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Software was written to process shallow reflection seismic data on a 

Hewlett-Packard microcomputer. The technological advances made in the 

microcomputer industry in the last few years make it possible to 

process higher volume data on microcomputers than were possible a few 

years ago. Microcomputers are the ideal tools for plotting data, 

shifting plot axes, extracting data subsets and performing repetitive 

numerical calculations to enhance seismic data. 

Programs were written and developed to restore seismic amplitude 

losses, correct for the near surface, attenuate frequency dependent 

noise, do velocity analysis, correct for source - geophone offset 
I 

(normal moveout), stack common midpoint data and plot the final 

seismic section. A ray-tracing program was written to model simple 

geological models as well as a program to generate a synthetic common 

midpoint gather. 
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1 INTRODUCTION 

The analysis of shallow-reflection seismic data is very much an art. 

The desired seismic signals are hidden by random and non-random noise 

and further complicated by lateral inhomogeneities that are a distinct 

feature of the near surface earth. All these factors combine to make 

it very difficult for a computer to recognize reflection arrivals or 

produce a inverse model directly from the data without any human 

interaction. The technological advances in the field of 

microcomputers during the last few years make it the ideal tool for 

plotting data, shifting plot axes, extracting data subsets and 

performing repetitive numerical calculations to enhance the seismic 

data to such a level that the interpretation of the data can be done 

with a higher degree of confidence than was possible a few years ago. 

The interaction between computer and geophysicist, with the computer 

doing the repetitive work and plotting the data during any processing 

stage, and the geophysicist doing the evaluation of the processing 

processes and interpretation of the final graphs or sections can 

produce accurate and quick results. 

2 EQUIPMENT A.ND DATA ACQUISITION 

The computer programs listed in Appendix IV have been written and 

developed on the Hewlett-Packard 9816 microcomputers of the Geophysics 

section of the University of Pretoria. The minimum system requirement 

is HP Basic version 3.0 or higher. The programs listed in appendix IV 

were written for a computer system with 1.3 Mbyte memory. The data 

2 
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was collected using a 24 channel Bison GeoPro field unit equipped with 

RS232C data communication ports. The data was recorded at SASOL Pty. 

Ltd.'s coal mines and is used with their permission. The spread 

consisted of 24 100 Hz high-frequency geophones with a geophone 

separation of 5 m. The seismic source was .5 kg Pentolite explosives 

buried in shotholes 3 m deep. The shot move up was equal to the 

geophone spacing which meant that every geophone position became a 

source position as well. 

The data used in the examples in appendix III was recorded to 192 msec 

using a recording filter passband of 7-1000 Hz. With a record length 

of 192 msec the sampling interval is .2 msec which allows unaliased 

signal recording up to a frequency of 2500 Hz (the Nyquist frequency). 

The Bison GeoPro unit which were used can store up to 15 shot records 

in internal memory. After 12 to 15 shots have been recorded 

(depending on whether refraction data was shot or not) the data in 

internal memory is dumped to disc using the Hewlett-Packard computer 

in the field. During this time (+/- 30 minutes) the twelve back 

geophones are moved forward and the next shotholes are loaded. At the 

end of the day the massed dump files on disc are sorted into 

shot-geophone files. All subsequent processing are done on the 

shot-geophone files. A typical processing flow is set out in Appendix 

I. 

Shot records, common offset sections or processed data can be 

displayed and/or printed at different output gains at any time. The 

following processes can be applied to the seismic data: 

3 
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* amplitude recovery 

* static corrections 

* velocity analysis 

* normal moveout corrections 

* band-pass filtering 

* final plots 

* ray tracing 

User instructions are listed in appendix II and program listings in 

appendix IV. 

3 FACTORS THAT INFLUENCE SEISMIC AMPLITUDE 

As a propagating wave moves away from its source, the energy 

associated with the wave's motion diminishes in amplitude. The rate 

of decay is quite rapid at early times becoming less pronounced at 

later times. O'Doherty and Anstey (1971) identified five major 

factors that contribute to seismic amplitude losses 

i. Spherical divergence 

ii. Interface reflection coefficients 

4 
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iii. Absorption 

iv. Interface transmission losses 

v. Multiple reflections 

100 

-.~ Decay due to spherical spreading only 

GI 

"g 10 -

0.1---... --.... ~--... --... --..... 
0 1 2 3 4 5 

Time (s) 

Figure 1: The decay of seismic amplitude 

3.1 Spherical divergence 

As a seismic wave propagates through a homogeneous constant-velocity 

medium, the wavefront has a perfect spherical shape. The energy 

associated with the motion of the wave is uniformly distributed over 

the spherical shell which the wavefront occupies at any instant of 

time. As the area of the expanding spherical shell increases with 

distance from the shot (area proportional to the square of the 

distance) the same amount of energy is being spread out over a larger 

5 
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area resulting in an energy density decrease. Because amplitude is 

proportional to the square root of energy, it follows that amplitude 

should bear an inverse first power relation to distance from the 

source which in a constant velocity medium equates to an inverse first 

power relation to time. 

3.2 The effect of reflection interfaces on amplitude 

The presence of layering in the earth has a profound effect on the 

amplitude of the seismic signal. At every velocity interface some of 

the energy gets reflected back to the surface and some transmitted 

deeper into the earth. Four wave types are generated at reflecting 

interfaces - reflected P and S waves and transmitted P and S waves. 

The partitioning of energy between these wave types are expressed by 

the Zoepprits equations, the direction of propagation by Snell's law. 

Using the notation of figure 2 Snell's law is : 

with V the P-wave and W the S-wave velocities 

See Waters (1981 45) or Sheriff and Geldardt, v. 1 (1982 65) 

for a summary of Zoeppritz's equations. 

As a general rule velocity increases with depth. This leads to an 

outward bending of ray paths at velocity interfaces. This distorts 

the spherical wavefront and results in a more rapid decrease of 

6 
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Figure 2: Angular relations between incident, reflected 
and refracted rays at velocity interfaces 

seismic amplitude. 

The transmitted (refracted) wavefront has an amplitude in the lower 
,,,__ 

medium that decays exponentially with depth below the boundary. The 

rate of decay depends on two factors : 
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Figure 3: The expanding wavefront in a constant velocity 
and in an increasing velocity medium 

i. the velocity of the lower medium (which governs 

the angle of refraction and thus the rate of 

spreading of the wavefront} 

ii. the absorption characteristics of the lower 

layer. 

3.3 Absorption 

Although spherical divergence acts to diminish seismic amplitude with 

8 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

distance, it does not involve any loss of seismic energy - merely a 

spreading of the energy over an expanding wavefront. The same 

argument applies to the effect of reflecting interfaces - no losses of 

energy - merely a redistribution of energy. 

On the other hand, absorption diminishes seismic amplitude by an 

irreversible conversion into heat. Absorption is a function of the 

distance travelled and is ultimately responsible for the disappearence 

of the down-going wavefront. The mechanism by which energy is 

transformed into heat is not clearly understood. During the passage 

of a wave, heat is generated during the compressive phase and absorbed 

during the expansive phase. The process is not perfectly reversible 

since the heat conducted away during the compression is not equal to 

the heat flowing back during the expansion. (Telford 1976 : 241) 

The quantification of absorption is not easy. Absorption coefficients 

can only be measured in a laboratory. Because laboratory measurements 

are invariably made at much higher frequencies than the frequencies 

found in the seismic spectrum there is no guarantee that the measured 

absorption coefficients apply to actual field data. This has lead to 

a wide divergence in absorption measurements. 

The following factors have been recognized as contributing to 

absorption : 

* Internal friction The sliding of one rock grain 

against another along grain boundaries as a seismic wave 

propagates through the rock will cause friction. This 

9 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

implies actual motion of one particle relative to another 

which is not easy to visualize in a well-sorted, 

well-cemented rock. In a poorly sorted highly fractured 

rock with a pattern of grain contacts of which some are 

in intense compression but others are not, particle 

motion relative to another particle can be visualized 

more readily. 

* Imperfections in the structure of the material small 

dislocations in crystal structure or minute pores with 

some sharp angular boundary can result in local 

perturbations in elasticity which will cause stress 

concentrations that will change stress-strain relations 

locally. 

* Totally or partially filled pore spaces : this leads to 

dissipation of acoustic energy into heat energy. 

Experiments done on a wide variety of rock specimens at 

different humidity levels have shown that the adsorption 

of moisture on the grain boundaries has a profound effect 

on the absorption characteristics of the specimens. 

In many physical phenomena the loss of energy by absorption is 

exponential with distance. This appears to be approximately true for 

elastic waves in rocks. 

10 
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3.4 Other factors influencing amplitude 

Many other factors have been identified that contribute to seismic 

amplitude loss. Some of them are : 

* the energy involved in creating new surfaces (fracturing) 

near the source 

* dispersion of energy as a result of the differences 

between phase and group velocity 

* scattering of energy when reflecting off 

reflector 

a point 

* energy losses attributed to the generation of multiples 

* energy losses resulting from weak shots, bad geophone 

plants and near-surface anomalous conditions. 

In more recent times the linear dependence of attenuation on frequency 

is being questioned. Jacobson (Jacobson 1987) is one of the 

scientists questioning this linear relationship. By measuring 

velocity dispersion (the difference between group and phase velocity), 

and using the Kramers-Kronig relation which exists between dispersion 

and attenuation, he attempts to distinquish between intrinsic and 

apparent attenuation (Apparent attenuation being the loss of seismic 

amplitude due to scattering of the wave). Jacobson concluded that 

there is no linear relationship between attenuation and the first 

power of frequency and that the attenuation coefficient cannot be 

11 
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described by a single parameter, because it can not predict the amount 

of frequency-independent attenuation measured in a finite frequency 

band. 

4 CORRECTIONS TO COMPENSATE FOR AMPLITUDE LOSSES 

4.1 Spherical divergence correction 

Because an inverse relationship exists between amplitude and time in a 

constant velocity medium, it follows that : 

To bring amplitude A up to the reference amplitude A at time t 

simply implies multiplying A by t /t0 • 

More sophisticated routines take into account the effect of velocity 

increasing with depth. The distance r from the source is expressed as 

velocity (V) time (t) and the correction calculated. 

An example of such a routine is one developed by Newman (1973). He 

shows that for a horizontally layered earth and vertical ray paths the 

spherical divergence factor D can be expressed as : 

This expression can also be extended to allow for non-vertical ray 

paths but this would imply doing ray tracing to determine the 

incident, transmitted and reflected angles before the correction can 

12 
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be applied. The correction is a function of offset and angle of 

incidence which are not independent of one another but related by 

Snell's law. (Newman 1973). 

To compensate for the exponential decay of amplitude due to spherical 

dtvergence as well as absorption, the following formula is sometimes 

used : 

with T = t/to 

Spherical divergence in itself contains no geological information. 

4.2 Corrections for amplitude losses other than spherical divergence 

Even with all the research that went into amplitude attenuation and 

related fields of wave propagation studies it is not a simple task to 

correct for amplitude loss caused by factors other than spherical 

spreading. Because there is such a wide variety of factors involved 

and because all the factors are not very well understood it is 

frequently necessary to resort to statistical processing as opposed to 

deterministic processing used in correcting for spherical spreading. 

In statistical processing the effect is measured on average and 

corrected on average. 

Trace balancing is a form of statistical processing. Traces are 

balanced using a sliding-window averaging method. The mean amplitude 

of the values in every window position is calculated and the centre 

13 
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amplitude is scaled to a reference amplitude using a scaler calculated 

from the calculated mean value. This process is also known as 

time-variant scaling or automatic gain control (AGC). However, an 

AGC-type gain can destroy signal character and must, therefore, be 

considerd with caution. 

Traces are also usually normalized with respect to one another by 

calculating trace means, determining a scaler and scaling every 

amplitude on the trace to a reference amplitude. This process, called 

trace normalization, will boost low energy traces caused by weak shots 

and/or bad geophone plants. 

5 NEAR-SURFACE TIME DELAYS 

If delays in reflection time caused by the low-velocity near-surface 

layer are not corrected, entirely spurious structure can be introduced 

in the imaging of the subsurface. When doing high-resolution seismic 

profiling, where the aim is to identify faults with a throw of only a 

few metres, these corrections become very important. Because these 

corrections are applied to entire traces it is known as static 

corrections. Corrections where trace segments are shifted within 

traces are known as dynamic corrections (e.g. normal rnoveout 

corrections). 

Near-surface time delays arise from two distinct causes 
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i. elevation changes along the survey line 

ii. strong velocity variations caused by lateral 

inhomogeneities in the near surface layer 

The correction nescessary to shift an entire trace by the amount which 

would place events at two-way times that would have been obtained if 

the source and geophone positions were on a datum plane, with no 

weathering and low-velocity material present, is known as static 

corrections. 

Static corrections can be calculated by several methods. 

these methods include : 

* using uphole data 

* refraction first breaks 

* event smoothing 

5.1 Uphole data 

Some of 

Static corrections based on uphole data involve the direct measurement 

of vertical travel times from the buried source to a surface geophone 

next to the shot hole. In practice the geophone will not be directly 

over the shot hole but the offset should be small enough for the ray 

path of the direct wave to be regarded as vertical. 

If the the shot moveup equals the geophone seperation every geophone 
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positon becomes a shot position as well which make static correction 

calculations based on uphole time measurements the ideal method to 

use. These type of static corrections are very accurate if good field 

acquisition practices were followed and should always be used when 

feasible (Sheriff & Geldart 1982). When doing shallow-seismic 

reflection work, the ray paths are very seldom vertical however and 

the uphole method will not allways give the best results. 

5.2 Refraction first breaks 

This method uses refractions off the bottom of the low-velocity layer 

to determine the velocity and thickness of the low-velocity layer. 

Corresponding time corrections are calculated from this data and the 

traces shifted by that amount. If the shot holes are not below the 

low-velocity layer or if the datum ~lane is a lot deeper than the 

bottom hole elevations a combination of the refraction and uphole 

methods can be used. 

5.3 Event smoothing 

Cross-correlating seismic traces and shifting them with regard to one 

another until the maximum correlation is obtained is one of the more 

sophisticated static correction routines. It is also known as event 

smoothing or automatic static corrections. The amount of shift 

allowed, as well as the correlation method used, varies from method to 

method. 
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6 CALCULATION OF STATIC CORRECTIONS 

Every static correction consists of two parts 

i. a source static 

ii. a receiver static 

· Datum plane 

Figure 4: Calculation of static corrections 

with To - shotpoint arrival time 

Ed - datum plane elevation 

Source static 

E. - surface elevation at the shot hole 

D. - depth of shot below surface 

Tuh - uphole time measured 

Dt. - source static 

Dta - geophone static 

Vw - velocity of weathered layer 

Vh - velocity of non-weathered layer 

The source static is the time corresponding to the 
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distance travelled by the down-going wavefront from the source 

position to the datum plane. It is calculated as follows 

Receiver static : The receiver static is the time corresponding to 

the distance travelled by the returning wavefront from the datum plane 

to the geophones on the surface. It is calculated as follows : 

The total static correction for a trace is the sum of the two 

equations and is expressed as : 

Subtracting the total static (Dto) from every sample time is 

equivalent to placing the source and geophones on the datum plane, 

thereby eliminating the effect of the highly varying low-velocity 

layer and any effects due to elevation changes. 

7 SEISMIC NOISE 

A seismic trace consists of two elements : signal and noise. The 

term 'signal' denotes any event on the seismic record from which we 

wish to obtain information. Everything else is noise. The 

signal-to-noise ratio, abbreviated S/N, is the ratio of the signal 

energy in a specified portion of the record to the total noise energy 
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in the same portion. 

Noise can be generated by artificial sources such as traffic. 

railroads, aircraft or natural sources like wind swaying bushes and 

grass, or the fluctuating pressures in the air caused by wind 

variation due to topography. There are two ways in which noise can be 

classified - either on the coherency of the noise or the repeatability 

of the noise. 

Coherent noise is noise that can be followed across more than one 

trace. Examples of irrepeatable coherent noise include vehicular 

traffic, people walking near the spread or sporadic mining activity. 

Noise generated by surface waves is an example of repeatable coherent 

noise. 

Incoherent noise is dissimilar on all traces and cannot be predicted 

on a trace from a knowledge of nearby traces. Incoherent noise is 

often referred to 

unpredictability but 

exploited in some 

as 

of 

noise which random 

also some statistical 

not only implies 

properties which are 

the processing routines. Examples of 

irrepeatable incoherent noise is energy scattered from near-surface 

irregularities and inhomogeneities such as boulders. This type of 

noise source is usually so small and so near the spread that the 

outputs of two geophones will only be the same if the two geophones 

are placed side by side. Non-repeatable random noise may be due to 

wind shaking a poorly planted geophone or caused by the roots of trees 

moving due to strong winds or by stones ejected from a poorly tamped 

shot and falling back to the earth near or on a geophone. 
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8 ATTENUATION OF NOISE 

The signal-to-noise ratio generally depends on frequency. (Sheriff & 

Geldart 1984 : 126). If the noise has appreciable energy outside the 

principal frequency range of the signal, frequency filtering can be 

used to advantage. Frequency is of limited value in improving record 

quality if the frequency spectrum of the noise overlaps the signal 

spectrum. 

8.1 Frequency filtering 

Frequency filtering is the attenuation of certain components of a 

signal based on frequency. It may be done by analogue (electrically 

within the recording unit) methods or numerically (digital filtering). 

Digital filtering have many advantages over analogue filtering : 

* no thermal variations in components 

* eliminaton of periodically calibration 

* repeatability and stability of performance 

* programmability for design flexibility 

* precision is only limited by computational word length 

8.1.1 Frequency and time domain concepts 

Seismic data is recorded in the time domain. If an extended analysis 
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of the signal is required it is useful to transform the signal to the 

frequency domain. The frequency-domain method consists of building up 

a series of sinusoidal signals of known peak amplitude and phases. 

The frequencies are related to a fundamental frequency in a harmonic 

manner which means that the sinusoids are all integral multiples of 

this fundamental frequency. Alteration of the amplitude and phases of 

the constituent sinusoids in the frequency domain produces a different 

time domain representation, and this can be regarded as a fundamental 

definition of filtering. 

Because frequency filters are specified in the frequency domain, it is 

necessary to do either a Fourier analysis of the seismic data to 

convert it into the frequency domain or a Fourier synthesis 'of the 

filter to convert it into the time domain. A filter is fully 

characterized by its transfer function. The transfer function is 

represented by amplitude-vs-frequency and phase-vs-frequency curves 

(amplitude and phase spectra). The time-domain representation of the 

transfer function is called the impulse response of the filter. If 

the filtering is carried out in the time domain the traces to be 

filtered are convolved with the impulse response of the filter. If 

the filtering is carried out in the frequency domain the amplitude 

spectra of the filt~r and data are multiplied together while the phase 

spectra are added together. 

The phase shift of a filter is that time (expressed as a fraction of 

the wave period) that every sinusoidal frequency component must be 

shifted to bring its zero crossing to zero on the time axis. A 
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negative time shift corresponds to a positive phase value. If a 

filter is not zero phase, the wave shape of the pulses (which is the 

sum of the sinusoidal Fourier components) will be altered. Ideally a 

filter should be zero-phase. A zero-phase filter is symmetrical about 

time zero. 

Frequency filters are.classified as low-pass, high-pass, band-pass or 

band-reject (notch) filters depending on the way the filter~ 

discriminate against frequencies_ above or below a certain limiting 

frequency or outside of a given band of frequencies. The ideal filter 

is a filter that would leave fequencies within the passband unaffected 

and cut out all frequencies outside the pass band. Mathematically 

these ideal filters can be expressed as 

Ideal low-pass filter: F(w) = 1 

. = 0 

Ideal high-pass filter . F(w) = 0 . 
= 1 

Ideal band-pass filter F(w) = 1 

= 0 

lwl < lw2I 

lwl > lw2I 

lwl < lw1' 

lwl > lw1 I 

lw1 I < lwl 

lwl < lwtl 

> Jw2I 

or lwl > lw2t 

with W1 and W2 the cutoff frequencies 

The amplitude spectra and impulse responses of ideal filters are shown 

in figure 5. 

There are problems associated with these ideal filters. To achieve 
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vertical cutoff slopes an infinite impulse length response is needed. 

The effect of using finite impulse responses is to introduce ripples 

within, as well as outside, the pass band - the effect being noticed 

especially near the cut-off frequencies this is the well-known 

Gibb's phenomenon. The way to reduce the ripple effect is to 

introduce sloping cut-off sides at the cut-off frequencies. The more 

gentle the slope the less ringing (ripples) occurs but the less 

effective the filter. 

8.1.2 Recursive filtering 

Filtering does involve a lot of repetitive calculations and are thus 

computer intensive. If filtering is done by convolution each output 

point is the weighted sum of a finite number of input points. If a 

recursive algorithm is used the output points are the weighted sum of 

input points as well as previously computed output points. The 

advantage of using recursion is that some filtering operations can be 

done a lot faster than the same filtering operation using convolution 

(Shanks 1967). 

Recursion filters must be stable and respond only in positive time. 

Therefore in general they do not have linear or zero phase spectra. 

If the input time series is finite in length, simple manipulation 

produces a filtering operation with linear phase response. To produce 

zero phase recursion filters, the input is filtered recursively with 

the designed filter. The output from this first filtering operation 

is then reversed in~time and filtered with the same recursive filter. 
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The output of this second pass is again reversed to give the filtered 

time series. The phase response of this filtering operation is zero 

for all frequencies, while the amplitude spectrum is the square of the 

filter's original amplitude spectrum. For band-pass filters this 

presents no problem as the squaring of the ampliude spectrum produces 

sharper cutoff slopes. (Shanks 1967) 

When applying high-order recursion filters care must be taken that 

round-off errors in the coefficients do not cause instability. To 

avoid this problem cascaded filters can be used. 

8.2 Common midpoint Stacking 

Random noise is best attenuated using common midpoint (CMP) stacking. 

CMP stacking entails the gathering of traces that share a common 

midpoint between shot and geophone, determining the stacking velocity 

function that will lead to the best stack at that midpoint, correcting 

the gather for the normal moveout associated with that velocity, 

muting the stretched part of the gather and stacking the gather. The 

result of this process is the stacking (emphasizing) of all reflectors 

that line up and the attenuation of random events (noise) on the 

gather that does not line up. 

The variation in reflection arrival time because of shot point to 

geophone distance (offset) is defined as the normal move-out (NMO) of 

the reflector. The additional time required for the energy to travel 

from the source to a reflector and back to an offset geophone as 
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Amplitude spectra Impulse responses 

Low - pass filler 

h(t) 

1------------, 

High - pass filler 

h( t) 

1 

Band • pass filter 

h(l) 

Figure 5: Amplitude spectra and impulse responses of ideal fitters 
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compared to a zero offset geophone is called the normal move-out 

correction. 

The normal move-out functions used to correct CMP (common midpoint) 

gathers prior to stacking are hyperbolic functions defined by: 

with To - vertical two-way time 

T - two-way time to offset geophone 

X - offset from source to receiver 

V - stacking velocity 

Care must be taken when using CMP stacking with high-resolution work 

as an inaccurate velocity function can lead to a wrong interpretation 

of the shape (structure) of a reflector. When the subsurface is not 

horizontal the energy is reflected off different points in the 

subsurface and the stacked trace will not be an true representation of 

the subsurface. 

8.3 The advantages of CMP stacking 

Some of the advantages of CMP stacking are 

i. Attenuation of noise 

cover) 

S/N = SQRT(fold of 
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* CMP traces are recorded at 

different times and thus different 

ambient noise levels. 

* source generated noise e.g. ground 

roll and the passing air wave is 

attenuated. 

ii. Subsurface continuity:- Single fold coverage is 

vulnerable to missed shots, bad geophone plants 

and instrument malfunctions. CMP stacking 

overcomes this problem by providing several ray 

paths that sample the same point (portion) of 

the subsurface. 

iii. The effect of near-surface anomalous 

low-velocity areas in the vicinity of a source 

or geophone position is reduced. 

iv. 11 Blind spots 11 caused by the sides of subsurface 

bodies refracting the seismic wave away from the 

geophone position are no longer possible. 

9 VELOCITY ANALYSIS 

Determinating the NMO correction of a CMP gather is equivalent to 

determining the velocity structure of the earth at that particular CMP 
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gather point. This stacking velocity or NMO velocity is the velocity 

of a constant homogeneous isotropic layer above a reflector which 

would give approximately the same offset-der-endence (normal moveout) 

as actually observed. In the limit as offset approaches zero, it is 

the same as the root-mean square (rms) velocity Vrrn•· The root-mean 

square velocity refers to a specific raypath and is defined as : 

Two methods of velocity analysis have been included into these 

processing routines and are the only two methods that will be 

discussed. 

9.1 Constant-velocity gathers 

Using a constant velocity over the entire trace, a normal moveout 

value is calculated for every sample point on the trace. The 

amplitude at the sample point correspondir~ to the calculated normal 

moveout, is moved to its new To sample position. If the calculated 

normal moveout position falls between two sample positions, an 

interpolated value is used. The whole CMP gather is corrected in this 

manner for a set of different velocities and displayed. The velocity 

that lines up a reflecting event the best will give the best stacked 

result for that particular event. 

NMO corrected CMP gather is 

An event that curves upwards in a 

undercorrected the true stacking 

velocity to the reflector is less than the velocity used to correct 

the gather. By the same token - an event that curves downwards toward 
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the outer traces is overcorrected. Note that higher velocities gives 

less moveout to events. By determining what velocity lines each 

identifable reflector up the best across the gather, a velocity 

function (velocity vs. two way time) can be picked that will best 

stack up the CMP gather. If the S/N ratio is very low it may be 

difficult to line up events to select this stacking velocity function. 

9.2 Constant-velocity stack 

The procedure for constant velocity stack (CVS) analysis is the same 

as that of the constant velocity gather (CVG} method- i.e. 

calculating NMO using constant velocities and applying the calculated 

NMO to the traces. The NMO corrected gather is then stacked to form a 

single CMP stacked trace. A few adjacent CMP gathers are also stacked 

with this constant velocity. The whole procedure is repeated for a 

number of different velocities. The different constant-velocity 

panels are then displayed. Where the NMO has been correctly removed 

the events will stack up to produce a sharp, strong event. The 

problem with the CVS method is picking the best stacking velocities 

from a few panels where no appreciable differences can be spotted. 

Quantitive interpolation between different velocity panels is 

difficult. 

Whenever feasible, both the CVG as well as CVS method should be used. 

As the final result is to be a stacked section when velocity analysis 

is done, it makes sense to use the CVS method. However, the CVG 

method is of extreme importance if a more accurate velocity estimation 
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is to be done. 

9.3 Some considerations on normal moveout. 

Large normal moveout values on the outer traces can lead to anomalous 

low frequencies in the upper part of a CMP gather. To prevent the 

degrading of the stack by this induced low frequency, the outer traces 

are muted - a process known as stretch muting. By doing this however, 

the stacked trace are not balanced anymore as more zeros are included 

in the upper part of the gather. To compensate for this loss of fold 

in the upper part of the stack, the stacked trace is normalized by 

dividing each sample's amplitude by the square root of the fold of the 

stack at that point on the trace. 
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10 CONCLUSIONS 

As with every other geophysical technique the secret to good results 

lies with good field techniques and data acquisition practices - not 

just the seismic data itself but also the data needed to calculate the 

static corrections. Data processing can enhance the data to produce 

excellent seismic sections if the field data is good. Data processing 

can not turn bad field data into good field data. The processing of 

seismic data involves a lot of calculations and manipulation and is by 

nature time consuming. Therefore it make sense not to waste this time 

trying to salvage bad field data but rather to enhance good field 

data. 

It is up to the user of these programs to decide whether the 

improvement in data quality (if any) justifies the extra time involved 

in doing velocity analysis, correcting for normal moveout and stacking 

the common midpoint data as opposed to scaling and filtering a 

constant offset section - the offset so selected as to reflect the 

events of interest the best. From the data available to test these 

programs I do not feel that the extra time is justified. 

Theoretically the improvement in S/N with six fold CMP stacking is a 

factor of 2.4, but the lack of identifable reflectors deeper down the 

traces made sensible velocity analysis impossible. 

Notwithstanding this, it has been demonstrated that processing of 

seismic data is possible on microcomputers. Until more efficient 

input and output mechanisms can be incorporated into microcomputers, 

the applications of processing routines on microcomputers will be 
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limited to the relative low volume data of shallow-reflection seismic 

work. As arithmetic processors for microcomputers are becoming more 

readily available, routines like deconvolution which involves a lot of 

calculations can also be adapted to run on microcomputers. 
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PROCESSING FLOW 

BISON_DUMP 
I 

BISON_SORT 
I 

COPY_SEIS 

RUTOST 

STRTICS 

lJEL_RNRL 
RERD_SEIS 

NMO CORR_1 NMO_CORR 

RERD_SEIS 

RMPLITUDE 

FILTR_BUTR 

D I SP SE I S ..-----c: >---..... PLOT SE I S 
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PROCESSING FLOW 

The flowchart on the previous page shows suggested processing routes 

when using these programs. Depending on the data quality two routes 

can be followed : 

1. Static corrections, amplitude restoration and filtering 

2. Velocity analysis, NMO correction, stack, 

restoration and filtering. 

amplitude 

For both these routes the very first step is to arrange the field data 

into shotpoint geophone files using programs BISON_DUMP and 

BISON_SORT. If so desired the data can be copied to the hard disc 

using COPY_SEIS. 

processing routines. 

The data is now in the correct file format for the 

Using program AUTOST the'different processing routines can now be 

called. Using program STATICS the source and geophone static 

correction is calculated for every peg position on the line. Using 

READ SEIS and DISP_SEIS to look at the data, a decision must now be 

made as to what processing route (as listed above) is going to be 

followed. 

If the data is of sufficient quality, a constant offset section is 

read in (READ_SEIS), the amplitude restored and traces normalized 

(AMPLITUDE) and the data filtered if nescessary (FILTR_BUTR). 

If reflectors are identifiable to assist velocity picking on the 

constant velocity gathers the more intensive CMP stacking route can be 

followed. Program VEL_ANAL is the velocity analysis program. After a 

velocity function has been picked, NMO_CORR_l is used to determine the 
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stretch mute that must be applied to the traces prior to stacking. If 

satisfied with the result the rest of the line is stacked using 

NMO_CORR. The output from this two routines are stored on disc. 

Using READ_SEIS the data is read from disc, normalized (AMPLITUDE) and 

filtered (FILTR_BUTR) if nescessary. 

With both these options the data is either displayed on the screen and 

dumped to a printer (DISP_SEIS) or plotted on a HPGL plotter 

(PLOT_SEIS) after processing. 
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APPENDIX II 

PROGRAM DESCRIPTIONS AND USER INSTRUCTIONS 
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PROGRAM DESCRIPTIONS AND USER INSTRUCTIONS 

11.1 GENERAL INFORMATION 

II.1.1 Filenames 

The different filenames created and accessed by the different programs 

are 

A LL SSSM Mass field records 

LL_SSS_GGG Unprocessed field data 

LLnSSSnGGG Unprocessed field data (negative positions) 

LL_surface The elevation and depth of shotholes on the line 

LL_geo_st The calculated geophone statics 

LL_srce_st The calculated source statics 

SSSvVVgGGG Constant velocity gathers 

VVVVcvsMMM Constant velocity stacked CMP gathers 

LL_SSSfGGG Filtered traces 

SSSnmoGGG NMO corrected CMP gathers 

LL_MMM Stacked section 

with A area identification 

LL line identification 

SSS shotpoint number 

GGG geophone position 

VV constant velocity/100 used in constant velocity gather 

VVVV constant velocity used in constant velocity stacks 

MMM midpoint of CMP 
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PROGRAM DESCRIPTIONS AND USER INSTRUCTIONS 

11.1.2 The common memory block 

All of the programs, with the exception of PLOT_SEIS, STATICS and 

RAY TRACE share a common memory block in which variables that are 

'shared' by the different routines reside. Whenever the above 

mentioned programs are executed these common variables are lost. The 

advantages of this common memory lies in the ease in which data can be 

displayed and compared. The input field data is in integer format 

whereas the processing of the data is done in real format. Program 

AMPLITUDE is the only routine that transcribes the processed data back 

to integer format before returning the user to the main menu. In 

program DISP SEIS which is used to plot the traces to screen, the user 

has the option to plot either the integer or real format data arrays 

to screen. This is very useful when different tests are done as the 

input data is not destroyed during the processing and/or displaying of 

the data. Programs FILTR_BUTR, DISP_SEIS and AMP_SPECTR benefits a 

lot from this as it requires extensive testing to determine which 

band-pass filter enhances the data the best. 

II.1.3 Variables used in the common memory blocks 

COM block /Seis_int/ 

Trace(24,960) : Twe~ty four traces with 960 sample 

values in each trace (INTEGER format). 
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PROGRAM DESCRIPTIONS AND USER INSTRUCTIONS 

Opt : 

(See 

The type of 

READ_SElS 

data being processed/displayed 

for descriptions of different 

options). 

Amt : The number of traces being manipulated. 

Gain(24) : The gain (in dB) at which every trace 

have been recorded. 

COM block /Se;s_real/ 

Shot(24) Shotpoint numbers (actual ground 

position) of the traces being manipulated. 

Geo(24) Geophone positions (actual ground 

position) of the traces being manipulated. 

Shift_value(24) The number of samples 

corresponding to a calculated time value (e.g. with 

a sampling interval of .2 msec a time value of 23 

msec will be equal to 115 sample points) 

Offset The offset used in a common offset section. 

COM block /Processed/ 

Processed_trace(24,959) Temporary REAL format 

array into which data is written while being 

processed. 
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Pointy The position of the 11 menu arrow 11 

V : The velocity used to do constant velocity 

analysis (either CVG or CVS) 

COM block /Polar/ 

Pol_factor(24) Integer format array - the values 

of the array is either 1 or -1 depending on whether 

polarity is reversed or normal. 

COM block /Statics/ 

Geophone_static(l00) Real format array - static 

correction (in msec) calculated to shift the trace by 

that amount which would place the geophone on the 

selected datum level 

Source_stat i c ( 100) .: Rea 1 format array - static 

correction (in msec) calculated to shift the trace by 

that amount which would place the source on the 

selected datum level 

Peg(l00) : Real format array - true ground height at 

the peg positions 
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COM block /Screens/ 

Screen_1(7500) : Variable used to store graphics 

screen used when switching between programs that 

use the same display. 

Screen_2(7500) If more than 24 traces are 

displayed the display of the higher numbered traces 

are stored in this array. 

X : Number of graphic display units along the 

horizontal axes of the graphics screen ( X = 133 on 

the HP9816). 

Y : Number of graphic display units along the 

vertical axes of the graphics screen ( Y = 100 on the 

HP9816). 

Gain_amplitude : The factor by which the amplitudes 

of the traces are adjuste~ prior to displaying the 

traces. 

Gain_time The factor by which the traces are 

stretched prior to displaying the traces. 

Some more common variables (not in co•on blocks) 
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Sweep: The length of traces in msec ( NB - A sweep 

length of 192 ~sec are assumed in all the programs. 

If another sweep length is used when recording the 

data, this variable must be changed accordingly in 

all the programs in which it occurs ). 

Sample_rate : Defined as Sweep/959 (There are 959 

samples in every trace) 

Sample_inverse Defined as 1/Sample_rate. 

In the discussion of the programs that follow variable names that are 

self explanatory are not listed. Where some confusion may ~rise the 

function of the variable is explained. 

11.1.4 AUTOST 

This is the main calling program for the different programs that are 

described in the following sections. The different processes are 

listed in menu's and is selected by moving a pointer along the side of 

the menu. If the screen dump options are selected the program checks 

whether the data has been written into the graphic arrays. If there 

is no data in the graphic arrays the user is returned to the main 

menu. The program DISP_SEIS should then be selected to draw the 

display prior to dumping the screen to the graphics printer. 

Variables used in AUTOST 
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Stack_ques$ Either 11 Y11 or 11 N11 
- controls whether 

NMO_CORR or NMO_CORR_l is called. 

II.2 DATA TRANSFER AND INPUT/OUTPUT PROGRAMS 

II.2.1 BISON DUMP 

This program controls the data transfer from the Bison Geopro field 

unit to the HP9816 microcomputer in the field. The data is sent in 16 

bit format and is read from the enhanced memory of the Geopro unit. 

To transfer the data from the Geopro to the computer the following 

procedure must be followed : 

1. Recall the field record that must be dumped from the 

Geopro's internal memory. 

2. Prepare the Geopro unit for data transfer by pressing 

<WRITE> <7> <ENTER> on the Geopro. A message should 

appear on the Geopro's screen informing you 11 RS232 

ready 11
• If this message does not appear on the screen 

press <WRITE> <7> <ENTER> again. 

3. As soon as the Geopro is ready (displaying 11 RS232 ready 11
) 

press <CONTINUE> on the computer. The message should 

change to 11 RS232 active 11
• 

When all the data has been transferred to the computer (+/- 2 min) it 

is stored on disc. 
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Variables used in BISON_DUMP 

Area$ Area identification 

Mixed_array{232OO) Integer format array - the sample 

values are dumped to this array prior to writing them to 

disc. The data is in trace consecutive order it 

consists of 24 traces each with 959 values followed by 

eleven trace paramaters. 

11.2.2 BISON SORT 

This program reads the "mass" output files created by BISON_DUMP, 

extracts the 24 traces of the field record from the data and writes it 

to disc as 24 shotpoint - geophone files. All 

is done on the shotpoint - geophone files. 

display the data prior to writing it to disc. 

11.2.3 COPY_SEIS 

subsequent processing 

There is an option to 

This program copies sorted files from floppy disc to a hard disc {if 

so desired by the user). The data is stored on sectors two and three 

of the hard disc. 

11.2.4 READ_SEIS 

This program reads unprocessed or processed data from disc. There are 

seven different data sets accesible to READ SEIS 
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i. field records 

ii. raw CMP gathers 

iii. common offset sections 

iv. constant velocity corrected CMP gathers 

v. constant velocity corrected CMP stack panels 

vi. corrected CMP gathers (corrected with 

function) 

vii. final processed sections 

a velocity 

The data that is to be read in is selected in the main menu program 

AUTOST. If unprocessed traces are read in (options 1, 2, 3) the user 

has the option to read in calculated static corrections. 

Variables used in READ_SEIS 

Stat_ques$ : Either 11 Y11 or 11 N11 determines whether 

static corrections should be read in or not. 

Format$: Either 11 l 11 (integer) or 11 R11 (real) 

in which the data have been stored in. 

Format 

Cdp_centre : Midpoint (ground position) of the CMP 

gathers (options 2, 4, 6). 
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First_cdp: First midpoint of CMP's used in the constant 

velocity stack panels (option 5). 

Mid : CMP midpoints for consecutive gathers used in 

constant velocity stack panels. 

Position 

trace. 

Actual ground position of final stacked 

Dummy(959) : Integer format array - array into which 

every trace is read prior to being sorted into array 

Trace(*) (saves disc access time). 

11.2.5 DISP_SEIS 

This program displays the seismic traces that is stored in either the 

/Seis_int/ or the /Processed/ common memory blocks. The trace data 

can be manipulated in the following ways prior to displaying it : 

i. stretched (expanded along the time axes). 

ii. amplitudes can be adjusted in 6 dB (factor 2) steps. 

iii. variable area (fill) or wiggle trace only can be 

selected. 

If static corrections have been calculated and is present in the 

/Static/ common memory block the traces are shifted accordingly. The 

overlap between traces is null unless the amplitudes is adjusted. If 

this is done the amount of overlap will depend on the output gain 
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selected. 

Variables used in DISP_SEIS 

Label$[80] : the label writen on the top of every 

display (depending on the option selected) 

Var_area$: Either 11 0N 11 or 11 0FF 11 choice whether 

variable area (fill) or wiggle trace only display mode is 

selected. 

Qq$ 11 111 or 11 R11 
-- same as Format$ in READ_SEIS 

Screen_toggle : 0 or 1 -- toggles between Screen_l(*) or 

Screen_2(*) (NB Screen_2(*) not used if less than 

25 traces) 

II.2.6 PLOT_SEIS 

This program has the same features as DISP_SEIS. It plots either a 

final stacked section or a common offset (unprocessed) section on a 

HPGL plotter. The plotted section can be done on A3 paper or on Al 

paper halved along its long axes (called 11 A3 long" in the program). 

It is important to note that this progran does not share the COM 

memory blocks and that the data in the COM memory blocks will be 

destroyed when this program is executed. Because no unnecesarry 

variables are maintained it is possible to read in up to 100 traces. 

The program has its own reading routine which is similar to the one 

used in READ SEIS. This program is usually executed on its own (not 
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called from AUTOST) or right at the end of the processing sequence 

after the data have been stored on disc. 

II.3 PROCESSING PROGRAMS 

11.3.1 STATICS 

This program calculates source and geophone statics using uphole 

times. The line information (peg positions, peg spacing, peg 

elevation and depth of shot holes) are entered. The datum is selected 

as the lowest elevation of the bottoms of the shotholes. Ziolkowski 

and Lerwill (1979) have emphasized the need for a datum plane close to 

the average bottom hole elevation. The relevant zero offset section 

is read in and displayed on the screen. Using the ECHO the first 

breaks are picked on the screen. These uphole times are then used to 

calculate source and geophone statics. The calculated source and 

geophone statics as well as the elevations and the depths of the shot 

holes are stored on disc. 

Variables used in STATICS 

Trace(24,960) : Integer format array - the zero offset 

section is stored in this array. 

Upper_velocity: The calculated velocity of the zone 

between surface and datum level. 
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The picked first breaks on the zero offset 

Height 

line 

The elevation of the peg positions along the 

11.3.2 POLAR 

This program changes the polarity of selected traces. The program 

changes only the polarity on the displayed section. All processing is 

done on field polarity maintained traces. 

Variables used in POLAR 

Pol_ch(24) : Integer format array - trace numbers of 

channels of which the polarity must be changed. 

11.3.3 AMPLITUDE 

This program restores amplitude losses that are attributed to 

spherical spreading as well as correcting amplitudes affected by weak 

shots or bad geophone plants by trace normalization or applying an AGC 

to the data. The data is manipulated in real format (in array 

Processed_trace(*) ) and written into integer format (array Trace(*) 

at the end of the program. There are four options available : 
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1. mute first breaks 

2. correct for spherical spreading 

3. trace normalization (between traces) 

4. trace balancing (within traces) 

Mute: If the first part of a trace is to be muted (e.g. the first 

breaks ) a mute taper is specified. The start of the taper as well as 

the length of the taper is specified in msec. All sample values 

preceding the start of the taper is replaced by zeros and the sample 

values in the taper zone are tapered from zero to full sample value 

over the length of the tapered zone. If no muting is desired, the 

user is prompted for a time value (TO) at which the spherical 

divergence and/or AGC calculations will be started. 

,,, 
First break I , 

\ 

I 

\ 
I 
I 

' ' ' ' ' •J 

' \ ' ,, 
' ' 

Figure 6: Muting the first break 

- - - - - Recorded signal 

---Muted signal 

Spherical correction to traces: Two options are available - linear 

or exponential correction. The spherical correction is applied from 

either the end of the mute taper or from time TO. If the linear 

option is selected each sample is multiplied by its corresponding 
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two-way time divided by a reference time. 

is selected, the formula given in 

manipulation is used. 

If the exponential option 

the paragraph on amplitude 

Normalizing traces : If it is necessary to adjust the overall 

amplitude of a trace, the trace is normalized by calculating the mean 

amplitude of the trace and computing a scaling factor to normalize 

this mean amplitude to a reference amplitude. Each sample value is 

then adjusted with this scaler. 

Balancing a trace To correct for factors influencing seismic 

amplitude other than spherical spreading a trace can be "balanced" 

using a sliding window down the trace, calculating the mean sample 

values in the window and scaling the centre sample value to a 

reference amplitude using the same procedure described in normalizing 

traces. The window is then moved up one sample position and the whole 

procedure repeated. The following points should be considered when 

deciding on the length of the sliding (averaging) window: 

- the longer the window - the more equalized the amplitudes 

will be. 

- the shorter the window - the less equalized the 

amplitudes will be. This is also the more computer 

intensive option of the two. 

It is important to note that relative amplitudes are maintained - the 

weaker amplitudes become stronger and the stronger ones are reduced 

but a weak event will not suddenly become a strong event. The sample 
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values preceding the sample value of the midpoint of the first window 

are adjusted with the first calculated scaling factor, the sample 

values following the midpoint of the last window are adjusted by the 

last calculated scaling factor. 

Variables used in AMPLITUDE 

Mute_ramp: Length of mute ramp in msec. (input) 

Ramp_length : Corresponding length in number of samples. 

(calculated) 

Mute Start of mute for every trace in msec. (input) 

Start_ramp(24) : Corresponding sample number at which 

mute taper start. (calculated) 

End_mute(24) 

zone stops. 

The sample number at which the tapered 

Ramp_factor : Factor (0 to 1) with which current value 

are multiplied in ramp zone to adjust values from Oto 

full sample value. 

Trace_scaler Calculated scaling factor with which 

every sample value are adjusted to normalize traces. 

Scaler : Calculated scaling factor with which every 

midpoint of the sliding window is adjusted to balance a 

trace. 
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Reference_amplitude : Amplitude to which sample values 

are scaled to. (defined in the program - if another 

reference amplitude is desired the program must be 

edited) 

Index : The sample number of the current midpoint of the 

sliding window 

11.3.4 VEL_ANAL 

This program does constant velocity analysis and outputs one of two 

options : 

i. a constant velocity gather 

ii. a constant velocity stacked panel 

The program has its own reading routine to gather the CMP traces. If 

static data have been calculated for the line being processed the 

static data is read from disc and the static correction applied prior 

to doing the velocity analysis. 

The NMO corrections are calculated using the hyperbolic moveout 

function described in the paragraph dealing with normal moveout. A 

moveout value is calculated for every sample value on the trace and 

stored in an array T(*). Before calculating the normal moveout the 

program checks to see whether the moveout data for the specified 

velocities have not ben generated during a previous velocity analysis. 

If the moveout data is available on disc the NMO values are read into 
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if not the data is stored on disc after calculating the 

Every sample value on the trace is shifted by the number of samples 

corresponding to the calculated normal moveout associated with that 

particular sample number for the given velocity and trace offset. If 

the calculated normal moveout lies between two samples (e.g. NMO is 

not a multiple of sample increment) linear interpolation between the 

adjacent samples is used to determine the value that must be shifted 

to the new sample position. The corrected trace is stored in array 

Cvg(*) as well as added to array Cvs(*). 

If the CVG output option was chosen array Cvg(*) is stored on disc at 

this stage. The whole procedure is repeated until all the traces in 

the CMP gather have been corrected. If the CVS option was chosen the 

final stacked array ( Cvs(*) ) is stored at this stage and the whole 

procedure repeated until all the midpoints have been stacked. 

The zero offset trace can be ignored in the stacking process if so 

desired. The reason for this lies in the inefficiency of the 

recording instrument to handle the specified gain ranges used in the 

field which leads to clipping of the data sets. 

Variables used in VEL_ANAL 

Cvs(959) : Real format array - the constant velocity 

corrected data is added to this array to produce the 

final stacked trace(s). 
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Final_cvs (959) Integer format array - Prior to 

writing the CVS data to disc it is transformed to integer 

format to save disc space. 

Cvg(959) Integer format array - Every constant 

velocity NMO corrected trace is sotred in this array. If 

the CVG option was selected this array is written to disc 

after NMO correction. 

T(959) Real format array - Calculated NMO values are 

stored in this array. 

Anal_chce$ 

option. 

Either 11 CVG 11 or 11 CVS 11 
- selected output 

Si Sample i nterva 1 in seconds ( as opposed to 

Sample_interval which is in msec). 

Nr_midpoints : The number of midpoints that must be 

stacked to form the CVS display. 

Zero_trace_ques$ Either 11 Y11 or 11 N11 
- determines 

whether the zero offset trace must be included in the 

stack or not. 

Count 

disc. 

The number of previously calculated NMO files on 

I I-20 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

PROGRAM DESCRIPTIONS AND USER INSTRUCTIONS 

Prev_nmo$(*) Alphanumeric format array The 

corresponding filenames of the previously calculated NMO 

files. 

Seperation 

seperation) 

The trace offset (source - geophone 

Tl,T2 : The two way times (multiples of the sample 

interval) which straddles the calculated NMO value. (in 

array T(*)) 

lndexl,lndex2 

and T2. 

The corresponding sample numbers of Tl 

Remainder O <Remainder< sample interval - The time ( 

in msec that the calculated normal moveout (in array 

T(*)) is greater than Tl. It is used to do the linear 

interpolation between Tl and T2 if necessary. 

Difference The difference between Tl and the 

interpolated sample value. 

11.3.5 NMO_CORR_l 

This program applies NMO corrections to CMP gathers prior to stacking 

the gather. The algorithm and variables used in NMO_CORR_l is the 

same as those used in VEL ANAL. The main difference is that a 

velocity function as opposed to a constant velocity is used to correct 

the gather. The velocity function is picked using VEL ANAL. Program 
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NMO_CORR_l prompts for two-way time - velocity pairs and interpolates 

a velocity value for every sample point. It is important to note that 

the first and last two-way time - velocity pairs entered must be at 0 

and 192 msec (the sweep length) respectively. Because velocity 

functions will differ from processing run to processing run no 

calculated normal moveout values are stored on disc. The program has 

its own disc reading routine and static corrections are applied prior 

to NMO correction and stack. If so required by the user the pre-stack 

traces can be stored on disc as well. 

As soon as the NMO corrections have been applied the program displays 

the following plotting. options 

i. Plot NMO corrected traces. 

ii. Plot NMO functions. 

Option 1 - Plot NMO corrected traces : This routine displays the NMO 

corrected traces and prompts the user to specify a mute zone to mute 

out the first breaks and NMO stretch. 

Option 2 - Plot NMO function This routine displays the NMO 

functions used to correct the CMP gather for normal moveout. Only the 

input two way time - velocity pairs are displayed and not the 

interpolated values of the velocity function. 

Variables used in NMO_CORR_l: 
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NM0(24,959) : Same as T(*) in VEL_ANAL with the only 

difference being sized for 24 traces. 

Mute(24) : Integer format array - the number of samples 

corresponding to the calculated mutes on every trace. 

Store_trace(959) : Integer format array - NMO corrected 

traces (unstacked) that will be written to disc if so 

required by the user. 

Cmp_store(959} : Integer format array - stacked trace 

that is written to disc. 

Twt(8), Input_vel(8} Real format arrays - the velocity 

function base points are entered into these arrays. 

Stack_vel(959) The interpolated velocity function. 

Every element is the velocity value that will be used to 

correct the corresponding sample number for 

moveout. 

Nmo_corr_trace(24,959) . ' . Real format array 

pre-stack NMO corrected traces. 

normal 

the 

Cmp_stacked(959) Real format array - the final stacked 

trace. 

Diff Used for interpolation in two different contexts. 

The first time in the velocity interpolation routine 

where the difference between two consecutive sample 
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numbers' velocities are assigned to 11 diff 11 and the second 

time in the interpolation of the NMO corrected sample 

value. 

Distance 

muted. 

the source-geophone offset of the trace being 

Max_offset : the source-geophone offset of the outer 

trace of the CMP gather. 

Begin : Either 1 or 2 - the first trace that must be 

included in the stack. 

II .3.6 NMO_CORR 

This program is identical to NMO_CORR_l with two exceptions 

i. There are no plotting routines (which implies a prior 

knowledge of the mute zones are needed). 

ii. The error trap routine has a routine which switches 

between mass storage units when "disc ful1 11 errors are 

encountered. 

The suggested approach to NMO correcting and CMP stacking is to do a 

few corrections using NMO_CORR_l to determine the mute zones and then 

use NMO_CORR to mute and stack the rest of the line. 
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II.3.7 FILTR_BUTR 

This recursive Butterworth filter algorithm was adapted from Fatti's 

PhD thesis (1974). The transfer function of the filter is defined as 

a Z-transform and is the product of a number of polynomial fractions 

A(z), B(z), C(z) •••• where A(z), B(z), etc. of the form 

is. 

The constants a, b, c, d, e depend on the sampling interval, high and 

low cut frequencies, the order of the filter and the polynomial 

fraction being calculated. 

The order of the filter is a measure of the number of polynomial 

fractions and determines the steepness of the cut-off slopes. The 

higher the order of the filter the steeper the cutoff slopes. To 

avoid possible instability caused by roundoff errors a cascaded filter 

is used. The input is filtered recursively with polynomial fraction 

A(z) and then this output with B(z) and so forth rather than using the 

multiplied fractions A(z)B(z)C(z) to produce one large fraction which 

can lead to round-off errors. 

Recursive filters are physically realizable in that they cannot 

respond to any input before it occurs. Per definition then they 

cannot be zero phase. However, zero-phase filtering is achieved as 

discussed in the paragraph on recursive filtering. To allow the first 

output to decay to a reasonably small amplitude before terminating the 

computation a sufficient number of zeros must be added to the input 
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data. 

Variables used in FILTR_BUTR 

Coeff(S,7) Real format array - The calculated 

Butterworth coefficients of the Z-transform 

Fins(1163), Outs(1163) : Real format array - Originally 

the field data is written into array Fins(*), filtered 

recursively and written into array Outs(*). The array 

Outs(*) is reversed in time filtered again with the same 

filter to convert to zero phase. 

Fin(1163) : Real format array - The final filtered data 

is written into this array. 

lnt_trace(959) : Integer format array - The filtered 

data is written into integer format before writing to 

disc. 

Fl, F2 : The lower and upper frequencies of the filter 

passband (corresponding to 6 dB down points (50% 

amplitude). 

Order The order of the Butterworth filter 

Delt The sample interval in seconds 
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11.4 INTERPRETATION PROGRAMS 

11.4.1 RAY_TRACE 

This program traces a seismic ray from a specified source position to 

a number of specified receiver positions. A geological model is 

inputted by the user and using Snell's law at the interfaces 

refraction angles are calculated. The user also specifies the 

accuracy at the geophone positions required. The more accurate the 

11 target zone" specified at the geophone positions the longer the run 

time of the program. If the ray exit position pass over the last 

specified geophone position the increment angle is reduced and the 

whole ray tracing algorithm repeated. 

Variables used in RAY_TRACE 

Total_time(25,10) Real format array - the calculated 

arrival times for the different interfaces (max= 10) for 

every geophone (max= 25). 

Geo(25) Real format array - The ground positions 

(offset from source) of the geophones. 

Screen(7500) : Integer format graphics array - The model 

plus drawn rays are stored in this array. 

Accuracy 

positions. 

The accuracy required at the 
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lncident_d(lO), lncident_u(lO) : Downgoing and returning 

(up) wavefronts' incident angles. 

Transmitted_d(lO), Transmitted_u(lO) 

returning wavefronts' transmitted angles 

11.4.2 SYNTH_CMP 

Downgoing and 

This program generates synthetic common midpoint gathers and was 

developed to illustrate velocity analysis and stacking routines. The 

program prompts for a random seed number which will ensure that the 

random noise added to the traces are different - the random number 

generating function on the Hewlett Packard initializes to the same 

value every time a program is run. A rapid decaying wavelet is 

generated and convolved with a spiked CMP gather if so desired. Th~ 

normal moveout of the specified events are calculated using the normal 

moveout equation mentioned in the normal moveout paragraphs in the 

main text. 

Variables used in SYNTH_CMP 

The variables used in this program are self explanatory. 

11.4.3 AMP SPECTR 

This program calculates the amplitude spectrum of a specified trace in 

the common memory block. The user is prompted for the trace number of 

the input trace. The trace is then displayed and an FFT performed on 
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the trace. The calculated amplitude spectrum is normalized to 1 and 

displayed on screen. The user can then either dump the graphics to 

the printer, calculate a new amplitude spectrum of one of the other 

traces in memory or return to the main menu. This program was adapted 

from a frequency-domain filtering routine of E.H. Stettler to test 

and evaluate the filtering algorithm used in FILTR_BUTR. By switching 

between FILTR_BUTR, AMP_SPECTR and DISP_SEIS the best band-pass filter 

can be selected to 'clean up' the data. 

Variables used in AMP_SPECTR 

The variables in AMP_SPECTR are either self explanatory or used only 

for calculation purposes. 
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EXAMPLES 

111.1 GENERAL DISCUSSION 

Both real and synthetic data are used to demonstrate the different 

routines that were developed. Six seismic lines were shot near 

SASOL's Sigma mine at Sasolburg and two lines near Secunda. Different 

parts of different lines were selected to illustrate the various 

routines to its best. Synthetic data were generated and are used to 

demonstrate the velocity analysis and stacking routines as no field 

data with enough identifiable reflectors could be found to do proper 

velocity analysis and to illustrate the effectiveness of this method 

to its best. The importance of correct static corrections can also be 

seen on these examples. 

111.2 AMPLITUDE RESTORATION AND MANIPULATION EXAMPLES 

A constant offset section of 23 shots on seismic line B near Secunda 

is used to illustrate the amplitude manipulation routines. A forty 

five meter constant offset section was read using READ_SEIS. The 

unprocessed section is shown in figure 7. All the amplitude 

manipulation was done using program AMPLITUDE. 

As no amplitude clipping is observed on the first breaks, no mute was 

applied to the data. Time TO (reference time at which all amplitude 

processe will start) was taken as 40 msec for all the traces. This 

corresponds more or less to the time of the first energy arrival on 

all the traces. The exponential option was used to correct for 

spherical divergence. After a few trials in which parameters 'K' and 

'a' were varied (see paragraph on factors that influence amplitude in 
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text) values of K=8 and a=0.5 were selected as the parameters that 

balances the traces the best. Note that the K-value is nothing more 

than a constant gain factor applied to the trace to compensate for the 

overall reduction of amplitude that the trace undergoes. This overall 

reduction of amplitude is understood if one remembers that every 

sample is multiplied by it's corresponding two-way time (in seconds) 

as well as the exponential factor (if the exponential spherical 

divergence correction is used). As the total sweep length of the data 

is 0.192 s, every amplitude is multiplied by an increasing fraction 

which, although reducing the overall amplitude, boosts the later 

amplitudes. 

Looking at figure 8, the equalization within a trace can be seen after 

the spherical divergence correction has been applied. The trace that 

bests illustrate the effectiveness of the spherical divergence 

correction is trace 2 (shot 250). 

To correct the very noticable differences in amplitudes between traces 

(due to different shooting or field techniques), the traces were 

normalized with respect to a reference amplitude which is specified in 

the program. Figure 9 demonstrates the effectiveness of this trace 

normalization quite strikingly. 
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Figure 7 Unprocessed field data 

Figure 8 Spherical divergence corrected 

LlN~ .• ..... ·]NSTAHT .. orr!s.<llLirJHr11rTPOIH}SS 

.:: ::~~::. ... .. ·~~~FJ>ii~-k. . .. l:: 

... ········· ~~· -· -i- r 
Figure 9 Normalized 
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111.3 STATIC EXAMPLES 

Correcting for the delays in traveltime due to inhomogeneous nature of 

the near surface is one of the most important processes in high 

resolution seismic work. The unprocessed field data is shown in 

figure 10 and the amplitude corrected traces in figure 11. After the 

static correction have been applied the horizontal line up of events 

are much easier as can be seen in figure 12 •• This static corrected 

data was filtered with an open band-pass filter of 10 to 110 Hz to see 

what the corrected traces look like if some of the higher frequency 

components have been removed. The filtered traces in figure 13 show 

better continuity of the event at+/- 40 msec in the vicinity of trace 

eight. Whether the unfiltered data is closer to the truth or not -

the discontinuity caused by some minor disturbance or incorrect static 

correction is difficult to say. 
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100 ................................................................................................................................................................. .. 

. Figure 10 Unprocessed field data 

Figure 11 Amplitude corrected 
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1~D .. ,_ ........................... ----

.Figure 12 Static correction applied 
; 

1"'1J ................... __ .......................................................................................................... . 

. Figure 13 Filtered data 

III-7 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

EXAMPLES 

111.4 VELOCITY ANALYSIS AND NMO CORRECTION EXAMPLES 

Five synthetic CMP gathers, generated by SYNTH_CMP are used to, 

demonstrate various aspects of aspects of velocity analysis and 

NMO-correction using programs VEL_ANAL,NMO_CORR_l and NMO_CORR. 

The five synthetic CMP's that were generated, each with six reflectors 

differing only slightly in two-way time and RMS-velocity, have 

different random noise added to each trace. The five CMP gathers are 

shown in figure 14. 

Synthetic CMP QS_55 (12 fold gather) is used to demonstrate the CVG 

method of velocity analysis, while CMP's QS_55 to QS_75 (8 fold) were 

used to demonstrate the CVS method of velocity analysis. The 

velocities used range from 1200 m/s to 2400 m/s in 200 m/s increments. 

The CVS panels are displayed next to the corresponding CVG panels in 

figure 15 on pages 111-11 to 111-13. 

A velocity function was picked from these panels using the following 

reasoning The event at 15 msec is overcorrected in the 1200 m/s 

panels. On the 1400 m/s panels this event lines up on the CVG and the 

stacked wavelet is the sharpest on the corresponding CVS panel. A 

velocity of 1400 m/s were therefore picked for the event at 15 msec. 

The event at 35 msec is still slightly overcorrected on the 1600 m/s 

panel, but under-corrected on the 1800 m/s panel. A velocity of 1650 

m/s was interpolated as the velocity that will give the best results 

in the stack. Using the same reasoning the velocities for the other 

events were picked. The picked velocity function and associated NMO 
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functions are displayed in figure 16. The NMO corrected CMP gather 

QS_55 is displayed in figure 17. 

An expanded display of the upper part of the NMO corrected CMP gather 

is given in figure 19. After applying a stretch mute to the gather 

(shown in figure 20) the CMP gather was stacked and compensated for 

loss of fold in the upper part of the trace as discussed in the 

velocity analysis paragraph (figure 18). The five CMP's were then 

stacked using the same velocity function and stretch mutes selected 

for QS_55. The stacked section is shown in figure 21. 

The CVG and CVS panels were generated by VEL_ANAL and displayed with 

READ_SEIS and DISP_SEIS. The velocity function, NMO functions and 

corrected CMP gather before and after mute were generated by 

NMO_CORR_l and dumped to the printer. The stacked CMP's QS_55 to 

QS_75 were generated by NMO_CORR and displayed using READ_SEIS and 

DISP_SEIS. 
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Figure 14 Synthetic CMP gathers 
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LINC 06 CON~TfiNT VELOCITY CiATH(R I l2k°l14 H/Eii ... -.. ·· ·r···· ► ..... -- ...... . 
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Figure 15 Velocity analysis panels 
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Narm~I rn~vcout function~ -- Linc 05 1 CHP 55 

T \/ 
II 51tiock 

D H00 
15 J400 25 
S5 JG50 

...... : ... ;+1.!-i-! .... 1 .... ; .... ; ..... 

50 J?50 
75 190.3 

sa 
! 
' ............ . 

J Hl 21di.7l'1 
)55 2200 75 

)92 2i60 
SBO •••••f u .... 1,~••+•••••t •••••t•••u• 

I ••• I ! 

Jl5 

JSQ 

J?5 

Figure 16 Picked Velocity function 

LINE: QS c to-tu STHCI{ 
II ....................................... _ ... 

Figure 17 NM O corrected gather . Figure 18 Stacked CMP 
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NMO corrected tr~cc3 Linc QS: CHP 55 

~~ ::: ::=.: :::1~ ·:::~: ::::::: ·--~~:::. ·=~:-:::::::: ::=: :::::: .:::: ·::: 
35 ............................................. . 
-.11 ...... .......... ........ .......... ........•.. ........... ........... ........... ........... ........ . .•..•.. 

◄ 5 ................................................................... ······"··· ..................... ·····••"· .......... ··•·· 
511 ............................................................. "··· . .-....... ......... ........ ........ ·• 

Figure 19 Expanded view - NMO corrected gather 

D ................. ,.---...-• ................................................................ ,-~-... 
5 ........................................................... •----t·· ............................................. . ·----t•• .. ··-··· ...... -.......................... .. ____ .................................... . 

i:S ..... ....... ...... • ............................. ---· 
ao ..... ....... ...... ....... . .................................................... . 
35 ..... ....... ...... ....... ....... . .......................................... . 
411 .•• ....... ...... ...... ....... ...... .. .............................. .. 

◄ 5 .... ....... .... ...... ....... .. ................................... .. 

:,~ .... ....... ..... ...... ....... ..... ....... ...... ........ . 
68 .. .. 

Figure 20 Stretch mute applied 
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LINE: CIS t NMO STACl<CCI 5£CTION -- 6HOTPOINT 55 TO SHOTPOJNT 7S " .............................................................. ____________ _ 
58 ........ . .............................................................................................. ---...:-

___ .............................. ______ _ 

Figure 21 Stacked synthetic gathers 
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111.5 FILTERING AND SCALING EXAMPLES 

Constant offset traces from line AS near SAS0L's Sigma coal mine are 

used to illustrate the effect of filtering and scaling on the data 

set. The example also illustrate the importance of high frequency 

content in the signal in high resolution seismics. The input field 

data is shown in figure 22 with the amplitude spectrum of the second 

trace (shot 5) in figure 23. This set of 24 traces were corrected for 

loss of amplitude and normalized with respect to one another. The 

normalized data is shown in figure 24. The first eight traces show 

wide frequency bands and were selected to illustrate the effect of 

filtering on the data. The wiggle traces next to the amplitude 

spectrums illustrates the effect of the filter on the wavelet shape. 

All the data was filtered with the recursive Butterworth filter and 

normalized after filtering using program FILTR_BUTR. The plots were 

done using DISP_SEIS. The amplitude spectrum of the second trace in 

the display was generated and displayed with AMP_SPECTR. 

The first filter used was a fourth order Butterworth filter with a 

very open band-pass of 5 Hz to 100 Hz. The resultant data set is 

shown in figures 25. The events at 50 msec is a lot clearer and 

easier to follow across the traces in these examples. The high 

frequency components have allready been severly attenuated. The next 

set of examples (figure 26) is a eighth order filter using the same 

cutoff frequencies. The biggest difference is noted just above 50 

msec where the higher frequency components have been attenuated to a 

higher degree. As mentioned in the paragraph dealing with filtering, 
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higher order recursive filters lead to sharper cutoff slopes which is 

clearly illustrated if one looks at the corresponding amplitude 

spectrum. 

Figure 27 are the result of filtering the same data set with a fourth 

order 8 to 80 Hz filter and figure 28 filtering with a fourth order 15 

to 75 Hz filter. The importance of high frequency content is clearly 

illustrated in these examples. 

Comparing the positive black loop of the event at 50 msec on the 

different data sets shows that the phase of the data is unaffected by 

the filtering operation. The filter thus approximates a zero phase 

filter as described in the paragraph on filtering. 
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l 51J .............. M ................................................ ·••·· ........................................................ . 

Figure 22 Unprocessed field data 

AMPLITUDE 5PCCTRUM 

FREQUENCY CHz) 

hgurc 23 Amplitude spectrum of second trace 
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RMPLl TUDE 5PCCTRUM 

FREQUENCY (Hz) 

Figure 24 Normalized data 

RriPLl TUDE SPE:CTRUH 

FRC: GUCNC Y CH;;: ) 

Figure 25 4th order Butterworth filter S-100 Hz 
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RMPLl TUDE 5PECTRU~·1 

FREQUENCY CHz ) 

Figure 26 8-th order Butterworth filter s- 100 Hz 

AMPLITUDE 5PECTRUtl 

m ~m 1mm i=m acm •=m 3mm 

FREQUENCY CHz) 

Figure 27 4th .order Butterworth filter 8 - BO Hz 
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AMPLITUDE SPECTRUM 

I , T T I -, 

~ ~~ lQ~ 1~~ a~m z~~ 3~~ 

FREOUE:NCY CHz) 

Figure 28 4th order Butterworth tilter 15 - 75 Hz 
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111.6 RAY TRACING EXAMPLE 

Using program RAY_TRACE ray tracing through a simple geological model 

was done. The resultant graphic display is shown in figure 29. This 

routine is quite time intensive. 
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V V V V V V 

SEISMIC MODELING 

lfa"1d : Depth Dip Velocity 
15 Pl 0 1000 Pl/5 
35 Pl 0 1250 PIIS 
45 Pl 0 1375 1"1/5 
55 Pl -5 1500 Mis 
80 Pl 4 1800 1'1/S 

REFLECTION TIMES 

Offset Layer Layer 2 Layer 3 Layer 4 Layer 5 

50 .0582 .0760 .0873 • t 008 • 1216 

55 .0627 .0785 .0895 . 1027 . 1226 

60 .0670 .0813 .0916 • t 047 . 1237 

65 .0715 .0843 .0940 . 1069 . 1249 

70 .0762 .0873 .0965 . 1090 . 1262 

75 .0808 .0902 .0990 . l 114 • 1275 

Figure 29 Ray tracing example 
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10 
20 
30 

AUTOST Main seisMic Menu prograM 

NoveMber 1986 U.P. A.T.Oippenaar 
40 
50 Last changes on 18 January 1988 
60 ========================================================================= 
70 
80 OPTION BASE 1 
90 
100 COM /Seis_int/ Line$[2J,INTEGER Trace(24,960),0pt ,AMt,Gain(24) 
110 COM /Seis_real/ REAL Shot(24),Geo<24>,Shift_value(24),0ffset 
120 COM /Processed/ REAL Processed_trace(24.959),Pointy,V 
130 COM /Polar/ INTEGER Pol_factor(24) 
140 COM /Statics/ REAL Geophone_static(100),Source_static( 100),Peg( 100) 
150 COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 
e,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 DIM Marker$[6J 
190 Marker$="==>"&CHR$(8)&CHR$(8)&CHR$(8) 
200 IF Pointy=0 THEN Pointy=? 
210 Chce=0 
220 MASS STORAGE IS ": ,700,0" 
230 CONTROL 1 .12;1 
240 GCLEAR 
250 OUTPUT KBD;"K"; 
260 ! 
270 GOSUB Main 
280 ON KBD GOSUB Keyboard 
290 ON KNOB .15 GOSUB Move_echo 
300 Spin:GOTO Spin 
310 '************************************************************************* 
320 Main: ! 
330 Max_pointy=17 
340 OUTPUT KBO;"K"; 
350 PRINT TABXY<34,2);CHR$(129)&" Main Menu "&CHR$(128) 
360 PRINT TABXY<22,5);" 1 Sort traces froM Mass-stored disc " 
370 PRINT TABXY(22,7);" 2 ..... Read field traces froM disc " 
380 PRINT TABXY(22,9);" 3 ..... Read processed traces froM disc " 
390 PRINT TABXY(22,11 );" 4 Processing routines 
400 PRINT TABXY(22,13);" 5 Display traces 
410 PRINT TABXY(22,15);" 6 Interpretation routines" 
420 PRINT TABXY(22,17);" 7 EXIT prograM" 
430 PRINT TABXY< 19,Pointy);Marker$; 
440 RETURN 
450 !-------------------------------------------------------------------------
460 Move_echo: ! 
470 PRINT TABXY< 19,Pointy);" 
480 IF KNOBX>0 THEN 
490 Pointy=Pointy+2 

II• 

' 

500 IF Pointy>Max_pointy THEN Pointy=Max_pointy 
510 ELSE 
520 Pointy=Pointy-2 
530 IF Pointy=3 THEN Pointy=5 
540 END IF 
550 PRINT TABXY< 19,Pointy);Marker$; 
560 RETURN 
570 !-------------------------------------------------------------------------
580 Keyboard: 
590 SELECT K80$ 
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600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 

PRINT TABXY< 19,Pointy);" 
Pointy=Pointy-2 

II• 
I 

IF Pointy=3 THEN Pointy=Max_pointy 
PRINT TABXY( 19,Pointy);Marker$; 

CASE CHR$(255)& 11 V" 
PRINT TABXY( 19.Pointy);" 
Pointy=Pointy+2 

II• 
I 

IF Pointy>Max_pointy THEN Pointy=S 
PRINT TABXY( 19,Pointy};Marker$; 

CASE CHR$( 255 )&"E" ,CHR$( 255 )&"X" ,CHR$( 255 )&"C" 
SELECT Chee 

!========================================================================== 
! Main Menu 
!========================================================================== 

CASE 0 
SELECT Pointy 
CASE 5 

LOAD 11 BISON_SORT" 
CASE 7 

Chce=l 
Pointy=5 
GOSUB Read_field 

CASE 9 
Chce=2 
Pointy=S 
GOSUB Read_processed 

CASE 11 
Chce=3 
Pointy=S 
GOSUB Process_Menu 

CASE 13 
Chce=4 
Pointy=S 
GOSUB Display_Menu 

CASE 15 
Chce=S 
Pointy=5 
GOSUB Interpret_Menu 

CASE 17 
GCLEAR 
OUTPUT KBD; "K II; 
CONTROL 1 • 1 2; 0 
STOP 

END SELECT 
!--======================================================================== 

Unprocessed field traces reading options 
!========================================================================== 

CASE 1 
SELECT Pointy 
CASE 5 

Opt=l 
LOAD "READ_SEIS 11 

CASE 7 
Opt=2 
LOAD "READ_SEIS" 

CASE 9 
Opt=3 
LOAD "READ_SEIS" 

CASE 11 
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1200 Chce=0 
1210 Pointy=? 
1220 GOSUB Main 
1230 END SELECT 
1240 !========================================================================== 
1250 Processed traces reading options 
1260 !========================================================================== 
1270 CASE 2 
1280 SELECT Pointy 
1290 CASE 5 
1300 Opt=4 
1310 LOAD "READ_SEIS" 
1320 CASE 7 
1330 Opt=S 
1340 LOAD "READ_SEIS" 
1350 CASE 9 
1360 0pt=6 
1370 LOAD "READ_SEIS" 
1380 CASE 11 
1390 Opt=? 
1400 LOAD "READ_SEIS" 
1410 CASE 13 
1420 Pointy=9 
1430 Chce=0 
1440 60SUB Main 
1450 END SELECT 
1460 !========================================================================== 
1470 Processing options 
1480 !========================================================================== 
1490 CASE 3 
1500 SELECT Pointy 
1510 CASE 5 
1520 LOAD "POLAR" 
1530 CASE 7 
1540 LOAD "AMPLITUDE" 
1550 CASE 9 
1560 LOAD "STATICS" 
1570 CASE 11 
1580 LOAD "VEL_ANAL" 
1590 CASE 13 
1600 OUTPUT KBD;"K"; 
1610 PRINT TABXY(5,14);" Do you want to stack More than one CMP [ 
DEF= Y ]" .Stack_ques$ 
1620 PRINT TABXY(5.16);"If you want to view the corrected traces to speci 
fy the Mute answer N" 
1630 PRINT TABXY<S.18);" Answering Y assuMes you have a knowledge of 
the Mute 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 

zone" 
Stack_ques$="Y" 
INPUT Stack_ques$ 
IF Stack_ques$="Y" THEN 

LOAD "NMO_CORR" 
ELSE 

LOAD "NMO_CORR_l" 
END IF 

CASE 15 
LOAD "FILTR_BUTR" 

CASE 17 
Chce=0 
Pointy=l 1 
GOSUB Main 
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1770 END SELECT 
1780 !========================================================================== 
1790 ! Displaying options 
1800 !========================================================================== 
1810 CASE 4 
1820 OUTPUT KBD; "K" ; 
1830 SELECT Pointy 
1840 CASE 5 
1850 LOAD "DISP_SEIS" 
1860 CASE 7 
1870 GOSUB Screen_test 
1880 IF Screen_test=l THEN 
1890 DUMP DEVICE IS 701 
1900 GRAPHICS ON 
1910 GLOAD Screen_2(*} 
1920 DUMP GRAPHICS 
1930 ENO IF 
1940 GRAPHICS OFF 
1950 GOTO 2100 
1960 CASE 9 
1970 GOSUB Screen_test 
1980 IF Screen_test=l THEN 
1 990 DUMP DEV I CE IS 701 , EXPANDED 
2000 GRAPHICS ON 
2010 GLOAD Screen_2(*) 
2020 DUMP GRAPHICS 
2030 DUMP DEVICE IS 701 
2040 END IF 
2050 GRAPHICS OFF 
2060 GOTO 2100 
2070 CASE 11 
2080 LOAD "PLOT_SEIS" 
2090 CASE 13 
2100 Chce=0 
2110 Pointy=13 
2120 GOSUB Main 
2130 END SELECT 
2140 !========================================================================== 
2150 Interpretation options 
2160 !=================================·======================================== 
2170 CASE 5 
2180 SELECT Pointy 
2190 CASE 5 
2200 LOAD "SYNTH_CMP" 
2210 CASE 7 
2220 LOAD "RAY_TRACE" 
2230 CASE 9 
2240 LOAD "AMP_SPECTR" 
2250 CASE 11 
2260 Chce=0 
2270 Pointy=tS 
2280 GOSUB Main 
2290 END SELECT 
2300 END SELECT 
2310 CASE ELSE 
2320 BEEP 2200,.15 
2330 END SELECT 
2340 RETURN 
2350 !************************************************************************* 
2360 Read_field: ! 
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2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
e 1 s)" 

OUTPUT KBD; "K" ; 
PRINT TABXY(28,2);CHR$( 129)&" Field trace read Menu "&CHR$(128) 
PRINT TABXY(22,5);" 1 Get a field record" 
PRINT TABXY<22,7);" 2 ..... Gather uncorrected CDP traces 
PRINT TABXY(22,9);" 3 ...•• Gather a coMMon offset section" 
PRINT TABXY(22,11 );" 4 ••... RETURN to Main Menu" 
PRINT TABXY< 19,Pointy);Marker$; 
Max_pointy=l 1 
RETURN 
!-------------------------------------------------------------------------

Read_processed: ! 
OUTPUT KBO; "K"; 
PRINT TABXY<26,2);CHR$( 129)&" Processed trace read Menu "&CHR$( 128) 
PRINT TABXY(22,5);" 1 Constant velocity NMO corrected traces (CVG pan 

2510 PRINT TABXY(22,7);" 2 Constant velocity stacked panels <CVS)" 
2520 PRINT TABXY(22,9);" 3 CMP gather " 
2530 PRINT TABXY(22,11 );" 4 •••• CMP stacked section" 
2540 PRINT TABXY<22,13);" 5 .... RETURN to Main Menu" 
2550 PRINT TABXY< 19,Pointy);Marker$; 
2560 Max_pointy=13 
2570 RETURN 
2580 !-------------------------------------------------------------------------
2590 Process_Menu: ! 
2600 OUTPUT KBD;"K"; 
2610 PRINT TABXY(31 ,2 );CHR$( 129)&" Processing Menu "&CHR$( 128) 
2620 PRINT TABXY(22,5);" 1 Change polarity" 
2630 PRINT TABXY(22,7);" 2 ..... AMplitude corrections to traces" 
2640 PRINT TABXY(22,9);" 3 ..... Calculate static corrections" 
2650 PRINT TABXY(22,11);" 4 Velocity analysis" 
2660 PRINT TABXY(22,13);" 5 NMO correction and CMP stack " 
2670 PRINT TABXY<22,15);" 6 Filter traces" 
2680 PRINT TABXY<22,17);" 7 RETURN to Main Menu" 
2690 PRINT TABXY(19,Pointy);Marker$; 
2700 Max_pointy=l? 
2710 RETURN 
2720 !-------------------------------------------------------------------------
2730 Oisplay_Menu: ! 
2740 OUTPUT KBO;"K"; 
2750 PRINT TABXY(35,2);CHR$C 129)&" Display Menu "&CHR$( 128) 
2760 PRINT TABXY(22,5);" To screen" 
2770 PRINT TABXY(22,7);" 2 ..... To HP printer (norMal graphics Mode)" 
2780 PRINT TABXY(22,9);" 3 .••.• To HP printer (expanded graphics Mode)" 
2790 PRINT TABXY<22, 11 ); " 4 •••.• To plotter" 
2800 PRINT TABXY(22,13);" 5 ..... RETURN to Main Menu" 
2810 PRINT TABXY( 19,Pointy);Marker$; 
2820 Max_pointy=13 
2830 RETURN 
2840 !-------------------------------------------------------------------------
2850 Interpret_Menu: ! 
2860 OUTPUT KBO;"K"; 
2870 PRINT TABXY(31,2);CHR$(129)&" Interpretation Menu "&CHR$(128) 
2880 PRINT TABXY(22,5);" 1 Generate synthetic CMP gathers" 
2890 PRINT TABXY(22,7);" 2 ..... Ray path Modelling" 
2900 PRINT TABXY<22,9);" 3 ..... AMplitude spectruM calculation" 
2910 PRINT TABXY(22,11 );" 4 ..... RETURN to Main Menu" 
2920 PRINT TABXY< 19,Pointy);Marker$; 
2930 Max_pointy=l 1 
2940 RETURN 
2950 
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2960 
2970 
2980 
2990 
3000 
3010 

!========================================================================= 
Screen_test: 
Screen_test=l 
IF MAX(Screen_2(*))=0 THEN 

BEEP 
PRINT TABXY(S,15);"There is nothing to duMp DUMMY -- Draw to screen be 

fore trying ta duMp" 
3020 BEEP 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3100 

WAIT 2 .8 
BEEP 
Screen_test=0 

END IF 
RETURN 
!========================================================================= 

END 
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10 BISON_OUMP 
20 DuMps 24 channels froM BISON to disc (unsorted) 
30 Requires BASIC 3.0 with SERIAL BIN file 
40 
50 
60 
70 
80 

A.T.Oippenaar U.P. SepteMber 1986 

Last changes on 01 October 1986 

90 !======~================================================================== 
100 ! 
110 OPTION BASE 1 
120 INTEGER Mixed_array(23280) 
130 ! 
140 OUTPUT"KBD;"K"; 
150 INPUT "Area identification ",Area$ 
160 INPUT "Line identification" ,Line$ 
170 LOOP 
180 INPUT "Shotpoint" ,Shot 
190 IF Shot<0 THEN 

Fi l$=Area$&"_"&Line$&"n"&VAL$( ABS( Shot) )&"M" 
ELSE 

Fi !$=Area$&"_" &Line$&"_" &VAL$( Shot )& "M" 
END IF 
OUTPUT KBD; II~~ II; 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 

Sc=9 Select code for serial interface 
ASSIGN @Bison TO 9 

Resets interface 
Baud rate= 9600 

ON ERROR GOSUB Error 
CONTROL Sc , 0; 1 
CONTROL Sc,3;9600 
CONTROL Sc,4;3+0+0 
CONTROL Sc,5;3 

8 bi ts/char, no parity, 1 stop bit 

DISP "Press <WRITE><?> <ENTER> on Bison then <CONTINUE> on HP9816 

360 PAUSE 
370 DISP " 

380 PRINT TABXYC16,13);" Transfering data for file ";Fil$ 
390 CONTROL 2,7;1 Locks out keyboard 
400 
410 
420 
430 
440 

! 

OUTPUT 
OUTPUT 
OUTPUT 
DISP " 

you. 

@Bison;CHR$(27>&CHR$(65); 
@Bison;CHR$(27)&CHR$(69); 
@Bison;CHR$(27)&CHR$(0); ! 

Please be patient This 

ESC A 16 bit 
ESC E Enhance 
ESC 0 All the 

will take just under 3 

data 
MeMory 
channels 

Minutes 
Thank 

450 
460 
470 
480 
490 

OUTPUT @8ison;CHR$(27)&CHR$(71 ); ! ESC 6 start duMp 

500 

510 
520 
530 
540 
550 

ENTER @Bison USING "960(#,K),#,8,K,8,3(K),8,8,2(K)";Mixed_array(*) 
OUTPUT @Bison;CHR$(27)&CHR$(81 ); ESC Q Quit duMp 

DISP II 

ASSIGN @Bison TO* 
CONTROL Sc , 0; 1 
CONTROL Sc,5;0 
CONTROL 2,7;0 

Resets interface 

Keyboard active again 

560 BEEP 
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570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 

910 

920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 

1020 

1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 

PRINT TABXY< 16,13);" Storing file ";Fil$;" 
MASS STORAGE rs ": . 100. 1" 
! 
CREATE BOAT Fil$,24,1950 
ASSIGN @To_disc TO Fil$ 
OUTPUT @To_disc;Mixed_array(*) 
ASSIGN @To_disc TO* 
! 
MASS STORAGE rs 11

:, 700" 
PRINT TABXYC16,13);" Finished with file ";Fil$;" 
BEEP 
OFF ERROR 
□ ISP" Press <CONTINUE> to carry on" 
PAUSE 
DISP II 

END LOOP 
STOP 
!===================================~==========================~========== 

Error: ! 
SELECT ERRN 
CASE 167 Interface status error 

STATUS 9,10;Uart_error 
IF BIT( Uart_error, 1 ) THEN Overrun 
IF BIT(Uart_error,2) THEN Parity 
IF BIT(Uart_error,3) THEN FraMing 
IF BIT<Uart_error,4) THEN Break 

CASE 64 Mass Storage overflow 
OUTPUT KBD; II~~ II; 

BEEP 
PRINT TABXY< 17,7);"**************************************************** 11 

PRINT TABXY<l?,8); 11 * *" 

PRINT TABXYC17,9);"* Data disc full Insert new disc * 11 

PRINT TABXYC 17,10);"* * 

PRINT TABXY< 17, 11 ); "**************************************************** 

BEEP 
PAUSE 
OUTPUT KB□; "K"; 

CASE 80 No disc in drive 
OUTPUT KBD; "K"; 
BEEP 
PRINT TABXYC17,7); 11 ****************************************************" 
PRINT TABXYC17,8);"* *" 
PRINT TABXY( 17,9);"* Nd disc in drive -- Insert disc *" 
PRINT TABXY( 17, 10 >; "* * 

PRINT TABXYC17,11 );"**************************************************** 

BEEP 
PAUSE 
OUTPUT KB□; "K"; 

CASE ELSE 
PRINT ERRN 

END SELECT 
GOTO 1190 
! 

Overrun:PRINT "OVERRUN" 
GOTO 1190 
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1130 Parity:PRINT "PARITY" 
1 1 40 GOTO 1 1 90 
1150 FraMing:PRINT "FRAMING" 
1 1 60 GOTO 11 90 
1170 Break:PRINT "BREAK" 
1180 I 
1190 RETURN 
1200 !========================================================================= 
1210 ENO 
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BISON_SORT Sorts Mixed files into trace files 

A.T.Dippenaar U.P. SepteMber 1986 

Last changes on 26 April 1987 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 

!========================================================================= 
OPTION BASE I 
INTEGER Mixed_array(23280),Store_array(959) 
! 
PLOTTER IS 3,"INTERNAL" 
X=100*MAX< 1 ,RATIO) 
Y=100*MAX( 1, 1 /RATIO) 
GIN IT 
GCLEAR 
GRAPHICS ON 

160 OUTPUT KBO;"K"; 
170 ! 
180 INPUT "Area identification (Ma:<iMuM 2 character)" ,Area$ 
190 INPUT "Line identification (MaxiMUM 3 characters)" ,Line$ 
200 INPUT "How Many shotpoints" ,AMt_shot 
210 INPUT "Shotpoint 1 location (MaxiMUM 4 characters)" ,Shot_l 
220 INPUT "Geophone 1 location" ,Geo_l 
230 Geo_space=S 
240 INPUT "Geophone spacing [ DEF= 5 ]" ,Geo_space 
250 Shot_space=S 
260 INPUT "Shotpoint spacing [ DEF = 5 ]" ,Shot_space 
270 Graph_ques$="N" 
280 INPUT "Graphic display of data before writing to disc (Y/N) [ DEF 
raph_ques$ 
290 ! 
300 Last=Shot_1+( (AMt_shot-1 >~Shot_space) 
310 FOR Shot=Shot_l TO Last STEP Shot_space 
320 MASS STORAGE IS ":, 700 ,0" 
330 IF Shot<0 THEN 
340 Fi 1 $=Area$&"_" &Line$&" n" &VAL$ ( ABS ( Shot ) )& "M" 
350 ELSE 
360 Fil$=Area$&"_"&Line$&"_"&VAL$(Shot >&"M" 
370 END IF 
380 □ ISP "Reading file ";Fil$ 
390 ASSIGN @FroM_disc TO Fil$ 
400 ENTER @FroM_disc;Mixed_array(*) 
410 ASSIGN @FroM_disc TO* 
420 ! 
430 IF Graph_ques$="N" THEN 590 
440 ! 
450 FOR Tr=1 TO 24 
460 VIEWPORT ( Tr-1 )/27*X, ( Tr+2 )/27*X ,28, 100 
470 WINDOW -35000,35000,-959,50 
480 MOVE 0,10 
490 LORG 4 
500 CSIZE 3 
510 LABEL VAL$(Tr) 
520 MOVE Mi xed_array ( ( Tr-1 ) * 970+ 1 ) , 0 
530 FOR I=l TO 959 
540 DRAW Mixed_array( ( Tr-1 )*970+1) ,-I 
550 NEXT I 
560 NEXT Tr 
570 
580 MASS STORAGE IS ": , 700, 1" 
590 Counter=0 

N J" ,G 
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600 FOR Tr=l TO 24 
610 
620 FOR I=l TO 24 
630 IF Tr=Ch_ignore(I) THEN 850 
640 NEXT I 
650 
660 Counter=Counter+l 
6 70 Ch_naMe$=VAL$ { Geo_ 1 + (Count er-1 ) *Geo_spac e ) 
680 
690 IF Shot<0 THEN 
700 Fil$=Line$&"n"&VAL$( ABS( Shot))&" "&Ch_naMe$ 
710 ELSE 
720 Fi l$=Line$&"_"&VAL$( Shot )&"_"&Ch_naMe$ 
730 ENO IF 
740 □ ISP "Storing file ";Fil$ 
750 FOR I=l TO 959 
760 Store_array( I )=Mixed_array( ( Tr-1 )*970+I) To save writing tiMe 
770 NEXT I 
780 CREATE BOAT Fil$, 1, 1950 
790 ASSIGN @To_disc TO Fil$ 
800 OUTPUT @To_disc;Store_array(*) 
810 OUTPUT @To_d i sc; Mi xed_array ( ( Tr-1 ) * 970+966 ) Gain 
820 OUTPUT @To_disc;Mixed_array((Tr-1 )*970+969) Sweep length 
830 ASSIGN @To_disc TO* 
840 ! 
850 NEXT Tr 
860 NEXT Shot 
870 MASS STORAGE IS " : , 700" 
880 DISP " 
890 BEEP 
900 END 
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COPY_SEIS Copies seisMic traces froM field disc to hard disc 

A.T.Oippenaar U.P. April 1987 

Last changes on 02 May 1987 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 

!========================================================================= 
! 
OPTION BASE 
! 
DIM Geo(24) 

CONTROL 1 , 1 2; 1 
OUTPUT KBD; II K II ; 

! 
INPUT "Line identification (MaxiMUM 2 alphanuMericals)" ,Line$ 
MASS STORAGE IS": ,700,1" 

280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
< 128) 

DISP "Any Missed shots on line ";Line$; 
INPUT Miss_ques$ 
IF Miss_quesS="Y" THEN 

INPUT "How Many" ,Nr_Missed_shots 
ALLOCATE Missed_shot(Nr_Missed_shots) 
FOR I=l TO Nr_Missed_shots 

□ ISP "Shotpoint of Missed shot ";I; 
INPUT Missed_shot(I) 

NEXT I 
END IF 

Geo_space=S ! -
Shot_space%5 Default values 
Shotpoint1=0 ! -
! 
INPUT "First shotpoint location [ DEF= 0 ]" ,Shotpointl 
INPUT "La5t shotpoint location" ,Shotpoint2 
INPUT "First geophone position" ,Geo_l 
! 
INPUT "Shotpoint spacing [ DEF = 5 ]" ,Shot_space 
INPUT "Geophone spacing [ DEF= 5 ]" ,Geo_space 
AMt=12 
INPUT "How Many traces per shot [ DEF: 12 ]" ,AMt 
IF AMt>24 THEN 

BEEP 
OISP CHRS( 129)&" You Must be new around here Max 

430 WAIT 2 
440 BEEP 
450 GOTO 390 
460 ENO IF 
470 ! 
480 Sector==Z 
490 FOR Shot=Shotpointl TO Shotpoint2 STEP Shot_space 
500 FOR M=l TO Nr_Missed_shots 
510 IF Shot=Missed_shot(M) THEN 570 
520 NEXT M 
530 FOR Tr=l TO AMt 
540 Geo(Tr)=Geo_l+(Tr-1 )*Geo_space 
550 GOSUB Copy_trace 
560 NEXT Tr 
570 NEXT Shot 
580 

24 (wait) "&CHR$ 
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600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 

990 
1000 
1010 
1020 

* II 

MASS STORAGE IS ": ,700,0,6" 
BEEP 
Pointy=9 
LOAD "AUTOST: ,700,0,6" 
! 
STOP 

'*************************************************************************** 
Copy_trace: 

I 
IF Shot <0 THEN 

Fil$=Line$&"n"&VAL$( ABS< Shot>)&" "&VAL$( Geo( Tr)) 
ELSE 

Fil$=Line$&" "&VAL$(Shot)&" "&VAL$(Gco(Tr)) 
END IF 
! 
ON ERROR GOSUB Warning 
COPY Fil$&": ,700,1" TO Fil$&": ,700,0,"&VAL$(Sector) 
PRINT TABXY(20,18);"Copying trace ";Tr;" of ";AMt;"of shot ";Shot 

!======================================================================== 
ASSIGN @To_disc TO* 
OFF ERROR 

□ ISP " 
RETURN 
1-------------------------------------------------------------------------

Warni ng: ! 
GRAPHICS OFF 
DISP II 

PRINT TABXY( 10,7);"*****************************************************" 
PRINT TABXY( 10,8);"* •" 
PRINT TABXY(10,10);"* *" 
PRINT TABXY(10,11 );"*****************************************************" 

BEEP 
SELECT ERRN 
CASE 56 

PRINT TABXY(10,9);"* 

BEEP 
CASE 64 

IF Sector=2 THEN 
PRINT TABXY(10,9);"* 

File not found on ,700,1 

Switching to ,700,0,3 

1030 Sector=3 
1040 MASS STORAGE IS ": ,700,0,3" 
1050 GOTO 1150 
1060 ELSE 
1070 
* II 

1080 
1090 
1100 
* II 

PRINT TABXY( 10,9); 11 * 

END IF 
CASE 80 

PRINT TABXY(10,9);"* 

1110 CASE ELSE 
1120 PRINT TABXY(10,9);"* 
)& II * II 
1130 END SELECT 
1140 PAUSE 

You have a probleM ,700,0,3 is full as well 

No disc in : ,700, 1 

Unexpected error -- Error nuMber "&VAL$(ERRN 
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1150 BEEP 
1160 RETURN 
1170 !-------------------------------------------------------------------------
1180 
1190 END 
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10 
20 
30 
40 

READ_SEIS 

A.T.Oippenaar 

Reads seisMic traces froM disc 

U.P. SepteMber 1986 

50 Last changes on 02 January 1988 
60 !========================================================================= 
70 ! 
80 OPTION BASE 1 
90 
100 COM /Seis_int/ Line$[2] ,INTEGER Trace(24,960),0pt,AMt,Gain(24) 
110 COM /Seis_real/ REAL Shot(24),Geo{24),Shift_value(24),0ffset 
120 COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
130 COM /Polar/ INTEGER Pol_factor(24) 
140 COM /Statics/ REAL Geophone_static( 100),Source_static( 100),Peg( 100) 
150 COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 
e ,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 INTEGER DuMMY ( 961 ) , Sweep ( 24) 
190 DIM 0uM(959) 
200 CONTROL 1 ,12;1 
210 OUTPUT ~~BO; "K"; 
220 ! 
230 INPUT "Line identification (MaxiMUM 2 alphanuMericals)" ,Line$ 
240 IF Opt<4 THEN 
250 Stat_ques$="Y" 
260 INPUT "Must static calculations be read froM disc [ DEF= Y ]" ,Stat_ques 
$ 

270 IF MAX<Geophone_static<•>>>0 ANO Stat_ques$="N" THEN 
280 INPUT "Do you wish to zero the static correction arrays (Y/N)" ,Sq$ 
290 IF Sq$="Y" THEN 
300 FOR S=l TO 100 
310 Geophone_static(S)=0 
320 Source_static(S)=0 
330 Peg(S)=0 
340 NEXT S 
350 FOR S=l TO 24 
360 Shift value(S}~0 
370 NEXT S 
380 ELSE 
390 IF Sq$<>"N" THEN GOTO 280 
400 END IF 
410 END IF 
420 ELSE 
430 Stat_ques$="N" 
440 END IF 
450 ! 
460 IF Stat_ques$="Y" THEN 
470 □ ISP "First peg position on line ";Line$; 
480 INPUT First_peg 
490 □ ISP "Last peg position on line ";Line$; 
500 INPUT Last_peg 
510 Peg_space=S 
520 INPUT "Peg_spacing [ DEF= 5 ]" ,Peg_space 
530 Peg_aMt=(Last_peg-First_peg}/Peg_space+l 
540 END IF 
550 
560 
570 
580 

ForMat$="I" 
INPUT "Data in INTEGER <I> or REAL <R> forMat [ DEF 
IF ForMat$()"I" AND ForMat${)"R" THEN 570 

I ] ",ForMat$ 
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590 MASS STORAGE IS ": . 700, 1 " 
600 
610 
620 
630 
640 

FOR Ch=l TO 24 
Pol_factor( Ch)= 1 

NEXT Ch 

Geo_space=S 
Shot_space=S 
Cdp_fold=B 
! 
SELECT Opt 

! -
! 
! -

Default values 
650 
660 
670 
680 
690 
700 
710 

!========================================================================= 
Option 1 Field record 

720 
730 
740 

!========================================================================= 
CASE 1 

750 
760 
770 
780 
790 
800 
810 
820 
R$ ( 1 28 > 

INPUT "Shot location" ,Shotpoint 
INPUT "Geophone 1 location" ,Geo_l 
INPUT "Geophone spacing [ DEF= 5 J" ,Geo_space 
AMt=24 
INPUT "How Many traces [ DEF= 24 ]" ,AMt 
IF AMt>24 THEN 

BEEP 
DISP CHR$(129)&" You Must be new around here 

WAIT 2 
BEEP 
GOTO 790 

ENO IF 
! 
FOR Tr=l TO AMt 

Shot(Tr)=Shotpoint 
Geo( Tr )=Geo_l +( Tr-1 )*Geo_space 
GOSIJB Read_trace 

NEXT Tr 

Max = 24 (wait ) "&CH 

830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 

!========================================================================= 
Option 2 Uncorrected CDP traces 

!========================================================================= 
970 CASE 2 
980 
990 INPUT "Fold of proposed CDP stack [ DEF= 6 ] ( Any Missed shots Must be 

included )" ,Cdp_fold 
1000 INPUT "Shot spacing [ DEF= 5 J" ,Shot_space 
1010 AMt=Cdp_fold 
1020 INPUT "Midpoint of CMP gather" ,Cdp_centre 
1030 Miss_ques$="N" 
1040 INPUT "Any Missed shots in this CMP gather (Y/N) [ DEF N J" ,Miss_ques$ 
1050 IF Miss_ques$="Y" THEN 
1060 INPUT" How Many" ,Miss_a~t 
1070 ALLOCATE Missed(Miss_aMt) 
1080 INPUT " Enter as shot 1 ,shot2, ..... " ,Missed(*} 
1090 END IF 
1100 FOR Tr=l TO AMt 
1110 Shot( Tr )=Cdp_centre-( ( Tr-1 )*Shot_space) 
1120 FOR M=l TO Miss_aMt 
1130 IF Shot(Tr)=Missed(M} THEN 1170 
1140 NEXT M 
1150 Geo( Tr )=Cdp_centre+( ( Tr-1 )*Shot_space) 
1160 GOSUB Read_trace 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

1170 NEXT Tr 
1180 !========================================================================= 
1190 ! Option 3 CoMMon offset section 
1200 !========================================================================= 
1210 CASE 3 
1220 
1230 INPUT "First shotpoint for this section" ,First_shot 
1240 INPUT "last shotpoint for this section" ,last_shot 
1250 INPUT II Shot spacing [ DEF = 5 ] 11 

, Shot_space 
1260 AMt=(Last_shot-First_shot)/Shot_space+l 

Miss_ques$="N" 
INPUT "Any Missed shots in this section (Y/N) [ DEF 
IF Miss_ques$="Y" THEN 

INPUT II How Many ",Miss_aMt 
ALLOCATE Missed(Miss_aMt) 
INPUT II Enter as shotl ,shot2, ..... " ,Missed(*) 

END IF 
INPUT "Offset" ,Offset 
! 
FOR Tr=1 TO AMt 

Shot ( Tr )=Fi rs t_shot +< Tr-1 ) *Shot_space 
FOR M=l TO Miss_aMt 

IF Shot(Tr>=Missed(M) THEN 1430 
NEXT M 
Geo(Tr)=Shot(Tr)+Offset 
GOSUB Read_trace 

NEXT Tr 

N ]" ,Miss_ques$ 

!========================================================================= 

1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
_centre 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 

Option 4 CVG traces 
!========================================================================= 
CASE 4 

MASS STORAGE IS ": , 700, 1" 
INPUT "What velocity" ,V 
INPUT "Fold of CDP gather DEF= 6 ]" ,Cdp_fold 
INPUT "Shot spacing [ DEF= 5 J" ,Shot_space 
AMt=Cdp_fold 
INPUT "Shotpoint location of zero offset trace (Midpoint of gather)" ,Cdp 

FOR Tr=1 TO AMt 
Shot< Tr )=Cdp_centre-( ( Tr-1 )*Shot_space) 
Geo( Tr )=Cdp_centre+( ( Tr-1 )*Shot_space) 
! 
Fil$=VAL$(ShotCTr))&"v"&VAL$(V/100)& 11 g"&VAl$(Geo(Tr)) 
! 
GOSUB Read_trace 

NEXT Tr 
1640 I========================================================================= 
1650 ! Option 5 Processed traces 
1660 !========================================================================= 
1670 CASE 5 
1680 
1690 MASS STORAGE IS 11

: , 700, 1" 
1700 INPUT "How Many Midpoints" ,Nr_Midpoints 
1710 AMt=Nr_Midpoints 
1720 INPUT "First COP position" ,First_cdp 
1730 INPUT "Shot spacing [ DEF= 5 l" ,Shot_space 
1740 INPUT "Enter velocity" ,V 
1750 Shot ( 1 >=F irst_cdp 
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1760 Shot(AMt )=First_cdp+<AMt-1 )*Shot_space 
1770 FOR Tr=l TO AMt 
1780 Mid=First_cdp+( Tr-1 )*Shot_space 
1790 ! 
1800 Fil$=VAL$(V)&"cvs"&lJAL$(Mid) 
1810 ! 
1820 GOSUB Read_trace 
1830 NEXT Tr 
1840 !======================================================================---
1850 ! Option 6 NMO corrected CMP gather 
1860 !====================================================================-----
1870 CASE 6 
1880 IMPUT "Midpoint of NMO corrected CMP gather" ,Cdp_centre 
1890 INPUT "Shot spacing [ DEF= 5 J" ,Shot_space 
1900 FOR Tr=l TO AMt 
1910 Shot(Tr)=Cdp_centre-((Tr-1 )*Shot_space) 
1920 Geo( Tr )=Cdp_centre+( ( Tr-1 )*Shot_space) 
1930 ! 
1940 Fil$=VAL$(Shot(Tr))&"nMo"&VAL$(Geo(Tr)) 
1950 
1960 GOSUB Read_trace 
1970 NEXT Tr 
1980 
1990 !========================================================================= 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 · 

2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 

Option 7 NMO corrected CMP stacked section 

CASE 7 
MASS STORAGE IS ": ,700, 1" 
INPUT "First CMP ",First_cMp 
INPUT "Last CMP ",Last_cMp 
Trace_space=S 
INPUT "Trace spacing [ DEF = 5 ] " , Trace_space 
AMt=(Last_cMp-First_cMp)/Trace_space+l 
Shot( l )=First_cMp 
Shot<AMt )=First_cMp+<AMt-1 )*Trace_space 
FOR Tr=l TO AMt 

Pos i ti on=F i rs t_cMp+ ( Tr-1 ) * Trace_space 
Fil$=Line$&"_"&VAL$(Position) 
GOSUB Read_trace 

NEXT Tr 
END SELECT 
!========================================================================= 

Static calculations read in 
!========================================================================= 
IF Stat_ques$="Y" THEN 

! 
MASS STORAGE IS ": ,700,1" 
□ ISP "Reading static corrections " 

F$=Line$&"_srce_st" 
ASSIGN @PTO F$ 
ON END @P GOTO 2290 
ENTER @P;Source_static(*) 
ASSIGN @PTO* 

' F$=Line$&"_geo_st" 
ASSIGN @PTO F$ 
ON ENO @P GOTO 2350 
ENTER @P;Geophone_static(*) 
ASSIGN @PTO* 
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2360 ! 
2370 FOR P=l TO Peg_aMt 
2380 Peg( P )=Fi rs t_peg+ ( P-1 ) *Peg_space 
2390 NEXT P 
2400 
2410 ELSE 
2420 FOR P=1 TO 100 
2430 Peg(P)=0 
2440 NEXT P 
2450 END IF 
2460 !========================================================================= 
2470 MASS STORAGE rs ": ,700,1" 
2480 Pointy=9 
2490 LOAD "AUTOST: ,700,0" 
2500 ! 
2510 STOP 
2520!*************************************************************************** 
2530 Read_trace: ! 
2540 
2550 SELECT Opt 
2560 CASE 1 ,2,3 
2570 IF Shot(Tr><0 THEN 
2580 Fil$=Line$&"n"&VAL$(ABS(Shot<Tr>>>&" "&VAL$(Geo(Tr)) 
2590 ELSE 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
2760 
2770 
2780 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 
2920 
2930 
2940 
2950 

Fil$=Line$&"_"&VAL$(Shot(Tr))&"_"&VAL$(Geo(Tr)) 
END IF 

END SELECT 
! 
ON ERROR GOSUB Warning 
ASSIGN @To_disc TO Fil$ 
ON END @To_disc GOTO 2760 
□ ISP "Reading trace ";Tr;" of ";AMt;" 
! 
IF ForMat$="I" THEN 

SELECT Opt 

";Fi 1$ 

!-------------------------------------------------------------------------
! INTEGER forMat Field records 
!-------------------------------------------------------------------------

CASE 1 ,2 ,3 
ENTER @To_disc;OuMMy(*) 
FOR I=l TO 959 

Trace(Tr,I )=DuMMy(I) 
NEXT I 
Gain(Tr)=0uMMy(960) 
Sweep ( Tr )=DuMMy ( 961 ) 

!-------------------------------------------------------------------------
! INTEGER forMat Processed traces 
!-------------------------------------------------------------------------

CASE 4,5,6,7 
ENTER @To_disc;OuMMy(*) 
FOR I=l TO 959 

Trace(Tr,I )=DuMMy(!) 
NEXT I 

END SELECT 
ELSE 

ENTER @To_disc;DuM(*} 
FOR !=1 TO 959 

Processed_trace(Jr,I )=DuM(I) 
NEXT I 
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2960 
2970 END IF 
2980 !==============================================================-=====----
2990 ASSIGN @To_disc TO* 
3000 OFF ERROR 
3010 
3020 RETURN 
3030 !-------------------------------------------------------------------------
3040 ~Jarn i ng: ! 
3050 GRAPHICS OFF 
3060 DISP " 
3070 
3080 PRINT TABXY( 10,7);"*****************************************************" 
3090 PRINT TABXY(10,8);"• * 11 

3100 PRINT TABXYC10,10);"* •" 
3110 PRINT TABXY(10,11 );"*****************************************************" 
3120 
3130 BEEP 
3140 SELECT ERRN 
3150 CASE 56 
3160 PRINT TABXYC10,9);"* File not found on current MSU 

3170 Msu_ques$="N" 
3180 INPUT "Do you want to change MSU [ DEF= N ]" ,Msu_ques$ 
3190 IF Msu_ques$<>"Y" AND Msu_ques$<)"N" THEN 3180 
3200 IF Msu_ques$="Y" THEN 
3210 INPUT "Enter new MSU e.g. '': ,700,0,3'' [ NO DEF J ",Ms$ 
3220 ON ERROR GOTO 3250 
3230 MASS STORAGE IS Ms$ 
3240 GOTO 3440 

OFF ERROR 
! 
SELECT ERRN 
CASE 150,52 

BEEP 
OISP "TRY AGAIN 
GOTO 3210 

END SELECT 

ELSE 

3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 · 
3370 
3380 
3390 

□ ISP "Insert next disc in current MSU 
PAUSE 

<CONT I NUE> II 

END IF 
CASE 80 

PRINT TABXY( 10,9);"* 

3400 PAUSE 
3410 CASE ELSE 
3420 PRINT TABXY( 10,9);"* 
)&" *" 
3430 PAUSE 
3440 END SELECT 
3450 OUTPUT KBO;"K"; 
3460 RETURN 

No disc in right hand drive 

Unexpected error -- Error nuMber "&VAL$(ERRN 

3470 !-------------------------------------------------------------------------
3480 
3490 END 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

10 
20 
30 
40 
50 
60 

DISP_SEIS Displays seisMic section on screen 

A.T.Dippenaar U.P SepteMber 1986 

Last changes on 01 January 1988 
!========================================================================= 

70 ! 
80 OPTION BASE 1 
90 ! 
100 COM /Seis_int/ Line$[21,INTEGER Trace(24,960),0pt ,AMt,Gain(24) 
110 COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
120 COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
130 COM /Polar/ INTEGER Pol factorC24) 
140 COM /Statics/ REAL Geophone_static( 100),Source_static( 100),Peg( 100) 
150 COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 
e ,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 DIM Total_static( 100),Label$[80J 
190 
200 
210 
220 
230 
240 
250 
260 

Qq$="I" 
INPUT "INTEGER (I) or REAL <R> forMat [ DEF 
PLOTTER IS 3,"INTERNAL" 
CONTROL 1 , 1 2; 1 
X=100*MAX(1 ,RATIO) 
Y=101Zl*MAX( 1 , 1 /RATIO) 
GIN IT 

270 GCLEAR 
280 Shift=0 
290 GRAPHICS ON 
300 Gain_aMplitude=1 
310 Gain_tiMe=1 
320 Shift_flag$="clear" 
330 Screen_toggle=0 
340 Sweep=192 
350 ! 
360 OUTPUT KBO;"K"; 
370 SaMple_rate=(Sweep/1000)/959 
380 ! 
3 90 Var _e.rea$=" OM" 
400 
410 TiMe_shift_calc: ! 
420 IF MAX(Peg(*))=0 THEN 540 
430 FOR K=l TO AMt 
440 Total_static(K)=0 
450 FOR Pg=l TO 100 

I ] II ,Qq$ 

in Msec 

in sec 

460 IF Shot(K)=Peg(Pg) THEN Total_static(K)=Total_static(K)+Source_static( 
Pg) 
4?0 IF Geo(K)=Peg(Pg) THEN Total_static(K)=Total_static(K)+Geophone_static 
(Pg) 
480 NEXT Pg 
490 ! 
500 Shift_value(K)=INT(Total_static(K)/SaMple_rate) 
510 ! 
520 NEXT K 
530 ! 
540 GOSUB Main 
550 ! 
560 STOP 
570 !=-===========================================================:=--------==== 
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580 Main: 
590 CONTROL 1 ,12;0 
600 SET ECHO 1000000,10000000 Off screen 
610 FOR K=0 TO 9 
620 ON KEY K LABEL" "GOTO Spin 
630 NEXT K 
640 ON KEY 3 LABEL" GAIN--> " GOSUB Gain_expand 
650 ON KEY 8 LABEL" GAIN<--" GOSUB Gain_contract 
660 ON KEY 5 LABEL" DEFAULT" GOSUB Default 
670 ON KEY LABEL" GAIN - "GOSUB Gain_sub 
680 ON KEY 6 LABEL " GAIN+" GOSUB Gain_add 
690 ON KEY 7 LABEL" DRAW TRACES" GOSUB Draw_traces 
700 ON KEY 4 LABEL" RETURN" GOTO Autost 
710 ON KEY 9 LABEL "NEXT SCREEN" GOSUB Screen 
720 IF Var_area$="0N" THEN 
730 ON KEY 2 LABEL " FILL ON" GOSUB Fill_pos 
740 ELSE 
750 ON KEY 2 LABEL " FILL OFF" GOSUB Fill_pos 
760 END IF 
770 Spin:GOTO Spin 
780 RETURN 
790 !-------------------------------------------------------------------------
800 Autost: 
810 GRAPHICS OFF 
820 Pointy=l 1 
830 LOAD "AUTOST" 
840 !-------------------------------------------------------------------------
850 Draw_traces: ! 
860 GCLEAR 
870 FOR Tr=l TO AMt 
880 IF Tr>24 THEN 
890 IF Tr=25 THEN 
900 GOSUB TiMing 
910 GSTORE Screen_l(*) 
920 GCLEAR 
930 END IF 
940 END IF 
950 GOSUB Viewport 
960 CLIP OFF 
970 MOVE 0,10 
980 LORG 4 
990 CSIZE 3 
1000 LABEL VAL$(Tr) 
1010 MOVE Trace( Tr, 1 )*Pol_f actor( Tr) ,0 
1020 Gain_factor=l 
1030 FOR I=l TO 959*Gain_tiMe 
1040 IF Var_area$="0N" THEN 
1050 IF Qq$="R" THEN 
1060 IF Processed_trace(Tr,I)*Pol_factor(Tr))0 THEN MOVE 0,-(I-Shift_va 
lue(Tr)) 
1070 
1080 
1090 
1100 
1110 
1120 
lue(Tr)) 
1130 
1140 
1150 

ELSE 
IF Trace(Tr,I )*Pol_factor(Tr)>0 THEN MOVE 0,-CI-Shift_value(Tr>> 

ENO IF 
ENO IF 
IF Qq$="R" THEN 

DRAW (Processed_trace(Tr,I)*Pol_factor(Tr))*Gain_factor,-(I-Shift_va 

ELSE 
DRAW (Trace(Tr,I)*Pol_factor(Tr))*Gain_factor,-(I-Shift_value(Tr)) 

END IF 
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1160 NEXT I 
1170 ! 
1180 IF Tr=AMt THEN 
1190 GOSUB TiMing 
1200 GSTORE Screen_2(*) 
1210 END IF 
1220 NEXT Tr 
1230 RETURN 
1240 ! -----------------------------------------------------------------------
1250 Screen: ! 
1260 IF Screen_toggle=0 THEN 
1270 GLOAD Screen_1<*> 
1280 Screen_toggle=l 
1290 Tr=l 
1300 ELSE 
1310 GLOAD Screen_2(*) 
1320 Screen_toggle=0 
1-:.;~171 Tr=25 
1340 END IF 
1350 IF Shift_flag$="set" THEN 
1360 MOVE -6,-Point 
1370 DRAW AMt,-Point 
1380 END IF 
1390 RETURN 
1400 !------------------------------------------------------------------------
1410 TiMing: ! 
1420 VIEWPORT 1/30*X,27/30*X,28,100 
1430 WINDOW 0,100,-959*Gain_tiMe,5~*Gain_tiMe 
1440 
1 450 CLIP OFF 
1460 PEM -1 
1470 FOR 0=1 TO 50 
1480 MOVE 0,0 
1490 DRAW 105,D 
1500 NEXT D 
1510 PEN 1 
1520 ! 
1530 LORG 8 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 

FOR TiMing=0 TO Sweep STEP 50 
Position=Ti~ing*959/Sweep 
MOlJE 6,-Position 

1620 

CSIZE 3 
LABEL Ti Ming 
LINE TYPE 4 
MOVE 6,-Position 
DRAW 100,-Position 
LINE TYPE 1 

1630 NEXT TiMing 
1640 
1650 SELECT Opt 
1660 CASE 1 
1670 Label$="LINE "&Line$&" SHOTPOINT "&VAL$(Shot( 1 ))&" 

( 1 ) )&" GEO"&VAL$( AMt )&" = "&VAL$( Geo( AMt)) 
1680 CASE 2 
1690 label$="LINE "&Line$&" CMP GATHER "&\JAL$( Shot ( 1 ) )& " 

o( 1) )&" GEO"&VAL$<AMt )&" = "&VAL$( Geo<AMt)) 
1700 CASE 3 

GEO 1 = "&VAL$(6eo 

GEO 1 "&lJAL$( Ge 

1710 Label$="LINE "&Line$&" CONSTANT OFFSET "&VAL$(0ffset )&" SHOTPOINT "& 
VAL$( Shot ( 1 ) )& " TO SHOTPO I NT "&lJAL$ ( Shot< AMt ) ) 
1720 CASE 4 
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1730 Label$="LINE "&Line$&" CONSTANT VELOCITY GATHER :"&VAL$(V)&" MIS CMP 
"&VAL$(Shot( 1) )&" TO "&VAL$(Shot<AMt)} 
1740 CASE 5 
1750 Label$="LINE "&Line$&" CONSTANT VELOCITY STACKS :"&VAL$(V)&" MIS CMP 
"&VAL$(Shot( 1) )&" TO "&VAL$(Shot(AMt) > 

1760 CASE 6 
1770 Label$="LINE "&Line$&" CORRECTED CMP GATHER "&VAL$(Shot( 1) )&" GEO 1 

"&VAL$( Geo( 1) )&" GEO"&VAL$<AMt }&" = "&VAL$( Geo<AMt > > 
1780 CASE 7 
1790 Label$="L!NE "&Line$&" : NMO STACKED SECTION -- SHOTPOINT "&VAL$(Shot( 1 > 
)&" TO SHOTPOINT "&VAL$(Shot(AMt)) 
1800 END SELECT 
1810 MOVE 50 ,8 
1820 LORG 4 
1830 CSIZE 3.3 
1840 LABEL Label$ 
1850 RETURN 
1860 !-------------------------------------------------------------------------
1870 Fill_pos: ! 
1880 IF Var_area$="0N" THEM 
1890 ON KEY 2 LABEL " FILL OFF "GOSUB Fill_pos 
1900 Var_area$="0FF" 
1910 ELSE 
1 920 ON KEY 2 LABEL " FILL ON " GOSIJB Fi ll_pos 
1930 Var_area$="0N" 
1940 END IF 
1950 RETURN 
1960 !-------------------------------------------------------------------------
1 970 Ga i n_add: ! 
1980 Gain_aMplitude=Gain_aMplitude/2 
1990 GOSUB Gain_display 
2000 RETURN 
2010 !-------------------------------------------------------------------------
2020 Gai n_sub: ! 
2030 Gain_aMplitude=Gain_aMplitude*2 
2040 GOSUB Gain_display 
2050 RETURN 
2060 !-------------------------------------------------------------------------
2070 Gain_expand: ! 
2080 Gain_tiMe=Gain_tiMe/2 
2090 GOSUB Gain_display 
2100 RETURM 
2110 !-------------------------------------------------------------------------
2120 Gain_contract: ! 
2130 Gain_tiMe=Gain_tiMe*2 
2140 GOSUB Gain_display 
2150 RETURN 
2160 !-------------------------------------------------------------------------
2170 Gain_display: ! 
2180 DISP TA8(14);"AMplitude factor= ";1/Gain_aMplitude; 
2190 DISP TAB(46);"Expand factor= ";1/Gain_tiMe 
2200 RETURM 
2210 !-------------------------------------------------------------------------
2220 Default: ! 
2230 Gain_tiMe=l 
2240 Gain_aMplitude=l 
2250 GOSUB Gain_display 
2260 RETURM 
2270 !-------------------------------------------------------------------------
2280 Viewport: ! 
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2290 T=Tr 
2300 IF Tr>24 THEN T=Tr-24 
2310 Xxx=T+3 
2320 VIEWPORT <Xxx-3)/30*X,(Xxx+3)/30*X,28,100 
2330 Left=-128000*6ain_aMplitude 
2340 Right=128000*Gain_aMplitude 
2350 BottoM=(-959*Gain_tiMe) 
2360 Top=50*Gain_tiMe 
2370 WINDOW Left,Right,BottoM,Top 
2380 RETURN 
2390 !-------------------------------------------------------------------------
2400 END 
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110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
$ 

250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 

PLOT_SEIS 

A.T.Oippenaar U.P 

Last changes on 02 May 1987 

! 
OPTION BASE I 
! 

October 1 986 

INTEGER Trace( 100,959),0uMMy(959),Pol_factor( 100),Shift_value( 100) 
DIM Geophone_static( 100),Source_static( 100),Peg( 100) 
! 

! 
DIM CoMMent1$(80J,CoMMent2$[80] ,CoMMent3$[80] 
Gain_aMplitude=l 
Gain_tiMe=l 
FOR C=l TO 100 

Pol_factor(C)=l 
NEXT C 
! 
OUTPUT KBD; "i<"; 
! 
INPUT "Stacked CMP section (CMP) or coMMon offset section (COS)" ,Type_ques 

IF Type_quesS<>"CMP" AND Type_ques$()"COS" THEN 240 
INPUT "Line identification (MaxiMUM 1 alphanuMerical )" ,Line$ 
! 
OUTPUT KBO; "K"; 

INPUT "Paper size A3 ( 1) or A3 long ( 2 )" ,Pap 
IF Pap=l THEN Paper$="A3" 
IF Pap=2 THEN Paper$="A3_LONG" 

INPUT "Client ",Client$ 
INPUT "Area description ",Area_descrip$ 
INPUT "Date of survey" ,Date$ 
INPUT "Title of plot" ,Head$ 
INPUT" Any coMMents that Must be labeled (Y/N)" ,Ques$ 
IF Ques$="Y" THEN 

INPUT "CoMMent 1 (Max 80 characters)" ,CoMMentl$ 
INPUT "CoMMent 2 (Max 80 characters)" ,CoMMent2$ 
INPUT "CoMMent 3 (Max 80 characters)" ,CoMMent3$ 

END IF 
! 
MASS STORAGE IS ": ,700,1" 
! 
SELECT Type_ques$ 
CASE "CMP" 

INPUT "First CMP point ",First_cMp 
INPUT "Last CMP point ",Last_cMp 
INPUT "CMP spacing" ,CMp_space 
AMt=(Last_cMp-First_cMp)/CMp_space+l 
FOR Tr=l TO AMt 

CMp=First_cMp+(Tr-1 )*CMp_space 
Fil$=Line$&"_"&VAL$(CMp) 
GOSUB Read_trace 

NEXT Tr 
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580 CASE "COS" 
590 INPUT "First shotpoint ",First_shot 
600 INPUT "Last shotpoint ",Last_shot 
610 INPUT "Shot spacing" ,Shot_space 
620 AMt=(Last_shot-First_shot )/Shot_space+l 
630 INPUT "Offset" ,Offset 
640 FOR Tr=l TO AMt 
650 Shot =Fi rs t_s hot+ ( Tr-1 ) *Shot_space 
660 Fil$=Line$&"_"&VAL$(Shot )&"_"&VAL$(Shot+Offset) 
670 GOSUB Read_trace 
680 NEXT Tr 
690 END SELECT 
700 ! 
710 MASS STORAGE IS ": ,700,0,6" 
720 
730 Var_area$="0N" 
740 GOSUB Main 
750 ! 
760 STOP 
770 l=c~====c~=====:=====~===============~====:==~==========~=====:=~=c========= 

780 Read_trace: ! 
790 DISP "Reading trace ";Tr;" of ";AMt;" 
800 ASSIGN @To_disc TO Fil$ 
810 ON END @To_disc GOTO 830 
820 ENTER @To_disc;DuMMy(*) 
830 FOR I=l TO 959 
840 Trace(Tr,I >=DuMMy( I) 
850 NEXT I 
860 ASSIGN @To_disc TO* 
870 ! 
880 RETURN 

";Fi 1$ 

890 !---------------------------------------------------------------------------
900 Main: ! 
91 0 CONTROL 1 , 1 2; 0 
920 FOR K=0 TO 9 
930 ON KEY K LABEL " "GOTO Spin 
940 NEXT K 
950 ON KEY 0 LABEL" PLOT TRACES" GOSUB Plot_traces 
960 ON KEY 2 LABEL" GAIN--> " GOSUB Gain_expand 
970 ON KEY 7 LABEL" GAIN<--" GOSUB Gain_contract 
980 ON KEY 4 LABEL " DEFAULT" GOSUB Default 
990 ON KEY 1 LABEL" GAIN - "GOSUB Gain_sub 
1000 ON KEY 6 LABEL " GAIN+ 11 GOSUB Gain_add 
1010 ON KEY 8 LABEL" CHANGE POL" GOSUB Polarity 
1020 IF Var_area$= 11 0N 11 THEN 
1030 ON KEY 9 LABEL II FILL ON II GOSUB Fill_pos 
1040 ELSE 
1050 ON KEY 9 LABEL " FILL OFF" GOSUB Fill_pos 
1060 END IF 
1070 Spin:GOTO Spin 
1080 RETURN 
1090 !-------------------------------------------------------------------------
1100 Plot_traces: ! 
1110 Sweep=l 92 
11 20 PLOTTER IS 705, "HPGL" 
1130 X::c100*MAX< 1 ,RATIO) 
1140 Y::cl 00*MAX< 1, 1 /RATIO> 
1150 ! 
1160 VIEWPORT 0,X,0,Y 
1170 WINDOW 0,200,0,100 
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1180 LORG 3 
1190 CSIZE 3.8 
1200 FOR L=-2 TO 2 
1210 MOVE 3+L/15,99 
1220 LABEL "Line "&Line$ 
1230 NEXT L 
1240 LORG 9 
1250 FOR L=-2 TO 2 
1260 MOVE 197+L/15,99 
1270 LABEL "Line "&Line$ 
1280 NEXT L 
1290 ! 
1300 IF Paper$="A3" THEN 
1310 VIEWPORT 0,X,0,.25*Y 
1320 ELSE 
1330 VIEWPORT .5*X,X,0,.25*Y 
1340 END IF 
1350 WINDOW 0,100,0,25 
1360 FRAME 
1370 MOVE 0,25 
1380 DRAW 100,25 
1390 MOVE 70,0 
1400 DRAW 70,25 
1410 CSIZE 2 
1420 LORG 8 
1430 MOVE 80,20 
1440 LABEL "Client 
1450 MOVE 80,15 
1460 LABEL "Area 
1470 MOVE 80 , 1 0 
1480 LABEL "Line 
1490 MOVE 80,5 
1500 LABEL "Date 
1510 LORG 2 
1520 MOVE 80,5 
1530 LABEL Date$ 
1 540 MOVE 80 , 1 0 
1550 LABEL Line$ 
1 560 MOVE 80, 1 5 
1570 LABEL Area_descrip$ 
1580 MOVE 80,20 
1590 LABEL Client$ 
1600 
1610 CSIZE 2.8 
1620 LORG 6 
1630 FOR L=-1 TO 
1640 MOVE 3S+L/12,25 
1650 LABEL Head$ 
1660 NEXT L 
1670 ! 
1680 CSIZE 2.2 
1690 LORG 2 
1 700 MOVE 10, 16 
1710 LABEL "Sweep length 
1720 CSIZE 2 
1 730 MOVE 5, 1 0 
1740 LABEL CoMMent1$ 
1750 MOVE 5,6 
1760 LABEL CoMMent2$ 
1770 MOVE 5,2 

192 Msec" 
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1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 . 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 

LABEL Corv1Ment3$ 
! 
! ---------------------- TiMing Mark routine---------------------------
! 
VIEWPORT 0,.9S*X,.28*Y ,.94*Y 
WINDOW 0,100,-959*Gain_tiMe,50*Gain_tiMe 
LORG 8 
FOR TiMing=0 TO Sweep STEP 50 

Position=TiMing*959/Sweep 
MOVE 4,-Position 
CSIZE 2.5 
LABEL TiMing 
IF TiMing>=50 THEN LINE TYPE 4 
MOVE 4,-Position 
DRAW 100,-Position 
LINE TYPE 1 

NEXT TiMing 
! 
!----------------------- Trace drawing'routine ------------------------
! 
FOR Tr=l TO AMt 

GOSUB Viewport 
CLIP OFF 
MOVE 0, 10 
LORG 4 
CSIZE 2 
LABEL VAL$(First_crv1p+<Tr-l )*CMp_space) 
MOVE Trace( Tr, 1 )*Pol_f actor( Tr) ,0 
Gain_factor=l 
IF Opt=2 THEN Gain_factor=2n((NorM_gain-6ain(Tr))/6) 
FOR I=l TO 959*Gain_tiMe 

IF Var_area$="0N" THEN 
IF Trace(Tr,I >*Pol_factor(Tr)>0 THEN MOVE 0,-(I-Shift_value(Tr)) 

END IF 
DRAW (Trace(Tr,I )*Pol_factor(Tr))*Gain_factor,-(I-Shift_value(Tr)) 

NEXT I 
I 

NEXT Tr 
MASS STORAGE IS": ,700,0,6" 
LOAD "AUTOST" 
RETURN 

2190 !-------------------------------------------------------------------------
2200 Fill_pos: I 

2210 IF Var_area$="0N" THEN 
2220 ON KEY 9 LABEL " FILL OFF" GOSUB Fill_pos 
2230 Var_area$="0FF" 
2240 ELSE 
2250 ON KEY 9 LABEL " FILL ON" GOSUB Fill_pos 
2260 Var_area$="0N" 
2270 ENO IF 
2280 RETURN 
2290 
2300 Gain_add: 
2310 Gain_aMplitude=Gain_aMplitude/2 
2320 PRINT TABXY(65,18);"Gain_factor=";1/Gain_aMplitude 
2330 RETURN 
2340 
2350 Gain_sub: ! 
2360 Gain_aMplitude=Gain_aMplitude*2 
2370 PRINT TABXY(65,18);"Gain_factor=";1/Gain_aMplitude 
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2380 RETURN 
2390 
2400 Gain_expand: 
2410 Gain_tiMe=Gain_tiMe/2 
2420 RETURN 
2430 I 
2440 Gain_contract: 
2450 Gain_tiMe=Gain_tiMe*2 
2460 RETURN 
2470 ! 
2480 Default: 
2490 Gain_tiMe=1 
2500 Gain_aMplitude=l 
2510 RETURN 
2520 
2530 Polarity: I 
2540 FOR C=l TO 100 
2550 Pol_factor( C )=Pol factor( C )*(-1) 
2560 NEXT C 
2570 RETURN 
2580 
2590 Viewport: ! 
2600 Xxx=Tr+3 
2610 IF Paper$="A3" THEN VIEWPORT (Xxx-3)/30*X,(Xxx+3)/30*X,.28*Y,.94*Y 
2620 IF Paper$="A3_LONG" THEN VIEWPORT <Xxx-3)/70*X,<Xxx+3)/70*X,.28*Y,.94*Y 
2630 WINDOW -64000*Gain_aMplitude,64000*Gain_aMplitude,-959*Gain_tiMe,50*Gain_t 
iMe 
2640 RETURN 
2650 ! 
2660 END 
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10 
20 
30 

STATICS Calculates source and geophone statics using uphole tiMes 

A.T.Oippenaar U.P. January 1987 

40 
50 ! Last changes on 11 January 1988 
60 !========================================================================= 
70 
80 OPTION BASE 1 
90 ! 
100 IMTEGER Trace( 24,960) ,OuM( 961 ) 
110 I 

120 !========================================================================= 
130 ! 
140 MASS STORAGE IS ": , 700, 1 
150 OUTPUT KBD;"K"; 
160 CONTROL 1 , 12; 1 
170 X=l00*MAX( 1 ,RATIO) 
180 Y=100*MAX< 1 , 1 /RATIO) 
190 GINIT 
200 GCLEAR 
210 GRAPHICS ON 
220 Gain_aMplitude=1 
230 Gain_tiMe=l 

Sweep=192 
SaMple_rate=(Sweep/1000)/959 
! 

in Msec 
in sec 

240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 

!========================================================================= 
! 
OUTPUT l<BO; "K"; 
INPUT "Line identifier" ,Line$ 
INPUT "First shot position" ,First_shot 
INPUT "Last shot position" ,Last_shot 
INPUT "Last peg (geophone) position" ,Last_peg 
Peg_space=S 
First_peg=First_shot 
INPUT "Peg seperation DEF= 5 ]" ,Peg_space 
Miss_ques$="N" 
INPUT "Any Missed shots [ DEF 
IF Miss_ques$="Y" THEN 

INPUT "How Many" ,Miss_aMt 
IF Miss_a~t=0 THEN 440 

N ] (Y/N)" ,Miss_ques$ 

ALLOCATE Missed_shots(Miss_aMt) 
INPUT "Enter all the Missed shots ( shot 1 ,shot2 ,shot3, ..... )" ,Missed_shot 

s ( * ) 
440 END IF 
450 Peg_aMt=(Last_peg-First_shot )/Peg_space+l 
460 Shot_aMt=(Last_shot-First_shot)/Peg_space+1-Miss_aMt 
470 ! 
480 ALLOCATE Geophone_static(Peg_aMt),Source_static(Peg_aMt >,Peg(Peg_aMt) 
490 ! 
500 Nr_sets=INT(Shot_aMt/24)+1 
510 ! 
520 FOR Pg=1 TO Peg_aMt 
530 Peg ( Pg )=Fi rs t_peg+ ( ( Pg-1 )-11-Peg_space) 
540 NEXT Pg 
550 ! 
560 ALLOCATE Upper_velocity(Peg_aMt ),Uphole_tiMe(Peg_aMt ),Shot_depth(Peg_aMt), 
Shot_height(Peg_aMt ),Height(Peg_aMt) 
570 ! 
580 FOR P=l TO Peg_aMt 
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590 □ ISP "Enter the true height at peg ";Peg(P); 
600 INPUT Height(P) 
610 NEXT P 
620 
630 OUTPUT KBD;"K"; 
640 PRINT TABXY( 1 ,5); Nr _set s-1 ; " sets of 24 traces and 1 set of "; Shot_aMt-( Nr 
_sets-1 )*24-Miss_aMt;" zero offset traces will be displayed" 
650 PRINT TABXY( 1 ,8 ); " Using the KNOB and the 'ENTER' key pick the first bre 
ak on every trace" 
660 PRINT TABXY( l, 11); "After every set of 24 traces have been picked press the 

' NEXT SET ' softkey" 
670 
680 !========================================================================= 
690 ! 
7 0 0 INPUT " l4 ere a 11 t he s hot ho 1 es t he s a Me de p t h ( Y / N ) " , Ou es$ 
710 SELECT Ques$ 
720 CASE "Y" 
730 INPUT "What depth" ,Depth 
740 FOR P=l TO Peg_aMt 
750 Shot_depth(P)=Oepth 
760 NEXT P 
770 CASE "N" 
780 FOR P=l TO Peg_aMt 
790 □ ISP "Depth of shot hole at shotpoint (Enter 0 if no shot )";Peg(P); 
800 INPUT Shot_depth<P> 
810 NEXT P 
820 CASE ELSE 
830 BEEP 
840 GOTO 700 
850 ENO SELECT 
860 
870 !========================================================================= 
880 ! 
890 FOR P=l TO Peg_aMt 
900 Shot_height(P)=Height(P)-Shot_depth(P) 
910 NEXT P 
920 ! 
930 OatuM_height=M!N(Shot_height(*)) 
940 ! 
950 !========================================================================= 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 

Trace_counter=t 
FOR Set=t TO Nr_sets 

GOSUB Reader 
GOSUB Draw_traces 
Tr=l 
Point=l 
GOSUB Viewport 
SET ECHO Trace<Tr,1 ),0 
GOSUB Pick_break 
OFF KEY 
SET ECHO 10000000,1000000 
GCLEAR 
OUTPUT KBD; "K II; 

NEXT Set 
1 t 20 ! 
1130 GOSUB Stat_calc 
1140 ! 
1150 STOP 

Echo off screen 
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1160 !-------------------------------------------------------------------------
11 70 Reader: ! 
1180 IF Nr_sets=1 THEN 
1190 Nr=Shot_aMt 
1200 ELSE 
1210 IF Set<>Nr_sets THEN 
1220 Nr=24 
1230 ELSE 
1240 Nr=Shot_aMt MOD ( ( Nr _sets-1 )*24) 
1250 END IF 
1260 ENO IF 
1270 GCLEAR 
1280 FOR Tr=1 TO Nr+(Nr_sets=Set)*Miss_aMt 
1290 Pos=First_peg+( ( (Set-1 )*24 >+Tr-1 )*Peg_space 
1300 ! 
1310 FOR M=l TO Miss_aMt 
1320 IF Pos=Missed_shots(M) THEN 1470 
1330 NEXT M 
1340 ! 
1350 ON ERROR GOSUB To_err_is_huMan 
1360 Fil$=Line$&"_"&VAL$CPos)&"_"&VAL$(Pos) 
1370 O!SP TAB(30);"Reading ";Fil$ 
1380 ASSIGN @PTO Fil$ 
1390 ON END @P GOTO 1410 
1400 ENTER @P;DuM(*) 
1410 ASSIGN @PTO* 
1420 OFF ERROR 
1430 
1440 FOR 1=1 TO 959 
1450 Trace(Tr,I)=DuM(I) 
1460 NEXT I 
1470 NEXT Tr 
1480 ! 
1490 OUTPUT ~'.BO; "K"; 
1500 RETURN 
1510 !========================================================================== 
1520 Pick_break: ! 
1530 ! 
1540 CONTROL 1 , 12; 1 
1550 ON KNOB .01 GOSUB Move_echo_pick 
1560 ON KBD GOSUB Keyboard 
1570 FOR K=0 TO 9 
1580 ON KEY K LABEL " "GOTO Spinner 
1590 NEXT K 
1600 ! 
1610 Spinner:GOTO Spinner 
1620 RETURN 
1630 !========================================================================= 
1640 
1650 Move_echo_pick: 
1660 SELECT KNOBX 
1670 CASE >0 
1680 Point=Point+l 
1690 CASE ELSE 
1700 Point=Point-1 
1710 END SELECT 
1720 IF Point<l THEN Point=l 
1730 IF Point>959 THEN Point=959 
1740 PRINT TABXY(1,18);INT(Point/959*192);" Ms 
1750 SET ECHO Trace(Tr,Point ),-Point 
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1760 RETURN 
1770 !-------------------------------------------------------------------------
1780 Keyboard: ! 
1790 SELECT K80$ 
1800 CASE CHR$( 255 )&"E" ,CHR$( 255 )&"X"&CHR$( 255 )&"C" 
1810 Uphole_tiMe(Trace_counter)=Point/959*192 
1820 Posi=First_peg+( Trace_counter-1 >*Peg_space 
1830 FOR MM=l TO Miss_aMt 
1840 IF Posi=Missed_shot(M) THEN Posi=Posi+Peg_space 
1850 NEXT MM 
1860 DI SP TAB< 1 ) ; "Trace "; Trace_counter; 
1870 OISP TAB(15);" : Peg ";Posi; 
1880 □ ISP TABC30);" Uphole tiMe = ";INT(Uphole_tiMe(Trace_counter));" Msec" 
1890 GOSUB Next_trace 
1900 CASE ELSE 
1910 BEEP 1800,.15 
1920 ENO SELECT 
1930 RETURN 
1940 !-------------------------------------------------------------------------
1950 Next_trace: ! 
1960 Tr=Tr+l 
1970 Trace_counter=Trace_counter+l 
1980 IF Trace_counter>Shot_aMt THEN Stat_calc 
1990 IF Tr>Nr THEN 
2000 Tr=Nr 
2010 OFF KB□ 

2020 CONTROL 1 ,12;0 
2030 ON KEY 7 LABEL " NEXT SET" RECOVER 1070 
2040 GOTO 2080 
2050 END IF 
2060 GOSUB Viewport 
2070 SET ECHO Trace(Tr,Point ),-Point 
2080 RETURN 
2090 !-------------------------------------------------------------------------
2100 Stat_calc: 
2110 
2120 Pp=0 
2130 FOR P=l TO Shot_aMt+Miss_aMt 
2140 Pp=Pp+l 
2150 FOR M=l TO Miss_aMt 
2160 IF Peg(P)=Missed_shots(M) THEN 
2170 Geophone_static(P)=Geophone_static(P-1) 
2180 Source_static(P)=Source_static(P-t) 
2190 Pp=Pp-1 
2200 GOTO 2270 
2210 END IF 
2220 NEXT M 
2230 Upper_velocity(P)=Shot_depth(P)/(Uphole_tiMe(Pp)/1000) In Mis 
2240 IF Upper_velocity(P)=0 THEN 2270 
2250 Geophone_static(P)=(Height(P)-DatuM_height)/Upper_velocity(P) ! In sec 
2260 Source_static(P)=(Height(P)-Shot_depth(P)-OatuM_height)/Upper_velocity(P 

2270 NEXT P 
2280 ! 
2290 FOR P=Shot_aMt++Miss_aMt+l TO Peg_aMt 
2300 Geophone_static(P)=Geophone_static(P-1) 
2310 Source_static(P)=Source_static(P-1) 
2320 NEXT P 
2330 
2340 SET ECHO 1000000,1000000 
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2350 GRAPHICS OFF 
2360 OUTPUT KB □; "K" ; 
2370 
2380 BEEP 
2390 DISP "Statics disc in RH drive< CONTINUE> to carry on" 
2400 PAUSE 
2410 ! 
2420 MASS STORAGE IS ": ,700,1 
2430 Fil$=Line$&" surface" 
2440 CREATE BOAT Fi 1 $, 1 ,Peg_aMt * 16 
2450 ASSIGN @PTO Fil$ 
2460 ON ENO @P GOTO 2490 
2470 OUTPUT @P;Height(*) 
2480 OUTPUT @P;Shot_depth(*) 
2490 ASSIGN @PTO* 
2500 
2510 Fil$=Line$&"_geo_st" 
2520 CREATE BOAT Fil$,1 ,Peg_aMt*8 
2530 ASSIGN @PTO Fil$ 
2540 ON END @P GOTO 2560 
2550 OUTPUT @P;Geophone_static(*) 
2560 ASSIGN @PTO* 
2570 
2580 Fil$=Line$&"_srce_st" 
2590 CREATE BOAT Fi 1 $, 1 ,Peg_aMt *8 
2600 ASSIGN @PTO Fil$ 
2610 ON END @P GOTO 2630 
2620 OUTPUT @P;Source_static(*) 
2630 ASSIGN @PTO* 
2640 
2650 LOAD "AUTOST: , 700, 0 " 
2660 ! 
2670 RETURN 
2680 
26901=========================================================================== 

2700 Draw_traces: ! 
2710 GCLEAR 
2720 FOR Tr=l TO Nr 
2730 GOSUB Viewport 
2740 CLIP OFF 
2750 MOVE 0 . 1 
2760 LORG 4 
2770 CSIZE 3 
2780 LABEL VAL${Tr> 
2790 MOlJE Trace< Tr, 1 ) , 0 
2800 FOR I=l TO 959*Gain_tiMe 
2810 DRAW Trace<Tr,I),-1 
2820 NEXT I 
2830 ! 
2840 IF Tr=Nr THEN 
2850 GOSUB TiMing 
2860 END IF 
2870 NEXT Tr 
2880 RETURN 
2890 ! -----------------------------------------------------------------------
2900 TiMing: ! 
2910 VIEWPORT 1/30*X,27/30•X,28,100 
2920 WINDOW 0,100,-959*Gain_tiMe,50*6ain_tiMe 
2930 
2940 CLIP OFF 
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2950 
2960 LORG 8 
2970 FOR TiMing=0 TO 40 STEP 5 
2980 Position=TiMing*959/Sweep 
2990 MOVE 6,-Position 
3000 CSIZE 3 
3010 LABEL TiMing 
3020 LINE TYPE 4 
3030 MOVE 6,-Position 
3040 DRAW 100,-Position 
3050 LINE TYPE 1 
3060 NEXT TiMing 
3070 
3080 RETURN 
3090 !-------------------------------------------------------------------------
3100 Viewport: ! 
3110 Gain_tiMe=.25 
3120 Gain_aMplitude=l 
3130 Xxx=Tr+3 
3140 VIEWPORT (Xxx-3)/30*X,<Xxx+3)/30*X,28,100 
3150 Left=-128000*Gain_aMplitude 
3160 Right=128000*6ain_aMplitude 
3170 BottoM=(-959*6ain_tiMe) 
3180 Top=50*Gain_tiMe 
3190 WINDOW Left,Right,BottoM,Top 
3200 RETURN 
3210 1-------------------------------------------------------------------------
3220 
3230 To_err_is_huMan: 
3240 IF ERRN=56 THEN 
3250 BEEP 
3260 
3270 
3280 
3290 
su_ques$ 

OUTPUT KBD; II K II ; 

PRINT TABXY<20,14);" File ";Fil$;" not found on current MSU" 
Msu_ques$="N" 
INPUT" Do you want to change the MSU [ DEF 

3300 IF Msu_ques$="Y" THEN 

N J" ,M 

3310 INPUT "Enter new MSUS e.g. '': ,700 ,0 ,3'' (use double quotes)" ,Ms$ 
3320 ON ERROR GOTO Bad_Mas_storage 
3330 MASS STORAGE IS Ms$ 
3340 OFF ERROR 
3350 ELSE 
3360 DISP 11 Insert next data disc< CONTINUE)" 
3370 PAUSE 
3380 END IF 
3390 OUTPUT KBO;"K"; 
3400 ELSE 
3410 DISP" oops ERRN ";ERRN 
3420 PAUSE 
3430 END IF 
3440 RETURN 
3450 
3460 Bad_Mas_storage: 
3470 SELECT ERRN 
3480 
3490 
3500 
3510 
3520 
3530 

CASE 150,52 
BEEP 
□ ISP "TRY AGAIN --- "; 

CASE ELSE 
DISP "oops ERRN 
PAUSE 

";ERRN 
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3540 
3550 
3560 
3570 

EMO SELECT 
GOTO 3310 
!========================================================================= 
ENO 
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10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 

POLAR Change polarity of chosen channels 

January 1987 U.P. A.T.Dippenaar 

Last changes on 02 May 1987 
===================================================~=~=================== 

OPTION BASE 1 
! 
COM /Seis_int/ INTEGER Trace(24,960),0pt,AMt ,Gain(24) 
COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
COM /Polar/ INTEGER Pol_factor(24) 
COM /Statics/ REAL Geophone_static( 100) ,Source_static( 100) ,Peg( 100) 
COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 

e,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 INTEGER Pol_ch(24) 
190 OUTPUT KBD;"K"; 
200 ! 
210 INPUT "Do you wish to change the polarity of all the channels (Y/N)" ,Ques$ 
220 IF Ques$="Y" THEN 
230 FOR Ch=l TO 24 
240 Pol_factor(Ch)=Pol factor(Ch)*(-1) 
250 NEXT Ch 
260 ELSE 
270 INPUT "What channels" ,Pol_ch( *) 

280 FOR Ch=l TO 24 
290 IF Pol_ch(Ch><>0 THEN Pol_factor<Pol_ch(Ch))=Pol_factor(Pol_ch(Ch))*(-
1 ) 
300 NEXT Ch 
310 END IF 
320 ! 
330 Pointy=9 
340 LOAD "AUTOST" 
350 ! 
360 END 
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10 AMPLITUDE ; Spherical correction and trace balancing routines 
20 
30 
40 

January 1987 U.P. 

50 Last changes 13 January 1988 

A.T.Oippenaar 

60 !====================================================:==================== 
70 I 

80 OPTION BASE 1 
90 
100 COM /Seis_int/ Line$[2l,INTEGER Trace(24,960),0pt,AMt,Gain(24) 
110 COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
120 COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
130 COM /Polar/ INTEGER Pol_factor<24) 
140 COM /Statics/ REAL Geophone_static(100),Source_static( 100),Peg(100) 
150 COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 
e,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 REAL AMplitude_suM 
190 DIM Trace_Mean(24},Start_spherical(24),Start_raMp(24),End_Mute(24),T0_tiMe 
(24) 

! 
X=100*MAX( 1 ,RATIO) 
Y=100*MAX( 1, 1 /RATIO) 
! 
OUTPUT KBD; "K II; 
Sweep=192 
INPUT "Sweep length [ DEF 
SaMple_interval=Sweep/959 
! 

1 92 J" , Sweep 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
";Tr; 
350 
360 
370 
380 
390 
400 
410 
420 
430 

!-------------------------------------------------------------------------
Ques$="N" 
INPUT "Do you want to Mute the first breaks [DEF= N ]" ,Ques$ 
IF Ques$="N" THEN 

FOR Tr=l TO AMt 
□ ISP "Specify T0 ( tiMe in Msec where processes will start) for trace 

INPUT T0_tiMe(Tr) 
NEXT Tr 

END IF 
! 
Qqqq$="Y" 
INPUT "Apply spherical spreading correction [ DEF Y ]" ,Qqqq$ 
IF Qqqq$="Y" THEN 

Sph_type$="E" 
INPUT "Linear (l) or exponential (E) spreading correction [ DEF 

ph_type$ 
440 IF Sph_type$="E" THEN 
450 Kk=S 
460 INPUT "Va 1 ue for '~~' in A 
470 
480 
490 
500 

Nn=l 
INPUT 
Aa=.5 
INPUT 

510 ELSE 

"Value 

"Value 

for 'n' in A 

for 'a' in A 

520 IF Sph_typeS<>"L" THEN GOTO 430 
530 END IF 
540 ENO IF 
550 
560 Qq$="Y" 

5 J" ,Kk 

] ",Nn 

0. 5 J" ,Aa 

E ] II, s 
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570 INPUT "Do you want to norMalize the traces [ DEF= Y J" ,Qq$ 
580 
590 Qqq$="N" 
600 INPUT "Balance traces by sliding window <AGC) [ DEF= N ]" ,Qqq$ 
610 T=60 
620 IF Qqq$="Y" THEN INPUT "Trace balancing window size (Msec) [ DEF= 60 J" ,T 
630 !==================================================================-==----
640 Muting: ! 
650 IF Ques$="N" THEN 
660 PRINT TABXY(25,9);" One MOMent please ...... . 
670 FOR Tr=l TO AMt 

End_Mute(Tr)=T0_tiMe(Tr) 
FOR I=l TO 959 

Processed_trace(Tr,I )=Trace(Tr,I) 
NEXT I 

NEXT Tr 
END IF 
! 
IF Ques$="Y" THEN 

GRAPHICS ON 
GLOAD Screen_2(*) 
VIEWPORT 1/30*X,27/30*X,28,100 
WINDOW 0,100,-959*Gain_tiMe,50*Gain_tiMe 
LINE TYPE 4 
FOR TiM=10 TO 90 STEP 10 

Position=TiM*959/Sweep 
MOVE 6,-Position 
DRAW 100,-Position 

NEXT TiM 
LINE TYPE 1 
! 
INPUT "Length of Muting raMp (Msec)" ,Mute_raMp 
RaMp_length=INT(Mute_raMp/SaMple_interval) 
FOR Tr=l TO AMt 

In tiMe 
SaMple aMount 

680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 

DISP "Enter start of Muting raMp for trace (Msec)";Tr; 
INPUT Mute 
rn_tiMe(Tr)=Mute 
Start_raMp(Tr)=INT(Mute/SaMple_interval) 
End_Mute(Tr)=Start_raMp(Tr)+RaMp_length 

NEXT Tr 

GCLEAR 
FOR Tr=l TO AMt 

PRINT TABXYC25,9);" Muting trace ";Tr 
FOR !=1 TO Start_raMp(Tr) 

Processed_trace(Tr,I)=0 
NEXT I 
! 
FOR I=Start_raMp(Tr) TO End_Mute(Tr) 

RaMp_factor=(I-Start_raMp(Tr))/RaMp_length 
Processed_trace(Tr,I)=RaMp_factor*Trace(Tr 1 I) 

NEXT I 
I 

FOR I=End_Mute(Tr) TO 959 
Processed_trace(Tr,I )=Trace(Tr,I) 

NEXT I 
NEXT Tr 

END IF 
!========================================================================= 
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1170 IF Qqqq$="Y" THEN 
1180 Spherical: ! 
1190 IF Sph_type$="L" THEN 
12©0 FOR Tr=l TO AMt 
1210 T0=End_Mute(Tr) 
1220 PRINT TABXY( 12,9);" Applying spherical correction -- Trace ";Tr 
1230 FOR I=T0 TO 959 
1240 Spher_cor=I/T0*Processed_trace(Tr,I) 
1250 Processed_trace(Tr,I)=Spher_cor 
1260 NEXT I 
1270 NEXT Tr 
1280 ENO IF 
1290 
1300 IF Sph_type$="E" THEN 
1310 FOR Tr=l TO AMt 
1320 Ref_tiMe=End_Mute(Tr)*SaMple_interval 
1330 PRINT TABXY( 12,9);" Applying spherical correction -- Trace ";Tr 
1340 FOR I=l TO 959 
1350 TiMe_val=I*SaMple_interval/1000 
1360 Tau_val=TiMe_val/T0_tiMe(Tr) 
1370 Processed_trace(Tr,I>=Processed_trace(Tr,I )*Kk*(TiMe_valANn)*EXP(A 
a*Tau_val) 
1380 NEXT I 
1390 NEXT Tr 
1400 END IF 
1410 ENO IF 
1420 I========================================================================= 
1430 NorMalize: ! 
1440 OUTPUT ~~BO;" K" ; 
1450 IF Qq$="N" THEN 1680 
1460 ! 
1470 FOR Tr=l TO AMt 
1480 PRINT TABXY<22,9);" NorMalizing trace ";Tr 
1490 Start=End_Mute(Tr) 
1500 AMplitude_suM=0 
1510 FOR J=Start TO 959 
1520 AMplitude_suM=ABS(Processed_trace(Tr,J))+AMplitude_suM 
1530 NEXT J 
1540 Trace_Mean(Tr)=AMplitude_suM/(959-Start) 
1550 NEXT Tr 
1560 I 

1570 Ref_aMplitude=8000 
1580 !Ref_aMplitude=MAX<Trace_Mean(*)) 
1590 FOR Tr=l TO AMt 
1600 Trace_scaler=Ref_aMplitude/Trace_Mean(Tr) 
1610 PRINT Trace_scaler 
1620 FOR I=Start TO 959 
1630 Processed_trace(Tr,I )=Processed_trace(Tr,I)*Trace_scaler 
1640 NEXT I 
1650 NEXT Tr 
1660 !========================================================================= 
1670 Balance: ! 
1680 OUTPUT KBD;"K"; 
1690 IF Qqq$="N" THEN 2070 
1700 Ref_aMplitude=l000 
1710 Window_length=INT(T/SaMple_interval) 
1720 ! 
1730 FOR Tr=l TO AMt 
1740 PRINT TABXY(23,9);" Balancing trace ";Tr 
1750 Start=End_Mute(Tr) 
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1760 AMplitude_suM=0 
1770 FOR J=Start TO Start+Window_length-1 
1780 IF Processed_trace(Tr,J)=-32768 THEN Processed_trace(Tr,J}=-32767 
1790 AMplitude_suM=ABS(Processed_trace(Tr,J)}+AMplitude_suM 
1800 NEXT J 
1810 First_Mean=AMplitude_suM/Window_length 
1820 First_scaler=Ref_aMplitude/First_Mean 
1830 FOR !=Start TO Window_length/2+Start-1 
1840 Processed_trace(Tr,I)=Processed_trace(Tr,I) 
1850 NEXT I 
1860 I 

1870 FOR Move_up=Start TO 959-Window_length-1 
1880 AMplitude_suM=0 
1890 FOR J=Mave_up TO Window_length+Move_up 
1900 AMplitude_suM=ABS(Processed_trace(Tr,J))+AMplitude_suM 
1910 NEXT J 
1920 Mean=AMplitude_suM/Window_length 
1930 Scaler=Ref_aMplitude/Mean/First_scaler 
1940 Index=Move_up+INT(Window_length/2) 
1950 Processed_trace(Tr,Index)=Processed_trace(Tr,Index)*Scaler 
1960 NEXT Move_up 
1970 ! 
1980 Taper=0 
1990 FOR J=959-Window_length/2 TO 959 
2000 Processed_trace(Tr,J)=Processed_trace(Tr,J)*Scaler*(Window_length-Tape 
r)/Window_length 
2010 Taper=Taper+1 
2020 NEXT J 
2030 NEXT Tr 
2040 
2050 !========================================================================= 
2060 ! 
2070 Pointy=9 
2080 FOR Tr=l TO AMt 
2090 FOR I=l TO 959 
2100 IF Processed_trace(Tr,1))32766 THEN Processed_trace{Tr,I)=32766 
2110 IF Processed_trace(Tr,I><-32765 THEN Processed_trace(Tr,I}=-32765 
2120 Trace(Tr,I )=INT<Processed_trace(Tr,I )) 
2130 NEXT I 
2140 NEXT Tr 
2150 LOAD "AUTOST: ,?00" 
2160 ! 
2170 END 
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10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 

lJEL_AMAL Velocity analysis prograM 

A.T.Oippenaar IJ. p. April 1987 

Last changes on 11 January 1988 
!========================================================================= 

OPTION BASE 1 
! 
COM /Seis_int/ Line$(2J ,INTEGER Trace(24,960),0pt ,AMt,Gain(24) 
COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
COM /Polar/ INTEGER Pol_factor(24) 
COM /Statics/ REAL Geophone_static(100),Source_static( 100),Peg(l00) 
COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 

e,Gain_time 
160 ! 
170 !========================================================================= 
180 INTEGER DuMr,1y( 961 ) , Sweep ,Fina !_cvs ( 959) ,Cvg( 959) ,Mute ( 25) 
190 DIM T(959),Cvs(959),Marker$[6J 
200 ! 
210 '************************************************************************ 
220 ! 
230 CONTROL 1 ,12;1 
240 Marker$="==>"&CHR$(8)&CHR$(8)&CHR$(8) 
250 Pointy=S 
260 OUTPUT KBD;"K"; 
270 Sweep=192 
280 ! 
290 INPUT "Two character line identification" ,Line$ 
300 Stat_ques$="Y" 
310 INPUT "Must static correction be applied [ DEF= Y ]" ,Stat_ques$ 
320 ! 
330 IF Stat_ques$="Y" THEN 
340 ! 
350 DISP "First peg position on line ";Line$; 
360 INPUT First_peg 
370 □ ISP "Last peg position on line ";Line$; 
380 INPUT Last_peg 
390 Peg_space=S 
400 INPUT "Peg spacing [ DEF= 5 ]" ,Peg_space 
410 Peg_aMt=(last_peg-First_peg)/Peg_space+l 
420 FOR P=l TO Peg_aMt 
430 Peg( P )=First_peg+( P-1 )-11-Peg_space 
440 NEXT P 
450 ! 
460 MASS STORAGE IS "; ,700,1" 
4 70 Fil $=Line$&" _srce_s t" 
480 ASSIGN @PTO Fil$ 
490 ON END @P GOTO 510 
500 ENTER @P;Source_static(•) 
510 ASSIGN @PTO* 
520 ! 
530 Fil$=line$&"_geo_st" 
540 ASSIGN @PTO Fil$ 
550 ON END @P GOTO 570 
560 ENTER @P;Geophone_static(*) 
570 ASSIGN @PTO* 
580 
590 END IF 
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600 ! 
510 PRINT TABXY(27,2);CHR$( 129)&" Velocity analysis options "&CHR$(128) 
620 PRINT TABXY(22,5);" 1 CVG constant velocity gathers" 
630 PRINT TABXYC22,7);" 2 ..... CVS constant velocity stack" 
640 PRINT TABXY(22,9);" 3 ...•• RETURN to Main Menu" 
650 PRINT TABXY( 19,Pointy);Marker$; 
660 ! 
670 ON KNOB .15 GOSUB Move_Marker 
680 ON KBD GOSUB Keyboard 
690 Spin:GOTO Spin 
700 
710 Move_Marker: ! 
720 PRINT TABXY( 19,Pointy);" 
730 IF KNOBX>0 THEN 
740 Pointy=Pointy+2 
750 IF Pointy>9 THEN Pointy=9 
760 ELSE 
770 Pointy=Pointy-2 
780 IF Pointy<5 THEN Pointy=5 
790 END IF 
800 PRINT TABXY( 19,Pointy);Marker$; 
810 RETURN 
820 
830 Keyboard: ! 
840 PRINT TABXY< 19,Pointy);" 
850 SELECT K80$ 
860 CASE CHR$ < 255 )& "'"' 

Pointy=Pointy-2 
IF Pointy<S THEN Pointy=9 

CASE CHR$(255)&"V" 
Pointy=Pointy+2 
IF Pointy>9 THEN Pointy=S 

870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
t t 10 
1120 
1130 
1140 
1150 
1160 

CASE CHR$( 255 >&"X" ,CHR$( 255 )&"E" ,CHR$( 255 )&"C" 
SELECT Pointy 

1170 

CASES 
Anal_chce$="CVG" 

CASE 7 
Anal_chce$="CVS" 

CASE 9 
LOAD "AUTOST: , 700 ,0 

END SELECT 
OUTPUT KBO; "K II; 
GOTO 1090 

CASE ELSE 
ENO SELECT 
PRINT TABXY< 19,Pointy);Marker$; 
RETURN 

'************************************************************************* 
SaMple_interval=t92/959 
Si=SaMple_interval/1000 

Cdp_fold=6 

SaMple interval in Msec 
! SaMple interval in sec 

INPUT "Fold of proposed COP stack DEF 6 J" ,Cdp_fold 
AMt=Cdp_fold 
Shot_space=S 
INPUT "Shot spacing [ DEF 5 ] " , Shot_space 

1180 Ques$="Y" 
l 190 Nr_Midpoints=l 
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1200 ! 
1210 IF Anal_chce$="CVS" THEN 
1220 Nr_Midpoints=S 
1230 INPUT "How Many Midpoints Must be stacked with every velocity [ Def 5 

] ",Nr _Midpoints 
1240 Zero_trace_ques$= 11 N11 

1250 INPUT "Must the zero offset trace be included in the stack [ DEF= N ] 11
, 

Zero_trace_ques$ 
1260 INPUT "Shotpoint location of first CMP" ,First_cdp 
1270 
1280 

Ques$= 11 N" 
INPUT "Do you want to store the corrected pre-stack traces 

FOR Tr=1 TO AMt 
DISP "Enter pre-stack Mute (Msec) for trace ";Tr; 
INPUT Mute_tiMe 
Mute(Tr)=INT(Mute_tiMe*959/Sweep) 

NEXT Tr 
Mute{ AMt+l )=959 

END IF 

[ DEF 

IF Anal_chce$= 11 CVG 11 THEN INPUT "Shotpoint location of CMP ",First_cdp 

' First_vel=1000 
Last vel=4000 
Vel_increMent=500 

N ] 
11 ,Ques$ 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 PRINT TABXY( 1,18);"Enter stacking velocity range in Mis (First ,Last ,IncreM 
ent) " 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 

INPUT"[ DEF: 1000,4000,200 ]" ,First_vel ,Last_vel ,Vel_increMent 
OUTPUT KBO; II K II; 
! 
FOR Tr=l TO AMt 

Centre=F irs t_c dp+( Tr-1 )*Shot_space 
Shot ( Tr )=Centre-( ( Tr-1 )*Shot_space) 
Geo( Tr )=Centre+( ( Tr-1 )*Shot_space} 

NEXT Tr 

!========================================================================= 
Routine to read in previously calculated NMO corrections for given 
velocities and offsets 

!========================================================================= 
MASS STORAGE IS 11

: ,700,1 
CAT TO #CRT;NO HEADER,SELECT "v" ,COUNT Count 
IF Count=0 THEN 1640 
ALLOCATE Prev_nMo$( 1 :Count)[80] 
OUTPUT KB□ j II K II ; 

PRINT TABXY( 15,9); 11 Reading in previous calculated filenaMes 11 

CAT TO Prev_nMo$(*);NO HEAOER,SELECT "v 11 

FOR Velocity=First_vel TO Last_vel STEP Vel increMent 
! 
V=l..Jelocity/ 1000 ! velocity in MIMsec 

' FOR Tr=2 TO AMt 
Seperation=ABS(Geo(Tr)-Shot(Tr)) 
FilenaMe$="v"&lJAL$(Velocity)&"o"&VAL$(Seperation) 
FOR C=1 TO Count 

Length=POS(Prev_nM0$(C), 11 11 )-1 
IF Fi lenaMe$=Prev_nMo${ C )[ 1 ,Length J THEN 1930 

NEXT C 
!===================================================================== 
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1760 Generate new TA2 = T0A2 + ( XA2 - VA2 ) values and store on disc 
1770 !==================================================================---
1780 PRINT TABXY(20,9);"Generating new NMO values for offset ";Seperation;" 

1790 Xv=Seperationh2/Vh2 
1800 FOR I=l TO 959 
1810 T0=(I*SaMple_interval)A2 
1820 T<I )=SQR(T0+Xv) 
1830 NEXT I 
1840 
1850 OUTPUT KBO;"K"; 
1860 PRINT TABXY(32,9);"Storing ";FilenaMe$;" on disc" 
1870 MASS STORAGE IS": ,700,1" 
1880 CREATE BOAT FilenaMe$,4,1918 
1890 ASSIGN @PTO FilenaMe$ 
1900 OUTPUT @P;T(*) 
1910 ASSIGN @PTO* 
1920 
1930 NEXT Tr 
1940 NEXT Velocity 
1950 
1960 MASS STORAGE IS ": ,700,1 
1970 FOR Cdp=l TO Nr_Midpoints 
1980 ! 
1990 Cdp_centre=First_cdp+( Cdp-1 )*Shot_space 
2000 OUTPUT KBO;"K"; 
2010 Ms$=": ,700,0,2" 
2020 MASS STORAGE IS Ms$ 
2030 FOR Tr=l TO AMt 
2040 Shot ( Tr )=Cdp_centre-( ( Tr-1 )*Shot_space) 
2050 Geo( Tr )=Cdp_centre+( ( Tr-1 )*Shot_space) 
2060 GOSUB Read_trace 
2070 ! 
2080 IF Stat_ques$="Y" THEN 
2090 PRINT TABXY(22,9);"0oing static correction for trace ";Tr 
2100 Total_static(Tr)=0 
2110 FOR P=l TO Peg_aMt 
2120 IF Shot(Tr)=Peg(P) THEN Total_static(Tr)=Total_static(Tr)+Source_s 
tatic(P) 
2130 
static(P) 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 

IF Geo(Tr)=Peg{P) THEN Total_static(Tr)=Total_static(Tr)+Geophone_ 

NEXT P 
SaMple_shift(Tr>=INT(Total_static(Tr)/Si) 
!-------------------------------------------------------------------
! Applying static corrections 
!------------------------------·------------------------------------
FOR I=1 TO 959-SaMple_shift(Tr) 

Trace(Tr,I )=Trace(Tr,I+SaMple_shift(Tr)) 
NEXT I 

2220 !-------------------------------------------------------------------
2230 FOR 1=959-SaMple_shift(Tr) TO 959 
2240 Trace(Tr,I )=0 
2250 NEXT I 
2260 ENO IF 
2270 NEXT Tr 
2280 ! 
2290 FOR V=First_vel TO Last_vel STEP Vel_increMent 
2300 I 

2310 FOR Tr=l TO AMt 
2320 IF Shot<Tr)=Geo(Tr) THEN 
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2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
nverse) 
2760 
2770 
2780 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 

Position=Shot(Tr) 
FOR I=l TO 959 

IF Zero_trace_ques$="Y" THEN 
Cvs(I)=Trace(Tr,I) 

ELSE 
Cvs(I)=0 

END IF 
Cvg( I )=Trace( Tr, I ) 

NEXT I 
GOTO 2880 

EMO IF 

!=================================================================== 
Read in calculated values of NMO corrections 

!=================================================================== 
OUTPUT KBO; II K II; 
Seperation=ABS(Geo(Tr)-Shot(Tr)) 
FilenaMe$= 11 v"&VAL$(V)&"o"&VAL$(Seperation) 
DISP "Reading in ";FilenaMe$ 

MASS STORAGE IS 11
: ,700,1 

ASSIGN @In TO FilenaMe$ 
ENTER @In;T(*) 
ASSIGN @In TO* 
!=================================================================== 

Shifting values to NMO corrected saMple positions. 
!=================================================================== 
SaMple_inverse=1/SaMple~interval 
OUTPUT KBD; II K II ; 

PRINT TABXYC30 1 9);"0oing NMO correction ";Tr 
FOR I=l TO 959 

ReMainder=FRACT(T(I)/SaMple_interval )*SaMple_interval 
Tl=T<I )-ReMainder 
T2=T1+SaMple_interval 
Indexl=Tl*SaMple_inverse 
Index2=T2*SaMple_inverse 
!================================================================= 

Tl ,T2 are HJT's (Multiples of saMple interval) which 
straddles calculated NMO correction. Indexl and Index2 
are corresponding s;Mple nuMbers 

!-----------------------------------------------------------------
IF Index1>958 THEN 2860 
Oifference=(Trace(Tr,Index2)-Trace(Tr,Index1 ))*(ReMainder*SaMple_i 

!-----------------------------------------------------------------
Difference is interpolated value between Tl and T2 

!================================================================= 
Cvg( I )=INT( Trace( Tr, Index 1 HOi f ference) 
! 
IF Anal_chce$="CVS" THEN 

IF I<Mute(Tr) THEN 2860 
Cvs ( I )=Cvs ( I )+ Trace (Tr, Index 1 HO if f erence 

END IF 

NEXT I 
! 
IF Ques$="Y" THEM 

MASS STORAGE IS ": • 700 ,0 
Fil_cvg$=VAL$(Shot<Tr))&"v 11 &VAL$(V/100)& 11 g 11 &VAL$(Geo(Tr)) 
CREATE BOAT Fi l_cvg$, 1 , 1 950 
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2920 ASSIGN @Out TO Fil_cvg$ 
2930 OUTPUT @Out;Cvg(*) 
2940 ASSIGN @Out TO* 
2950 MASS STORAGE IS ":, 700, 1" 
2960 END IF 
2970 ! 
2980 NEXT Tr 
2990 
3000 IF Anal_chce$="CVG" THEN 3290 
3010 
3020 !-------------------------------------------------------
3030 ! CVS stack fold coMpensation 
3040 !-------------------------------------------------------
3050 Tr=1 
3060 IF Zero_trace_ques$="N" THEN Tr=2 
3070 FOR I=l TO 959 
3080 IF I>=Mute(Tr) THEN Tr=Tr+l 
3090 IF Zero_trace_ques$="N" THEN 
3100 CMp_teMp=INT(Cvs( I )/SQR(Tr-1)) 
3110 ELSE 
3120 CMp_teMp=INT(Cvs(l)/SQR(Tr)) 
3130 END IF 
3140 IF ABS(CMp_teMp))32767 THEN 
3150 IF CMp_teMp)32767 THEN Final_cvs(I)=32767 
3160 IF CMp_teMp(-32766 THEN Final_cvs(I )=-32766 
3170 ELSE 
3180 Final_cvs(I )=CMp_teMp 
3190 END IF 
3200 NEXT I 
3210 
3220 MASS STORAGE IS": ,700,0 
3230 FilenaMe$=VAL$(V)&"cvs"&VAL$(Position) 
3240 CREATE BOAT FilenaMe$,1 ,1950 
3250 ASSIGN @Out TO FilenaMe$ 
3260 OUTPUT @Out;Final_cvs(*) 
3270 ASSIGN @Out TO* 
3280 
3290 NEXT V 
3300 NEXT Cdp 
3310 
3320 MASS STORAGE IS": ,700,1 
3330 LOAD "AUTOST: ,700" 
3340 ! 
3350 STOP 
3360!=========================================================================== 
3370 Read_trace: ! 
3380 ! 
3390 MASS STORAGE rs ": , 700 ,0" 
3400 IF Shot(Tr)<0 THEN 
3410 Fil$=Line$&"n"&VAL$(A8S(Shot(Tr)))&" "&VAL$(Geo(Tr)) 
3420 ELSE 
3430 Fi l$=Line$&"_"&VAL$( Shot<Tr) )&"_"&VAL$( Geo( Tr)) 
3440 END IF 
3450 
3460 
3470 
3480 
3490 
3500 
3510 

□ ISP "Reading trace ";Tr;" of ";AMt;" 
I 

ON ERROR GOSUB To_err_is_huMan 
ASSIGN @To_disc TO Fil$ 
ON END @To_disc GOTO 3510 
ENTER @To_disc;OuMMy(*) 
FOR I=l TO 959 

";Fil$ 
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3520 Trace(Tr,I)=DuMMy(I) 
3530 NEXT I 
3540 Gain(Tr)=0uMMy(960) 
3550 ASSIGN @To_disc TO* 
3560 MASS STORAGE IS 11

: • 700. 1 " 
3570 OFF ERROR 
3580 ! 
3590 RETURN 
3600 !-------------------------------------------------------------------------
3610 
3620 
3630 
3640 
3650 
3660 
3670 
3680 
3690 
3700 
3710 
3720 
3730 
3740 
3750 
3760 

To_err_is_huMan: 
SELECT ERRN 
CASE 56 

Ms_counter=Ms_counter+l 
! 
SELECT Ms$ 
CASE " : , 700 • 0 . 2 11 

Ms$=": ,700,0,3 11 

CASE 11
:. 700 .0 ,3" 

Ms$=": ,700, l 11 

CASE " : • 700 • 1 11 

Ms$=": ,700 ,0 ,2 11 

END SELECT 
MASS STORAGE IS Ms$ 

IF Ms_counter>4 THEN 
BEEP 
Ms_counter=0 

3770 
3780 
3790 
3800 
3810 
3820 
3830 
3840 
3850 
3860 
3870 
3880 
3890 
3900 
3910 
3920 

PRINT TABXY(20,14); 11 Couldn't find ";Fil$;" on current MSU" 
INPUT "do you want to change the MSU" ,Msu_ques$ 
SELECT Msu_ques$ 
CASE "Y 11 

INPUT "Enter new MSU 
ON ERROR GOTO 3890 
MASS STORAGE IS Ms$ 
OFF ERROR 
GOTO 3920 
BEEP 
□ ISP "TRY AGAIN BiMbo 
GOTO 3840 

CASE "N" 

- e.g. '': ,700 ,0 ,3'' [ NO DEF ]" ,Ms$ 

____ 11. 

' 

3930 □ ISP "Insert next disc in current MSU <CONTINUE> " 
3940 PAUSE 
3950 CASE ELSE 
3960 BEEP 
3970 GOTO 3810 
3980 ENO SELECT 
3990 ENO IF 
4000 END SELECT 
4010 RETURN 
4020 !=====================================================· =================== 
4030 END 
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10 NMO_CORR_1 NorMal Moveout corrections plotting routines 
20 
30 
40 

A.T.Oippenaar U.P. 

50 Last changes on 10 January 1988 

April 1987 

60 !===============~~======================================================== 
70 ! 
80 OPTION BASE 1 
90 ! 
100 COM /Seis_int/ Line$[2J,INTEGER Trace(24,960),0pt ,AMt,Gain(24) 
110 COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
120 COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
130 COM /Polar/ INTEGER Pol factor(24) 
140 COM /Statics/ REAL Geophone_static(100},Source_static( 100),Peg( 100) 
150 COM /Screens/ INTEGER Screen_l(7500),Screen_2(7500>,REAL X,Y,Gain_aMplitud 
e,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 INTEGER 0uMMy(961 >,Mute(25),Store_trace(959),CMp_store(959),SaMple_shift(4 
5) 
190 DIM Twt(8),Input_vel(8},Stack_vel(959),NMo_cor_trace(24,959),CMp_stacked(9 
59) ,NMo( 24,959} 
200 DIM Marker$[6J 
210 REAL Oifference,Oiff 
220 Marker$="==>"&CHR$(8)&CHR$(8}&CHR$(8} 
230 
240 
250 
260 
270 
280 
290 

CONTROL 1 , 1 2 i 1 
OUTPUT KBD j II~:" ; 
Sweep=192 
SaMple_interval=Sweep/959 
Si=SaMple_interval/1000 

' 300 Ques$="N" 

SaMple interval in Msec 
SaMple interval in sec 

310 INPUT "Do you want to store the NMO corrected traces (unstacked) [ Def= N 
] " ,Ques$ 

320 DISP "Ensure disc for output files in left hand drive ( '':,700,1'') <C 
ONTINUE> II 
330 PAUSE 
340 INPUT "Line identification CMa:-dMuM 2 alphanuMericals )" ,Line$ 
350 
360 
370 
380 
390 

Cdp_fold=6 
INPUT "Fold of proposed COP stack [ DEF= 6 J" ,Cdp_fold 
Zero_trace_ques$="N" 
INPUT "Must the zero offset trace be included in the stack t DEF 

ro_trace_ques$ 
400 AMt=Cdp_fold 
410 Shot_space=S 
420 INPUT "Shot spacing [ DEF = 5 ] " , Shot_space 
430 INPUT "First COP Midpoint (shotpoint location)" ,First_cdp 
440 Position=First_cdp 
450 I 

460 Stat_ques$="Y" 
470 INPUT "Must static correction be applied [ DEF Y ]" ,Stat_ques$ 
480 ! 
490 IF Stat_ques$="Y" THEN 
500 ! 
5 1 0 I NP UT II F i rs t peg po s i t i on " , F i rs t _peg 
5 2 0 I NP IJ T " Last peg po s i t i on 11 

, Las t _peg 
530 Peg_space=S 
540 INPUT "Peg spacing [ DEF= 5 ]" ,Peg_space 

N ] ". Ze 
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550 Peg_aMt=(last_peg-First_peg)/Peg_space+1 
560 FOR P=l TO Peg_aMt 
570 Peg(P )=First_peg+(P-1 )*Peg_space 
580 NEXT P 
590 
600 MASS STORAGE IS ": ,700,1 
610 ! 
620 Fil$=Line$&"_srce_st" 
630 ASSIGN @PTO Fil$ 
640 ON END @P GOTO 660 
650 ENTER @P;Source_static(*) 
660 ASSIGN @PTO* 
670 
680 Fil$=Line$&"_geo_st" 
690 ASSIGN @PTO Fil$ 
700 ON END @P GOTO 720 
710 ENTER @P;Geophone_static(*) 
720 ASSIGN @PTO* 
730 
740 END IF 
750 
760 FOR Tr=1 TO AMt 
770 Shot<Tr )=First_cdp-( <Tr-1 )*Shot_space) 
780 Geo( Tr )=First_cdp+( ( Tr-1 )*Shot_space) 
790 NEXT Tr 
800 !=======================================~================================= 
810 
820 
830 
840 
850 
860 
870 
880 

PRINT TABXY(14,14);" 
PRINT TABXY( 14,16);" 
! 

First TWT-velocity pair Must be at tiMe = 0 Msec" 
Last TWT-velocity pair Must be at tiMe = 192 Msec" 

INPUT "How Many TWT -
IF Nr_pairs>B THEN 

Velocity pairs are you entering" ,Nr_pairs 

BEEP 
□ ISP "Let's be reasonable 
BEEP 

890 l~AIT 1. S 
900 GOTO 840 
910 END IF 
920 ! 
930 □ ISP "TWT,velocity pair# l"; 
940 INPUT Twt < 1 ) • Input_vel ( 1 > 
950 IF Twt< 1 ><>0 THEN 900 

! 
OUTPUT KBD;"K"; 

Try for less than 8 please" 

960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 

PRINT TABXY(20,5);" TWT Stacking velocity" 
PRINT TABXY<20,6);"------------------------------------" 
PRINT TABXY(33,7);"l" 
PRINT TABXY(21,7);Twt< 1) 
PRUIT TABXY(40,7);Input_vel( 1) 
! 
FOR I~2 TO Nr_pairs 

OISP "TWT,velocity pair# ";!; 

INPUT Twt(I >,Input_vel(I) 
PRINT TABXY( 33 ,6+!);" l" 
PRINT TABXY(21 ,6+1 );Twt( I) 
PRINT TABXY(40,6+I);!nput_vel(I) 

NEXT I 
! 
IF Twt<I-1 }0192 THEN 

BEEP 
□ ISP "Last TWT is not equal to 192 Msec Redo TWT,VELOCITY input" 
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BEEP 
l.~A IT 1 . 5 
OUTPUT KBD; II K II ; 

GOTO 840 
ENO IF 
OUTPUT KBD; "K II; 

1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 

!========================================================================= 

Calculating stacking velocity for every saMple point. Interpolation 
to fill velocity values between input velocities. 

I 

!-------------------------------------------------------------------------
PRINT TABXY(23,9);"Interpolating stacking velocities" 
FOR V=l TO Nr_pairs-1 

t 290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
tic(P) 
1580 
atic(P) 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 

Di ff =SaMp 1 e_i n t erva l * ( Input_ ve 1 ( V+ l )- Input_ ve 1 ( lJ ) ) / ( Twt ( Vt 1 )-Twt ( V ) ) 
Indexl=Twt(V)/SaMple_interval 
IF Index1=0 THEN Indexl=l 
Index2=Twt ( Vt l )/SaMp le_i nterval 
Stack_vel ( Index 1 )=Input_vel ( V) 
FOR Vv=Index1+1 TO Index2 

Stack_vel ( Vv )=Stack_vel ( Vv-1 >+Di ff 
NEXT Vv 

NEXT V 
Stack_vel(959)=Input_vel(Nr_pairs) 

in rri/s 

!========================================================================= 
! 
OUTPUT KBD; "K II; 
PRINT TABXY(28,9);"Gathering CMP traces" 
MASS STORAGE IS": ,700,1 
FOR Tr=l TO AMt 

ON ERROR GOSUB To_err_is_huMan 
GOSUB Read_trace 
OFF ERROR 

NEXT Tr 
Max_offset=ABS(Shot(AMt)-Geo(AMt)) 

!========================================================================= 
IF Stat_ques$="Y" THEN 

FOR Tr= 1 TO Arrit 
PRINT TABXY<22,9);"Applying static corrections trace ";Tr 
Total_static(Tr)=0 
FOR P=l TO Peg_arrit 

IF Shot(Tr)=Peg(P) THEN Total_static(Tr)=Total_static(Tr)+Source_sta 

IF Geo(Tr)=Peg(P) THEN Total_static(Tr)=Total_static(Tr)+Geophone_st 

NEXT P 
SaMple_shift(Tr)=INT(Total_static(Tr)/Si) 

Applying static corrections 

FOR I=l TO 959-SaMple_shift(Tr) 
Trace(Tr,I)=Trace(Tr,ItSaMple_shift(Tr)) 

NEXT I 
! 
FOR I=959-SaMple_shift(Tr) TO 959 

Trace(Tr,I)=0 
NEXT I 
I 

NEXT Tr 
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1730 END IF 
1740 
1750 !========================================================================= 
1760 FOR Tr=l TO AMt 
1770 PRINT TABXY<20,9};"Generating NMO values :-- offset ";Tr;" 

1780 ! 
1790 Seperation=ABS(Geo(Tr)-Shot(Tr)) 
1800 FOR I=l TO 959 
1810 
1820 
1830 
1840 
1850 
1860 
1870 

T0=(I*SaMple_interval )A2 
VZ=<Stack_vel(I)/1000)~2 
NMo(Tr,I)=SQR(T0+SeperationA2/V2) 

NEXT I 
! 

NEXT Tr 

in Msec 
MIMsec 

in 1'1lsec 

1880 !========================================================================= 
1890 Shifting values to NMO corrected saMple positions. 
1900 !========================================================================= 
1910 OUTPUT KBO;"K"; 
1920 FOR Tr=l TO AMt 
1930 PRINT TABXY(26,9);"Doing NMO correction ";Tr 
1940 FOR I=l TO 959 
1950 ReMainder=FRACT(NMo(Tr,I)/SaMple_interval)*SaMple_interval 
1960 Tl=NMo(Tr.I )-ReMainder 
1970 T2=Tl+SaMple_interval 
1980 Indexl=Tl/SaMple_interval 
1990 Index2=T2/SaMple_interval 
2000 ===================================================================== 
2010 Tl ,T2 are TWT's (Multiples of saMple interval) which 
2020 straddles calculated NMO correction. Indexl and Index2 
2030 are corresponding saMple nuMbers 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 

'Difference' is interpolated value between Tl and T2 

F Index1>958 THEN 2220 
ON ERROR GOTO 2110 
Di f f=Trace( Tr. Inde; ... ;2 )-Trace( Tr, Index 1 ) 
GOTO 2190 
IF ERRN=20 THEN 

OFF ERROR 
Oiff=0 
GOTO 2190 

ELSE 
DISP "ooops 
PAUSE 

END IF 

ERRN = 11 
; ERRN 

Oifference=Oiff*(ReMainder/SaMple_interval) 
NMo_cor _trace( Tr, I )=Trace( Tr, Index 1 HOi f ference 
Store_trace( I )=INT(Trace(Tr,Index1 >+Difference) 

NEXT I 
PRINT TABXY(15,9);" 
!-----------------------------------------------------------------------

Storing NMO corrected traces (unstacked) on disc if required 
!======================================================================= 
IF Ques$="Y 11 THEN 

MASS STORAGE IS 11
: , 700. 1 

Fil$=VAl$(Shot(Tr))& 11 nM0 11 &VAL$(6eo(Tr)) 
PRINT TABXY(16,9); 11 Storing NMO corrected trace ";Tr;" in ";Fil$ 
CREATE BOAT Fi 1 $, 1 , 1 950 
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2320 ASSIGN @To_disc TO Fil$ 
2330 ON END @To_disc GOTO 2350 
2340 OUTPUT @To_disc;Store_trace(*) 
2350 ASSIGN @To_disc TO* 
2360 OUTPUT KBO;"K"; 
2370 ENO IF 
2380 ! 
2390 NEXT Tr 
2400 !========================================================================= 
2410 Plotting and stacking routines 
2420 !========================================================================= 
2430 GIN!T 
2440 GRAPHICS ON 
2450 X= 100*MAX ( 1 ,RAT! 0) 
2460 Y=100*MAX( 1 , 1 /RATIO) 
2470 ! 
2480 OFF ERROR 
2490 GOSUB Menu 
2500 Spinner:GOTO Spinner 
2510 ! 
2520 STOP 
2530 !========================================================================= 
2540 Menu: ! 
2550 Pointy=? 
2560 GCLEAR 
2570 ON KBD GOSUB Keyboard 
2580 ON KNOB .25 GOSUB Move_pointer 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 

CONTROL 1 , 12; 1 
OUTPUT KBD; II K If ; 

PRINT TABXY<32,4);CHR$( 129)&" 
PRINT TABXY(20,7);"1 
PRINT TABXY<20,9);"2 
PRINT TABXY( 20, 11 ) ; "3 
PRINT TABXY(20,13);"4 
PRINT TABXY(16,7);Marker$; 
RETURN 

Plotting options "&CHR$(128) 
Plot NMO corrected traces and specify Mute" 
Plot NMO functions (just for the fun of it)" 
Print velocities and tiMe - depth curve" 
RETURN to Main Menu" 

2690 !--------------------------------------- ·---------------------------------
2700 Mute_and_stack: ! 
2710 !-------------------------------------------------------------------------
2720 Muting routine 
2730 !-------------------------------------------------------------------------
2740 GCLEAR 
2750 OUTPUT KBD;"K"; 
2760 FOR Tr=l TO AMt 
2770 PRINT TABXYC32,9);"Muting trace ";Tr 
2780 FOR M=l TO Mute(Tr) 
2790 NMo_cor_trace(Tr,M)=0 
2800 NEXT M 
2810 NEXT Tr 
2820 !-------------------------------------------------------------------------
2830 ! Stacking routine 
2840 t-------------------------------------------------------------------------
2850 PRINT TABXY(31 ,9); "Stacking trace 
2860 Begin=2 
2870 IF Zero_trace_ques$="Y" THEN Begin=l 
2880 FOR Tr=Begin TO AMt 
2890 FOR S=I TO 959 
2900 CMp_stacked(S)=CMp_stacked(S)+NMo_cor_trace(Tr,S) 
2910 NEXT S 
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2920 NEXT Tr 
2930 !-------------------------------------------------------------------------
2940 Fold coMpensation and write to INTEGER forMat 

2950 !-------------------------------------------------------------------------
2960 Tr=l 
2970 FOR I=l TO 959 
2980 IF I>=Mute(Tr> THEN Tr=Tr+l 
2990 CMp_teMp=INT(CMp_stacked(I )/SQR(Tr)) 
3000 IF ABS(CMp_teMp))32767 THEN 
3010 IF CMp_teMp)32767 THEN CMp_store(I)=32767 
3020 IF CMp_teMp(-32766 THEN CMp_store(l )=-32766 
3030 ELSE 
3040 CMp_store(I )=CMp_teMp 
3050 END IF 
3060 NEXT I 
3070 !-------------------------------------------------------------------------
3080 Storing CMP stacked trace on disc 
3090 l-------------------------------------------------------------------------
3100 MASS STORAGE IS ": ,700,1" 
3110 Fil$=Line$&"_"&VAL$(Position) 
3120 □ ISP Fil$ 
3130 CREATE BOAT Fi 1$. 1 • 1950 
3140 ASSIGN @To_disc TO Fil$ 
3150 ON END @To_disc GOTO 3170 
3160 OUTPUT @To_disc;CMp_store(*) 
3170 ASSIGN @To_disc TO* 
3180 ! 
3190 GOSUB Menu 
3200 RETURN 
3210 !-------------------------------------------------------------------------
3220 Read_trace:! 
3230 ! 
3240 DISP TAB(46);"Reading trace ";Tr;" of ";AMt 
3250 IF Shot(Tr><0 THEN 
3260 Fil $=Line$&" n" &VAL$( ABS ( Shot (Tr)))&"_" &VAL$( Geo (Tr)) 
3270 ELSE 
3280 Fil$=Line$&"_"&VAL$(Shot(Tr))&"_"&VAL$(Geo<Tr)) 
3290 END IF 
3300 
3310 ASSIGN @To_disc TO Fil$ 
3320 ON END @To_disc GOTO 3340 
3330 ENTER @To_disc;OuMMy(*) 
3340 FOR I=l TO 959 
3350 Trace(Tr,I )=OuMMy(l) 
3360 NEXT I 
3370 Gain(Tr)=DuMMy(960) 
3380 ASSIGN @To_disc TO* 
3390 OFF ERROR 
3400 ! 
3410 DISP 11 

3420 RETURN 
3430 !--------------------- ---------------------------------------------------
3440 
3450 l<eyboard: ! 
3460 OUTPUT KBD;"K"; 
3470 SELECT KBD$ 
3480 CASE CHR$(255)&"C" ,CHR$(255)&"E" ,CHR$(255)&"X" 
3490 SELECT Pointy 
3500 CASE 7 
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3510 GOSUB Plot_nMo_traces 
3520 CASE 9 
3530 GOSUB Plot_functions 
3540 CASE 11 
3550 GOSUB Velocities 
3560 CASE 13 
3570 MASS STORAGE IS 11

: , 700 ,0 
3580 LOAD "AUTOST 11 

3590 END SELECT 
3600 CASE ELSE 
3610 BEEP 1800,.4 
3620 GOTO 3640 
3630 END SELECT 
3640 RETURN 
3650 !------------------------------------------------------------------------
3660 Move_pointer: ! 
3670 PRINT TABXY( 16,Pointy);" 
3680 IF KNOBX>0 THEN 
3690 Pointy=Pointy+2 

II• , 

3700 IF Pointy>13 THEN Pointy=13 
3710 ELSE 
3720 Pointy=Pointy-2 
3730 IF Pointy<? THEN Pointy=? 
3740 END IF 
3750 PRINT TABXY( 16,Pointy);Marker$; 
3760 RETURN 
3770 !------------------------------------------------------------------------
3780 Plot_nMo_traces: ! 
3790 LORG 6 
3800 CSIZE 4 
3810 MOVE .S*X,.98*Y 
3820 LABEL II NMO corrected traces Line 11 &Line$&" 
3830 ! 
3840 VIEWPORT .25*X,.98*X,.15*Y ,.9*Y 
3850 WINDOW 0,(12*64000. ),-480,0 
3860 FOR Tr=1 TO AMt 
3870 MOVE ( Tr-1 )*64000. +32000, 0 
3880 LORG 4 
3890 CSIZE 2.8 
3900 LABEL Tr 
3910 FOR I=l TO 480 

CMP "&VAL$ (Position ) 

3920 IF NMo_cor_trace(Tr,I )>0 THEN MOVE ((Tr-1 )*64000. )+32000,-I 
3930 ORAl;J NMo_cor_trace(Tr,I )+((Tr-1 )*64000. >+32000,-I 
3940 NEXT I 
3950 NEXT Tr 
3960 ! 
3970 Sweep=192 
3980 CSIZE 3.0 
3990 FOR Ti=0 TO 75 STEP 5 
4000 LINE TYPE 4 
4010 MOVE 0,-Ti*959/Sweep 
4020 DRAW 12*64000,-Ti*959/Sweep 
4030 LINE TYPE 1 
4040 MOVE 0,-Ti*959/Sweep 
4050 CLIP OFF 
4060 LORG 8 
4070 LABEL Ti 
4080 CLIP ON 
4090 NEXT Ti 
4100 
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4110 FOR Tr=l TO AMt 
4120 □ ISP "Enter stretch Mute (in Msec) for trace";Tr; 
4130 INPUT Mute_tiMe ! in Msec 
4140 Mute(Tr)=INT(Mute_tiMe/SaMple_interval} ! saMple # 

4150 PRINT TABXY( 1 ,4+Tr); "Mute ";Tr;" = "; INT( Mute_t iMe); 
4160 NEXT Tr 
4170 Mute( AMt+1 )=959 
4180 ! 
4190 INPUT "Satisfied (Y/N}" ,Sat$ 
4200 IF Sat$="Y" THEN 
4210 GOSUB Mute_and_stack 
4220 ELSE 
4230 OUTPUT KBD;"K"; 
4240 GOTO 4110 
4250 END IF 
4260 RETURN 
4270 !------------------------------------------------------------------------

Plot_functions: ! 
FOR K=0 TO 9 

ON KEY K LABEL" 
NEXT K 

"GOTO Spinner 

4280 
4290 
4300 
4310 
4320 
4330 
4340 
4350 
4360 
4370 
4380 
4390 
4400 
4410 

ON KEY 7 LABEL " 
CONTROL 1 • 1 2; 0 

RETURN " GOSUB Menu 

GIN IT 
LORG 6 
CSIZE 4 
MOIJE . S*X,. 98*Y 
LABEL "NorMal Moveout functions 
VIEWPORT .45*X,.85*X,.02*Y ,.8*Y 
FRAME 

4420 WINDOW 0,Max_offset ,-192,0 
4430 LINE TYPE 4 
4440 GRID 10,25,0,0 
4450 LINE TYPE 1 
4460 
4470 CLIP OFF 
4480 CSIZE 3.2 
4490 LORG 8 
4500 FOR T=25 TO 175 STEP 25 
4510 MOVE -t ,-T 
4520 LABEL T 
4530 NEXT T 
4540 ! 
4550 LORG 4 
4560 FOR 0=10 TO Max_offset STEP 10 
4570 MOVE 0,5 
4580 LABEL 0 
4590 NEXT 0 
4600 
4610 LORG 5 
4620 CSIZE 2.5 
4630 CLIP ON 
4640 FOR V=l TO Nr_pairs 
4650 FOR I=l TO 959 

Line "&Line$&" 

4660 IF Twt(V)=INT<I*SaMple_interval) THEN 
4670 MOlJE 0, -NMo( 1 , I ) 
4680 FOR Tr=1 TO AMt 
4690 Offset=ABS(Shot(Tr)-Geo(Tr)) 
4700 DRAW Offset,-NMo(Tr,I > 

CMP "&VAL$( Position) 
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4710 MOVE Offset,-NMo(Tr,I) 
4720 LABEL "*" 

4730 MOVE Offset ,-NMo(Tr,I) 
4740 NEXT Tr 
4750 GOTO 4780 
4760 ENO IF 
4770 NEXT I 
4780 NEXT V 
4790 ! 
4800 VIEWPORT 0,.35*X,.02*Y,.8*Y 
4810 WINDOW 0,50,-192,0 
4820 CLIP OFF 
4830 LORG 7 
4840 CSIZE 4 
4850 MOVE 10,0 
4860 LABEL "T" 
4870 MOVE 28,0 
4880 LABEL "V" 
4890 LORG 3 
4900 CSIZE 3.0 
4910 MOVE 10 ,0 
4920 LABEL "0" 
4930 MOVE 28,0 
4940 LABEL "stack" 
4950 ! 
4960 MOVE 52,-192 
4970 DRAW 52,0 
4980 MOVE St .2,0 
4990 DRAW 51 .2,-192 
5000 
5010 LORG 6 
5020 CSIZE 3.8 
5030 FOR I=l TO Nr_pairs 
5040 MOVE 10,-(I*10)-2 
5050 LABEL Twt(I) 
5060 MOVE 28,-(I*10)-2 
5070 LABEL Input_vel(I) 
5080 NEXT I 
5090 
5100 RETURN 
St 10 !-------------------------------------------------------------------------
5120 To_err_is_huMan: ! 
5130 SELECT ERRN 
5140 CASE 56 
5150 BEEP 
5160 PRINT TABXY<20,14);" Couldn't find ";Fil$;" on current MSU" 
5170 INPUT "do you want to change the MSU" ,Msu_ques$ 
5180 SELECT Msu_ques$ 
5190 CASE "Y" 
5200 
5210 
5220 
5230 
5240 
5250 
5260 
5270 
5280 

INPUT "Enter new MSU 
ON ERROR GOTO 5250 
MASS STORAGE IS Ms$ 
OFF ERROR 
GOTO 5280 
BEEP 
□ ISP "TRY AGAIN BiMbo 
GOTO 5200 

CASE "N" 

- e.g. '': ,700 ,0 ,3'' [ NO DEF J" ,Ms$ 

____ , .. 
' 

5290 □ ISP "Insert next disc in current MSU <CONTINUE> " 
5300 PAUSE 
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5310 
5320 
5330 
5340 
5350 
5360 
5370 
5380 

CASE ELSE 
BEEP 
GOTO 5170 

END SELECT 
END SELECT 
RETURN 
!========================================================================= 
END 
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NMO_CORR NorMal Moveout corrections no plotting routines 

A.T.Oippenaar U.P. April 1987 

! Last changes on 11 January 1988 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 

!========================================================================= 
! 
OPTION BASE 1 
! 
COM /Seis_int/ Line$[2J,INTE6ER Trace(24,960),0pt,AMt,Gain(24) 
COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
COM /Polar/ INTEGER Pol_factor(24) 
COM /Statics/ REAL Geophone_static( 100),Source_static( 100),Peg( 100) 
COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 

e,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 INTEGER DuMMy(961 ),Mute(25),Store_trace(959),CMp_store(959),SaMple_shift(4 
5) 

190 DIM Twt(8),Input_vel(8),Stack_vel(959),NMo_cor_trace(24,959),CMp_stacked(9 
59) ,NMo( 24,959) 
200 DIM Marker$[6J 
210 REAL Oifference,Oiff 
220 Marker$="==>"&CHR$(8)&CHR$(8)&CHR$(8) 
230 
240 
250 
260 
270 
280 
290 

! 
CONTROL 1 , 1 2; 1 
OUTPUT KB □; "K II; 
SaMple_interval=192/959 
Si=SaMple_interval/1000 
Sweep=192 
! 

300 Ques$="N" 

SaMple interval in Msec 
SaMple interval in sec 

310 DISP "Ensure disc for output files in left hand drive ( '': ,700 ,0'' ) <C 
ONTINUE> II 

320 PAUSE 
330 INPUT "Line identification (MaxiMUM 2 alphanuMericals )" ,Line$ 
340 ! 
350 Cdp_fold=6 
360 INPUT "Fold of proposed CDP stack [ DEF= 6 l" ,Cdp_fold 
370 Zero_trace_ques$="N" 
380 INPUT "Must the zero offset trace be included in the stack [ DEF= N ]" ,Ze 
ro_trace_ques$ 
390 AMt=Cdp_fold 
400 Shot_space=S 
410 INPUT "Shot spacing [ DEF= 5 J" ,Shot_space 
420 INPUT "First CDP Midpoint (shotpoint location)" ,First_cdp 
430 INPUT "last CDP Midpoint (shotpoint location)" ,Last_cdp 
440 ! 
450 ! 
460 Stat_ques$="Y" 
470 INPUT "Must static correction be applied [ DEF= Y ]" ,Stat_ques$ 
480 
490 IF Stat_ques$="Y" THEN 
500 ! 
5 1 0 I NP IJ T " F i rs t peg po s i t i on " , F i rs t _peg 
520 INPUT "Last peg position" .Last_peg 
530 Peg_space=S 
540 INPUT "Peg spacing t DEF= 5 ]" ,Peg_space 
550 Peg_aMt=(last_peg-First_peg)/Peg_space+l 
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FOR P=l TO Peg_aMt 560 
570 
580 
590 
600 
610 
620 
630. 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 

Peg( P )=First_peg+( P-1 )*Peg_space 
NEXT P 

MASS STORAGE IS ": ,700,1 
! 
Fil$=Line$&"_srce_st" 
ASSIGN @PTO Fil$ 
ON END @P GOTO 660 
ENTER @P;Source_static(*) 
ASSIGN @PTO* 

Fil$=Line$&"_geo_st" 
ASSIGN @PTO Fil$ 
ON ENO @P GOTO 720 
ENTER @P;Geophone_static(*) 
ASSIGN @PTO* 

ENO IF 
! 
FOR Tr=l TO AMt 

DISP "Enter Mute (in Msec) for trace";Tr; 
INPUT Mute_tiMe 
Mute(Tr)=INT(Mute_tiMe*959/192) 

NEXT Tr 
Mute(AMt+l )=959 

PRINT TABXY(14,14);" 
PRINT TABXY(14,16);" 

First TWT-velocity pair Must be at tiMe = 0 Msec" 
Last TWT-velocity pair Must be at tiMe = 192 Msec" 

INPUT "How Many TWT -
IF Nr_pairs>B THEN 

BEEP 

Velocity pairs are you entering" ,Nr_pairs 

□ ISP "Let's be reasonable 
BEEP 

9 2 0 t,J A IT 1 . 5 
930 GOTO 870 
940 END IF 
950 ! 
960 □ ISP "TWT,velocity pair I 1"; 
970 INPUT Twt< 1 ) , Input_vel < 1 ) 
980 IF Twt< 1 )00 THEN 930 
990 ! 
1000 OUTPUT ~~BO; "K" ; 

Try for less than 8 please" 

1010 PRINT TABXY<20,5);" TWT Stacking velocity" 
1020 PRINT TABXY(20,6);"------------------------------------" 
1030 PRINT TABXYC33,7);"1" 
1040 PRINT TABXY(21 ,7 );Twt( 1) 
1050 PRINT TABXYC40,7);Input_vel(1) 
1060 ! 
1070 FOR I=2 TO Nr_pairs 
1080 □ ISP "TWT,velocity pair# ";I; 
1090 INPUT Twt (I), Input_vel <I) 
1100 PRINT TABXY(33,6+I);"I" 
1110 PRINT TABXY(21,6+I);Twt<I) 
1120 PRINT TABXYC40,6+I );Jnput_vel(I) 
1130 NEXT I 
1140 ! 
1150 IF Twt( I-1 )0192 THEN 
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BEEP 1160 
1170 □ ISP "Last TWT is not equal to 192 Msec Redo TWT,VELOCITY input" 
1180 BEEP 
11 90 lJA IT 1 . 5 
1200 OUTPUT KBD;"K"; 
1210 GOTO 870 
1220 END IF 
1230 OUTPUT KBD;"K"; 
1240 !========================================================================= 
1250 
1260 Calculating stacking velocity for every saMple point. Interpolation 
1270 to fill velocity values between input velocities. 
1280 
1290 !-------------------------------------------------------------------------
1300 PRINT TABXY(23,9);"Interpolating stacking velocities" 
1310 FOR V=l TO Nr_pairs-1 
1320 Oiff=SaMple_interval*(Input_vel(V+l )-Input_vel(V))/(Twt(V+1 )-Twt(V)) 
1330 Index1=Twt(V)/SaMple_interval 
1340 IF Index1=0 THEN Index1=1 

I nde:,.:2=Twt ( V+ 1 ) /Sa Mp 1 e_i nt erva 1 
Stack_vel( Inde><:1 )=Input_vel(lJ) 
FOR Vv=Indexl+l TO Index2 

Stack_vel ( Vv )=Stack_vel ( Vv-1 )+Di ff 
NEXT Vv 

NEXT U 
Stack_vel(959)=Input_vel(Nr_pairs) 

in Mis 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550. 
1560 
1570 
1580 
1590 
1600 
1610 
1620 

!========================================================================= 
! 
FOR Cdp=First_cdp TO Last_cdp STEP Shot_space 

OUTPUT KBO;"K"; 
! 
Pos i tion=Cdp 
FOR Tr=l TO AMt 

Shot ( Tr )=Cdp-( ( Tr-1 )*Shot_space) 
Geo( Tr )=Cdp+( ( Tr-1 )*Shot_space) 

NEXT Tr 
! 
PRINT TABXY(28,9);"Gathering CMP traces" 
Ms$=": ,700,0,2" 
MASS STORAGE IS Ms$ 
FOR Tr=l TO AMt 

ON ERROR GOSUB To_err_is_huMan 
GOSUB Read_trace 
OFF ERROR 

NEXT Tr 
Max_offset=ABS(Shot(AMt )-Geo(AMt )) 

1630 !========================================================================= 
1640 IF Stat_ques$="Y" THEM 
1650 FOR Tr=l TO AMt 
1660 PRINT TABXY(22,9);"Applying static corrections trace ";Tr 
1670 Total_static(Tr)=0 
1680 FOR P=l TO Peg_aMt 
1690 IF Shot(Tr>=Peg(P) THEN Total_static(Tr)=Total static(Tr)+Source_s 
tatic(P) 
1700 
static(P) 
1710 
1720 
1730 

IF Geo(Tr)=Peg(P) THEN Total_static(Tr)=Total_static(Tr)+Geophone_ 

NEXT P 
SaMple_shift(Tr)=INT(Total_static(Tr)/Si) 
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1740 Applying static corrections 
1750 
1760 FOR I=l TO 959-SaMple_shift(Tr) 
1770 Trace(Tr,I )=Trace(Tr,I+SaMple_shift(Tr)) 
1780 NEXT I 
1790 
1800 FOR 1=959-SaMple_shift(Tr) TO 959 
1810 Trace(Tr,I )=0 
1820 NEXT I 
1830 ! 
1840 NEXT Tr 
1850 END IF 
1860 
1870 !===================================================================-=----
1880 FOR Tr=l TO AMt 
1890 PRINT TABXY<20,9);"Generating NMO values :-- offset ";Tr;" 

1900 
1910 Seperation=ABS(Geo(Tr)-Shot(Tr)) 
1920 FOR I=l TO 959 
1930 
1940 
1950 
1960 
1970 
1980 
1990 

I 

T0=(I*SaMple_interval )h2 
V=Stack_velCI)/1000 
NMo(Tr,I)=SQR(T0+SeperationA2/VA2) 

NEXT I 

NEXT Tr 

2000 !=============================~=======~=================================== 
2010 Shifting values to NMO corrected saMple positions. 
2020 !========================================================================= 
2030 OUTPUT KBO;"K"; 
2040 FOR Tr=l TO AMt 
2050 PRINT TABXY(26,9);"Doing NMO correction ";Tr 
2060 FOR I=l TO 959 
2070 ReMainder=FRACT(NMo(Tr,I )/SaMple_interval )*SaMple_interval 
2080 Tl=NMo(Tr,I )-ReMainder 
2090 T2=Tl+SaMple_interval 
2100 Indexl=Tl/SaMple_interval 
2110 Index2=T2/SaMple_interval 
2120 !===================================================================== 
2130 Tl ,T2 are HJT's (Multiples of saMple interval) which 
2140 straddles calculated NMO correction. Indexl and Index2 
2150 are corresponding saMple nuMbers 
2160 
2170 'Difference' is interpolated value between T1 and T2 
2180 ---------------------------------------------------------------------
2190 IF Index1>958 THEN 2350 
2200 ON ERROR GOTO 2230 
2210 Oiff=Trace(Tr,Index2)-Trace(Tr,Index1) 
2220 GOTO 2330 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 

IF ERRN=20 THEN 
OFF ERROR 
Diff=0 
GOTO 2320 

ELSE 
BEEP 
DISP "ooops 
PAUSE 

END IF 
OFF ERROR 

ERRN =" ;ERRN 
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2330 Oifference=Oiff*(ReMainder/SaMple_interval) 
2340 NMo_cor _trace( Tr. I )=Trace( Tr. Index 1 )+Difference 
2350 NEXT I 
2360 PRINT TABXY< 15,9);" 
2370 ! 
2380 NEXT Tr 
2390 !========================================================================= 
2400 Mute_and_stack: ! 
2410 !-------------------------------------------------------------------------
2420 ! Muting routine 
2430 !-------------------------------------------------------------------------
2440 OUTPUT KBD;"K"; 
2450 FOR Tr=l TO AMt 
2460 PRINT TABXY(32,9);"Muting trace ";Tr 
2470 FOR M=l TO Mute(Tr) 
2480 NMo_cor_trace(Tr,M)=0 
2490 NEXT M 
2500 NEXT Tr 
2510 !-------------------------------------------------------------------------
2520 ! Stacking routine 
2530 !-------------------------------------------------------------------------
2540 PRINT TABXY(31,9);"Stacking trace 
2550 8egin=2 
2560 IF Zero_trace_ques$="Y" THEN Begin=l 
2570 FOR Tr=Begin TO AMt 
2580 FOR S=l TO 959 
2590 CMp_stacked(S)=CMp_stacked(S)+NMo_cor_trace(Tr,S) 
2600 NEXT S 
2610 NEXT Tr 
2620 !-------------------------------------------------------------------------
2630 ! Fold coMpensation and write to INTEGER forMat 
2640 !-------------------------------------------------------------------------
2650 Tr=l 
2660 ! 
2670 FOR I=l TO 959 
2680 CMp_teMp=INT(CMp_stacked(I )/SQR(Tr)) 
2690 IF I>Mute<Tr) THEN Tr=Tr+l 
2700 IF CMp_teMp)32767 THEN CMp_teMp=32767 
2710 IF CMp_teMp<-32766 THEN CMp_teMp=-32766 
2720 CMp_store(I )=CMp_teMp 
2730 NEXT I 
2740 
2750 FOR I=l TO 959 
2760 CMp_stacked(I )=0 
2770 NEXT I 
2780 !-------------------------------------------------------------------------
2790 ! Storing CMP stacked trace on disc 
2800 !-------------------------------------------------------------------------
2810 MASS STORAGE IS ": ,700,0" 
2820 Fil$=Line$&"_"&VAL$(Position) 
2830 DISP Fil$ 
2840 CREATE BOAT Fil$,l ,1950 
2850 ASSIGN @To_disc TO Fil$ 
2860 ON END @To_disc GOTO 2880 
2870 OUTPUT @To_disc;CMp_store(*) 
2880 ASSIGN @To_disc TO* 
2890 
2900 NEXT Cdp 
2910 MASS STORAGE IS": ,700,0 
2920 LOAD "AUTOST" 
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2930 STOP 
2940 !-------------------------------------------------------------------------
2950 Read_trace: ! 
2960 ! 
2970 MASS STORAGE IS ": , 700, 1" 
2980 □ ISP TA8(46);"Reading trace ";Tr;" of ";AMt 
2990 IF Shot(Tr)<0 THEN 
3000 Fil$=Line$&"n"&VAL$(ABS(Shot(Tr)))&"_"&VAL$(Geo(Tr)) 
3010 ELSE 
3020 Fil$=Line$&"_"&VAL$(Shot(Tr))&"_"&VAL$(Geo(Tr)) 
3030 END IF 
3040 
3050 ON ERROR GOSUB To_err_is_huMan 
3060 ASSIGN @To_disc TO Fil$ 
3070 ON END @To_disc GOTO 3090 
3080 ENTER @To_disc;OuMMy(*) 
3090 FOR I=l TO 959 
3100 Trace(Tr,I )=DuMMy( I) 
3110 NEXT I 
3120 Gain(Tr)=0uMMy(960} 
3130 ASSIGN @To_disc TO* 
3140 OFF ERROR 
3150 ! 
3160 □ ISP " 

3170 RETURN 
3180 !-------------------------------------------------------------------------
3190 To_err_is_huMan: ! 
3200 SELECT ERRN 
3210 CASE 56 
3220 Ms_counter=Ms_counter+l 
3230 
3240 SELECT Ms$ 
3250 CASE ": , 700 ,0 ,2" 
3260 Ms$=": ,700,0,3" 
3270 CASE ": , 700 ,0 ,3" 
3280 Ms$=": ,700,0,2" 
3290 END SELECT 
3300 MASS STORAGE IS Ms$ 
3310 
3320 IF Ms_counter)3 THEN 
3330 BEEP 
3340 Ms_counter=0 
3350 PRINT TABXY(20,14);" Couldn't find ";Fil$;" on current MSU" 
3360 INPUT "Do you want to change the MSU" ,Msu_ques$ 
3370 SELECT Msu_ques$ 
3380 CASE "Y" 
3390 INPUT "Enter new MSU - e.g. '': ,700 ,0 ,3'' [ NO DEF ]" ,Ms$ 
3400 ON ERROR GOTO 3440 
3410 MASS STORAGE IS Ms$ 
3420 OFF ERROR 
3430 GOTO 3470 
3440 BEEP 

□ ISP "TRY AGAIN BiMbo 
GOTO 3390 

CASE "N" 

____ ,,. 
' 3450 

3460 
3470 
3480 
3490 
350(2) 
3510 

□ ISP "Insert next disc in current MSU 
PAUSE 

CASE ELSE 
BEEP 

<CONTINUE> II 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022 

3520 
3530 
3540 
3550 
3560 
3570 
3580 

GOTO 3360 
ENO SELECT 

END IF 
END SELECT 
RETURN 
!========================================================================= 
END 
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10 FILTR_BUTR Butterworth filter prograM 
20 Adapted froM BUTFIL FORTRAN prograM by J.Fatti -- PhD thesis CSM 
30 A.T.Dippenaar U.P April 1987 
40 
50 Last changes on 15 January 1988 
60 !========================================================================= 
70 ! 
80 OPTION BASE 1 
90 
100 COM /Seis_int/ Line$[2l,INTEGER Trace(24,960),0pt ,AMt,Gain(24) 
110 COM /Seis_real/ REAL Shot(24),6eo(24),Shift_value(24),0ffset 
120 COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
130 COM /Polar/ INTEGER Pol factor(24) 
140 COM /Statics/ REAL Geophone_static( 100),Source_static( 100),Peg( 100) 
150 COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 
e,Gain_tiMe 
160 ! 
170 !========================================================================= 
180 ! 
190 DIM Coeff(5,7),Fins(1163),0uts(1163),C(5),Fin(1163),0ut(1163) 
200 INTEGER Int_trace(959) 
210 OUTPUT KB□; 

11 ~~ 
11 

; 

220 ! 
230 INPUT "Do you wish to store the filtered traces (Y/N) 11 ,Store_ques$ 
240 INPUT "Enter filter passband ( low cut ,high cut)" ,Fl ,F2 
250 INPUT II Order of butterworth filter ( Must be even) ",Order 
260 IF INT(Order/2)*2<>0rder THEN 
270 BEEP 
280 GOTO 250 
290 ENO IF 
300 N=Order 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 

SaMple_interval=192/959 ! in Miliseconds 
Oelt=SaMple_interval/1000 ! in seconds 
!------------------------------------------------------------------------
! Calculate Butterworth coefficients 
1------------------------------------------------------------------------
FOR M=1 TO Order/2 

GOSUB Butter_coeff 
Coeff(M,1 )=1/C(1) 
Coef f ( M ,2 >=-2/C( 1) 
Coe ff( M ,3 )=1 /C( 1) 
Coe ff ( M ,4 )=C( 2 )IC< 1 ) 
Coeff(M,5)=C(3)/C(1) 
Coeff<M,6)=C(4)/C( 1) 

Coeff(M,7)=C(5)/C(1) 
NEXT M 
'********************************************************************** 
FOR Tr=1 TO AMt 

□ ISP "Filtering trace ";Tr;" of ";AMt;" 

FOR J=l TO 4 
Fin(J)=0 
Out(J)=0 

NEXT J 
! 
FOR J=S TO 959+4 

Fin(J)=Trace(Tr,J-4) 
NEXT J 

input order" 
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600 FOR J=959+4 TO 959+200 
610 Fin(J)=0 
620 NEXT J 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 

FOR M=l TO Order/2 
IF M> 1 THEN Set input= previous output 

FOR K=5 TO 959+200 
Fin(K )=Out(K > 

NEXT K 
END IF 
!---------------------------------------------------------------------
! Choose appropriate coefficients 
!---------------------------------------------------------------------
Fnl=Coeff(M,1) 
Fn2=Coeff(M,2) 
Fn3=Coeff(M,3) 
Dl=Coeff(M,4) 
02,,,,Coeff ( M ,5) 
D3=Coeff(M,6) 
04=Coe ff ( M, 7 ) 

!---------------------------------------------------------------------
! Filter array FIN recursively with one polynoMial fraction to 
! get array OUT 
!---------------------------------------------------------------------
FOR I=S TO 959+200 

FnuMin=Fn1*Fin(l )+Fn2*Fin(I-2)+Fn3*Fin(I-4) 
Denouti=Dl *Out< I-1 HD2*0ut< I-2 )+D3*0ut( I-3 )+04*0ut( I-4) 
Out(I )=FnuMin-Denout 

NEXT I 
NEXT M 
1-----------------------------------------------------------------------
! Set the first 4 input and output saMples = 0 
!-----------------------------------------------------------------------
FOR J=l TO 4 

Fins(J)=0 
Outs(J)=0 

NEXT J 

DISP "Filtering trace ";Tr;" of ";AMt;" reverse order" 
! 
FOR M=l TO Order/2 

IF M=l THEN Reverse previous output 
FOR !=1 TO 959+196 

Fins(I )=Out(959+201-I) 
NEXT I 

ELSE 
FOR K=S TO 959+200 

Fins(K )=Outs(K) 
NEXT K 

END IF 

Set input= previous output 

!---------------------------------------------------------------------
! Choose appropriate coefficients 
!---------------------------------------------------------------------
FOR L=l TO 3 

Fn(l)=Coeff(M,L> 
NEXT L 
FOR L=l TO 4 

D<L)=Coeff(M,L+3) 
NEXT L 
!---------------------------------------------------------------------
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1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 

Filter array FINS~ output of previous filter ) recursively 
I with one polynoMial fraction to get array OUTS 
!---------------------------------------------------------------------
FOR I=S TO 959+200 

FnuMin=Fn( 1 )*Fins(I )+Fn(2)*Fins(l-2)+Fn(3)*Fins(I-4) 
Oenout::0 
FOR J=l TO 4 

Aa=D< J )*Outs( I-J) 
Denout=Oenout+Aa 

NEXT J 
Outs(I )=FnuMin-Denout 

NEXT I 
NEXT M 

!-----------------------------------------------------------------------
Reverse array OUTS and put into array FIN. The filtered tiMe series 

! is now the right way round 
!-----------------------------------------------------------------------
FOR I=l TO 959 

Fin(I)=Outs(959+201-I) 
NEXT I 
!-----------------------------------------------------------------------
! AMplitude norMalization 
!-----------------------------------------------------------------------
DISP "NorMalizing trace ";Tr;" of ";AMt 
! 
First=120 
Last=959 
SuM=0 
FOR I=First TO Last 

SuM=ABS(Fin(I ))+SuM 

Calculating trace Mean froM saMple 120 
Ending at 959 

NEXT I 
Trace_Mean=SuM/(Last-First} 
! 
Ref_aMplitude=12000 

' FOR I=l TO 959 
Processed_trace(Tr,l)=Fin(I)*Ref_aMplitude/Trace_Mean 
IF ABS<Processed_trace(Tr,I )))32766 THEN 

IF Processed_trace(Tr,I >>32766 THEN Int_trace(I )=32766 
IF Processed_trace(Tr,I)<-32766 THEN Int_trace(I )=-32766 

ELSE 
Int_trace(I )=INT(Processed_trace(Tr,I )) 

END IF 
NEXT I 
!-----------------------------------------------------------------------
! Writing processed trace to disc 
!-----------------------------------------------------------------------
' IF Store_ques$="Y" THEN 

MASS STORAGE IS 11
: , 700. 1" 

Fi 1 $=Li ne$&VAL$( Shot (Tr))& 11 f "&VAL$( Geo( Tr)) 
CREATE BOAT Fi 1$, 1 , 1920 
ASSIGN @Out TO Fil$ 
OUTPUT @Out;Int_trace(*) 
ASSIGN @Out TO* 

END IF 
! 

NEXT Tr 

LOAD "AUTOST: ,700" 
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1800 STOP 
1810 !========================================================================= 
1820 Butter_coeff: ! JORGE PARRA - CSM - APRIL 1972 
1830 I 

1840 F2a=SIN<PI*F2*Delt )/COS(PI*FZ*Delt) 
1850 F2a=F2a/(PI*Delt) 
1860 Fla=SIN<PI*Fl*Delt )/COS(PI*Fl*Delt) 
1870 Fla=Fla/(PI*Delt) 
1880 W0=2*PI*SQR(Fla*F2a} 
1890 Wc=Z*PI*(F2a-Fla) 
1900 Q=W0/Wc 
1910 Del=Wc*Delt 
1920 U=PI/(2*N) 
1930 K=N+Z*M-1 
1940 B21=-2*COS(U*K> 
1950 X=2/Del 
1960 Y=X*X 
1970 Z=X*B21 
1980 U=2*0*0+1 
1990 V=821*0*0/X 
2000 lvl =0"4 
2 01 0 ~J=t..J 1 / Y 
2020 C(S>=Y-Z+U-V+W 
2030 C(4)=(-4*Y)+(2*Z>-<2*V)+(4*W) 
2040 C(3)=(6*Y)-(2*U)+(6*W) 
2050 C(2)=(-4*Y>-<2*Z)+(2*V)+(4*W) 
2060 C< 1 >=Y+Z+U+V+W 
2070 RETURN 
2080 ! 
2090 ENO 
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10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
uracy 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 

RAY_TRACE Ray tracing routine 

A.T.Dippenaar U.P March 1986 

Last changes on 6 APRIL 1986 
'***********************************·•************************************* 

OPTION BASE 0 
DIM Geo(25),Total_tiMe<25,10) 
INTEGER Screen(7500),Model(7500) 
PRINT CHR$(12) 
DEG 
PLOTTER IS 3,"INTERNAL" 
GI NIT 
GCLEAR 
GRAPHICS OFF 
! 
INPUT "Nr of geophones" ,AMt 
INPUT "Geophone 1 -- offset" ,Gp 
IF AMt01 THEN INPUT "Geophone spacing" ,Space 
FOR I=l TO AMt 

Geo( I )=Gp+( I-1 )*Space 
NEXT I 
IF Space=0 THEN Space=100 
Max_offset=Geo(AMt)+Space , 
INPUT "What accuracy (in Metres) do you require at geophone positions" ,Ace 

! 
INPUT "Depth to last interface" ,Max_depth 
Xx=133 
Yy=100 
VIEWPORT .1*Xx,Xx,.1*Yy,.85*Yy 
MOVE 0,. 85*Yy 
DRA~J 133,. 85* Yy 
WINDOW 0,Max_offset,-Max_depth,0 
MOVE 0,0 
DRAW Max_offset ,0 
CLIP OFF 
LORG 4 
FOR I=l TO AMt 

MOVE Geo( I> ,0 
LABEL "V" 

NEXT I 
LORG 8 
CSIZE 2.8 
FOR I=-Max_depth TO 0 STEP 1000 

MOVE 0,I 
LABEL -I 

NEXT I 
CLIP ON 
! 
Nr_interface=0 
DISP "Interface 1" 
GOTO Next_interface 

ON KEY 5 LABEL "Next interface" GOTO Next - interface 
ON KEY 6 LABEL " II GOTO Spinner 
ON KEY 7 LABEL "CONTINUE" GOTO Continue 
ON KEY 8 LABEL II II GOTO Spinner 
ON KEY 9 LABEL "Undo last" GOTO Undo 
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600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 

FOR K=0 TO 4 
ON ~:EY ~: LABEL II 

NEXT K 
Spinner:GOTO Spinner 

! 
Next_interface: 

"GOTO Spinner 

GRAPHICS OFF 
Nr_interface=Nr_interface+l 
DISP "Interface ";Nr_interface 
ON KEY 5 LABEL "Horizontal "GOTO Horizontal 
ON KEY 6 LABEL "Up dip "GOTO Up_dip 
ON KEY 7 LABEL "Down dip "GOTO Oown_dip 
ON KEY 8 LABEL " " GOTO Spin 
ON ~:EY 9 LABEL "ESCAPE" GOTO 740 

Spin:GOTO Spin 
! 

Undo: ! 
IF Undo_flagS<>"Set" THEN 

GLOAD Screen(*) 
Nr_interface=Nr_interface-1 

ENO IF 
Undo_flag$="Set" 
GOTO 550 

Horizontal: ! 
Undo_flag$="clear" 
GSTORE Screen<*> 
DISP "Depth to interface ";Nr_interface; 
INPUT Oepth_interface(Nr_interface) 
Depth_interface(Nr_interface)=Oepth_interface(Nr_interface)*(-1) 
D1p(Nr_interface)=0 
GOTO 1130 
I 

Up_dip: ! 
Undo_flag$="clear" 
GSTORE Screen(*) 
DISP "Depth to left side of interface ";Nr_interface; 
INPUT Oepth_interface(Nr_interface) 
□ ISP "Dip of interface ";Nr_interface; 
INPUT Oip(Nr_interface) 
Depth_interface(Nr_interface)=Oepth_interface(Nr_interface)*(-1) 
GOTO 1130 
! 

Down_d ip: ! 
Undo_flag$="clear" 
GSTORE Screen(*) 
□ ISP "Depth to left side of interface ";Nr_interface; 
INPUT Oepth_interface(Nr_interface) 
□ ISP "Dip of interface ";Nr_interface; 
INPUT Oip(Nr_interface) 
Oip(Nr_interface)=Oip(Nr_interface)*(-1) 
Oepth_interface(Nr_interface)=Oepth_interface(Nr_interface)*(-1) 

' GRAPHICS ON 
MOVE 0,0epth_interface(Nr_interface) 
DRAW Max_offset ,Oepth_interface(Nr_interface)+(Max_offset*TAN(Oip(Nr_inter 

face))) 
1160 
1170 DISP " Velocity of layer ";Nr_interface; 
1180 INPUT V(Nr_interface) 
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1190 CSIZE3 
1200 LORG 8 
1210 IF Nr_interface=l THEN 
1220 MOVE Max_offset ,Oepth_interface( 1 )/2 
1230 ELSE 
1240 MOVE Max_offset ,<Depth_interface(Nr_interface)-Oepth_interface{Nr_interf 
ace-1) )/2+0epth_interface(Nr_interface-1) 
1250 END IF 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330! 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 

LABEL V(Nr_interface) 
! 
GOTO 550 

Continue: ! 
GSTORE Screen(*) 
GSTORE Model<*> 
GOSUB Print_head 
DEG 
L=0 
Oepth_interface(0)=0 
LOOP 

L=L+l 
TransMitted_d(0)=5 
IncreMent=.3 
G=l 

Oip<0)=0 
LOOP 

FOR K=0 TO 9 
ON KEY K LABEL II 

NEXT K 

11 GOTO 1590 

ON KEY 5 LABEL 11 CNGE INC,RE00 11 GOTO Redo 
GOTO 1590 • 

Redo: ! 
GLOAD Model(*) 
GSTORE Screen<*> 
TransMitted_d(0)=5 
IncreMent=IncreMent-.05 
G=l 

TransMitted_d(0)=TransMitted_d(0)+IncreMent 

Downwards travelling wavefront 

IF L>Nr_interface THEN 2500 
FOR I=l TO L 

CoMputation 

Incident_d( I >=Transrriitted_d< I-1 )+Dip( I-1 )-Dip( I) 

IF I=L OR V(I+l>*SIN(Incident_d(I))/V(I)>=l THEN 
Reflected( I )=Incident_d( I) 
Last=! 
GOTO 1780 

END IF 

TransMitted_d( I )=ASN(V( I+l )*SIN( Incident_d( I) )/V( I)) 

NEXT I 

Reflected wavefront CoMputation 
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1780 TransMitted_u(I)=Reflected(I) 
1790 FOR J=Last TO 1 STEP -1 
1800 Incident_u( J-1 )=TransMi tted_u( J )-Dip( J )+Dip( J-1) 
1810 IF J=l THEN 1870 
1820 TransMi tted_u( J-1 )=ASN( V( J-1 )*SIN( Incident_u( J-1) )/V( J)) 
1830 NEXT J 
1840 !AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1850 Draw downgoing wavefront 
1860 !AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

1870 MOVE 0,0 
1880 Shft_x=0 
1890 Shft_y=0 
1900 FOR I=I TO L 
1910 Angle_1=90-Incident_d(I) 
1920 Angle_2=90-0ip(I) 
1930 Angle_3=TransMitted_d( I-1 )+Dip( I-1) 
1940 Side_l=-Oepth_interface<I>-Shft_y-(Shft_x*TAN(OipCI >>> 
1950 Side_2=SIN<Angle_2)*(Side_1/SIN<Angle_1 >> 

1960 Side_3=SIN<Angle_3)*(Side_l/SIN(Angle_1 )) 
1970 Shft_x_l=Side_3*COS<Oip(I )) 
1980 Shft_x=Shft_x_l+Shft_x 
1990 Shft_y_l =(-1 )*( Side_3*SIN( Dip( I>>> 
2000 Shft_y=Side_l+Shft_y_l+Shft_y 

Path_length_d(I )=Side_2 
DRAW Shft_x,-Shft_y 

NEXT I 

2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 

Draw reflected wavefront and "freezes" wavefront at geophone positions 

FOR I=L TO 1 STEP -1 
Angle_1=90-Incident_u( I-1) 
Angle_2=90+0ip( I-1 > 
Angle_3=TransMitted_u(I )-Dip(!) 
Side_l=Shft_y+Depth_interface( I-1 >+<Shft_x*TANCDip( I-1 > > > 
Side_2=SIN(Angle_2)•(Side_1/SINCAngle_1 >> 
Side_3=SIN< Angle_3 >*< Side_! /SIN( Angle_!>> 
Shft_x_l =Side_3*COS<Dip( I-1) > 
Shft_x=Shft_x_1+Shft_x 
Shft_y_1=Side_3*SIN<Dip( I-1 > > 

Shft_y=Shft_y-Shft_y_1-Side_1 
! 
Path_length_u(I )=Side_2 
DRAW Shft_x,-Shft_y 

IF I=l THEN 
IF Shft_x>Max_offset THEN GOTO Redo 
FOR r~=G TO AMt 

Missed last geophone 

IF Shft_x>Geo<K>-Accuracy AND Shft_x<Geo<K>+Accuracy THEN 
GOSUB Calculate 
IF G=AMt THEN 2410 
6=G+1 
GSTORE Screen(*) 
GOTO 2390 

END IF 
NEXT K 
GOTO 2370 

END IF 
NEXT I 
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2380 
2390 GLOAO Screen<*> 
2400 ENO LOOP 
2410 GSTORE Screen(*) 
2420 GSTORE Model(*) 
2430 IF L=Nr_interface THEN 2450 
2440 ENO LOOP 
2450! GOSUB Print_tiMes 
2460 ! 
2470 STOP 
2480 !--=-=--~=--~--~---------=-=-----=-----=------=--C--C=::~-----=-=--~=~----
2490 Print_head: ! 
2500 IMAGE 19X,DDDDD,AA,10X,MDD,10X,ODDD,AAAA 
2510! OUTPUT 701 ;CHR$(27)&"(s1B"&"SEISMIC MODELING "&CHR$(10) 
2520! OUTPUT 701 ;CHR$(27)&"&d0 11 &"Model : "&CHR$(27)&"&d@"&" Depth 

Dip Velocity"&CHR$(27)&"(s08" 
FOR P=l TO Nr_interface 2530 

2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
2760 
2770 
2780 
2790 

OUTPUT 701 USING 2500;-0epth_interface(P)," M11 ,0ip(P),V(P)," Mis" 
NEXT P 
OUTPUT 701 ;CHR$( 10>,CHR$( 10) 
RETURN 
!========================================================================= 

Print_t1Mes: ! 
IMAGE X,DDOD,3X,A,2X,# 
IMAGE O.ODD0,4X,# 
OUTPUT 701 ; CHR$( 27 )& " ( s 18 " & "REFLECTION 
OUTPUT 701 ;CHR$(27)&"(s18"&"0ffset 
FOR !=1 TO Nr_interface 

OUTPUT 701 ; "Layer"; I;" 
NEXT I 
OUTPUT 701 ;CHR$( 10);CHR$(27)&"(s08" 
FOR Ge=l TO AMt 

OUTPUT 701 ;CHR$(27)&"(s18"; 
OUTPUT 701 USING 2600;Geo(Ge);"l " 
OUTPUT 701 ;CHR$(27)&"(s0B"; 
FOR La=1 TO Nr_interface 

TIMES 
II ■ 

' 

OUTPUT 701 USING 2610;Total_tiMe(Ge,La) 
NEXT La 
OUTPUT 701 ;CHR$(10) 

NEXT Ge 
OUTPUT 701 ;CHR$( 12) 
RETURN 

2800 Calculate: ! 
2810 Total_tiMe_u=0 
2820 Total_tiMe_d=0 
2830 FOR T=l TO L 
2840 TiMe_d(T)=Path_length_d(T)/V(T) 
2850 Total_tiMe_d=Total_tiMe_d+TiMe_d(T) 
2860 NEXT T 
2870 ! 
2880 FOR T=L TO 1 STEP -1 
2890 TiMe_u(T)=Path_length_u(T)/V(T) 
2900 Total_tiMe_u=Total_tiMe_u+TiMe_u(T) 
2910 NEXT T 
2920 I 
2930 Total_tiMe(G,L)=Total_tiMe_u+Total_tiMe_d 
2940 ! 
2950 RETURN 
2960 END 

"&CHR$( 10 > 
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10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340. 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

SYNTH_CMP Synthetic CMP generating prograM 

A.T.Oippenaar U.P. January 1988 

Last changes on 10 January 1988 
!========================================================================= 

OPTION BASE l 
! 
INTEGER Trace(24,959),AMt ,DuM(959) 
DIM Geo( 24), T0( 15) ,V< 15) ,Event ( 24-, 15), SaMp le( 24, 15), Signal ( 80), Shot ( 24) 

! 
!======================================================~================== 
! 
OUTPUT K 80; "K" ; 
! 
INPUT "Enter randoM seed ( any nuMber 10 to 5000)" ,Rs 

FOR R=l TO Rs 
Rnr=RND 

NEXT R 

Just to ensure randoM noise is really randoM 
for different CMP gathers 

! 
INPUT "Two letter identifier ",F$ 
Sweep=192 
INPUT "Sweep length of synthetic 
SaMple_interval=Sweep/959 
SaMple_inverse=959/Sweep 
Si=SaMple_interval/1000 

record (Msec}" ,Sweep 
! SaMple interval in Msec 

SaMple interval in sec 

!=================================================================== 
! 

Setting up synthetic wavelet 
!----------------------------♦----------------~-----------------------

Wavelet_length=INT( 12•SaMple_inverse)+1 
FOR W=l TO Wavelet_length 

Ti Me= ( l.,.J-1 ) / Sa Mp 1 e_i nver se-2 
Signal(W)=2*SIN(PI*TiMe/2)/(Pl*TiMe) 

NEXT W 
!--------------------------------------------------------------------
Lx=959 convolution paraMeters .... CLAERBOUT 
Lb=Wavelet_length 
Ly=Lx+Lb-1 
! 
ALLOCATE X< Lx) ,B< Lb), Y< Ly) 

!==================================================================== 
INPUT "Fold of CMP 
INPUT "CMP" ,CMp 
Sta_space=S 
INPUT "Station spacing 
FOR Tr=l TO AMt 

II ,AMt 

DEF== 5 ]" ,Sta_space 

530 Geo( Tr )=CMp+( Tr-1 )*Sta_space 
540 Shot(Tr)=CMp-(Tr-1 )*Sta_space 
550 PRINT Geo(Tr)-Shot(Tr) 
560 NEXT Tr 
570 ! 
580 INPUT "How Many events on record" ,Event_aMt 
590 Noise$="Y" 
600 INPUT "Add randoM noise <YIN)" ,Noise$ 
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610 Cnvlve$="N" 
620 INPUT "Convolve spiked record with wavelet (Y/N)" ,Cnvlve$ 
630 ! 
640 FOR E=l TO Event_aMt 
650 DISP "T0 for event ";E;" (Msec} "; 
660 INPUT T0CE> 
670 T0CE)=T0(E)/1000 Event in seconds 
680 □ ISP "Velocity for event ";E;" (Mis)"; 
690 INPUT V<E> 
700 NEXT E 
710 
720 FOR E=l TO Event_aMt 
730 FOR Tr=l TO AMt 
740 Event(Tr,E)=SQR(T0<E>n2+(Geo(Tr)-Shot(Tr))n2/V(E)n2) 
750 SaMple(Tr,E)=INT(Event(Tr,E)/Si) 
760 Trace(Tr,SaMple(Tr,E))=12000 
770 NEXT Tr 
780 NEXT E 
790 ! 
800 FOR Tr=l TO AMt 
810 !-----------------------------------------------------------------
820 IF Noise$="Y" THEN 
830 Nr=INT(120*RNO) 
840 FOR R=l TO Nr 
850 RndM_saMple=INT(959*RNO) 
860 Trace(Tr,RndM_5aMple)=INT(14000*RN0)-7000 
870 NEXT R 
880 END IF 
890 !-----------------------------------------------------------------
900 IF Cnvlve$="Y" THEN 
910 □ ISP "Convolving trace ";Tr;" --- this May take soMe tiMe" 
920 FOR C=l TO Ly 
930 Y<C)=0 
940 NEXT C 
950 FOR C=l TO Lx 
960 FOR Cc=l TO Lb 
970 YCC+Cc-1 >=Y(C+Cc-1 >+Trace(Tr,C)*Signal(Cc) 
980 NEXT Cc 
990 NEXT C 
1000 
1010 FOR I=l TO 959 
1020 Trace( Tr, I )=INT< Y( I ) ) 
1030 NEXT I 
1040 ! 
1050 END IF 
10.60 !-----------------------------------------------------------------
1070 NEXT Tr 
1080 ! 
1090 FOR Tr=l TO AMt 
1100 FOR I=l TO 959 
1110 OuM(I)=Trace(Tr,I) 
1120 NEXT I 
1130 FilenaMe$=F$&"_"&VAL$(Shot(Tr))&" "&VAL$(6eo(Tr)) 
1140 DISP "Storing ";FilenaMe$;" on disc" 
11 50 MASS STORAGE IS " : , 700 , l " 
1160 CREATE BOAT Fi 1 enaMe$, 1 , 1950 
1170 ASSIGN @PTO FilenaMe$ 
1180 OUTPUT @P;OuM(*} 
1190 ASSIGN @PTO* 
1200 NEXT Tr 
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1210 MASS STORAGE IS "· ,700" 
1220 OUTPUT KBO;"K"; 
1230 LOAD "AIJTOST" 
1240 
1250 !=======================c================================================= 

1260 END 
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10 
20 

AMP_SPECTR Calculating aMplitude spectruM 

30 Original filter prograM : E.H.Stettler 
40 
50 
60 

A.T.Oippenaar U.P 

70 Last changes on 17 January 1988 

January 1988 

80 !================================================================== 
90 
100 OPTION BASE 1 
110 
120 COM /Seis_int/ Line$[2J ,INTEGER Trace(24,960),0pt ,AMt,Gain(24) 
130 COM /Seis_real/ REAL Shot(24),Geo(24),Shift_value(24),0ffset 
140 COM /Processed/ REAL Processed_trace(24,959),Pointy,V 
150 COM /Polar/ INTEGER Pol_factor(24) 
160 COM /Statics/ REAL Geophone_static(100),Source_static( 100),Peg( 100) 
170 COM /Screens/ INTEGER Screen_1(7500),Screen_2(7500),REAL X,Y,Gain_aMplitud 
e ,Gain_tiMe 
180 !========================================================================= 
190 INTEGER I ,N,Filtered_trace(959) 
200 DIM N1<2048),P1(2048),Frek(2048),Nn1(2048) 
210 DIM Filres(2048) 
220 ! 
230 OUTPUT KBO;"K"; 
240 CONTROL 1 ,12;1 
250 PLOTTER IS 3,"INTERNAL" 
260 X= 100*MAX ( 1 , RATIO) 
270 Y=100*MAX< 1, 1 /RATIO> 
280 GCLEAR 
290 GINIT 
300 GRAPHICS ON 
310 N=l024 
320 Sweep=1024*.192/959 
330 
340 PRINT TABXY( 13,18);"There are ";AMt;" traces in coMMon MeMory at this MOMe 
nt" 
350 INPUT II What is the trace nuMber of the data you wish to transfer 
M

11 ,Tr 
360 OUTPUT KBD;"K"; 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 

ForMat$="I" 
INPUT "ForMat of input data REAL (R) / INTEGER (I) 
IF ForMat$()"R" ANO ForMat$()"I" THEN 380 
! 
IF ForMaU="R" THEN 

FOR I=l TO 959 
Nl ( Z*I-1 )=Processed_trace( Tr ,I) 
N1(2*I)=0 

NEXT I 
ELSE 

FOR I=l TO 959 
480 N1(2*I-1 )=Trace(Tr,I )*l. 
490 N1(2*I)=0 
500 NEXT I 
510 END IF 
520 
530 C5=0. 
540 S=-1 
550 GOSUB Trace_plot 
560 GOSUB Fft 
570 OFF ERROR 

[ DEF = I ] " ,ForMat$ 
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580 GOSUB AMplitude 
590 GOSUB SpectruM_plot 
600 0uMp_ques$="Y" 
610 INPUT "Graphics duMp of screen (Y/N) [DEF= Y]" ,0uMp_ques$ 
620 IF 0uMp_ques$="Y" THEN 
630 DUMP DEVICE IS 701 
640 DUMP GRAPHICS 
650 END IF 
660 INPUT "Another aMplitude spectruM calculation (Y/N)" ,AMp_ques$ 
670 IF AMp_ques$="Y" THEN 230 
680 LOAD "AUTOST: , 700" 
690 STOP 
700 !------------------------------------------------------------------
710 FFT ROUTINE 
720 !------------------------------------------------------------------
730 Fft: ! 
740 PRINT TABXY(ZS,10);" Calculating Fourier TransforM -- Trace "&VAL$(Tr) 
750 N3=Z*N 
760 J=1 
770 FOR I=l TO N3 STEP 2 
780 IF I-J<0 THEN GOTO 800 
790 IF I-J>=0 THEN GOTO 860 
800 T=Nl(J) 
81 0 Tl =N 1 ( J+ 1 > 

820 N1(J)=N1(I) 
830 N1 ( J+l )=Nl < I+t) 
840 Nl<I )=T 
850 Nl ( I+l )=Tl 
860 M=N3/2 
870 IF J-M<=0 THEN GOTO 930 
880 IF J-M>0 THEN GOTO 890 
890 J=J-M 
900 M=M/2 
910 IF M-2<0 THEN GOTO 930 
920 IF M-2>=0 THEN GOTO 870 
930 J=J+M 
940 NEXT I 
950 M1=2 
960 IF Mt-N3<0 THEN GOTO 980 
970 IF M1-N3>=0 THEN GOTO 1210 
980 I1=2*Ml 
990 T2=2*PII< S*Ml > 
1000 St=SIN(TZ/2) 
1010 Wl=-(2.*Sl*S1 > 

1020 l1J2=S IN ( T2 ) 
1030 tJ3= 1 
1040 W4=0 
1050 FOR M=l TO Ml STEP 2 
1060 FOR I=M TO N3 STEP Il 
1070 J=I+Ml 
1080 T=W3*N1 ( J >-W4*N1 ( J+l) 
1090 Tl =W3*N1 ( J+t )+W4*Nl ( J) 

1100 Nl(J)=Nl(I)-T 
1110 Nl(J+l)=Nl<I+l)-Tl 
1120 Nl(l)=Nl(I)+T 
1130 Nl<I+l >=Nl(I+l HTl 
1140 NEXT I 
1 150 T=l~3 
1160 W3=W3*W1-W4*W2+W3 
1170 W4=W4*Wl+T*W2+W4 
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1180 NEXT M 
1190 M 1 =I l 
1200 GOTO 960 
1210 FOR I=l TO N3 STEP 2 
1220 IF S=-1 THEN Nl ( I )=Nl < I )/N 
1230 IF S=-1 THEN Nl < I+l )=Nl < I+l )/N 
1240 NEXT I 
1250 PRINT TABXY(25,10);" 
1260 RETURN 
1270 !------------------------------------------------------------------
1280 ! DATAPLOT ROUTINE 
1290 !------------------------------------------------------------------
1300 Trace_plot: ! 
1310 GRAPHICS ON 

VIEWPORT .05*X,.15*X,.30*Y,.95*Y 
WINDOW -42000,42000,-959,15 
MOVE N 1 < 1 > • 0 
FOR I=l TO 959 

DRAl4 N1 < Z*I-1 > ,-I 
NEXT I 
CLIP OFF 
LORG 4 
MOVE 0,2 
CSIZE 4 
LABEL VAL$(Tr) 
RETURN 

1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 

!------------------------------------------------------------------
! AMPLITUDE SPECTRUM CALCULATION 
!------------------------------------------------------------------

AMplitude: ! 
PRINT TABXY(25,10);"Calculating aMplitude spectruM Trace ";Tr 
Ii=0. 
FOR I=l TO N*2 STEP 2 

Ii=Ii+l 
Pl ( Ii )=SQR(Nl ( I )"2+N1 ( I+l )"2) 

NEXT I 
PRINT TABXY(25,10);"NorMalizing aMplitude spectruM 
AMa:v:=MAX( Pl ( *)) 

Ii=0 
FOR I=l TO N*2 STEP 2 

Ii=Ii+l 
1590 Pl ( Ii )=Pl< Ii )lAMax 
1600 NEXT I 
1610 PRINT TABXY(25,10);" 
1620 RETURN 

Trace ";Tr 

1630 !=========:========================================================= 
1640 SpectruM_plot: ! 
1650 N=1024 
1660 Sweep=1024/959*.192 
1670 VIEWPORT .3*X •. 9*X,.30*Y,.92*Y 
1680 FRAME 
1690 CLIP OFF 
1700 LORG 5 
1710 CSIZE 4 
1720 WINDOW 0 ,N/16+1 ,0, 1 
1730 MOVE N/32,1 .08 
l 7 40 LABEL "AMPLITUDE SPECTRUM" 
1 750 CLIP OFF 
1760 MOVE N/32,-.15 
1770 LABEL "FREQUENCY <Hz)" 
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1780 LORG 6 
1790 CSIZE3,1 
1800 FOR F=0 TO 300 STEP 50 
1810 MOVE F*Sweep,0 
1820 DRAW F*Sweep,-.015 
1830 MOVE F*Sweep,-.04 
1840 LABEL USING "#,ODO";F 
1850 NEXT F 
1860 LORG 5 
1870 CLIP ON 
1880 MOVE 0,0 
1890 FOR !=1 TO N/2+1 
1900 Frek(I)=I/N 
1910 DRAW I ,Pt(I> 
1920 NEXT I 
1930 RETURN 
1940 END 
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