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In recent years attempts have been made to develop software packages for 
shallow seismic refraction data analysis. In most cases, mainframe computers 
were used which were generally non-interactive, did not support graphics and 
were unfriendly to operate. With these facts in mind, a user-friendly inter
active processing package written in PASCAL has been developed for the IBM 
PC. The package allows the following operations to be performed. 

(1) data tying, equalisation of reciprocal and common shot times; 
(2) overburden velocity analysis; 
(3) refraction leg identification on time-distance plots; 
(4) elevation correction of refractor data; 
(5) forward and backward phantoming; refraction leg extrapolation; 
(6) 'bedrock' velocity analysis; 
(7) 'time-depth' plot computation; 
(8) depth calculation. 

Numbers (6) - (8) above involve·Palmer' s generalised reciprocal technique 
of refraction data interpretation. The program is extremely flexible and makes 
much use of interactive high resolution graphics and 'pop-up' onscreen menus. 
The velocity analysis sections have statistical routines built in to provide error 
estimation. 

The programs allow data interpretation to take place in the field with a 
portable microcomputer while the data are still being collected; this is ob
viously not possible with any cumbersome mainframe-based software. Hence 
it becomes possible to see the effects of varying the data collection parameters 
(such as geophone spacing) upon the resulting interpretation and so enable 
adjustments to be made where necessary. 

Hard copies of the data may be obtained at all stages of the interpretation 
process using a small (A3) plotter, or the graphics may be dumped to a dot

matrix printer if a suitable plotter is not available. 

Introduction 
From the earliest stages of computer technology the com
puter has assisted the geophysicist in solving his profes
sional problems. The need for improved hardware and 
software to assist in geophysical data processing can be 
understood when the vast volume of field data is con
sidered. It is obvious that without the aid of computers 
the solution of most geophysical problems would be time
consuming and inefficient. 

The regions of exploration geophysics most suscept
ible to digital processing initially were gravity and 
magnetics, where the relatively simple data processing se
quence made the development of computer programs rela-

tively straightforward. Early programs were written in 
Assembly language and then later in FORTRAN and even 
BASIC. The development of digital recording systems for 
data acquisition also eased the handling of data. In many 
applications, such as 3-D seismic data processing, the data 
acquisition and processing are fully integrated and com
puterised. However, there are areas of geophysics which 
for various reasons are unsuited to computerisation, such 
as: 
• the use of large, expensive computer systems being 

uneconomic when the data collection costs are low; 
• difficulties occurring when data are not collected digi-
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tally; 
et the inability to use the computers while in the-field. 

The seismic refraction program presented here is an ex
ample of the microcomputer-based software now avail
able that to a large degree solves the above problems. The 
program is still in an initial state, and has only been tested 
on a couple of projects. Refinements are intended so that 
problems such as hidden layers and velocity inversions 
may be solved. 

Definition of the problem 
Seismic refraction methods are widely used in mineral and 
engineering investigations, and also for some ground water 
projects. Despite the inherent simplicity of the seismic 
refraction technique, interpretation is generally tedious 
and strongly dependent upon the data quality. The details 
of the various interpretation schemes are given in many 
textbooks and journals (e.g. Dobrin,l Telford et al.,2 
Musgrove,3 Redpath4

), but these methods were difficult 
to computerise using previous non-interactive computer 
technology. The generalised reciprocal technique (GRM) 
introduced by Derecke Palmer (Palmer5

,6) is well suited 
to computer implementation and enables the calculation 
of the depth to the refractor at points beneath each 
geophone. The arrival times at two geophone positions 
separated by a variable distance XY are used for the 
refractor velocity analysis and depth calculations. 

At the optimum XY separation the time-depth func
tion (as defined by Palmer5

•
6
) is used most accurately 

since the forward and reverse times involved both sample 
the same point on the refractor. The determination of 
the optimum XY value is the most important and most 
difficult aspect of the GRM. There are two distinct ap
proaches to determine the optimum XY value: it may be 
calculated directly or inferred from inspection of the travel 
time data, velocity analysis function and the time-depth 
function. If the computed and observed XY values do 
not agree, thep hidden layers or velocity inversions may 
be present. These problems may be separated and solved 
by interactive forward modelling or by the application 
of special nomograms. 

Despite these problems, the crucial step for the auto
matic application of the GRM is the phantoming of the 

data to obtain consistent refraction legs for each refrac
tor over the whole profile. The accuracy of this stage 
largely depends on the real-time interactive nature of the 
software. 

Once the optimum XY value has been determined the 
depths can be calculated. As in the delay time method, 
loci rather than actual depths 'are obtained, and the refrac
tor boundary is defined as the envelope of these loci. 

The newly developed interactive software system 
developed by the authors will be described in more detail 
below. Refraction data interpretation consists of the 
following steps: 

(1) data tying: equalisation of reciprocal and common 
shot times; 

(2) overburden velocity analysis; 
(3) refraction leg identification on time-distance plots; 
(4) elevation corrections (optional); 
(5) forward and backward phantoming; 
(6) depth calculations (using GRM). 

The implementation of all of these steps has been done 
in such a manner as to emphasise the interactive nature 
of the system. 

Software 
The programs SEISMIC and SEREF are used to process 
the seismic refraction data: SEISMIC is mostly concern
ed with the data preparation and editing, whereas SEREF 
applies the GRM to obtain depth estimates. Both pro
grams are fully menu-driven and feature pop-up onscreen 
windows which appear whenever a menu choice is select
ed. 

Reading in the data 
The first arrival times from the field records must first 
be picked, then entered using SEISMIC and stored on 
disk. Any mistakes made during the data entry may be 
corrected using the edit data option of SEISMIC. If the 
data are being read back from a disk where previously 
stored, then the data values may be displayed on the 
screen or the printer. After the data have been entered 
a small sketch showing the spreads, shots, and the ter
rain is displayed (see Figure 1). 

REFRACTION PROFILE STRUCTURE 
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FIGURE 1. Onscreen display of acquisition geometry and station elevations 
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TYING SPREADS TOGETHER 

RECIPROCAL TIMES 
T2 

T1 

-lot position 
Distance 

TI should equal T2 / Distance 

Spread 1 )( Spread 2 -
FIGURE 2. Technique of data tying along two consecutive 

spreads 

Editing the data 
The edit option has the following choices: 

(1) editing of times, geophone positions and heights, shot 
positions and heights; 

(2) adjustment of reciprocal times; 
(3) tying data from different spreads together; 
(4) printing out the data; 
(5) saving the data to disk. 

Data tying and the adjustment of reciprocal times re
quire some explanation. If the profile contains two 
spreads with a common shotpoint (as shown in Figure 2) 
then it can be seen that time T2 should be the same as 
time T1 since they were measured by geophones and shots 
in identical locations. To correct this discrepancy all times 
from the second spread are adjusted by the time difference 
between Tl and T2. 

Figure 3 shows a spread with two shotpoints, one at 
each end of the spread. The time marked T1 from the 
first shot should be identical to the time T2 from the 
second shot (if the times have been corrected for dif-

1 st shot position 2nd shot position 

FIGURE 3. Reversed shooting and reciprocal times checkout 

ferences in shothole depths). This is true because the two 
cases are almost identical: all that is different is that the 
shot and receiver positions are reversed, which cannot af
fect the travel time between the two locations. This prin
ciple can be generalised for multiple spreads and for cases 
where the shotpoints are between geophones. The pro
gram copes with all of these different situations. 

Overburden velocity analysis 
This option allows the calculation of the overburden 
velocity at various shotpoint locations over the profile. 
Figure 4 shows a screendump when velocity analysis is 
in progress. Pop-up menus are used to select the spreads 
and shots to be displayed on screen and then interpreted. 
The cursor keys are used to move a marker beneath the 
required spread or shot to select it. 

When the spreads and shots required are displayed on
screen, a line is fitted initially through the first two points 
of the shot (or shots) selected. The velocity of the over
burden and its associated error are displayed below. 
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FIGURE 4. Onscreen display of interactive velocity analysis. Note the estimation of average velocity and 
standard deviation 
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FIGURE 5. Example of field data after the application of the automatic phantoming procedures 

The line and velocity are calculated using the method of 
least squares. A solid line extends through the points con
cerned, whereas a dotted extension to the line shows how 
it would fit the remaining points were it extended. To 
change the number of points in the line, the cursor keys 
are used. To add a point to the line, one cursor key is 
used and to subtract a point the other cursor keys are ac
tivated. Single key-press commands enable the whole 
range of options, which include selecting all the available 
points in the line, tying the best fit line to the origin, etc. 
At all times the velocity is shown beneath the graph. 

It is possible to use this option to determine refractor 
velocities also. A new section of the line commencing with 
the next two points can be started at any time. This may 
be done any number of times. 

The possible options are displayed below the graphs 
throughout the velocity analysis. 

Phantoming 
The object of phantoming is to produce from the raw 
travel time graphs of the form shown in Figure 5. 
There are several different techniques involved, depend
ing upon the situation. Up to two spreads may be simul
taneously displayed in this mode, and the different phan
toming options are shown along the bottom ofthe screen. 

Data from a shot may need extrapolating, as shown 
in Figure 6. To do this a least squares line is fitted through 
the points concerning the refractor, from which the other 
points are calculated and plotted. 

If a second shot exists, as shown in Figure 7, then it 
may be used as a basis for extrapolation providing it 
shows the same refractor. In this case ideally all points 
on the two lines should be separated by a constant dif
ference. The program therefore calculates the average dif
ference between the two lines and uses it to work out the 
new values of the required points. 

To help minimise random effects, the data for two shots 
may be averaged together. As stated above, there should 
be a constant time difference between two shots with dif
ferent offsets for the same spread. The average difference 
between the two data sets is calculated and added into 
the data set with the smaller values. The data are then 
averaged together. 
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The last stage is the bringing together of data from dif
ferent spreads as shown in Figure 8. This operation is 
similar to the data tying discussed previously. 

Overburden velocity interpolation 
The overburden velocity will qnly be known at a limited 
number of positions across ~he profile. However, for 
evaluation corrections and for flccurate usage of the GRM 
the velocity must be known at each shot and geophone 
position. This part of the program draws a graph of the 
overburden velocity across thelprofile and then calculates 
the mean value and its percent~ge standard deviation. The 
user may decide whether to 'use the average value or 
whether the deviation is sufficiently large to warrant in
terpolation. There must howew-er be some overburden 
velocity information for all the spreads in the profile as 
extrapolation is not catered for. 

EXTRAPOLATING REFRACTOR DATA 
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FIGURE 6. Technique of backward phantoming in the case 
of no overlapping refraction legs 
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EXTRAPOLA TION 
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FIGURE 7. Technique of backward phantoming using over
lapping refraction legs 

Elevation corrections 
up to two hundred heights may be entered over the pro
file, and the height of each geophone and shotpoint will 
be interpolated where necessary. The datum surface with 
reference to which the heights have been measured may 
be altered as desired. The elevation corrections applied 
are based upon the method described by Gkorianov and 
Liakovitzki7 and are only applied to those points which 
are associated with a refractor. The overburden points 
are not corrected. 

The generalised reciprocal method 
This comprises three main sections: velocity analysis, time
depth calculations and depth estimation. 

The velocity analysis section calculates the refractor 
velocity and its percentage standard deviation for various 

COMBINING SPREADS TOGETHER 
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FIGURE 8. Technique of forward phantoming 

values of the XY value (as chosen by the operator). The 
optimum value should have the smallest standard devia
tion (see Figure 9). 

Once the velocity analysis has been performed the time
depth section may be produced. Again, several different 
but similar curves are produced as the XY parameter is 
varied. The velocity determined from the velocity analysis 
is also required here (see Figure 10). 

For a first refractor, the depth is calculated from the 
overburden and refractor velocities and the optimum time
depth values. For the second and further refractors, the 
depth is calculated using the standard average velocity 
method. This requires an accurate determination of the 
optimum XY value. The depths calculated are distances 
from the geophone, and so the actual depth at a point 
lies on an arc in the plane of the profile. These arcs are 

VELOCITY ANALYSIS 
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FIGURE 9. Velocity analysis plot. Velocity functions with incremental XY separations (in m) are shown 
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TIME-DEPTH PLOT 
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FIGURE 10. Time-depth plot for various XY separations 

plotted out for each relevant geophone, and the envelope 
of the arcs delineates the refractor. A plot of this graph 
may be obtained using the plotter (see Figure 11). 
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FIGURE 11.Refraction boundary display showing the boundary as the envelope of the depth area 
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