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Summary 

 

A refraction survey was carried out over granitic bedrock of Dharwar craton stretching for about 120 meters and data 

obtained was interpreted using various interpretation techniques. Individual interpretation results have been presented  in  

this  paper  followed  by  their  comparative study.  Techniques  such  as  intercept  time  method,  delay time  method,  

reciprocal  methods  and  tomography  were used for the purpose of interpretation. 
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Introduction 

 

Seismic refraction is considered to be paramount in 

engineering geophysics. In earlier days it was used in oil 

exploration but with the advent of seismic survey method in 

reflection its importance is lost. It  fulfill vested interest in 

broad geophysical domain like static correction, mining 

applications,  environmental  and  engineering  applications 

.Refraction techniques supplements the primary purpose of 

determining bedrock depth, rippability and assessing rock 

type. The technique has been successfully implemented in 

mapping backfilled quarries, overburden thickness and 

topography of groundwater. For civil purposes viz. site 

investigations, application of method has observed 

significant increase (Redpath, 1973). 

 

Survey area under consideration is composed of granitic 

bedrocks overlain  with  weathered  layer  which  itself has 

undulated surface. Ideally base of weathered layer should be 

a perfect refractor however geological irregularities may 

lead  to  lateral  velocity  discontinuity  and  consequently 

affect depth of the refractor. As interpretation is based on 

picking of first arrivals, analysis may be erroneous since 

some of the first arrivals were adjusted manually from 

wiggle.   Placing   of   geophones   closer   to   each   other 

overcomes this problem to some extent or AGC amplifier 

can be used. Spacing between geophones and sources and 

number  of shot points  all depends upon  the purpose  of 

survey. Detailed survey can be undertaken by less spacing 

and more number of geophones. 

 

Theory 

 

Interpretation of refraction data 

Interpretation often works on the principal of considering 

one refractor layer at a time and readjusting time-distance 

 curve  and  offset  for  deeper  layers.  In  other  words,  it 

analyzes first refractor layer, readjusts time-distance curve 

for subsequent refractors, considering shots and geophones 

to be laid over the first layer, this is known as stripping 

principle. The process continues for layers down the depth. 

 

The most traditional method in interpretation techniques is 

based on ray theory (Cerveny and Ravindra, 1971) called as 

Intercept Time Method (ITM). It is the simplest of all 

methods practiced in refraction interpretation. Depth and 

velocity of each refractor are computed according to the 

time- distance relationship for first arrival of p-waves at 

each receiver. For present data ITM is applied using first 

arrivals for each receiver. Meanwhile, travel-time data was 

retrieved corresponding to each shot and travel time curve 

was obtained. Presence of couple of slope changes  was 
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Refraction Interpretation techniques 

observed which subsequently marked the refractors at 

different depths. Velocity of each layer is equal to inverse 

of computed slope of time-distance relationship belonging 

to different refractors. 

 

In practical situations, reflectors are rarely horizontal 

providing the difference between the received signals 

travelling updip and downdip. Using this observation, delay 

time  method  came  into  existence  (Barry,  1967).  This 

method  is  utilized  to  calculate  velocity  and  depth  of 

shallow refractor. Method is widely popular as could be 

easily computed manually. The procedure embeds picking 

of first arrivals of different seismic trace. Corresponding to 

each refractor the difference between average value from 

two shot points (usually reverse in nature) and reciprocal 

time at common receiver provides the delay time at a 

receiver. This procedure is repeated till the delay time for 

almost all receivers are determined. For our purpose delay 

time  method  was  carried  over  5 shots comprised  of far 

offset, near offset and a shot in middle. 

 

Following equations have been  used  for computation of 

depth of the refractos: 

 

Where, ∆T  is delay time, Tu denotes up dip shooting time, 

Td   denotes  downdip  shooting  time,  Tt  denotes  average 

reciprocal time, Zd  is depth of the refractor , v1  denotes 

velocity of upper layer and v2  denotes velocity of lower 

subsurface. 

 

In  late 50’s (Hagedoorn, 1959) Conventional Reciprocal 

Method   (CRM)   was   introduced   which   was   able   to 

determine  lateral   velocity  variation.  It   works  on   the 

principal of wavefront reconstruction and is applicable for 

survey locations where precise depth of refractors and 

velocities of waves along refractors have to be analyzed 

thoroughly. The depth computation is based on an early 

concept,  termed  here  the  time-depth  analysis  function, 

which differs slightly from the delay-time. The calculation 

of the individual time-depths and of the corrected travel 

times within the refractor requires only simple numerical 

computation. RM calculates corrected time-depths and 

which in turn yields more sophisticated refractor velocity. 

 
 

Where, DCF denotes depth conversion factor; Z 

denotes depth of the refractor and    is the time depth 

analysis function. 

 
The main advantage of using the CRM is that it is able to 

conveniently accommodate and resolve simple departures 

from the plane interfaces and homogeneous velocities of 

the  ITM.  In  addition,  most  of  the  computations  are 

relatively simple arithmetic. 

 
In 1980, Palmer introduced the concept of Generalized 

Reciprocal Method (GRM). It is the advanced version of 

reciprocal  method  as  it  can  be  utilized  for  delineating 

ruffled refractors, present at any depth. Here, refractor 

velocity and depth are computed using travel-times of two 

geophones,  located  at  variable distance.  Two  geophones 

leads to improved interpretation and optimum separation is 

estimated by response of velocity analysis function (Leung, 

1995). Interpreted result with means of geophones spaced 

at  optimum  distance  tends  to  smoothen  refractor  and 

provide least linear velocity variation. It uses the equations 

derived from conventional reciprocal method with slight 

modification. 

 

Tomography is an interpretation technique which requires 

an initial velocity model to begin with (Zhang and Toksöz, 

1998). It has a primary purpose of reducing RMS 

error between calculated and observed model and to 

produce a velocity model devoid of small scale artifacts. 

 

Principle behind its working is to divide velocity model into 

a number of cells of constant velocity followed by 

iteratively  tracing  ray  through  the  model  further 

assumptions are made that the seismic pulse will pass 

through these cells. On the basis of observed travel time 

through these cells we can assign a region as fast or slow 

region and their elastic parameters can also be predicted. 

Inversion is applied over rays to converge to best results. 

We chose following steps as depicted by flowchart in fig.1 
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Refraction Interpretation techniques 

 
Figure 1: Flowchart depicting steps performed in tomography 

 

Geology and location of survey profile 

 

Survey area is comprised of granites and rock formations 

which date back to Precambrian period. Prospective area is 

present over Deccan plateau and geographically it lies in 

Uppal, Hyderabad. 

 

 
Figure 2: Survey area. 

 

Data was acquired using hammer as an energy source and 

48 geophones were used to receive signals. Geophones were 

placed at 2.5 meters spacing making a total spread of 117.5 

meters. Total of 19 shot points were selected, both forward  

and  backward,  comprising  of  far  offset  of  20 meters, 

near offset of 1 m and all others in between at a distance of 

7.5 m with each other as shown in fig.3. 

 

Results and discussion 

 

Intercept time method provided the velocity model of three 

layered model as shown in Fig. 4. According to velocity, 

top layer is composed of soil underlain by layer apparently 

composed of wet and weathered granitic layer. Below it, 

presence of fractured and joint granitic layer is expected. 

First layer velocity comes out to be equal to 500 m/s. 

 

In case of delay time method, third layer is found to be 

highly undulating as shown in Fig.5. Depth for third layer 

calculated by this method varies in the range of 15 to 18 m 

while  for  second  layer  depth  ranges  from  2.5  to  4  m. 

Reason can be attributed to the fact that small scale artifacts 

are not smoothened, affecting interpretation and depth. 

However, depth values are found to be in near agreement to 

that computed by others barring undulations. 

 

In CRM, velocity analysis function is found to be varying 

almost linearly. In GRM, on the other hand, velocity was 

calculated corresponding to spacing of 10 m between the 

geophones as it has the least variation shown in Fig. 6. 

 

Summing up the results of velocity analysis function and 

velocities plots obtained by both reciprocal methods, 

horizontality of refractors can be conferred and velocities 

obtained are found to be in near agreement to actual value. 

With the assistance of velocities of first and second layer 

and time depth function depth section for the same are 

evaluated. Therefore, computing depth of the second layer 

by CRM (Fig.7) and GRM (Fig.8), observed to be nearly 

equal as computed by other methods. 

 

Tomography was applied independently on the field data 

and produced three layered model as shown in 

Fig.9.Tomography was successful in smoothening lateral 

variations considerably and velocity model provided by it. 

Depth observed is more laterally uniform compared to that 

of other methods. However, velocity model obtained is 

found  to  be at general agreement with  one obtained by 

intercept time method. Here it was found that the velocity of 

first layer differs from that calculated through ITM by being 

equal to 300m/s. 
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Refraction Interpretation techniques 

Conclusion 

 

Intercept and delay time methods provided preliminary 

information such as depth and velocity of reflectors and 

were found to deviate nominally from computations using 

other interpretation techniques. This deviation may be due 

to personal error in manual calculation and plot of travel 

time  curve  on  graph.  For  delay  time  computation  first 

arrival were picked and extrapolation of travel time curve 

was done to  obtain  second  and third  layer velocity and 

consequently depth of respective interfaces. 

 

The delay time method tends to find out depth to the 

bedrock below each receiver. However, it fails in the 

determination of lateral velocity variation and identification 

of thin layer. 

 

CRM carries the advantage of resolving simple departures 

from the plane interfaces and homogeneous velocities of the 

ITM. Reciprocal methods are computationally effective for 

the region having gentle dip i.e. less than 15 degrees. In 

case of pronounced changes in depth, assumption of plane 

refractor does not hold and artifacts occur. 

 

Reciprocal methods were able to accurately predict depth of 

second layer. But, they cannot calculate depth of third layer 

as velocity analysis function for the same could not be 

figured  out.  Depth  section  and  velocity  model  for  both 

 

 

 

 

conventional method and reciprocal method was found to 

be at par, with generalized method having more gentle 

lateral variation. 

 

However the advantage of method over DTM is that lateral 

velocity variations can be found along with the capability of 

depicting the fractures and joints, causing the velocity of 

granitic  layer  somewhat  less  than  the  original  value.  A 

better   velocity   model   could   have   been   obtained   if 

parallelism of travel time plots would have been worked 

over while processing the data. 

 

Among all the methods discussed, tomography appears to 

provide  optimum  results.  Lesser  undulations,  accurate 

depth section and precise velocities for different layers 

marked the operation of tomography. Its essence lies in the 

fact that it can tackle the discontinuities of refractor bed 

which   was   overlooked   in   GRM.   While   comparisons 

deduced by us are not definitive however they do offer 

some guidance over performance of refraction interpretation 

techniques over granitic bedrock. Also this fact cannot be 

neglected that in absence of sufficient data, tomography 

inversion results into erroneous models. So, a firm data 

worked through CRM and GRM is essential for an 

acceptable tomographic model. Worked out approach for 

interpretation is summarized in Table 1. 

 

 Figure 3: Arrangement of geophones and shot points on a survey line 

Figure 4: Velocity Model obtained from ITM 
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Refraction Interpretation techniques 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Depth to the second and third interface calculated through DTM 

Figure 6: Shows the variation in velocity with varying XY 

Figure 7: Variation in depth to the second layer with stations computed by CRM 

Figure 8: Variation in depth to second layer computed by GRM 
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Interpretation Method Application 
ITM Picking of first arrivals 
ITM Travel time curve illustration 

Travel Time Inversion Velocity model using ITM 

CRM , GRM, DTM Computation of depth & velocity 

Tomography Inversion Velocity model using Tomography 

Figure 9: Velocity model after Tomography 

Table 1: Illustrating refraction interpretation system for detailed Granitic mapping 


