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-introduction : 

 -  In seismic surveying, seismic waves are created by a controlled source 
and propagate through the subsurface. 
- Some waves will return to the surface after refraction or reflection at 
geological boundaries within the subsurface. 
- Instruments distributed along the surface detect the ground motion 
caused by these returning waves and hence measure the arrival times of 
the waves at different ranges from the source. 
- These travel times may be converted into depth values and, hence, the 
distribution of subsurface geological interfaces may be systematically 

                                                                                                                  mapped. 

 
- Just as doctors use X-rays or audio or sonograms to 'see' into the 

human body indirectly , geophysicist use seismic surveying to obtain a 

picture of the structure and nature of the rock layers indirectly.                 

- There are two main seismic method , refraction and reflection method 

- The seismic refraction method involves analysis of the travel times of 

the first energy to arrive at the geophones. These arrivals (first breaks) 

are from either the direct wave (at geophones close to the source), or 

critically refracted waves (at geophones further from the source).              

- The seismic reflection method involves the analysis of reflected waves 

which occur later in the seismic record.
,

 

- Seismic exploration has been applied for subsurface investigations of 

depths as great as 150km,however it is useful for depths up to 10 km. 

- for these depths , the seismic method is capable of detecting features 

at scales as small as tens of meters or less. 
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- This resolving power is significantly finer than the resolving ability of 

other geophysical methods for this depth. 

- Because this region of earth's subsurface includes nearly all of its oil 

and gas reserves  , seismic exploration plays a significant role in the 

energy industries. 

-  Seismic methods  have numerous potential applications to a variety of 

geological ,environmental ,geotechnical , engineering , hydrogeological 

and archeological problems.   

- Seismic methods are widely applied to exploration  problems involving  
the detection and  mapping of subsurface boundaries 

-They also identify significant physical properties of each subsurface unit 

- The methods are particularly well suited to the mapping of layered 
sedimentary sequences and are therefore widely used in the search for 
oil and gas. 
-The  methods are also used, on a smaller scale, for the mapping of near-
surface sediment layers, the location of the water table and, in an 
engineering context, site investigation of foundation conditions 
including the determination of depth to bedrock. 
- Seismic surveying can be carried out on land or at sea  

 

Theory of Elasticity  The seismic method utilize the propagation of 

waves of the earth, since this propagation depends upon the 

elastic properties of the rocks       

   The size and shape of a solid body can be changed by applying 

forces to the external surface of the body . These external forces 

are opposed by internal forces which resist the changes in size and 

shape. As a result the body tends to return to its original condition 

when the external forces are removed.  

 This property of resisting changes in size or shape and of returning 

to the un deformed condition when the external forces are 

removed is called elasticity .  

Stress, Strain and Elastic Modules  

       per unit area (A).F) is defined as the force ( ( δ )ress The st      
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A

F
 

         There are two types of stress are :-                                                       

 ■ Normal (dilatational or Vertical ) stress:-  In this type the  forces 

acting  perpendicularly  to the area. The stress is said to be 

Compressive if  the forces are directed towards each other and 

Tensile if they are directed away from each other, (figure 

below).                                          

  A compressive stress tends to cause a shortening of the body, and  a 

tensile stress an elongation .At right angles to the direction of the 

stress .The normal stresses preserve the shape of the body but 

change the size.                  .                                                                              

   ■ Shear stress :- In this type a forces acting parallel  or tangential  

to the surface. Shearing stress change the shape without size of the 

body.       
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Types of stress and strain , ( after ,Dobrin,1960) 
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Strain 
   A body subjected to stresses undergoes Strain , which is the 

amount of deformation expressed as the ratio of change in length or 

volume to the original length or volume .                                                     

strain:- is any change in original shape or size of an object in response 

to stress acting on the object.  

 There are three types of strain are :- 

1. Longitudinal strain ( i
) 

2. Transversal Strain (εw) 

3. Shear Strain 

           ■Longitudinal strain   

   Defined as the ratio of the elongation or shortening (∆L) that is  

result to normal stress to the  original length (L) of the body           . 

L

L
i


 

)w(εTransversal Strain ■  

     The ratio of the expansion or contraction (∆W) that is result to normal 

stress to the original width (W) of the body     

     

   
w

w
w


 

  ■  Shear Strain  

       This is measured for tangent of deformation angle (tan Ø) that is        

 result to shearing stress                                                                                    . 

 are linearly dependent  strainand stress , Hooke's law According to  -

and the body behave elastically until the yield point is reached. 

- at stresses Below the yield point , removing the stress, the body return 

to its pre-stressed shape and size.  
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- at stresses  Beyond the yield point , the body behave in a plastic or 

ductile manner and permanent damage results. 

- If further stress is applied , the body is strained until it fractures.  

- Figure below illustrate the relation between stress and strain.        

 
Elastic Moduli/ Elastic constants/ coefficients 

 The elastic constants describe how a material deforms when it's 

stressed .  

 The strss/ strain relationship for any material is defined by various 

elastic moduli  or elastic constants as outlined below: 

1. Bulk modulus ( K) 

2. Young’s modulus (E) 

3. Shear Modulus  (µ) 

4. Poisson’s Ratio σ 

)Bulk modulus ( K 

-  Bulk modulus is defined as the ratio of applied pressure to 

vv

p

strain

stress

Volume

Volume
K

/

)(


         volumetric strain 

-  It is a measure of how much force is needed to change the 

volume of the material without change in shape.                      
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-   The bulk modulus (K) is a measure of the capacity of the 

material to be compressed. 

       Compressibility (B)is called the  The reciprocal of the bulk modulus  -

K
B

1
                                                      

or modulus of elasticity )(EYoung’s modulus  - 

-  Young’s modulus (E) is defined as the ratio of longitudinal 

stress to longitudinal strain. 

  
LL

AF

strain

stress

alLongitudin

alLongitudin
E

/

/


 

- it is also called tensile modulus and it is a measure of the stiffness of a 

given material. 

- The Young's modulus allows engineers and other scientists to 
calculate the behavior of a material under load.                                            

)µ(  Shear Modulus  - 

- Denoted by S or sometimes (μ ), it is defined as the ratio of shear stress 

to the resultant shear strain(tan Ø). 



tan

/ AF

strain

stress

Shear

Shear
  

- The Shear  modulus or rigidity (μ),is a measure of the material's 

resistance to shearing strain. 

-  Taken as an indication of the strength of a material under shear forces. 
- Shear modulus is usually measured in GPa (Gigapascals).                      

- If a material has a large shear modulus, it will take a large force applied 
to deform it. 
- Gases and fluids can not support shear forces, they have shear modulus 
of zero. 
-  
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)σ( Poisson's Ratio  - 

- Poisson’s Ratio (σ ) is define as the ratio of the lateral         

(transverse) to the longitudinal strain 

  

- It is also defined as the ratio of the strain in the direction of the applied 
load to the strain normal to the load. 
- A suggested range for the values of Poisson's ratio is from (0.0) for very 
hard material to (0.5) for liquids , and about (0.25) for elastic material  

WAVES   SEISMIC 

 seismic waves  are  the  waves  that travels through the Earth, 
most often as the result of a tectonic earthquake, sometimes from 
an explosions. 

 There are two types of seismic waves,namely,'body waves' and 
'surface waves'. 

Body waves      

 Body waves are the seismic waves which propagate through the 

interior of the earth.  

 velocity  of body seismic waves depends on the density and elastic 

properties of the rocks and soil through which they pass. 

 body waves are non -dispersive because its waves velocity  do 

not depend on frequency. 

 Body waves can be subdivided in to two types:- 

1. Compressional Waves(Longitudinal, primary or p-waves) 

2. Shear Waves (transverse, secondary or S-waves) 

 Compressional Waves -1 

 Particle motion is parallel to the direction of wave propagation  

 travel trough all types of materials including solids, liquids and 

gases as well as air . 

LL

DD

strain

strain

allongitudin

transverse

/

/
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 P- waves are the fastest kind of seismic waves, and, consequently, 
the first to 'arrive' at a seismometer ,therefore named primary 

waves . 
 As the P waves pass through the medium, they cause 

compressions (Shortening ) and dilation (expansion) ( It pushes 
and pulls the rocks)like sound waves push and pull the air 
,therefore named compressional waves. 

 VP ~ 5 – 7 km/s in typical Earth’s crust ; >~ 8 km/s in Earth’s mantle 
and core; ~1.5 km/s in water; ~0.3 km/s in air. 

 because of their small amplitudes don't do as much damage as the 
S waves and surface waves which follow. 

 
Shear Waves. -2 

 particle motion is perpendicular to the direction of wave 

propagation. 

 S-waves cannot travel through fluids, air or water, so do not exist 

in earth outer core or molten rock (magma). 

 S -waves travel slower than P waves in a solid, therefore,  S-waves 

arrive next  after P-wave at a seismometer and named secondary 

waves.    

 As the S waves pass through the medium, they cause a structure 
to vibrate from side to side or up and down, shaking the ground 
surface vertically and horizontally 

 VS ~ 3 – 4 km/s in typical Earth’s crust;   >~ 4.5 km/s in Earth’s 

mantle; ~ 2.5-3.0 km/s in (solid) inner core   

 S-waves are typically more damaging than the P waves because they 

are several times higher in amplitude and produce vertical and 

horizontal motion of the ground surface.   

http://sciencelearn.org.nz/About-this-site/Glossary/perpendicular
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 The S-wave motion can be split into (SH) (horizontally polarized 

motion ) and (SV) (vertically polarized motion). 

 periods of S-waves are longer, at least by a factor of√3, than 

those of P-waves due to differences in wave propagation velocity. 

fluids? cannot travel throughwaves -why s - 

S waves depend upon a resistance to transverse or "shear" because 

they can only force which does not exist in a liquid or gas medium, so 

travel in the solid parts of the Earth. 

 

 

SURFACE WAVES 

 A surface wave is a seismic wave that is travels near the surface of 
the earth. Surface waves -- sometimes called long waves, or simply 
L waves -- are responsible for most of the damage associated with 
earthquakes, because they cause the most intense vibrations.  

 Surface waves are analogous to water waves and travel along the 
Earth's surface. 

 surface waves velocity depend on frequency and wavelength 
(velocity m/s= frequency (cycles/s ) x wavelength (m/cycles) 
therefore surface waves are always dispersive 

 surface waves  travel slower than body waves, therefore they 
arrive to seismometer after P and S wave. 

 Because of their low frequency, long duration, and large 
amplitude, they can be the most destructive type of seismic wave. 

 Their amplitude at the surface of the Earth can be very large, but 
decrease quickly with depth. 

 Surface waves  are mainly a source of noise in seismic exploration 
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 There are two types of surface waves: Rayleigh waves and Love 
waves. 

Rayleigh waves 

 Rayleigh waves, also called ground roll, are surface waves that 

travel as ripples with motions that are similar to those of waves on 

the surface of water. 

 the Rayleigh waves denoted as LR (or R).Rayleigh waves exist at 

any free surface 

 Particle Motion is more complex, it is a mixture of P and SV; results 
in a retrograde elliptical motion(Near the surface the particle 
motion is retrograde elliptical).  

 The velocity of Rayleigh wave (VR) is about (0.9)  of shear wave 

(VS) in the same medium; the relation is given as VR < 0.92 VS and 

its velocity is also slower than love waves. 

 The velocity of a Rayleigh wave does not vary with frequency when 
travelling in a uniform medium. In a layered Earth the velocity of a 

          Rayleigh wave varies with frequency (it is dispersive). 

 Depth of penetration of the Rayleigh waves is also dependent on 
frequency, with lower frequencies penetrating to greater           

 

Love waves 

 Its motion is same as that of the S-waves that have no vertical 
displacement (SH). It moves the ground from side to side in a 
horizontal plane parallel to Earth's surface, but at right angle to 
the direction of propagation, so the wave motion is horizontal 
and transverse.                   



university of Diyala 
Faculty of Science  

Prepared by Dr. Munther Dhahir                       Dept. geology  petroleum and minerals  

14 
 

 Love waves denoted as LQ or G.  
 Love waves occur only when the surface layer has a low body 

waves velocity with respect to the underlying layer(occur when 
there is increase of S wave velocity with depth). 

 Love waves travel with a slower velocity than P- or S waves, but 

faster than Rayleigh waves, so love waves arrive before Rayleigh 

waves on seismograph.  

 Love waves  are always dispersive.     

 Love waves do not propagate through water, it affect surface 
water only. 

 Depth of penetration of the Love waves is also dependent on 
frequency, with lower frequencies penetrating to greater depth. 

 

 

seismograph illustrated types of seismic waves 
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Elastic modules and Seismic waves Velocities 

 - The velocity of propagation of any body wave in any homogeneous 

isotropic material is given by:- 

𝑽 = √
𝑬𝒍𝒂𝒔𝒕𝒊𝒄 𝒎𝒐𝒅𝒖𝒍𝒖𝒔

𝒅𝒆𝒏𝒔𝒊𝒕𝒚 (𝒑) 
 

-by:), is given PVThe velocity of a compressional body wave( - 
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-     And the velocity of a shear body wave(VS ) is given by:- 




Vs  or    Vs= 

)1(2  
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-  The  equations above show that the compressional waves velocity (Vp) 
always travel faster than shear waves in the same medium. 

-  it can also be seen that for a fluid the velocity(Vs)is equal to (zero) 
because the shear modulus(μ) is (zero). 

- If the density and P and S wave velocities of a rock mass are known, all 
the elastic constants can be calculated, since they are related by the 
equations: 
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Where λ is Lame's constant which is the same as the aforementioned 

rigidity modulus (μ) ,that is valid for for isotropic media( media in which 

the elastic properties are independent of direction. 
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Seismic wave velocities of rocks 
- Due to of  their various compositions, textures (e.g. grain shape and 
degree of sorting), porosities and contained pore fluids, rocks differ in 
their elastic module and densities and, hence, in their seismic velocities. 
- Information on the compressional and shear wave velocities, vp and vs, 
of rock layers encountered by seismic surveys is important for two main 
reasons: 
firstly, it is necessary for the conversion of seismic wave travel times 
into depths 
secondly, it provides an indication of the lithology of a rock or, in some 
cases, the nature of the pore fluids contained within it. 
- Most igneous and metamorphic rocks have little or no porosity , and 
the velocity of seismic waves depend mainly on the elastic properties of 
minerals making up the rocks material it self. This is also the case with 
massive limestone, dolomites, and evaporates .  
- on the other hand , sandstone , shale , and soft limestone ,have more 
microstructures with pore spaces between grains which may contain 
fluids or softer types of solid material such as clay . For such rocks , 
velocity is very much dependent on the porosity and on the material 
filling the pores. 
- Typical compressional wave velocity values and ranges for a wide 

variety of Earth materials are given in Table below. 
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Factors affecting seismic wave velocity of rocks: 

 There are several factors have great effect on the seismic velocity  
–density of the rocks and Elastic properties 

–Porosity  

- Depth of burial and geological age  

–Lithology   

–Pressure  

–Fluid content  
- Fracture and cracks effect 

1- density of the rocks and Elastic properties 

- There is a direct proportional between seismic velocity and the density  
and elastic properties of subsurface materials as shown in equations 
below:-  




3

4


K
Vp               and  

 


Vs    

Q1/Body waves velocity are directly proportional to density but 
equations above Implies that body wave velocity is inversely 
proportional to density, Explain the paradox 

- Answer :-  

  Increasing in seismic velocity versus density is commonly true for rocks 
even the above equation show an inverse relation between velocity and 
density. As rocks become more dense, they become more 
incompressible and more rigid; the corresponding elastic constants (k 
and μ) commonly increase more times  than the density (ρ). 

- Salt is the only common rock having a high velocity but a low density. 

2-Porosity:  

The elastic moduli are inversely proportional to porosity, where seismic 
velocity increase with decreasing porosity, and the porosity decrease 
with depth. Therefore density and velocity increase with depth, 
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3-Depth of burial :  

  With increasing depth, compaction increase the density of a rock 
through reduction of pore space. The rigidity of the rock also increases 
with depth. The net effect is that velocity will increase with depth, even 
if the lithology does not change. 
4-Geologic Age:- 

  Velocities tend to increase with geological age of rocks, because 

increasing of grain cementation and compaction with time . As a rock 

becomes more cemented, its rigidity (strength) increases and seismic 

velocity increase . (Faust, 1951) describe the relation between seismic 

velocity and geologic age of rocks and depth of burial  by the following 

equation: 

Vi = K (ZT)n 

 

                (n ) constant =1/6  

5-Fluid content:  
- The seismic velocity is affected by amount and type of fluid in rocks 
- In the same rock, P-wave velocity is smaller, when gas fills the pores,  
than when oil or water fills them 
6-Lithology:  

The seismic velocity in igneous and metamorphic rocks is more than 
sedimentary rocks. 

7- Fracture and cracks effect: 
 Fractures and cracks lead to increasing ratio of secondary porosity in 

rocks, and lead to decreasing of seismic velocity in these rocks 

8- pressure  

The seismic velocity increases with pressure on the rock sample- 
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Waves and rays 

- A seismic pulse propagates outwards from a seismic source at a velocity 

determined by the physical properties of the surrounding rocks. 

- If the pulse travels through a homogeneous rock it will travel at the 

same velocity in all directions away from the source. 

- so that at any subsequent time the wavefront, represents a constant              
travel time curve and will be spherical for a ‘point-source’ in a 
homogenous medium (Wavefronts are points on the wave with the 
same  phase) 
- Seismic rays are defined as lines that show the direction that the 
seismic wave is propagating and are perpendicular to the wave front ( as 
shown in figure below) 

 

- One way to visualize wave propagation over time is through Huygens 

Principle. 

-  This principle state that ( every point on a wave front can be 

that   lets wavesecondary spherical a new source of  aconsidered  as 

)at a rate depending on their velocities. sexpand in every direction 

 - The position of the  new wave front can be found by constructing a 
surface tangent to all secondary wavelets (figure below).  
 
 
    
-                                
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layered isotropic mediaRay paths in  

-  At an interface between two rock layers there is generally a change of 
propagation velocity (as well as density) resulting from the difference in 
physical properties of the two layers. 
- When an elastic wave hits such an interface, the energy within the 
incident wave is partitioned into transmitted and reflected waves. 
- The relative amplitudes of the transmitted and reflected pulses depend 

on the velocities (V) and densities (P)of the two layers, and the angle of 

incidence on the  interface. 

- There are two cases of  incidence rays , these are:- 

1- normal incidence rays 

2- oblique incident rays  

Reflection and transmission of normally incident seismic rays 

- Consider a compressional ray of amplitude A0 normally incident on an 
interface between two media of differing velocity and density                      
(Fig. below). 

 

Figure : Reflection and transmission of normally incident rays. 

-  A reflected ray of amplitude A1 returns back along the path of  the 
incident ray and a transmitted ray of amplitude A2 travels on through 
the interface in the same direction as the incident ray. 
-The total energy of the transmitted and reflected rays must equal the 
energy of the incident ray (A0=A1+A2 or in other word 
A1+A2=1)(assuming no loss of energy along any ray path) 
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- The relative proportions of energy transmitted and reflected are 
determined by the contrast in acoustic impedance Z across the interface. 
- The acoustic impedance of a rock is the product of its density (p) and 

its wave velocity(v); that is, Z = P.v 
- In general, the harder a rock, the higher will be  its acoustic impedance. 
- In order to propagate seismic energy most efficiently across a boundary 
, the acoustic impedance contrast should be small. 
- The smaller the contrast in acoustic impedance across a rock interface 
the greater the proportion of energy transmitted through the interface  
-  The degree of reflectivity of an interface for normal and low angle of 

incidence (<200) is described by the reflection coefficient (R). 
- reflection coefficient (R): Is a numerical measure of the effect of an 
interface on wave propagation, and is calculated as the ratio of the 
amplitude A1 of the reflected ray to the amplitude A0 of the incident ray 

 
-  Furthermore , the reflection coefficient is also a solution to Zoeppritz"s 
equations, and is given by the ratio of the difference in acoustic 
impedance to the sum of the acoustic impedance :-  

 
 

where P1, v1, Z1 and P2, v2, Z2 are the density, wave velocity and 
acoustic impedance values in the first and second layers, respectively. 
- From above equation it can be seen that the magnitude of reflection 
coefficient lies in the range of -1 ≤ R ≤ +1 
-  The Reflection Coefficient, R, shows that the quantity of the reflected 
energy is based on the contrast between the acoustic impedance 
along the opposite side of the reflector surface. 
- In this case, many situations can be recognized: 
1. If P1*V1 < P2*V2 ------ no change in the phase of the reflected wave 
2. If P1*V1 > P2*V2 ------ A negative value of R and a phase reversal 
occurs  ( π or180°) within  the reflected ray 
 

3. If P1*V1 = P2*V2 --- the reflection coefficient is zero: R = 0 no 
reflection occur  and all the incident ray is transmitted. 

across  of acoustic impedance no contrastThis is the case when there is  -

an interface, even if the density and velocity values are different in the 
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two layers (i.e. Z1 = Z2).For example , if the seismic velocities and 

and 1600m/sec,  3densities for layers 1 and 2 are 1800 m/sec ,1.6 Mg/m

respectively , there would be no contrast in acoustic  , 31.8 Mg/m

                                                  sec.2impedance as Z1=Z2=2880 Mg/m 

4- If R = +1 or -1, all the incident rays  is reflected.                                           

- A good approximation to this situation occurs at the free surface of a 

water layer: rays travelling upwards from an explosion in a water layer 

are almost totally reflected back from the water surface with a phase 

change of π (R= -0.9995).                                                                                       

- Values of reflection coefficient R for interfaces between different rock 
types rarely exceed ±0.5 and are typically much less than ±0.2. 

Note: Since the variation in the density of different types of rocks is 

relatively small, the reflection coefficient depends mainly on the 

contrast in velocities at both sides of the reflecting surface.                          

- The transmission coefficient (T ) is the ratio of the amplitude A2 of the 
transmitted ray to the amplitude A0 of the incident ray. 

 

- For a normally incident ray , the transmission coefficient is also a 

solution to zoeppritz's equations , and is given by the ratio of twice the 

acoustic impedance of the first layer to the sum of the impedances.          

                                     

- the proportions of energy that are reflected or transmitted are also 

referred to as the reflection and transmission coefficient . however in 

this case , the form of the equations are different . 

-    Reflected energy    
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Reflection and refraction of obliquely incident rays 

- When a P-wave ray is obliquely incident on an interface , four types of 
waves are generated :- reflected and transmitted P-wave rays are 
generated as in the case of normal incidence. Additionally, some of the 
incident compressional energy is converted into reflected and 
transmitted S-wave rays (Fig. below) that are polarized in a vertical 
plane. 

 
- Zoeppritz’s equations show that the amplitudes of the four phases are 
a function of the angle of incidence (Ѳ). 
- In the case of oblique incidence, the transmitted Pwave ray travels 
through the lower layer with a changed direction of propagationand is 
referred to as a refracted ray. 
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- The geometry of the various reflected and refracted waves relative to 
the incident waves is directly analogous to the behavior of a light ray 
obliquely incident on the boundary between, say, air and water and 
Snell’s Law of Refraction applies equally to the optical and seismic cases. 
-  Snell's law states that the ratio of the sines of the angles of incidence 
and refraction is equivalent to the ratio of  velocities in the two media. 

 
- Note that if v2 > v1 the ray is refracted away from the normal to the 

interface; that is . 
- If V2<V1  the ray is refracted away from interface to the normal , that is 
Ѳ2<Ѳ1 
- If V2=V1 the ray not bent, that is Ѳ1=Ѳ2 

 
 
- Snell’s Law also applies to the reflected ray, from which it follows that 
the angle of reflection equals the angle of incidence 
 

 
 

Critical refraction 
-  When the velocity is higher in the underlying layer there is a particular 

angle of incidence, known as the critical angle Ѳc, for which the angle of 

refraction is 90°. 

- The refracted wave travel along the upper boundary of the lower 

medium , whose speed of propagation is greater than that of the overlying 

medium (V2<V1) 

https://en.wikipedia.org/wiki/Sine
https://en.wikipedia.org/wiki/Phase_velocity
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- At a critical angle of incidence the wave is critically refracted and will 
travel parallel to the interface at the speed of the underlying layer. 
Energy from this critically refracted wave returns to the surface in the 
form of a head wave, which may arrive at the more distant geophones   
before the direct wave(Fig. below). 
 
 
 
 
 
 
 
 
 
- The critical angle is given by 
 

 
- Diffraction. 

- If a wave hits the termination of one or more reflectors as with faults  

the wave energy will no longer follow Snell’s law, but be spread out in all 
directions. Such events are identified as diffracted energy on a time 

recording, and are characterized by distinctive curved alignments. 

- Diffraction ( A sharp break in a reflector act as a secondary source of 
spherical wave front).  
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Reflection and refraction surveying 

- Consider the simple geological section shown in Fig.below , involving 

two homogeneous layers of seismic velocities v1 and v2 separated by a 
horizontal interface at a depth z. 
-  The compressional wave velocity being higher in the underlying layer 
(i.e. v2 > v1). 

 

- From a near-surface seismic source (S) there are three types of ray 
path by which energy reaches the surface at a distance from the source, 
where it may be recorded by a suitable Geophones  at a horizontal 
distance x from S 
1- The direct ray 
2- The reflected ray 

3- The refracted ray 
- Because these rays travel different distances and at different velocities, 
they arrive at different times 

- The direct ray 

- The direct ray travels along a straight line through the top layer from 
source to detector at velocity v1 

 
 

- . The travel time of a direct ray is given simply by 

1= X/VdT 

- Velocity of near-surface material is  calculated by taking inverse of 

slope of the direct arrival on the travel time graph( V=1/SLOP),Fig.below.  
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2- The reflected ray 
 

- The reflected ray is obliquely incident on the interface and is reflected 

back through the top layer to the detector, travelling along its entire 
path at the top layer velocity (v1)( both incident ray and reflected ray 
travel at the same velocity (V1)). 
 

 

-  The total  travel time of a reflected ray from source to receiver  is :- 

  

- Total length of reflected path (L) is the sum of ray path segments for 

.                                 L=L1+L2   ):2) and reflected segments (L1the incident(L

         

velocity  =1/SLOP 

Z 
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-This  above equation is the equation of an hyperbola. 

 refracted rayThe  -3 

- refracted ray travels obliquely down to the interface at velocity (v1,) 
along a segment of the interface at the higher velocity (v2), and back up 
through the upper layer at (v1). 
- The travel time of a refracted ray is given by:- 

. 

- which is the equation of a straight line having a slope of (l/v2) and an 
intercept(ti)  on the time axis of 

 
- By suitable analysis of the travel-time curve for reflected or refracted 
rays it is possible to compute the depth to the underlying layer. This 
provides two independent seismic surveying methods for locating and 
mapping subsurface interfaces, reflection surveying and refraction 
surveying. 
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- The most important differences between reflection and refraction 

seismic are tabled in table below. 
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Seismic data acquisition 
- Seismic data acquisition, being the first step in the seismic method 
before data processing and data interpretation. 
- The fundamental purpose of seismic surveys is accurately to record the 
ground motion caused by a known source in a known location. 
-  The record of ground motion with time formed a seismogram  (a 
record produced by a seismograph ) and is the basic information used 
for interpretation through either modeling or imaging 
- The essential requirements for seismic data acquisition  are:- 
• generate a seismic pulse with a suitable source 
• detect the seismic waves in the ground with a suitable transducer 
• record and display the seismic waveforms on a suitable seismograph 

 program seismic data acquisition - 

a successful seismic data accquisition program requires careful and 

detailed planning befor field work begins. such planning should include 

the flowing steps.        

1- select and describe targets. 

The targets must be described in terms of its location ,depth , areal 

extent , geologic type, expected dip.                                    

 2- Estimate potential production and profits  

Obviously , anticipated profits must exceed cost of acquiring , processing 

, and interpreting the seismic data as well as drilling and other 

exploration cost. if the estimated production is not expected to provide 

such profits ,there is no point in going further. 

3-  Budget acquisition costs 

A total budget must be determined first. - 

- Generally more part of budget are allocated for acquisition than 

processing. Acquisition may constitute up to 80% of the total budget. 

4- specify and document program objectives and priorities  

- a contractor is usually chosen to carry out acquisition program . often 

this is done through competitive bidding                                                                        
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in order to make an intelligent bid, the contractor must know what is 

expected  

- priorities are necessary to provide for unanticipated situations that 

prevent  realizing all objectives within the   allotted budget and time. 

5- set data quality standards 

quality standards must be selected such that the desired objectives can 

be met, consistent with budget  and time constraints.  

6- set reasonable schedules and deadlines. 

- the contractor must know when the program is to start, how long it is 

to take, and the intermediate progression requirements. The customer  

needs determined  production requirements to evaluate the contractors 

performance.  

7- locate wanted  lines of survey on maps. 

- after  defined and described the targets and determined objectives , 

desired surface positions and spacing between them that satisfy 

objectives can be drawn on a map of the area. it must be understood 

that modifications in the wanted location may be necessary  because of 

permitting ,access and other problems found by inspection of the area 

8- select specific methods and equipment to be used 

Choices depend on environment( land, marine , terrain , surface 

condition ,etc.) acquisition parameters required to meet program 

objectives, personal and equipment availability , schedule , and cost. 

Acquisition Requirements- 

- As discussed above  the elements of seismic data acquisition system 

include the following:- 

1- Surveying / navigation system 
 

- Precise location of source and receiver must be known 
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2- Energy sources  

- seismic waves having appropriate amplitudes and frequency spectra 

must be generated by using appropriate seismic source .                              

3- Receivers                                                                                                              

- seismic wave must be detected and converted into electrical signals 

using appropriate receivers  .                                                                               

4- Cables 

- Signals output from the receivers must be transmitted to the recording 

system with minimum attenuation and distortion.  

       5- Recording system  

- Signals transmitted through  the cables must be recorded in form that 

provides easy retrieval while preserving as much as possible of the 

information contained in the original signal                                                    . 

Surveying and Navigation 

- Lines of survey are established in the planning stage. In the case of land 

operations , the surveyor must determine the feasibility of positioning 

these lines in the desired locations and recommend modification ,if 

needed.                                                                                                                     

- The surveyor must locate the line positions ,length ,etc. with regard to 

a control point or known position on the earth's surface. in some more 

remote part of the earth, it may necessary to establish a control point. 

This is usually done by means of GPS (Global Positioning System).               

-GPS is a satellite- based positioning system that currently uses 27 

satellites in orbit around the earth.                                                                     

- what makes GPS so valuable in seismic work is that it can be used in all 

weather conditions , it has very good accuracy over long distance , it 

can be used 24hr aday just a bout anywhere, is very reliable , and is 

often much faster than the conventional surveying techniques.                 
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Seismic energy source 

- Seismic exploration is an active technique. In contrast to gravity 

studies, a signal must be generated. A range of techniques can be used, 

depending on the depth of study. 

-A seismic source is a device that generates 
controlled seismic energy used to perform  
both reflection and refraction seismic surveys  . 
- The main requirements of the seismic source are: 

1. High energy is required–the stronger the source, the better the signal to 

noise ratio. 

2. High frequency is preferred–the higher the frequency, the shorter the 

seismic pulse and hence the better the resolution. 

3. Repeatability is important for reliable measurements–we often want to 

stack the signals to improve the signal to noise ratio so repeat “shots” 

must all have identical source energy characteristics. 

4-  The source must be safe, efficient, and environmentally acceptable 
5- Energy should be concentrated in the type 
 
of wave  energy which is required for a specific survey, either P-wave or 
S-wave, and generate minimum energy of other unwanted  wave types. 
6- To be operated by as few people as possible 
7- Reasonably priced both to buy/ hire and to use. 
- The aim of using any seismic source is to produce a large enough signal 
into the ground to ensure sufficient depth penetration and high enough 
resolution to image the subsurface. 
- There are three types of seismic source , Impact , impulsive and 
vibrator , they can be used on land , in water and down boreholes, and 
are summarised  in table below.  

https://en.wikipedia.org/wiki/Seismic
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Reflection_seismology
https://en.wikipedia.org/wiki/Seismic_refraction
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Land Sources 

There are many ways of making the earth move suddenly so that seismic 
signals are generated, and their travel times can be recorded. 

A- Impact source  

- sources that generate seismic energy by impacting the surface of the 
earth are probably the most common type employed. 

-  The most commonly used type of impact source is a simple sledge 
hammer (Heavy hammer). 

- The easiest of all seismic source is a sledge hammer , in this case , an 
operator does nothing more than swing the sledge hammer downward 
onto the ground. 

- instead of  striking the ground directly, it is most common to strike a 
metal plate lying on the ground(now being replaced by thick rubber discs 
that last longer and are less painfully noisy) 

- The sledge hammer is usually connected to the recording system by a 
wire . The moment the sledge hammer strikes the plate , the recording 
system begins recording ground motion from the geophones. 
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- When shear waves are required, a base plate with ribs that penetrate 

the ground is used, and it is struck on its side. This is a simple way to 

produce shear waves. 

-  The advantage of sledge hammer is that it is cheap, causes minimal 

environmental damage and is extremely easy to use.  

- For shallow seismic work , the hammer source may provide sufficient 

energy for spreads up to refraction line lengths of over 200m , and 

interface depth of 30m or more depending on the local geological 

conditions. 

- The disadvantages of this source are ,  

1- it can be difficult to assure that the source is operated in repeatable 

fashion, operation is manually strenuous. 

2- Source outputs relatively small amounts of seismic energy, therefore 

it can be difficult to record reliable at great distances 

3- source outputs seismic energy that tends to be low frequency in 

nature (i.e. this source generates a lot of surface waves). 
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- Drop- weight  

- More powerful impact sources must be used in larger surveys. Weights 
of hundreds of kilograms can be raised by portable hoists or cranes and 
then dropped 
-  the depth penetration obtained from weight - drop source is 
dependent upon the momentum of the mass as it strikes the ground. 
- for light weight portable system , a small weight is suspended from an 
electromagnet at the top of a tube 3mlong. the electromagnet releases 
the weight causing it to fall and strike a base plate. 

 
 
- Vibration sources are widely used in large-scale reflection surveys but 
produce data that need extensive and complex processing. 
 

B- Explosive (Impulsive) sources 

- The most well-known impulsive seismic source is  dynamite 
- On land, explosives are normally detonated in shallow shot holes to 
improve the coupling of the energy source with the ground and to 
minimize surface damage. 
- Explosives offer a reasonably highly efficient seismic source with a wide 
frequency spectrum and high energy. Another advantage is that a direct 
measure of time through low velocity zone can be obtained when the 
explosives are shot in drilled holes.  
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- Disadvantages are that much energy may be lost in blowout of the hole 
and permanent deformation of material around the charge. 
- Also their use requires special permission and presents logistical 
difficulties of storage and transportation and also explosion may be 
dangerous . 
- Dynamite itself is cheap, the costs involved are mainly the costs of 
drilling the shot holes to place the dynamite. These costs may run up so 
high as to make the Vibroseis a good competitor of the dynamite source 
- Dynamite is usually used in non urban areas (can be destructive) 
- signal is not repeatable 
- C- Vibroseis  

-In seismic exploration, the use of a vibrator as a seismic source has 

become widespread ever since its introduction as a commercial 

technique in 1961 

- Vibroseis is the most common non-explosive source used mainly for 
reflection surveying. It is a vehicle mounted energy source that uses 
hydraulic energy to produce a signal that is usually several second long. 
-  When vibrators are used to generate seismic energy , two to four 
vibrator trucks are positioned at source points within source array. 
- the base plate or "pads" are lowered to the ground and trucks are 
jacked up to place the weight of trucks on the base. 
- The vibroseis trucks then release jacks , raise the plates and move on 
the next positions in the patch. 
- The vibrator actuator converts hydraulic energy into mechanical energy 
input to the base plate. 
-  The Vibroseis® source is quick and convenient to use and produces a 
precisely known and repeatable signal. 
- A particular advantage of vibrators is that they can be used in towns 
since they cause no damage or significant disturbance to the 
environment. 
- Some Vibroseis® trucks are adapted so that the vibration direction can 
be horizontal rather than vertical. In this case the truck can also be used 
as an S-wave source. 
- The vibrator unit needs a hard surface ( firm base) on which to 
operate, and it will not work well on soft ground. 
- The vibrator unit needs accessible areas 
- because it is a Surface source  many Rayleigh waves( ground roll wave 
can produced). 
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- each fully configured truck costs of the order of half a million dollars. 
While the method is effective for major hydrocarbon surveys, the costs 
are prohibitive for small surveys. 

- Water Sources 

- Many oil and gas fields are found in water-covered areas. Ever since 
the 1960's companies were not allowed to use dynamite any more as 
seismic source because of fish dying massively due to the sharp and 
destructive strong shockwave from the dynamite. 
- Exploration companies had to look for alternatives. 
- Many sources were developed since then, such as airguns, waterguns 

and even a marine equivalent of the Vibroseis. 

1. Air gun: Compressed air is released to the water, forming a bubble. 

As the bubble rises to the surface it pulsates creating an extended 

source signature. 

2. Water gun: Water is ejected by a piston and there is a cavity behind 

the water jet. There is an implosion but no bubbles because no extra 

air has been introduced. 

3. Sparkers: The electric charge held on a large bank of capacitors is 

discharged directly into the water. This ionizes the water and creates 

a plasma pulse. Voltages of ~4kV, and currents of ~200A are involved. 

4. Boomers: These involve the discharge of capacitors through a coil. 

The changing voltage impinges upon an aluminum plate and the 

interaction of the magnetic fields drives the plate backward. 
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- Seismic Receivers  

-  seismic energy is a form  of mechanical energy.  

- The seismic receivers convert this mechanical energy into electrical 
energy. 

- Conversion of the ground motion to an electrical signal requires a 
transducer(receiver)  which is sensitive to some component of the 
ground motion, and can record the required range of frequencies and 
amplitudes without distortion. 
- Different receiver must be used depending on the environment and 
physical quantity to be measured. in land seismic survey the quantity 
measured is ground motion , while in marine operation the quantity 
measured is pressure. 
- On land the instruments are called geophones. 
- The geophone is a detector that is placed in direct contact with the 
earth to convert very small motion of the earth into electrical signals , 
which are recorded digitally. 
- Each geophone consist of a mass , which contains an electrical coil , 
that is suspended by a spring between the poles  of a magnet(fig. 
below). 

 
 
- on land survey the  spike is planted into the ground, the geophone case 
moves with the ground while a heavy magnetic mass suspended on a 
spring inside the case stays stationary owing to its own inertia. relative 
motion of coil and magnet due to ground motion produces electric 
voltage. This voltage is passed along the wire to the recorder where it is 
converted to a digital signal and stored 
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- Geophones are sensitive to motion only along the axis of the coil.  

- Vertical ground motion is best detected by a orienting the coil vertically 
to build a vertical geophone. It is also possible to mount the spring/mass 
system horizontally. A combination of several sensors in different 
orientations allows ground motion in all three directions to be 
measured. 

 

Fig. Land Geophone 

-A geophone must be insensitive to temperature variation because they 

are used in many different location, and different weather conditions. 

- Geophone must be waterproof and dust proof to be useful in all 

environment , also it must be light in weight and easily handled , as they 

will be used many times and move frequently. 

- in marine environment  the instruments are called hydrophones. These 

are generally ceramic piezoelectric elements which produce an output 

voltage proportional to the pressure variations associated with the 

passage of a compressional wave through the water. At sea, these are 

often mounted on large cable towed to seismic ship at depth 10 to 20m 

below sea level. Recall that shear waves cannot travel in liquids. 
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                 Seismic refraction method  

    The seismic refraction method is based on the measurement of the 
travel time of seismic waves refracted at the interfaces between 
subsurface layers of different velocity .  

     Seismic energy is provided by a source ('shot') located on the surface. 
For shallow applications this normally comprises a hammer and plate, 
weight drop or small explosive charge . Energy radiates out from the 
shot point, either travelling directly through the upper layer (direct 
arrivals), or travelling down to and then laterally along higher velocity 
layers (refracted arrivals) before returning to the surface. This energy is 
detected on surface using a linear array (or spread) of geophones spaced 
at regular intervals ,figure below . 

     Beyond a certain distance from the shot point, known as the cross-
over distance, the refracted signal is observed as a first-arrival signal at 
the geophones (arriving before the direct arrival). Observation of the 
travel-times of the direct and refracted signals provides information on 
the depth profile of the refractor layers and a velocity model of the 
subsurface.  

 

     The primary applications of seismic refraction are for determining 

depth to bedrock and bedrock structure. Due to the dependence of 

seismic velocity on the elasticity and density of the material through 

which the energy is passing, seismic refraction surveys provide a 

measure of material strengths and  is rapidly becoming more popular in 
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geotechnical investigations because of its ability to give valuable 

information on the stiffness variations in the ground. 

- The most commonly derived geophysical parameter is the seismic 

velocity of the layers. 

- From such values a number of important geotechnical factors can be 

derived ,such as assessing rock strength. in addition to the more 

conventional engineering application of foundation studies for dams and 

major buildings. 

-  seismic refraction is increasingly being used in hydro geological 

investigation to determine saturated aquifer thickness, fault zones etc. 

- The location of faults, joints and other such disturbed zones using 

seismic refraction is of major importance in the consideration of the 

suitability of sites for the safe disposal of toxic hazardous wastes. 

 

- The basic  assumptions for seismic refraction interpretation are:- 

1-  The subsurface is composed of layers separated by planar(horizontal ) 

and possibly dipping interface. 

2-  The seismic velocity in each layer is constant. 

3- The layer velocities increase with depth. 

4- The contrast between velocities is large. 

5- The thickness of each layer present is greater than the wavelength of 

incident energy, and that each successive layer is as thick as or is thicker 

than , the one lying above it. 

6- The ray path are constrained to lie in vertical plane of the refraction 

profile line such that there is no seismic energy ( refracted, reflected) 

appear  from boundaries out of that plane. 

- with the above assumptions , there are a number of special cases to be 

considered. 
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a- 2-layer case with a horizontal interface. 

b-  3- layer (and multiple-layer) earth with horizontal interface. 

c-  2-layer earth with dipping interface. 

- The interpretation of seismic information by detecting first arrival that 
recorded by geophones. Usually construct the time-distance curve in 

order to calculate the velocities and thickness  of layer.                                 

Two-layer case with horizontal interface 
- In figure below , it can be seen that the raypath originating from the 

source (S) travel to (A) where it undergoes critical refraction and travel 

towards position (B). The head wave originating from the refractor at B 

travel through layer (1) where it is detected by a geophone at (G ).The 

geophone is offset from the shot by a distance X. The total travel time 

taken is the sum of the three component travel times 
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 The total travel time along the refracted  ray path SABG is   

 

 

= SA/V1  SA, so we can write T Generally  Time = Distance / velocity  - 

= BG/V1 .BG= AB/V2 and TABalso Tand  

(2)                                                 SA/V1 + AB/V2 + BG/V1 = SGT                   

ICBG = Z/COS ,  IC2Z tan  -AB = X,  ICSA= Z/COS , 

                     (3)---                        

 (4)------------ 

Substituting  equations (3) and (4) into (1) we obtain :- -  

 

(5)----------  /V2 ic 2Z tan -X/V2  (+ic= 2Z/(V1COS SGT 

but :- 

sin ic = V1/V2          V2= V1/ sin ic ….……(6) 
tan ic = sin ic / cos ic .............. .……......(7) 

Substituting for V2 and for tanic according to relations (6) and (7) above, 

we obtain: 

(8) -------  cic / V1cos i22Z sin -c iTSG = X/V2 + 2Z / V1cos  

)9( -------c i2sin  -1 )ci2Z / V1cos (TSG = X/V2 +  

ic                                       2ic = cos 2sin-1 -but :     

Substituting in equation (9) and simplifies we obtain: 

TSG = X/V2 + (2Z cos ic / V1)----------(10) 

cos ic =(V22 - V12/ V22)1/2 
 

Finally we obtain:- 
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----------(11) 

 

 
 

 

 

- From above equation we can obtain all three useful parameters about 
the earth(V1,Z1,V2) 

 

 

 

 

- At the crossover distance xcros the travel times of direct and refracted 
rays are equal 

 

- From this equation it may be seen that the crossover distance is always 
greater than twice the depth to the refractor. 
- The crossover distance equation  provides an alternative method of 
calculating 
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Three Horizontal Layers Case 

- for three layers case with velocities V1,V2 and V3 (V3<V2<V1), the 

treatment is similar to two layer case  but somewhat more complicated  

- The figure below show the ray path of seismic waves and 

corresponding travel time curve. 

 

-The total travel time along the refracted  ray path SABCDG is 

   

TSG= TSA+TAB+TBC+TCD+TDG---------(1) 

but Time = distance / velocity 
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-  TSA=TDG= SA/V1= Z1/ V1(Cosi13) = Z1/V1(1-V2
1/V2

3)1/2------------(2)    

and TAB=TCD=AB/V2= Z2/V2(Cosi23) = Z2/V2(1-V22/V23)1/2 -----(3) 

- TBC= BC/V3= (X- 2Z1tani13-2Z2tani23)/V3---------(4) 

- Substituting  equations (2) , (3)and(4) into (1) and rearrangement  we 

obtain 

TSG= 2Z1/V1(1-V2
1/V2

3)1/2 + 2Z2/V2(1-V22/V23)1/2+(X- 2Z1tani13-2Z2tani23)/V3 

-Noting that :- tani13= Sini13/cosi13= v1/v3(1-v2
1/V23)1/2 

 - tan i23= sini23/cosi23= V2/V3(1-V22/V23)1/2 

- Finally after rearrangement equations above we obtain:- 
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- Dipping-layer case  

 

- In the case of a dipping refractor (the value of dip enters  the travel-
time equations as an additional unknown. 

- The reciprocal of the slope  of the straight line segments on  time- 
distance  curve no longer represents the refractor velocity but a quantity 
known as the apparent velocity. 
- apparent velocity value   is higher than the true  velocity when 
recording along a profile line in the up dip direction from the shot point 
and lower when recording down dip. 
- as the refracted wave moves up dip(Fig. below) the waves have less 

distance to travel to the surface. The travel time is reduced and thus the 

slope of the line is reduced. The velocity recovered from using this slope 

is called the up dip "apparent" velocity. This will be higher  than the true 

velocity of the layer. 

 
 
- Conversely, if you are down dip (Fig. below)  then the distance travelled 
by the refracted wave increases The slope of the refracted arrival on the 
travel time plot will increase and the apparent down dip velocity 
V2d estimated from this slope will be smaller than the true velocity. 
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- The conventional method of dealing with the possible presence of 
refractor dip is to reverse the refraction survey by shooting  at each end 
of the profile line and recording seismic arrivals along the line from both 
shots. 
- In the presence of refractor dip along the profile direction, the forward 
and reverse travel time plots for refracted rays will differ in their slop  
and intercept times, as shown in (Fig. below). 

  

- Note that the travel times tAD (forward direction ) and tDA (reverse 

direction ) are the same(TAD=TDA), this phenomena is known as 

reciprocity.  

-  Reciprocal times are total travel times from source location to the 

last receiver location. 

-  When undertaking forward and reverse shooting , the reciprocity of 

the measured travel times should be checked. If the total travel times 

are not the same , the picking of first arrival and the offsets of the 

geophones should be checked for errors.  

 - The  measurement of V2d and V2u can be used to obtain values for the 
critical angle ic and the dip  angle Ѳ. 
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- There are two equations in two unknowns ( Ic )and (  ), therefore we 
can solve for both unknowns. The result of solving for ( Ic) and ( )  is 

 

-  The true velocity of the  second layer can be calculated as following 

 

  - An approximate relationship between true and apparent velocities 

for angle of dip (Ѳ>10o ) is given by  

 

- Faulted planar interfaces 
 
- The effect of a fault displacing a planar refractor is to offset the 
segments of the travel-time plot on opposite sides of the fault (see Fig. 
below). 
- There are two intercept times ti1 and ti2, one associated with each of 
the travel time curve segments, and the difference between these 
intercept times DT is a measure of the throw of the fault. 
- For example, in the case of the faulted horizontal refractor shown in 
Fig. below  the throw of the fault Dz is given by 
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. 

- Note that there is some approximation in this formulation, since the 
ray travelling to the downthrown side of the fault is not the critically 
refracted ray at A and involves diffraction at the base B of the fault step. 
However, the error will be negligible where the fault throw is small 
compared with the refractor depth. 
. 
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Interpretation of seismic refraction  data                              - 

-    The  acquired seismic refraction records in the  field give initial image 

to the geological situation in the studied area , especially for expert   

interpreter, but it doesn't  attain  the  required aims  unless  processing 

and interpreting it .                                                                                                 

The processing methods consist of  several stages :-              .                -   

1-  Picking of the first arrival times      

- Picking of first arrival times are  an  important and complex stage of 

processing , because all  the results of interpretation  and  next works 

depending  on it. 

- Picking first arrivals on refraction records relies on subjective estimates 

of first break positions (figure below),  therefore   the accuracy of the  

picking depending on the experience  of  interpreter and on the signal-

to-noise ratio (S/N)                                                                                               . 

- Generally, first-break quality is related to the near-surface structure, 
source type, and signal-to-noise ratio S/N conditions. 

.                                                                         
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- The picking process is   easy and simple for  the records with less noise 

where the position of first break is obvious , and  may be difficult at  the 

records affected by noise or at remote geophones where the signal –to-

noise ratio  is poor.                                                                                                 

The effect of noise must be  removed from the  field records by filtering 

all records by using a suitable low –cut filters and High –cut filters for 

each record before starting the process of picking to get obvious seismic 

records. 

  2- Time –distance plots(Travel Time Curves) 

    The data taken from a refraction survey consist of sets of times 

(usually first–arrival times) measured at geophones at various distance 

from the source positions .Since these are plotted against vertical time 

axes and horizontal distance axes, the gradient of any line is equal to the 

reciprocal of velocity . Therefore, the segments of the time–distance 

curve may be represent the number of subsurface layers,(figure below).  
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- Interpretation Methods  

- Interpretation objective is to determine interface depths and layer 

velocities .                                                                                                              

- All  seismic refraction interpretation methods  depend on the same 

field work principles, but it  differs in  geological assumptions,  and 

calculation stages.                                                                                                   

 - Some of these methods deal with the assumption of a constant 

velocity at the layer  with the condition of increasing velocity with depth 

, while  the other methods deal with the assumption of lateral  and 

vertical variations in velocities.                                                                            

- The main methods commonly used in seismic refraction interpretation 

are:- 

Intercept Time Method and critical distance methods  -A 

- The intercept time  and critical distance methods  consider as the 

conventional methods for interpreting seismic refraction data.  

- The intercept time method deals with  a geological  model for planer   

refractor (horizontal or dipping ) has a constant velocity .  

- This method gives exact information on depths for each  layers beneath 

the  impact points by using the velocities and the intercept time that are 

measured from the travel time curves. 

- If the arrival times lie on a number of clearly defined straight line 

segments , the number of straight lines reflect the number of refractors 

or  layers  

- The  reciprocal slop of any straight line equal to the velocity of a 

refractor. 

- The depths to the refractors by  using the  intercept time method are 

calculated as the following cases   .   

-----  Two layer case with horizontal interface   

2

1

2

2

21
1

2 VV

VVT
Z i






university of Diyala 
Faculty of Science  

Prepared by Dr. Munther Dhahir                       Dept. geology  petroleum and minerals  

57 
 

- 












 





13

2

1

2

31

2
2

2

2

3

23
2

2

2 VV

VVZ
T

VV

VV
Z i - Three layer case with horizontal interface 

. 

- 











 




















nn

nnn

n

n

n

n

in

nn

nn
n

VV

VVZ

VV

VVZ

VV

VVZ
T

VV

VV
Z

2

2

2

2

2

2

2

2

2

2

1

2

1

2

1

2

1

2

1
1

2
..........

22

2
 

B- Plus-Minus Method  

- The plus-minus method was introduced by Hagedoorn(1959) as an 

approximate method for interpreting seismic refraction sections.            

- It is assumed that the layers present are homogenous, that there is a 

large velocity contrast between the layers, and the angle of dip of the 
   .                                                                                                                            ◦refractor less than10 

- To apply this method, at least two shots are needed , one at each end 

of the geophones spread, and also overlap in data from the same 

refractors . 

- the plus and minus values can only be obtained for these geophones 

stations where the first arrivals from both forward and reverse shots 

have travelled via the same  refractor (figure below) 
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- This method consists of  two terms( plus and minus terms ) . 

at the  depth to a refractor) provides the +" term (TplusThe "  -

of the   velocity)  gives the -" term ( Tminusgeophone, whereas the "

refractor                                                                                                                 .  

 - Plus time value for each geophone position is defined as  the sum of 

verse , from a reB, from  a forward shot point , and T Athe travel times T

(Reciprocal time ) between ABshot point, minus the total travel time T

.                                                                   ABT-B+TA=T+Tthese shot point            

- Minus time value is the difference in travel times taken by rays from 

)                                            BT-AT=T∆each shot point to a given geophone ( 

- This value can be plotted on a graph against the distance(X), and the 

, Values of 2velocity is determined from the slope which is equal to 2/V

the first layer velocity can be obtained from the conventional way from 

).1distance plot (1/V–the inverse slope of the time  

  -   In the case of two layers ,the   plus term can be used to compute the 

) using G perpendicular depth to the underlying refractor at geophone (Z

the following equation:-                                                                                      - 
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