TIMES)"
1310 PRINT "CURVE NO. T0 NMO VEL"
1820 IMflGE 2X, 2D, 6X, 4D, 4X, 2D. 2D
1820 FOR J-l TO N
1840 PRINT USING 1320:J, T0<J>, V2<J)
1850 NEXT J
I860 DELETE B, Bl^ 82, Cl, C2.. C3, T3, V4
1879 RETURN
1880 REM ** SUB: COMPUTE VELOCITIES FROM DOWNHOLE-SURVEV RESULTS
1890 GOSUB 1100
1908 Q-2
1910 DIM RS<20),U*<7),D*<12)
1920 PRINT "ENTER DflTfl FROM fl DOWNHOLE SURVEV"
1920 PRINT " Surv«» ar«<x <20 char, max> : ";
1940 INPUT fl*
1950 PRINT "Hole d«si*nation <7 char,max) : ";
1960 INPUT U*
1970 PRINT " Data dat« <12 char, max) : ";
1980 INPUT D*
1990 T0-0. 5*T0
2000 PRINT "_CURVE 1-WflV BROCKETING 1-WflV TIMES";
2010 PRINT " BROCKETING RMS VELOCITES"
2020 PRINT '- NO. TIME, T0 SHflLLOWER DEEPER VEL 9 <TO"; .
2020 PRINT " VEL 9 >TO "
2040 FOR J-l TO N
2050 PRINT " "; J; " "; T0< J)
2060 PRINT "K_ "}
2070 INPUT T5
2080 PRINT "K_ ";
2090 INPUT T6
2100 K-<T0<J)-T5>/<T6-T5)
2110 PRINT "K_ ";
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2120 INPUT V7
2139 PRI "K.
2140 INPUT V8 
2150 V2<J>»V7+K*<V8-V7:> 
2160 NEXT J 
2170 T0-2*T0 
2130 QOSUB 1100
2190 PRINT "INTERPOLflTED VEL VS COINCIDENT-RflV TIME" 
2200 PRINT "CURVE NO. REFL TIME NMO VEL" 
2210 IMAGE 3X, 2D, 3X, 40. 0, 3X, 20. 20 
2220 FOR J«l TO N
2230 PRINT USING 2210: J, T0<J>, V2<J> 
2240 NEXT J 
2250 Q«2 
.2260 QOSUB 1100 
2270 RETURN
2280 REM ** SUB: COMPUTE VELOCITIES FROM SET OF Xt2-TT2 flNflLVSES 
2230 GOSUB 1108 
2300 Q-3
2310 OIM R*<20>; U*<70>, OS<12> 
2320 PRINT " Surves* area <20 char, max) : "j 
2330 INPUT fl*
2340 PRINT "SP designation <7 char, max> : "; 
2350 INPUT U*
2260 PRINT " Data date <12 char, max) : "; 
2370 INPUT DS
2380 PRINT "_ Number of XT2-TT2 values » "; 
2390 INPUT Nl 
2400 N1-2+N1 
2410 DIM T3<N1>, V3<N1>
2420 PRINT "_COINCIDENT-RflV TIME XT2-TT2 VEL" 
2430 FOR J»2 TO Nl-1 
2440 PRINT " "; 
2450 INPUT T3<J5
2460 PRINT "K_ "; 
2470 INPUT V3<J> 
2480 NE.XT J
2490 IF Ql«2 THEN 2680
2500 REM ** LINEflR INTERPOLflTION OF INTERMEDIflTE RMS VflLUES 
251Q PRINT "_Est. RMS vel for first NMO curve <T0«";T9<l?i"> - ' 
2520 INPUT V3C1) 
2530 V2<1>»V3C1>
2540 PRINT "Est. RMS vel for last NMO curve <T0«"; T0<N>; "> » "; 
2550 INPUT V3CN1) 
2560 V2<N>»V3CN1> 
2570 T2<1>»T0<1> 
2580 T3<N1>»T0<N> 
2590 FOR J»2 TO N-l 
2600 FOR K»l TO Nl-1
2610 IF T3<J»T2<IO flND T0<JXT3<K-H> THEN 2640 
2620 NEXT K 
2630 GO TO 2670 
2640 
2650
2660 NEXT J ' ' 
2670 RETURN
2680 REM ** STRIP DISPLflV 
2690 N-2*<Nl-2> 
2700 DIM T0<N>, TCN, 12>, V2<N> 
2710 K»l
2720 FOR J»2 TO N STEP 3 
2730 K»K+1
2740 T0<J-1>-T3<IO-T5 
2750 V2<J-1>-V3CK> 
2760 T0<J>«T3<JO 
2770 V2<J)«V3<K> 
2780 
2790 V2<J+1>*V3<IO
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2800 NEXT J
2816 RETURN
2829 REM ** SUB: COMPUTE NMO TIMES
2330 FOR J»l TO N
2340 FOR K»l TO 12
2330 T.<J, K>»SQR<T0<J>*T0<J>+X1<K>/V2<J>*X1<:K>/V2<J>>-T0<J>
2368 NEXT K
2870 NEXT J
2889 RETURN
2890 REM ** SUB: PRINT LflBEL flND PLOT RECORD BORDER flND TIME LINES
2900 C2-130
2910 D2»92
2920 D3»D2/13
2930 D4*D2
2949 QOSUB 1100
295Q 8*»SEG<B*, 1, 9>
2960 GO TO Q OF 2970, 3000, 3040 .
2979 PRINT "L.NMO CURVES USING RESULTS FROM "; Nl; "-LflYER MODEL";
2980 PRINT " COMP. DflTE: H ; BS
2990 GO TO 3080
3000 PRINT "L-NMO CURVES USING RESULTS FROM DOWNHOLE VELOCITY SURVEY 1
3010 PRINT " DflTE: "; B*
3020 PRINT "flREfl: ".: fl*; " HOLE: "; U*; " DflTfl TOKEN ON ";D*
3030 GO TO 3080
3040 PRINT "L-NMO CURVES USING VELOCITIES FROM Xt2-Tt2 flNflLYSES";
3030 PRINT " COMP. DflTE: "3 B*
3960 PRINT "flREfl: "; fl*; IU SP: "; U*; " DflTfl TflKEN ON "; D*
3070 REM
3980 MOVE 0, D2*0. 5
3090 PRINT "0/S"
3100 IMflGE 3D. D
3110 MOVE C2/10-2. 34, D2+0. 3
3120 T7-<T2~T1>/10
3130 PRINT USING 3100:T1+T7
3140 FOR K»2 TO 9
3150 RMOVE C2/10, 0
3160 PRINT USING 3100:Tl+K*T7 .
3170 NEXT K
3180 REM ** PLOT RECORD BORDER flND-TIME LINES
3190 C3-C2/50
3200 DIM B<300>
3210 B=D2
3220 Ml»0. 4-
3230 M2=48
3240 M3»D2-M1
3250 M4»D2-M2
3260 B<1>»0
3270 C4*0
3280 FOR K*3 TO 291 STEP 6
3290 C4-C4-H:3
3300 B<IO-C4
3310 B<K*2)*C4
3320 B<K-i-3>-M3
3330 B<K+4>»C4
3340 NEXT K
3350 B<297>-130
3360 B<299>»130
3370 B<300>-0
3380 FOR K»30 TO 270 STEP 30
3399 B<IO-M4
3400 MOVE 0, D2
3410 NEXT K
3420 PRINT 932v20:B
3430 DELETE B
3440 DIM B<300>
3450 B«0
3460
2470
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