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1. Summary 
 
For the analysis of near surface lithology, seismic refraction method plays a very vital role. The analysis of direct and refracted 
wave tell us about the subsurface. In the following study, we make use of Engineering Seismograph MODEL- 1125S McSEIS-SX 
24 bits From OYO Corporation (Japan), which is quite handy instrument for seismic method. After acquiring the data from two 
location (in front of geophysics department and near faculty lounge), and picking first arrivals, plotted travel time graphs. From 
these graphs we find a refractor at about 5-6 m depth and from velocity analysis, we find a water saturated soil overlain by a 
unsaturated layer. 
 
2. Introduction 
 
Seismic refraction surveying is one of the most powerful 
methods for detecting subsurface structure. This method 
has its beginning in the second half of the nineteenth 
century when the first measurement was made of speed. 
The seismic refraction method uses seismic energy that 
returns to the surface after traveling through the ground 
along refracted ray path. Seismic waves are messengers 
that convey information about the earth’s interior. There 
are many ways to produce seismic waves that can be 
focused on geologic features closer to the earth surface. 
These waves can be generated by explosions and then 
recorded on seismometers. The aim of it is to measure the 
speed of seismic waves along different parts of its path in 
the earth. The speed changes as the wave moves from one 
kind of rock into another, depending on the physical 
properties of these materials. As, the first arrival of seismic 
energy at a detector offset from a seismic source always 
represents either a direst ray or refracted ray. This fact 
allows simple refraction surveys to be performed in which 
attention is concentrated solely on the first arrival (or onset) 
of seismic energy, and time distance plots of these first 
arrivals are interpreted to derive information on the depth 
to refracting interfaces. 
 
The study deals with near surface geophysics. There are no. 
of workers who have used refraction method for 

determining the velocity of weathering layer and depth of 
bed rock. In the present study the depth of engineering bed 
rock has been estimated using refraction method in faculty 
langue and in front of department of geophysics (area of 
university campus).The depth of engineering bed rock 
shows not much variation when compared with at different 
sites. These results are in accordance with the geology of 
the area. The estimates shows 5 meter as depth of 
engineering bed rock. 
 
Methodology 
 
Geometry of refracted ray path 
                            
The general assumptions relating to the ray path geometry 
considered below are that the subsurface is composed of a 
series of layers, separated by planer and possibly dipping 
interfaces. Also, within each layer seismic velocities are 
constant, and the velocities increases with layer depth. 
Finally, the raypaths are restricted to a vertical plane 
containing the profile line (i.e. there is no component of 
cross dip). 
 
The first step is to place several geophone in align and 
produce the seismic waves perhaps it detonating an 
explosive or by hammer and recording a seismogram. The 
next step is to prepare a travel time curve using information 
obtained from seismogram. Looking at the seismogram, we 
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see that several pulses appear on each of the traces. For the 
purpose s of many seismic refraction surveys, only the first 
pulse on each trace is used in the analysis. This pulse is 
called the first arrival, because it indicates the first of 
several waves that reach the geophone. 
 
Two layer case with horizontal interface 
 
As shown in fig.1 the wavefront from a seismic source 
traveling directly through an upper layer and energy  
critically refracted in a lower layer. Direct and refracted ray 
paths to a detector, at some distance from the source are 
also shown. 
The travel time equation is given by 
 
t = x/V2+2h (V2

2-V1
2)1/2/V1V2                         ………….(1) 

this equation can be written as 
 

 
   
 
t=x/V2+Ti where Ti= intercept on the time axis of travel 
time plot and expressed as              
 
T i=2h(V2

2-V1
2)1/2/V1V2                                   ………….(2) 

   
From this we can find, depth of interface 
 
h=TiV1V2/2(V2

2-V1
2)1/2                                …………. (3) 

V1 and V2 can be derived from the reciprocal of the 
gradient of the relevant travel-time segment. 
At the crossover distance Xcros the travel time of direct and 
refracted rays are equal 
 
Xcros/V1=Xcros/V2+2h (V2

2-V1
2)1/2/v1v2        …………. (4) 

 
Solving eq. (4), we get 

 
Xcros=2h [(V2+V1)/ (V2-V1)] 1/2            ………… (5) 
 
Dipping layer case with planer interfaces 
 
One feature of refracted wave travel time is the same for 
both dipping layer structures and horizontal layer 
structures. If the positions of a source and a receiver are 
interchanged the travel times remain the same. Here we 
have two opposite travel time curve. This fact is called the 
reciprocity. The conventional method of dealing with the 
possible presence of refractor dip is to reverse the 
refraction experiment by firing at each end of the profile 
line and recording seismic arrivals along the line from both 
shots.  
 
Suppose that we have just completed a reversed refraction 
survey and that we have plotted travel times read from the 
seismograms and drawn straight lines through the 
alignments of points. Simply by inspecting the newly 
prepared travel time curves, we can reach one or another of 
the following conclusions. 
 
If corresponding straight lines on opposite travel time 
curves have identical slopes, we have a horizontal refractor. 
If corresponding straight lines on opposite travel time 
curves have different slopes, we have a dipping refractor. 
The refractor dips downward toward the source at which 
the intercept time is largest. The refractor dips downward 
toward the source for which the crossing distance is 
greatest. 
      
Calculating Velocity, Thickness and dip 
 
By means of a reversed refraction survey, we can find V1 
from the slope of the direct wave line. But velocity V2 and 
angle of incidence i12 we will find as 
V2=2(VdVu/Vd+Vu)     …..... (6)          And            
 
 i12=sin-1(V1/V2)                  …… .(7) 
 
H1d=V1T1d/2cosi12          …….. (8)                            
 
H1u=V1T1u/2cosi12                     …….. (9) 
 
And the dip of the refractor             �  = ½(sin-1V1/Vd+sin- 

 

1V1/Vd)     …………………..(10) 

        Fig.1 
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The vertical depths to the refractor are 
 
Z1d=h1/cos �         ………(11)     and 
               
Z1u=h1u/cos �                      ………(12) 
 
This completes the analysis of how to measure the depth 
and inclination of a single sloping refractor. 
 

 
Fig.2 

 
3. Field Examples 
 
We have done our survey at two locations of Kurukshetra 
University Kurukshetra, as shown in the fig.2. For it, we 
used Engineering Seismograph MODEL- 1125S McSEIS-
SX 24 bits From OYO Corporation (Japan). 
 
We have used the following parameters as given below in 
table 1. 
 
       Id no.              045 
       Total channels              24 
       Spread layout              End on 
       Sampling interval              200µs 
        Pre trig               On 
        Stack               Off 
       Trig Level              100mv  
        Gain-1   Ascending gain from 1-24 
        Gain-2         Not applied 
        Hold               Select 
Table 1 
 
So, we find the data as shown in the fig 3 and fig 4 for 
forward and reverse shooting respectively. From this data 
we picked first arrivals. So, we find travel time 
corresponding to offset. Then after this we plot the data in 
GRAPHER software. And we find the graph as shown in 

fig.6 and fig 7. Here we observed that there is a small 
difference between the intercept time for both, forward and 
reverse shooting. So, on calculation we have 
        
 
 
We have acquired the data in both forward as well as 
reverse shooting. The seismic section as shown in the fig.2 
and fig.3 is in front of department of geophysics, KUK. By 
picking first arrivals from seismic section we prepared 
travel time curve 
 

      
 Fig.3 For forward shooting 
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The layout is shown in fig.5 which is showing the people acquiring the data using 24 channel End on spread 
 
 
With Department Lawn data 
 
Td=36.5 ms                           Tu=39 ms 
For forward shooting            V1=308 m/sec  
For reverse shooting              V2=291 m/sec 
Vd=523m/sec           Vu=598m/sec 
So using eq.(6), V2=558m/sec  
and from eq.(7) Incident angle i12=32.50  
and by eq. (10), Dip is 2.450.  

Vertical depths to the refractor are  
Z1d=6.56 meter                     Z1u=7 meter 
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Fig 6 Travel time graph for department data in case of forward and 
reverse shooting 
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Similarly for faculty Lounge data 
 
 
 
Td=25.5 ms                                Tu=27.5 ms 
For forward shooting                 V1=280 m/sec         
For reverse shooting                  v1=263m/sec 
Vd=440.5m/sec                         Vu=492m/sec 
So, V2=465m/sec   and Incident angle i12=35.70  
and Dip is 2.250  
and Vertical depths to the refractor are  
Z1d=4.3 meter                            Z1u=4.94 meter  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Fig. 8 
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Fig 7 Travel time graph for faculty lounge data in case of forward 
and reverse shooting 
 
4. Conclusion 

 
From the present study we have done, conclude that the 
refractor is nearly horizontal (with 2 degree dip) and the 
depth of the interface is about 5-6 meter which closely 
resembles with the geology of the area .the velocity 
calculated in upper layer is about 280m/s which is velocity 
in unsaturated soil and velocity in lower layer below 
interface is about 490m/s which is velocity in water 
saturated soil as shown in fig.8. 
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