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ABSTRACT 

The basic fie l d activity in seismic surveying 

is the collection of seismic data in form of 

seismograms. This is anal ogous to digital ~ime 

seri es that record the amplitude of ground motion 

as a function of time during t he passage of seismic 

wavetra in. The acquisit ion of seismograms involves 

the conver sion of seismic ground motion into electrical 

signals, amplifications and filtering of the signals 

and registration on a chart recorder and/or tape 

recording. 

By se i smic model ling "synthetic seismograms " 

are constructed for earth models in order to derive 

insight into the physical significant of reflection 

events. With these identi fication of precise 

origin of the "reflector" in terms of subsurface 

lithology can be infer red . 

---
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CHAPTER I 

1 . 1 INTRODUCTION AND LITERATURE REVIEW 

Seismogram is a record of the resultant ground 

velocities (generally of its vertical component) 

which may be due to the sum of large number of 

impulses of waves of different t ypes travelling by 

different path. Seismogram is a single field r ecord 

which may contain more information about the sub­

surface conditions . Before it can be interpreted, 

the event which appeared on the record must be 

carefully identified; only then can the measurement 

of time, frequency and amplitude of this event be 

used in interpreting the subsurface structure . 

By assuming that shot . produced a certain 

waveform, the reflection wave form can be recorded 

after modifi cation because of its passage through 

a sequence of layers with given velocities and 

densities . The wave impinges on the first interface 

where its energy is partitioned into transmitted and 

reflected wave. The resulting seismic record is 

simply the super-position of these waves which are 

ultimately reflected back to the ge•ophone station 

and Snell ' s law determines the ray paths. Usual ly 

horizontal bedding is assumed and only the ray path 

normal to the reflection section is tracked. Density 

variations are frequently ignored so that the 

reflected and transmition coefficients are based on 

- 1 -
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velocities only . Multiples especially short - paths 

are ignored . The resul t is called a synthetic 

seismogram . 

The transient seismic signal like that due to 

expl osion or earthquake produces a contin . . 1 back­

ground noise in the earth which is measurable with 

time-order sei smograph over a wide r ange of period. 

This is characterised by a sudden release of elastic 

waves . These are longitudinal, transverse and Rayl ·gh 

or Lone ( surface ) waves. The analysis is principally 

based on the theory of elastic body waves of dilata­

tional and shear types and on the wave theory for 

travelling sur face wave. Through the analysis of 

their travelling time from a point of or igin to 

r e ceiving seismograph station, t hey permit deduct·ion 

of layering and elastic constants of the int erior 

earth . 

In order to analyse a seismogram, it is useful 

to know the form of the velocity impulse which is 

generated from explos ion source into the ground, 

since this is the principal unit f rom which the 

seismogram is constructed. A seismic pulse propagates 

outward from a seismic source at velocity determined 

by physical properties of the surrounding rock. If 

the pulse travels through a homogeneous rock it will 

travel with the same velocity in all directions away 

from the source . Seismic rays are 
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swing is compared with the first . 

Benioff in 1935 observed that a seismograph 

other than the pendulum type possessed the advantage 

of recording very long period disturbances. This 

instrument measures a component of ground strain 

instead of ground displacement . During the passage 

of seismic wave, this instrument records variation 

in distance between t wo points on the ground some 

20 metres apart . The variation is measured against a 

standard length tube, originalli of steel, but later 

by fused quartz e~tenometer . The recording is 

e~ectromagnetic . Benioff's strain seismograph was 

first to record the earthquake period up to an order 

of one hour. Benioff als·o investigated properties 

of seismograph desfgned to measure ground dilatation 

directly. 

Vari ous instruments have been brought to bear 

with the view of realizing optimum levels for particular 

purposes, for example instrument may be designed to 

produce seismogram in which the dynamical magnification 

is nearly constant over a wide range of earth period 

and to reveal earth motions of unusually short or 

usually long periods, or to enable specific part of 

the seismic spectrum to be closely studied. 
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instrumentation i s usually arranged so that a reasonable 

time pictur e of the vertical velocity is obtained of 

the motion whose frequency component lies within a 

chosen band. The motion whose frequency component 

lies outside this band wil l not be produced accurately . 

This must be kept in mind when the actual seismograms 

are compared with t he t heoretical calculat i on . If 

the offset of the instrumentation is allowed on the 

seismogram , the observed motion may be compared with 

t he prediction from the wave theory . The earth i s a 

very complicated model to handle theoretically. 

However, t he initial disturbance produced by dynamite 

explosions i s not generally a simple pulse . 

Regardless of the type of transducer employed 

in the seismometer, it must respond to the ground 

displacement or its time derivative. No point of the 

seismometer remains truely fix ed during the arrival 

of seismic wave, but a mass of large i nertia, loosely 

coupled to the frame of instrument r emains nearly so . 

It would be convenient f or the seismograph to be 

designed s o that its seismog,ram gives a fairly c l ose 

picture of the relevant component of the actual earth 

movements. Seismograph must be damped if it is to 

give a satisfactory result,' otherwise the early move­

ment in the explosion or earthquake would set up a 

free vibration which would make later event indistingui­

shable. It i s best for the d~mping to be such that 

after a sharp displacement of the groUl)d the second 
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element that tends to remain at rest. The other 

magnetic field moves in response to the seismic waves. 

The coil has only one degree of freedom and it is 

used so that it will be sensitive to vertical motion 

only . There is mutually dependent elements in a 

three-component detectors and sometimes usual to 

determine the direction for which the waves come or 

distinguish the type of waves (p, s or RaJe{gh waves). 

The geophones are usually arranged in gr oups 

(arrays) spread over a distance and connected 

electrically so that in effect the entire group acts as 

a single large detector. Such an arrangement . discri­

minates against seismic waves travelling in certain 

direction. Those travelling horizontally reaches 

different detector in the group at different times 

so that the wave peaks and troughs cancel , whereas 

the waves travelling vertically affect each detector 

at the same time so that the offsets add . 

The signal from the detector is transmitted 

to the recording equipment over a cable or streamer 

where it is amplified and recorded. The output level 

of geophones or detectors varies tremendously during 

the recording. The seismic recording system is linear 

over ranges of 100 dB or more. Seismic amplifier 

employs various scheme to compress the range of 

seismic signal without loss of amplitude information, 

:it also incorporates adjustable filters and permit 

d1sor1m1nat1on on the bases of frequency . 



- 5 -

to the subject. Seismograph i s employed to record 

the translational component of the local earth 

movement. A seismograph is an instrument which 

provides a useful record of some characteristic 

ground motion during the arr ival of seismic wave. 

There are two methods in use for seismic analysis; the 

most commonly used is based on the principle of inertia 

and the pendul um se ismometer is used as the inertial 

sensor . The other is based on the deformation of 

small parth of the earth and strainmeter or strain, 

sei smometer is the sensor . 

Ther e ar e two ideal seismogvaphs for measurement 

of the local earth movement ; one for measuring the 

horizontal component and the other for the vertical 

component . The constructional details differ but same 

type of di fferential equation representing the motion 

of the seismograph relative to the ground occur in 

both. 

The usual modern seismological usage is called 

the entire instrumentation that record the motion of 

the ground a s a continuous function of time, the 

seismograph, but the component that r.esponds to the 

gr ound motion, the seismometer (or geophone) is 

the heart of the instrument. 

Geophone is predominantly a n el ectromagneti c 

device . A coil moving in a uniform magnetic f ield 

generates voltage that is proportional to the velocity 

of the motion . Oftenly the coil is an 
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weathering effect must be eliminated for accuracy 

to be realized. 

Seismic r eflection profile, or sounding provide 

trail time data that must be converted to velocity 

function before depth interpretation can be made. 

The resolutionsof selsmic reflection survey depends 

on the wavelength of the energy-source-receiving 

system used with resolution increase$aS wave- length 

decreases . Penetration or depth survey also depends 

upon the wavelength and the energy of the source, with 

penetration increases as wavelength decreases. As a 

result of these relationship, high resolution seismic 

r e flections survey is usually limit ed to shallow depth 

penetration. Interpretation of seismic reflection survey 

requires an understanding of both the equipment used 

and the geo logy of the site . Some high powered 

seismic source produces energy i n form of wavetrain 

rather·than a single energy pulse. The wavetrain produces 

seri es of reflectives from each reflection . The charac­

teristics of reflection surfaces (velocity discontinuity) 

and the lithologies affect the reflecting signal 

enhancement . 

l . 2 INSTRUMENTATION 

The most general types of local movement in an 

elastic body is represented by terms which correspond 

to translational rotat ion and strain. In the case of 

seismic waves the translational motion is much relevant 

} 
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of seismic energy travelling along a ray path in an 

isotropic medium and are everywhere perpendicular, 

to the wavefront. A ray has no relevance except i it 

gives a useful concept in discussing travel path of 

seismic energy through the ground . It should be noted 

that the propagation of seismic wave is accounted by 

the velocity with which the seismic energy travels 

through a medium. It is not the same as the velocity 

of the par ticle of the medium perturbed by passage of 

waves. The associated oscillatory ground motion involves 

the particle velocities that depend on the amplitude 

of the waves . 

In seismic reflection survey, the travel-times 

are measured from the reflected waveform from interfaces 

of media of different Qcoustic imped~nces . In such 

a situation, the velocity varies much more as a function 

of depth due to differing physical properties of 

individual layers than horizontal from lateral facies 

changes within the individual layers . The depth of 

investigation i s usually larger compared with the 

distance of shot ': from the receiver. This method 

gives records of information from large number of 

horizons down to the depth of several thousand of 

metres. This technique possesses appreciable 

accuracy, particularly , when the changes in depth 

of reflectors rather than absolute depths are required. 

However, the variability of the weathering layer 

produces a scattered observed reflections times . The 



CHAPI'ER II 

2 . 0 SEISMIC WAVES 

2.1 INTRODUCTION 

Seismic waves are parcels of elastic s.train 

energy that propagate outward from seismic source 

such as explosion. These waves are of low frequency 

and are quickly damped . Source suitable for seismic 

survey should generate a short time wave train known 

as pulse that typical ly cont ains wide range of 

frequencies. Except at the immediate vicinity of 

the source, the train associated with the passage 

of seismic pulse is minute and is assumed to be 

elasti c . On this assumption, the propagation of 

seismic waves is determined by elastic moduli and 

density of material through which they passed. 

The seismic waves are motions that can be observed 

on a seismogram, with the exception of t!)e;direct 

disturbances of the instrument. The seismic waves 

which arise through a sudden explosion propagate 

through the whole of the interior or along the 

surfaceof the earth . 

2.2 TYPE OF SEISMIC WAVES 

There are two groups of seismic waves; the 

body and the surface waves. When an elastically 

homogeneous ground is suddenly st_ressed, three elastic 

pulses travel outward at different speeds . Two are 

body waves and they propagate as spherical waves which 

.-,·r·· 



- 10 -

are affected on a minor extent by the free surface 

ground. They differ in ground motion within the pulse 

in the direction of propagation (i.e . radial) . The 

faster one called the P-waves or dilatdtional , 

longitudinal, irrotational or compressional waves. 

Its speed depends on the density and compressibility 

of the earth. Normal to the P- wave is the S-wave, 

known also as shear, transverse or rotational wave . 

It is slower tha n the P- wave and its speed depends on 

density and rigidity of the e arth . 

The surface waves are generally complex and 

travel through the crust near the surface . Their 

energy is not quickly dissipated with distance. For 

a homogeneous gr oundh Surface disturbances are 

caused by waves known as Rayle~>gh waves. They 

comprise the combination of longitudinal and 

transverse motion with a definite phase relationship 

between them. The amplitude of these waves decrease 

exponentially with depth. The particle motion is 

confined to a vertical plane which includes the 

direction of propagation of the waves. The path of 

an e lement of the medium during the passage of the 

Rayliegh wave cycles follows an ellipse lying in a 

plane of propagation . 

The figure 2 . 1 below shows an elastically 

homogeneous ground stressed at point P near its 

surface . 
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i-----X Vpt --' I 

G 1-----Vs t 

p . 

Fig. 2. 1 Pulse of P-· , s...:· and Raylei,gh wave. · 

t ypes a t some time aft er their initiation 

at point P. 

9 i s the geophone, P the source and X is the 

distance between the source and the geophone. Vs • VP 

and VR are the velocities of the S-wave, P- wave and 

Rayleigh wave respectively and Vst' VP~ and VR~ thei r 

respective distances in relative term. 

In an infinite homogeneous isotropic medium, 

only P- and S- waves exist . However, the medium does 

not extend to infinity in all directions, but are 

bounded by the surface . Hence we restrict ourselves 

to only body wave because surface waves do not give 
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information or deep interior or the earth. When 

seismic velocity i s given without any specification 

it is referred to as the velocity of the p-wave. 

2 . 3 ELASTIC THEORY 

When a wave is propagated through the earth , 

the propagation depends on t he elastic properties 

of th emedium. 
The theory of elasticity is concerned with the 

strain experienced by a defor mable matter when 

subjected to stress (i .e. applied external force) . 

These external forces are opposed by the i nternal 

rorces which resist the change in shape and s ize. 

This makes the body to return to its original condi-
Si milar_ly 

tions when the external force is remove~ 

fluids resist change in size (volume) but not shape . 

These properties of resisting changes in shape and 

size and of returning to it s undeformed conditions 

when the external force is removed is called elasticity . 

perfectly elastic body recovers completely after being 

deformed. 
The t heory of elasticity relates forces which 

are appli ed to the external surface of the body to 

the resul ting changes in shape and s i ze. The 

r elationship between the applied force and t he deforma­

tion is expressed in terms of the concept of stress 

and strain. I t will be assumed that the medium is made 

up of particles which are sufficiently closely packed 
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ani whose distribution is continuous . 

2.3.1 The Stress 

When an external force is applied to a body, 

internal forc es are set up in it. Stress is the 

measure of the intensity of those balanced internal 

forces. The s tress 1S the ratio of the normal for ce 

to the area on which the force is applied . 

T = Stress = forc e = F 
Are"a A 

If the force varies from point to point, the 

stress also varies and its value at any point is 

round by taking the infinitesinal element of area 

centre.d · at a point and divi ding the total force 

acting on this area by the magnitude of the area . 

If the force is perpendicular ~o the area , the striss 

is sai d to be normal and when tangential to the 

element of the area , it i s called shearing stress. 

Taking an infin!tes:!mal areal element and 

assuming that the upper and the lower part of the 

continuous body can be separated with respect to the 

plane as illustrated i n fugure 2 . 2 below. The surface 

force exerted on this area can be expressed as 

Fx = Tzx(r) 

F = T (r) 
Y zy 

Fz = Tzz(r) 

dxdy I 
dxdy 

dxdy 

2.1 

f 
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~Tzl< dxdy 

Fig . 2.2 The Surface forces . Two tangential volume 

whiCh"a:re next to each other one drawn 

separatell_· 

The proportionality constants T a , a (r) (a, a, 
x,y,z) are a function of the surfaced x dy whose 

subscripts are generalized co- ordinate since the body 

is continuous, there should be a reaction of the 

surface on the matter on the side of the plane dxdy , 

wi th the same magnitude but opposite signs and are 

cor responding component of equation 2.1. 

Considering an infinitesimal volume dv, the 

force on the upper dxdy plane is given by equation 

2.1. The net force on volume element dv through the 

two dxdy surfaces is 

l ·. 
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Fx = Txz(x, y, z)dxdy - Tzx(x, y, z +dz) 

(!!'.ll dz) d d az x Y 

.ll:xz. dv 
az 

Similarly F~i' 
oT~ dv 
oz F z 

2.2 

aTZZ dv . 
-az-

The total force exerted on the matter in this 

infinitesimal volume is obtained by summing up the 

result of equation 2 . 2 over all size surfaces. The 

result is 
aT aT aT 

F = (~ + :..:.EJ_ + _E) d x ax ay az v 

= aTyx + ~ 
aT 

FY < ax ay 
+ a~z) dv ----- 2.3 

aT aT .aT 
F = (~ + ~ + ~) d 

z ax ay az v 

The nine quantities Taa of the second rank 

tensor is called stress tensor . The diagonal tensor 

Txx' Tyy ' Tzz give the normal stress and the other 

siX terms give the shearing or tangential stress. 

In stress tensor any two tangential force lying 

in the same plane and are directed opposite to each 

other must be equal (i.e. body in static equilibrium) . 

The stress tensor is said to be symmetrical i.e. T aa 

Taa· 
It is this quantity of cross shear that reduced 

the nine component of a stress .- ':to ' Si.>t0':. In addition , 
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a pair of shearing stresses such as Tai! , constitute 

a couple tending to rotate the element about the 

z-axis. 

2.~.2 The Strain 

When a body is subjected to stress, change in 

shape and size occurs. These changes are called 

strain . Just as the st·ate of stress a t a point, 

strain can be r epresented by nine components , 

Sal!(a, I!= x, y , z) . sxx' syy' szz are s i mply 

cont raction or expansion , Sxy s2 Y .. . . are shear 

strain. Strain like stress are symmetrical i . e. 

sail = sl!a 
so that t he nine components are reduced 

to only six i ndependent components . 

Consider two nei ghbouring particle in a solid 

a t P(x,y,z) and Q(x+dx, y+dy , z+dz), Now suppose that 

the body deforms in s ome manner under an applied force 

so that the particle P is displaced b y an amount U 

to a new position P'(x+u . y+v , z+w) , then if the 

displacement suffered by the particle at Q is by 

amount U + aU then the component of aUCdu,av,awl as 

dU au dx + av dy + aw .dz 
ax ay az 

2. 4 

using the notations x 1 = x, x 2 
= y, x' = z 

equation 2 .3 can be contracted into a single formula 

(with a, I! = 1, 2 , 3) 

-fa(~ 
aTl!a)dv 

-.: (~I! 
ax 

2.5 
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P(x ,y,z) Q(x + dy, y + dy, i + dz) 

~.,,.+w, pl(x, + u , Y Q1 (x + dx + u -+ du , y, + dy 
+ v + dv, z + dz + w + dw 

Fig . 2.3 Displacement of neighbouring J?Ofnt with a:n 

ela:Stic continuum 

The displacement of matter in all at r of the 

continuous body is given by dj r1e" 't,ional vector tl: (r ). 

The displacement itse lf, however, does not produce any 

stress , but the difference in displacement between 

neighbouring point in the investigation of the dynamic 

of continuous body are the derivatives of u, v, and<w 

with respect to x , y , z,. These nine deri vatives are 

a second rank tensor , since U and r are vectors 

with the antisymmetric part given by 

e = aw - av 
x.: ay az 

e = fl. - aw 
y az ax ----- 2.6 

e = av - au 
z ax ay 

The real part of the strain is given by the symmetric 

part and is the shear strain given by 

sxy s yx 
H2.!:! + av) 

ay ax 2.7 
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-" 

s = s = aw + av zx xz - -
ay az 

2.8 

s = s = av + ·aw 
yz zy az- ay 

And the normal strains are : 

sxx = au 
ax 

s YY = ·av 
ay 2.9 

szz = aw 
az-

2 .2.3 Cubical Dilatation 

Cubical dilatation or simply dilatation i s t he 

term often used to specify the functional vol ume 

increase at point P in a limiting case when the 

direction of small volume at P shrinks to zero. To 

a first order this quantity 4> is equal to the sum 

of the normal strains as: 

~ s + s + s z = au + av + aw 
xx YY z ax ay az- 2 .10 

1.rr 

The dilatation i s just the divergence of the 

di splacement vector. Being scalar, it is invariant 

under rotation of t he axis. A negat ive di l atation 

is sometimes called compression. 

t 
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2 .a. 4 'Elasnc· Propertie·s of the Earth 

Elastic properties express the relationship 

between stresses and recoverable strains. For every 

type of applied stress in a body , there is a linear 

relationship between it and its elastic strain. To a 

certain value of stress, known as yield strength of 

material. This is g iven by Hook's law . The linear 

relat ionship between stress and strain in the elastic 

field is spec i fied for any material by its known 

elastic moduli, expressing a particular type of stress 

to the resultant strain. In general , Hook ' s law leads 

to complicated rel ations but when the,medium is 

isotropic, that is, when the properties are invariant 

in all directions, it can be expressed in a relative ly 

simple form as 

~ = ~ f\ ( S +S +S ) 2 = M(S 2 ·:+s 2 +S 2 ) ' xx yy zz xx yy zz 

+ 2S + 2S + 2S xy yz xz 2.11 

This is the most generally acceptable equation for the 

energy density 5 , a scalar function. Two elast i c 

constants f\ and "'\ , are called Lame's constants. 

From equation 2.11 we obtain 



Txx 

T yy 

Tzz 

Txy 

Tyz 
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(/\ + 2M) Sxx + 

( I\+ 2M)Syy + f\CSZZ + sxx> 

(I\ + 2M)Szz + /\(Sxx + Syy ) 

2MS xy 

2MSyz 

Tzx = 2MSZX 

(Sxx + 3zz) 

- - - 2 . 12 

f 

Taking a simple case of elastic body under a hydrostatic 

pressure P; then 

Txx 

Txy 

Tyy 

Tzy 

Tzz 

Tyz 

- P 
2 .13 

0 

In equations 2.12, we see similar symmetry existing 

for SaB and thus 

s xx = sYY = szz 1 ~ 
- " 3 ()X 

1 V ..: Vo 
3 -v;--

1 11.u 
3 

2 .14 

Where V0 is the natural volume of the elastic body, 

while V is the volume under pressure 

.vo ~ v 1 p -·-v;;- = R 2 . 15 

where K =A+~M 2 . 16 

the quantity K is called the bulk modulus and is.the 

ratio : Volume ·stress = P expressed 
Volume Strain 15.Vfv 

in Nm- 2 
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Another s i mple case is that of an i sot ropi c 

elastic body (like the case of a wire) stretched along 

the x-direction, in which 

T = T xx 2 .17 

is the only non- zero component of the stress tensor 

and 

where 

sYY = szz = - o sxx 

0 
= .2c'~h 

2 .18 

2 . 19 

with o as the poisson ratio and gives the ratio of 

sidewise contraction to the ~ngth-wise stretch in 

the deformation. Also 

Txx 

where E 

T = ESxx 

MC3 A +2M) 
f\ + M 

2.20 
2 . 21 

E is called the Young's modulus defined by 

E = longitudinal stress 
longituginal strain 

' - 2 expressed in Nm 

2.4- EQUATION OF MOTION 

F/A with usual notations 
llL/L 

We consider how time- dependent stress may be 

transmitted through an unbound elastic solid. Assuming 

the material to be macroscopically homogeneous and in 

equilibrium with respect to the surface in the 

undisturbed configurations. If the disturbances pass 

through the material , the displ acement of the point 

P(x , y , z) at any instance t during the passage shal l 
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be speci f i ed by a vect or ~(x , y ,z ). Accor di ng t o 

Newton's second law of motion , 

m d 2u w I: df 2.22 

where u is the amplitude of variations i.e. instan­

taneous value of the di·splacement for the position of 

equilibrium at time t , m = mass of the material and 

df is the instantaneous force on the material . 

Enumerat ing all surface f orces acting on 

small parallelopiped ~v in z direction f ig. 4/. 4., 

there is onl y one component in this 1irection across 

each of the pair s of opposite surfaces . For example 

the faces perpendicular to Oy has the expression 

(Tyz + ~ a Tyz/ 6y)6z6x -
ay 

(Tyz -

z 

~ aTyz fiy)fiz fix 
ay 

aT ~. 6v 

ay 

y ·Azz .. A~6y 

A i<Ay 

Az 

2.23 

Fi g . 2 . 4 Cubic faces in t he ·z- direction that ~ct on 
vol ume e l ement at P 
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similar expressions can be obtai ned for the other 

pair s of faces as 

aTx,_L fj.v 
ax 

and aTzz Av 

az-
The sum of the three terms gives the net unbal anced 

surface for ce on v in the direction of z 
or 

using usual notation, x = x 1 , y = x 2 •. z = x 3 , we 

obtain 
3 

F a l: 
3 k=l 

In general , 

3 
- l: 

Fi - k=l 

3TK3 

axK 

aTKi 

axK 

(:,V 

Av 

2.24 

Neglecting, gravitational force and substit uting ~n 

Fi 

m~ 2u 
~ 

3 aTKi Av l: --
k=l axK 

dividing both sides by Av 

3 
m d 2 u 

Av C:Jt2 
l: aTKi 

k = l ;-­
K 

but A~ = l', the volume density: thus 2 . 25 becomes 

p ·d •u 
w 

3 aTKi 
l: --

k=l a:KK~ 

which guides the motion of material at point P. 

Equations 2.25 relates t he displacement to stress 

2.25 



- 24 -

p ·a•u • aTXX + .aTxy + aTXZ 
w ax ay -az--

2.26 

from equatio~ - : 2.13 

Txx 2MSXX + f\Sxx + f\Syy + f\Szz 

2MSxx +J\(Sxx + Syy + Szz) 

Txx 2MSxx + f\ qi 

"__lj_ + 2Masxx 
ax ax-

aTXX 
ax 

Txy MSxy 

Tzx MSXZ 

Tzy MSyz 

aTxy = Mas xx ----- 2 . 28 
ay ay 

aTxy = Mas xy ----- 2 . 29 
ax 3)< 

Substituting equations 2.27, 2 . 28 and 2 . 29 into 2 . 26 

p d 2 u =AM + 2M 93xx + M a.sxy + M asxz 
dt ax ax ay az 

but s xx au , s ax xy 

Equation 2 .3.0 becomes 

av + au· ax ay 
3xz aw + au 

ax rz 

p ~ = f\aqi + 2M ~ + M[!_(av + au) + ~(au + aw)] 
at• ax ax 2 ay ax ay az az ax 

= A_li + M[ :2:ci- 2
u + (~ + au )+(a•u + ~)] 

ax ~ axax ay• a? axat 

2 . 30 
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• ·~ + M{a"u + a•u + (12_ + a•u) + (a•u + a•w )} 
ax ax• ax• axay ay• az• axaz 

~ + M a•u + il2u + a•u + a•u + a•v + a•w · } 
ax {a?' aX2 az.>- <ax• axay axaz> 

·~ + M{,a 2u + a•u + a•u) + M ..Lca•u + a1t + aw)} 
ax ~ a? a? ax ax ay az 

but 

au + av + aw = ~ ax ay az 

P~ = /\~~ + M v2·u + Macp 
ax ax 

ll + M .ti + M '\i2u 
ax ax 

(/\.+ M) ll + Mv2 u 
ax 

By a nalogy we can wr i t e t he equation for v a nd w 

pa 2 v = (/\+ M)ll + Mv2 v 
at' ay 

pa 2 w = (!-,+ M)ll + Mv2w 
at' ay 

To obtain the equation of wave, we differentiate 

these equations with respect to x, y and z and the 

result together gives 

•pa • (au +av+ aw)=(J\+M)(~ + ~ + a•m) 
W ax ay az ax ay W 

+ M<;l'(au + av + aw) ax ay az 

Thus 

p a 2 .p = < /\ + 2M) v2 .p 
w 

2 . 3l(a) 

2 . 3 l (b) 

2.3 l (c) 
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or 1 -~= v2$ 

l a> at• 
2 . 32 

where a2 = fl..+ 2M 
p 

By substituting the derivatives of equation 2 .3lc 

with respect to z and the derivatives of equation 

2.31b with respect to y we obtain 

P "£.:_(aw av) = Mll2 (aw - av) 
at• ay - a:- ay az 

and thus 

1 o2 0x = v2 ex 
IP arz-

2.33 
with s• = ~ 

By substi~utin: appropriate derivatives , we obtain 

similar result for ey, ez . We can write in gene~al 

..! o •w = 112 ip 
v• W 

where · v is a constant velocity. The quantity ip 

has not been defined, it can only be identified as 

2 .31J 

some disturbances which propagate from one point to 

another with the speed v . In an homogeneous 

isotropic medium, equations 2.32 and 2.33 must be 

satisfied. We can identify the function $ and ex 

with ip and conclude that two types of waves can be 

propagated in a homogeneous isotropic medium: One 

corresponding to changes in one or more components 

of the rotation given in equation 2 . 25. The P wave has 

velocity a and the S- waves has the velocity S 
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~ 

2.35 
~) a = ( P 

~ -----
ll ,. (~/p) ! 

Since the elastic constant is positive,~ is always 

greater than @> • Writing for the ratio ~/"< 

y• = ~ = M = ~ - cr 
ex• f\ + 2M l=-o 

y =(~)! ----- 2.36 
1 - cr 

where y is also a lame's constant 

l:h" 'N~t'~ y decreases from O. 5 to zero, o increase 

from zero to its maximum value, ~ , thus, the velocity 
12 

ot S-wave ranges from zero up to 70% of the veloc~ty 

of the p- waves. For fluid M is zero and hence fl 

and y are a l so zero therefore S-waves do not 

propagata through fluids . 

2 .$' WAVE PROPAGATION--1.!:!..~Ar_EB_E,P~A 

The problem of plane wave propagation in layered 

media can best be treated by means of filter theory 

developed by many workers. They include Baranov and 

Kuntz ( 1960) Wuensikel ( 1960) Goupil land, · ( 1969) 

Kuntz and D'Erceville (1962) Trorey, (1962) Freitel 

and Rolison (1966). The method was originally used 

by Abel (1946) and Crook (1948) in optics . This 
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method has t remendous success in takling the problem 

of generat ing a synthetic seismogram and removing 

objectionable reverbenition from field seismogram. 

2.S. 1 Reflection and Transmission gt I nterfaces 

Consider a s ystem of two homogeneous media 

(semi i nfi nite e l astic lasers) in contact seperated 

by a plane boundary. Let a plane compressi onal wave 

be propagated downward in the positive y direction 

at normal incidence to the plane separating the two 

media . For simplicity consider only the reflected 

and transmitted compressional waves resulting at 

the inter face . 

Let ipi be the displacement due to incident 

wa ve in the first medium and i t is given by 

'" = A eiw(y/a1- t) 
~1 i 

where · a = 1 
f\ + 2M 

P1 
, is the compressional 

wave velocity and f\ and M are Lame' s constant , 

p volume density, t time and w = angular 

frequency of incident sinusoidal wave. 

2.37 

The reflected and t ransmitted waves ip,. , and ip• 

respectively are : 

- iw(y!a1 + t) 
'!' r = Are 

'!'t =A e- iw(y/al + t) 
t 

2. 38 
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~ /!pr 
~ . '\_/ o<11?_1 

"' IX2 ~2 
~y 

Fig. 2 . 5 A ray diagram showing t he direct_!_D!!. ~ ~~.l~ 

for a downward direct ion of the_ .w.a.v~ . 

To determine the amplitudes of the reflected 

wave Ar and that of the transmitted ray waves At, 

two conditions have to be satisfied; first , at any 

boundary the displacement is continuous i . e. 

111 i r- 111 r + 111 t 

where 'l'r is displacement due to reflected wave, 

'l't the displacement due to transmitted wave or 

Ti..e. condition y = o. gives 

Ai .c Ar + At 

2.39 

2. 40 

The second condition is that the normal stress is also 

continuous. If u , v and w are displacements in the 

x, y and z directions then the normal stress in the 

y direction is 

T = I'( au + av + aw) + 2M av 
yy I\ ax ay az ay 

2 . 4L 

or wince all derivatives with respect to x and z 

are zero for plane waves propagating in the y- direction 

T = ( f\ + 2M,) ·~ 
yy I ay 2.44 
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Substituti ng the appropria te term for t he inc ident 

and transmitted waves we obtain 

/\ 1 + 2Mf ( + ~ ljii - ~ ljir 
· a a 

= + ("2_ + 2M~) ~ ljit 
a 

and at y = O 

2.4S 

.f\l. .+. .2 M.I (Ai - Ar) (/11. + 2M,_) At 2 .4~ 

al a2 

The accoustic impedance z , is defined as the 

product of density and velocity 
A1 + 2M :I . 

zl = q ,a., = (-· 2 ) al 
al 

/\l + 2M 1 - --- 2.45 

al 

Substituting equation 2 . 44 into equation 2 . 45 implies 

Ai - Ar = ~ At 
zl 

2. 46 

The amplitude of. the reflected and the transmitted 

curve may be solved from equation 2.40 and 2. 46, to 

give 
2 

At 
1 + z2/Z

1 

Ai 

The refl ected amplitude i s 

2 
A = ··A + ( ) A 

r i 1 + z /Z i 
2 1 

2Z1 or A = - A [ 1 - --
r 1 Z + Z 

1 2 

z1 .+ .z2 - .2Z 1 = -A [ 
. i z + z 

1 2 

zl - z2 
] '' '\ A [ 

i Z + Z' l 2 

2 . 4~ 

2.4. 

----- 2.ll-t 
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The reflection and transmission coeff icients 

r and t are defined respecti vely as 

r ~ zl - Z2 = pl al .- P2a2 

Zl + z2 plal + P2a2 

t = . 2Z l = 2plal 

z 1 + z2 plal + p2a2 

Similarly the coefficients for the waves in 

an upward direction are respectively 

1 z2 - zl 
r = 

zl + z2 

and 

t l 
2Z2 

z1 + z2 

Ait' 
0(1.._ 

Aj/ \ 
0(2 

Air 

2. 50 

2 . 51 · 

2 .5.J. 

2 .53 

Fig . 2.6 'Ray 'diagram showing the direction of waves 

in an upward direction. 

The function of incident energy which is reflected 

is a lso given by 

._· ... 
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z - z 1 2 ----- 2.52 R = ( 2 ) 
E 

zl + z2 

and 
4. z2 

2 
2Z l 2 4Z1 . 

T = ( z + Z ) -
1 

= 2 2 
2 1 - (Z2 + Z1)2 z2+Z1+2ZlZ2 

z2 
4 1 
T Z l . 2Z l 

2 1 + -+ -
z• 

2 z2 

l et z1 = ~ ; then 

z2 

T = 40 2 = 4 0 2 ------ 2.53 
1 + 0 2 + 20 ( 0 + 1) 2 

The quantity o is known as theimpedance constant. 

If 0 = 1, R = O, all energy is transmitted, as the 

impedance contrast approaches zero. As T approaches 

zero, R approaches unity when the impedance contrast 

increases. 

2. f) DIFFRACTION_ 

Diffraction occurs whenever a wave encounters a 

feature whose radius of curvature is smaller than the 

wavelength. The seismic energy t ravels along other 

paths beside those given by Snell ' s law . Diffraction 

is a very important process s ince the seismic wavelength 
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is large (often 100 rn or more) compared to the 

geological dimensions. The law of diffraction are 

complex but at distances greater than several wave­

length from t he diffracting source 1 the diff:o<..ti11_, wave 

is essentially that given by Huygens · (Trory, 1970). 

From t he diagram fig. 2.7, AB is the plane 

wave-front which is incident normally on a faulted 

bed CO at time t = t
0

• The pos ition of the wavefront 

reaches the surf ace of the bed COD. AT t = t o + 6t 

t he poi nt at the r i ght of O wi ll advance to the 

position GH while the poi nt at the -l eft of 0 wi l l be 

refl ect ed and reache s t~.Jlosition E f . 0 marks the 

transi t i on point between t he centre which gi ves rise 

t o the down ward travelling wavefr.ont GH. The 

diffr acted wave fro nt s ext end i nt o the symmetry 

geometrical shadow, GN and int o the region FM. 

A - J ' '1 J ' ' t= tn + 2 LH I 
B 

I 
I t=t0 +2M 

E Fl 
t: to+)H 

C ,t~fo,' ,c;:;, ,·; ,1,,, ,Ju -=!,... I t=too 

t= to+ 2At 
Fig. 2.~ Diffraction 'phenomenon. 
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CHAPTER III 

3. 0 SEISMIC TECHNIQUES 

3.1 SEISMIC VELOCITY 

Seismic velocity can be defined as the speed 

with which seismic waves travel. There are factors 

which affect the velocity of seismic wave i n a 

medium . The velocity of p- waves in a homogeneous 

sol id is a function only of elastic constants and 

density as seen earlier. 

The elastic constant s which are properties of 

intermolecular forces are independent of pressure 

where as density increases with pressure because 

r ocks are moderately compressible . The numerator· 

in the expression of velocity (equation 2 . 36) would 

not change very much with increasing pressure whereas 

the denominator would get larger so that the ve locity 

would decrease with depth of burial i n the earth. 

This is infact contrary to actual observation . 

one of the most impor tant aspect in which rocks 

differ from homogeneous solid is in them having granular 

s tructure with voids between grains . These voids are 

responsible for the porosity of the rock and the 

porosity is the most important factor for determining 

the velocity of elastic wave through. 

Por a model consisting of a tightly packed 
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spherical particles under a pressure, the air spaces 

between the spheres are relatively smaller. The elastic 

constants of such a pack : vary with pressure. The 

p- wave velocity varies as the l/6th power of the 

pressure. Thus in terms of depth of burial Z and 

the formation of r esistivity R, the velocity v is 

v = 2 x 103 (ZR) 1/ .6. The duration of each indi victual 

measurement is so large, indicating the pre ssence of 

the other f ac t ors which have not been taken i nto 

a ccount . 

Faust ( 1953) earlier included t he age of r ock as 

a factor i n determining t he veloci t y . An older r ock 

might be expected to have a hi gher vel ocity , having 

been subjec ted for a l onger t ime to pre ssure, concen-

t r ation etc . which i ncrease t he veloc i ty . 

The pore s paces f or rocks are filled wi t h a 

fluid whose elastic constants and density also affect 

the se ismic velocity . The fluid is under pressure 

which is usua lly different from that resulting from the 

weight of overl ying rocks. The effective pressure of 

the granular matrix is the difference between over­

burden and thd'luid pressure . The formati on fluids 

are under abnormal pressures approaching the over burden 

pressure . The seismic velocity in this case is excep-

t i onally low, a fact which is sometimes used to predict 

abnormal fluid pressure from velocity measurement. 

The variation of velocity with depth, usually 

referred to as velocity funct ion is frequently a 
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reasonable tool for the study of velocity increase with 

depth. Areas Of moderately uniform geology exhibit 

little variation in lateral velocity as per radial v0 

velocity. 

3.2 .THE WEATHERED OR LOW VELOCITY LAYER 

Seismic velocity which are lower than the velocity 

of water implies that gas fills at some of the space 

(Watkin et al., 1972). Such low velocity is usually 

seen only near t he surface in the zone called the 

weathered layer or low velocity layer (LVL) . This 

layer is usually 4 - 50 m thick , characterised by 

Seismic velocity which are not only low (250 - 1000 

km/sec), but variably high at times. Frequently the 

base of the LVL coincides with the water table 

i ndicating that the LVL corresponds to the aerated 

zone above the water saturated zone, but this i s not 

a lways the case. The significance of LVL are: 

(i) High rate of absorbtion of seismic energy 

(ii) Rapid changes in velocity have disproportionately 

large effect on travel t i mes of seismic waves. 

(iii) The marked vel ocity charge at the base of the 

LVL sharply affect seismic ray so that their 

travel through the LVL is nearly vertical regardless 

their direc tions of travel beneath the LVL. 

(iv) The very high impedance contrast at the base of LVL 

makes it evidently, a reflector very significant 

in multiples. 



- 37 -

3 , 3 VELOCITY MEASUREMENT 

3. 3. 1 Conventional Well Survey 

This is one of the most accurate met~od fo r 

determining layer velocity using borehole. These 

methods of shooting a well and sonic (or continuous 

velocity survey) are two 

In shooting method the geophone or hydrophone 

is suspended by means of cable and time required for 

energy to travel from a short fired near the well down 

to the geophone is recorded. The geophone is made 

to withstand high temperature and pressure in oil 

wells. The cable supporting the geophone serves to 

measure the depth of the geophone output to the 

surface where it is recor ded. 

The vertical travel time t , to the depth of z , 

is obtained by multiplying the observed time by the 

factor of z/( z 2 + x 2
) to correct for actual start 

distance x being the offset of the geophone (Fig . 3 . 1) 

The average velocity between the surface and depth z 

is given by ratio z/t . By subtracting the depth and 

time for two shots , inte.rval velocity vt can be 

f ound, the average veloc i ty in the depth interval 

( Z - Z) is determined by means of the formular 
m 

Vt = .Zm ·"' Zn 

tm - tn 

Shooting a well gi ves the average velocity with 
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accuracy of measurement. For marine well surveys. 

air gun energy source is used as explosion. 

_x ·I 
S1 S2 /S3 S4 

z 

_l 

Fig. 3 . 1 Shooting a we l l for velocity 

3 ,3 . 2 Velocity Logging 

Velocity logs s how t he interval velocities of the 

formation through a well a s a f unction of depth. The 

continuous velocity survey makes use of one or two 

pulse· generators and two· or four detectors : all 

integra~ed in a single unit called a Sande. A semi­

logging sonde consists of two sources of seismi c pulses 

s
1 

and s
2

, and det e ctors, R1 to R4, the span distances 

from R
1 

to R
3 

and from R2 to R4 being 2 ft. (Fig . 3.2) . 

The velocity is found by measuring the travel time 

difference for the pulse travelling from s 1 to R2 and 

R
3

, and for a pulse going f rom s2 to R3 and R1• The 

Sande is r.un in boreholes filled with drilli ng mud which 

has a seismic vel ocity of r oughl y 1500 m/sec , however 
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t he f i rst energy arrivals are t he P- waves whi ch ha ve 

travelled in the rock surr ounding t he bor ehole. The 

variation in borehole size or mud cake thickness near 

the transmi tters gives rise to errors and th' errors 

are effectively eliminated by measuring the di fference 

in arrival time between two receivers, errors resulting 

from such variation near the receivers are reduced by 

averaging the result from t wo pairs of receivers. 

1 -~;n-
Sacing 

i 

Si R----J-Uppertransmitter 

- -101 R1 
.J R2 

R3 
Pt. 

~ Lowertransmitter 

Fig. 3.2 Sonic logging . Borehole- enslated logging sonic 

Other methods of velocity measurements like the 

x• - T• method and t - 6tn method will be discussed in the 

next sections. 

3 . 4 GEOMETRY OF SEISMIC PATH 

The exact interpretation of reflection data 

requi res a knowledge of the velocity at a point along 

the r efl ection path. 
Wi t h such detailed knowledge o f 
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velocities, analyses are made much easier . Assuming 

a simple distribution of velocity which is closed 

enough to give usable result , that the velocityis 

also assumed constant between the surface and the 

reflecting bed . Although such assumption is rarely 

even approximately true, it leads to simple formula 

which have great bearings in our problem. 

The basic problem in seismic s urveying ~s the 

determination of theposition of beds whi ch give rise 

to reflections on the seismic record. This is a 

3-dimensional problem. However, the dip is often very 

gentle and the direction of dip or the direction of 

profiling is frequently nearly along either the 

direction of dip or the direction of strike to 

warrant 2- dimensional treatment . 

3.4.1 Single Horizontal Reflector 

For a single horizontal refl ector, the geometry 

is shown in figure 3.a . It is a case of a single 

horizontal reflector lying at the depth Z beneath a 

homogeneous top layer of velocity v. 
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L 
~-lC I- x_I 

to 

x 0 ~ 

w 

v 

Fig. 3.3.(a) Reflected Seismic waves from a horizontal layer 

(b) time-distant curve from the horizontal ' reflection . 

The actual length of the reflected path is 

h 2 (~)2 + z 3.1 

The equation of the travel t i me t of the refl ect ed 

ray from source to a detector or at horizontal offset , 

or short detector separation x is given by the rati o 

of travel path l ength to the-Velocity 
i.e . 

2 2 , 
(~) + ·h ~ 

t = 2{ 
2 

2 1 ----- 3 . 2 
v 

(x 2 + 4h 2 )~ ----- 3.3 
or t = v 
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In seismic reflection survey , reflection time · t 

is measured at offset di stance x and it is required 

t o determine z and v . If the reflection times are 

measured at different offsets, n, then equation 3 .3 

can be arr anged into the normal hyperbolic form to give 

·v 2 t 2 x• 
qzr- - ~ 1 3.4 

Thus the graph of t he travel time of reflected 

rays plotted against offset distance (time - distance 

curve) is a hyperbol that is symmetrical to the time 

axis (fig. 3 . lb). 

Substituting x = 0 in equation 3.3 the travel time 

t
0 

of a vertically reflected ray is obtained as 

t = 2Z 
0 -v 

. 3 . 5 

This represents t he intercept on the curve (fig. 3 .~b), 

equation 3.1 can be rewritten as 

t• = 4z 2 + ·x2 
vr V2 

or t• = to 
2 + x 2 

7 

which in a close for m gives , 
2 ~ ~ 

t = t { 1 + ( xt ) } 
0 v 

The binomial expansion of equation 3.8 in 

t 

2 
t { 1 + lc!S.....) o 2 vt 

l x 4 tr<vt l + __ .:. } 

3 .6 

3.7 

3.8 

3 .9 

Thus for small offsets , 
x/vt << 1 which is the normal 
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case in reflection sur veying. This e4uation may be 

truncated after the first term to obtain 

2 
t = t c1 +le~> J o 2 vt 

0 

3 . 10 

This i s t he more convenient form of t i me-distance 

equation for reflected rays and it is used in various 

ways in processing and interpre t ating reflection data . 

The difference in travel times t 1 and t 2 for 

a given reflection for two geophones location x 1 and 

x
2 

is known as move out and it is represented by 6T . 

From equati on 3.10 

t2 - tl x2 - xJ. 
2v 2 to 

Normal moveout (NMO) , 6Tn, at a distance x is the 

3 .11 

difference in travel- time t between repeated arrival 

at x and zero offset (which gives up hole travel time 

t
0

) a.s shown i n fig . 3 .Sb. 

Thus 6Tn = t - t = 0 

x• 
3 . 12 

~~ 

The NMO is a function of the offset, vel oc ity and 

t he reflection depth Z (with Z = vt0 /2). The .'.c;onc ept 

of moveout i s fundamental to the recognition, correlation 

and enhance-ment of t he reflection events, and to the 

calculation of velocity using r eflecti on data. rt is 

implicitli:J or expli citly used at several stages in the 

interpretation of reflection seismic . 
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3 . 3 . 2 Multiple Layer Horizontal Reflectors 

In a multilayered ground rays reflec t e d from 

the nth interface undergo reflection at all higher 

interface t o produce a complex travel time. as shown 

in fig. 3 .~ 

Vrms 

\ I V1 

1._ j Y2 
". .. , 
·i_ ,/ :vn-1 v _.!..ll.-Vn _ 

Fig . 3·* Complex trail path of reflectal ray 

through a multilayered ground 

The offset of trail though several l ayers is to 

replace the velocity in equation 3,9 and 3.10 by the 

average velocity v or to a closer approximation , 

The rms velocity Vrms of the layers overlying the 

reflection. 

The v for the nth interfaces is 
rms , 

n ~ 

r vi•t i 

v,...,,s :: 1=1 -----
n 

3.13 

l: ti 
l =l 
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Vi is the interval veloc i ty of t he 1t h l ayer 

and ti is the one- way t i me of reflected r ay t hrough 

the 1th layer. 

The t otal time tn of the ray reflec.ted from the 

nth surface, at a depth z is given from equation 

3 . 10 as : 

t = n 
x 2 

Vrms 
+ ·4z2 

-v-­
rms 

The NMO for the nth reflector is then given by 

llTn = x 2 

2 Vr ms to 

The individual NMO val ue associated in each 

reflection event may t herefore be used to derive a 

Vrms value for the layers above a reflector. The 

value of Vrms down to different reflector can be 

used to compute interval velocity using formulation by 

Di~ (1955). By this the interval velocity Vn for nth 

interval is 

Vn 

where 

, 
.v• rms tr! -'i

2
·rms n - 1 tn- 1 

2 

{ tn- tl } 

Vrms ' tn- 1 and Vrms ' tn are root mean 

3 . 13 

n- 1 n 
square velocity and reflectal ray time up to t he (n-l )th 

and nth reflector respectively. 

3.3.3 .Q.!.Eping reflector 

As shown in f i gur e 3 .5a , the value of t he dip is 
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denoted by 

v•t• = x• + 4zn - 4xz cos (~ + al 

or at = ·('x• + 4Z:Z. - 4xz sin a)! 
v 

which on transformation gives 

3 . 14 

v•t• (x ·- 2Z sin 9 ) 
4z2 Cos •a - 4z 2 Cos 2 9 

1 ----- 3 .15 

The axis of symmetry of the parabola i s no longer 

the time axis as in fig. 3 .3.b . 

\- x -1- x ., 

N\ /1\ I 
I 
I 
I· 
I I 9 ( 0 I x 

-XI I 

- @· 
t 

r J.x 
I_ -- -~Td -- - ·--

I 
I 
I 
I 
I 

I I I 
L- I 0 +X X 

-x (p) 

Fig. 3.Sa . 
~ometr'Y of reflec·ted ray path 

b. time-distant curve for reflection __ -··· _ ... rr ... ••~'11 
·.i...a 
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As in t he case of horizontal ref l ection the 

following truncated bi nomial expansi on can be obt ained 

t = t [ 1 ~ ·x• + 4xz Cos 1 ------ 3 .16 
0 

2v 2 t 2 

Consi dering two r eceiver s of equal off sets x , 

updi p and downdip times can be cal cul ated for a 

cent ral shot point ( f ig . 3.g a). The reflected r ay 

paths are different in lengt hs and the t wo rays will 

therefore have diff erent t r avel times . Di p moveout 

td i s de f i ned a s t he difference in travel times t x 

a nd t _x o f t he r a ys r efl ected f r om t he di pping int er­

faces t o r ecei ver of equal and oppos ite offset x 

and - x 

lltd = 2 x Sin 0 
v 

For smaller values of 0 , Sin 0 = 0 

lltd 

6 0 

~ 
v 

Vlltd 
2X 

The dip moveout may be used to compute t he 

3 . 11 

3 .18 

r e f lection dip e . If v is known , 0 can be derived 

f r om equation 3 . 18 . Using the normal moveout l!Tn , 

which is s mall . 
The dip moveout may be dbser:1.1ed• l wi t h 

suffici ent acuracy by averagi ng the updip and downdip 

moveout 

l!Td = t x .+ t _x - 2 t 0 

- 2 
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3 .5 .1 Measurement of -Veloci ty Us i ng x• - T2 Method 

The arrival time of reflected energy depends not 

only on the rtflection depth and velocity above the 

reflector but also on the offset distance. 

The X2 - T2 method is based upon equation 3.7 but 

v is represented by vrrns for multiple horixontal layer 

that is 

t• = x• 2 vr--- + to , which 
rrns 

by plotting a graph of t 2 as a function of x
2

, a 

straight line graph is obtained whose slope is 1/Vrrns 

and whose i ntercept is to 2 from which the depth to 

reflector can be determined . 

If the regular seismic profile does not have a 

sufficient large range of X value to make it easier 

to find V with the accuracy required for interpre­

tation purpose, spread l ong- offset profiles are shot 

generally using arrangement described by Dix (1955). 

3.5.2 ~asurement of Velocity Using t - btn method 

This is based upon equation 3.12. With symm t i e r cal 

spread we can calculate 6tn from the arrival times of a 

r eflection event at the shot point to and at outside 

geophone groups , t
1 

and t 2 . The dip moveout is 

eliminated by averaging the moveout on the opposite 

s ide of t he point 
a t n • i[< t1-t o ) +(t 1-to) ] • ~(t 1•t2) -to --- 3 .19 
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Tn is subjected to large error mainly because 

of the uncertainty of the near surface cornection. 

3 , 6 VELOCITY FUNCTION 

Assuming that velocity varies in a systematic 

continuous manner , then it can be represented by a 

velocity function. The actual velocity varies extremely 

rapidly over a short interval . Intergrating these 

changes over distances of a wavelength, a function 

which is generally smooth except for discontinuity at 

marked lithological boundaries can be obtained. 

For a medium of large number of beds in which 

the velocity is constant, two interval equation 

can be derived . If thenumber of beds ar e large, the 

thickness of each bed can be taken to be infinitesimal 

and th e velocity distribution becomes a certain function 

of depth (Fig . 3. 6) 
Xn 

Vo (Z ) 

V1 CZ) 

v
2 

(Z) 

-
Vn - 1(Z ) 

Vn ( Z} 

with dEIPJ:JU 

f 



I 
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From fig, 3.4 using Snell's law 

Sin in . 
SiV 1-Q = r v;:;-

0 

vn = vn (Z) 

xn = Zn tan in 

tn = Zn 

v;;-cos in 

The parameter ~ is a constant and depends on the 

direction, in which the ray leaves the short point 

i. e . 

or 

In th€ limit as x becomes infinite 

Sin i = Sin i 
--- 0 

(> ; V = V(Z ) 

V3 ---v;;-
1 dx = tan i dt 

dz ' dz V Cosi 

x 

x 

t 

x 

t 

z z 
= f tan i dz , t = f dz/v cos i , 

0 

z 
= f 

12 v dz 

o Cl - c ~vl2lT 
z dz 

= f V Cos i 
0 

z f~ 
0 v ( l - ( ev) ) ~ 

z =J~ 

0 

1 
3.20 

3 .21 

0 V ( 1 + ( f V)) 

Since v is a function of z, 

to integral equation relat ing 

equat i on 3,21 reduces 

x and t to depth z • 
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Now to express the velocity v as a continuous 

runction of z and integrate equation 3.21, the 

linear increase or velocity with depth is gi ven as 

V = V
0

+KZ 
3 . 22 

V is velocity or the horizontal datum plane and 0 

v1 the velocity a t depth 

with K as a cons t ant. 
Z below the datum plane 

Let u pv = s in i 

du = pdv = pK dz 

There f or e equati on 3. 21 implies 

..L f 
u u du 

flK u 
0 

I ( l+u 2 ) 

1 io 
[ eK cos i Ji 

1 u du 

1 ( ~ u 
~ 1 - u2 ) I 

1K(Cos i - Cos i ) f.' 0 

u 
0 

1 u ' u 
t f --

K u · u;n::u') 
0 

K log { } 
1 + ~ uo 

3 . 23 

1 (sin i R log trn1 
1 + cos i.n.) = .! 10 (tan 1/2 . 
1 + cos i K g tan i /2 ) - 3 .23 

Henc e i 

z 

0 

2 tan- 1(ekt tan i /2) 0 

1 1 K(v- v
0

) = eR" (sin i -

Equations (3 . 23 ) and 3.25 

The ray path given by equations 

circ le shown by cal culating the 

which turns out to be constant ,.3/2 

r .. 
(1 + (')(I) ) 
~ J( 

0 

3.24 

sin i
0

) - --- 3.25 

are parametric equations. 

3.23 and 3 .25 is a 

radius of curvature r 
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XI • dx ,. tan i 
dZ using equat~ons 2.23 and 

2 . 25 

x" = d 2 x = d(tan i ) .di 
dZT di dt 

sec• i di 
dZ 

ex = sec• i using equation 2.25 

hence 

r ( 1 ·+ tan• i) 
pK sec• i 

1 
f>K 

.Vo 1 
Crl Sfi1T constant 

3.7 MULTIPLE REFLECTION 

Apart from the rays that return to the surface 

after refl ection at a single interface known as the 

primary r efl ections, there are many paths in layered 

subsurface after r eflection at more than one interface . 

Thus events which have undergone more than one 

reflection are called multiples . Variety of possible 

ray plates involving multiple reflections is shown in 

Fig . 3 .6. Energy of multiples is the product of the 

energy reflection coefficients for each of the 

If R is very small, only the 
reflectors involved . 
strongest i mpedance contrast will generate multiples 

strong enough to be recognised as events. 

Multiple reflections tend to have lower amplitude 
nergy at 

than the primary reflection because of loss of e 

each reflector· However, there are two types of 

multiples. The first type are reflected at high 

frequency coefficient 

comparable to primarY 

and therefore have amplitude 

reflection (1.e. travel path is 
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long compared with primary reflection from the 

interface) and hence long path mult iples appear as 

separate event on seismi c record. This multiples are 

call ed long path multiples. The second type called 

short - path multiple whose rays from a burial impulse 

on land are reflected back to the surface or the base 

of the weathered layer to produce a reflection events 

that arrive a short time after the primary is known as 

ghost reflection . 

Sht?r f ~qt;_ 
tYW ttij>.U.,s 

t~ 
~ <:\' 

~ 't-- ~ ""'~ 
' ~ 1:1 ~ :..-.. " '-' J- "' ·~ 

Lon:! f'a/11... /YW t 'tiff t. s 

~ ~ ~ ~ CS! ~ 
.§ ~ { ~ ~ "t:> • "' - 1 svrfctc.c. 

--~- 1· -~. · 1 ·. ·. ·.: ~}': :·: :-: '. l/<: ._ ::-."!· ... :: ~J .J-.:_ '.< _.: 1 ·~s' Liil -

I~- \ · . . ~ ~ \ ~:-fom~r r£F-·..\: .·· · · · ·· .. "\ · I.~ £.c.c..hr 

1 l I J I Pnl'lup4 ( 
- 1 / I I I rcfud•" 

Fig. 3 .f- Mulll~ 
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CHAPTER IV 

REVIEW OF 'FOURIER 'TRANSFORM AND CONSTRUCTION 

OF SYNTHETIC SEISMOGRAMS 

Fourier transformation involves the transformation 

of a function from the time domain to the fr.equency 

domain. This process is called Fourier analysis. The 

inverse process i s called Fourier synthesis and involves 

the transformation from f requency domain to the time 

domain . There is supposed to be no lost of information 

in the transformation. Starting with the wave- form in 

time domain transformed into frequency domain and then 

it is transformed into characteristi c waveform which 

is identical to t he original waveform. This makes it 

possible to do part of the processing in time domain and 

part in frequency domain. There is loss of small amount 

of information in the actual transform due to trunclated 

series expansions and round- off errors. 

The frequencies present in Fourier series are 

all those of the form w = 2nn /T for an integral value 

of n . 
If the period T tend to infinity the"quantum" 

frequency 2rr/T becomes vanishingly small and the 

spectrum of the frequency allowed becomes a continuum. 

The Fourier sum goes over into an integral and the 

expansion coefficients an' bn and en become functions 

of the continuous variable w . 

For a periodic function g(t) of period Tl the 

function can be represented by a compl ex Fourier Series 

- 55 -

t 
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g(t) .. 
.., 
E f(x) ei 2ITfxt 

n= - a 

where fx = n/T and 

l T/2 - i 2ITfxt 
= T I g(t) e 

- T/ 2 

f (x) 

Rewriting equation 4 . 1 in a real form 

a
0 

a 

4. 1 

4.2 

g(t) = 2 + l: (an Cos 2!l 
n=l 

fxt + bn sin 2Jlfxt) --- 4.3 

Equation 4.3 is trigonometric with an and bn 

as real numbers. Assuming that the 

series converges in the interval [-rr ,rr J.~~it 

defines a periodic functi on f(t) with period 

T = 2IT/w Equation 4.3 can also be written as 
a 

g(t) = i; C Cos(2ITfnt - $ ) -----
n=O n n 

where 4>n is the phase difference, series en 

known as Fourier series for function o f g (t) in 

the .interval [ - II ,II ] . The coefficients can be 

calculated from the following 

2 
T/2 

a = T J g(t)dt 
o -T/2 

T; 
a = ~ f 2 g(t) Cos 21lf t dt 

is 

n T/ n - 2 
~ 4.5 

T/2 
b = ~ J g(t) Sin 2!lf t dt 

n T - T/ 2 n 

4. 4 
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Cn • ~ Cos tn + bn Sin t • - I g(t) Cos (fnt- +n 2 T/2 )dt 
n T - T/2 

c = [Q 2 b• Ji n n + ri 

•n tan- l ~ 
an 

Equation 4.4 shows that g(t) can be regarded 

4 .6 

as sum of infinite number of cosine wave function 

having amplitude Cn and Phase ~ . It thus represents 
n 

the function, g (t ) as a series of cosine waves. 

As T becomes larger, it takes longer for g(t) 

to repeat itself . In t he limit when T becomes 

infinite , g(t) no longer repeat itself. In this 

case equations 4.1 and 4.2 become 

g(t) = _1_, ex 
f(x) elxt dx 

m - ex 
l -----

f(x) = - 1 _/ g(t) eixt dt m - ex 

4.7 

The function f(x) is the transform of g (t) and 

g(t) the inverse transform of f(x) . 

g(t) <-> f(x) 

Thus 

They are referred to 
as transform pairs. 

Fourier theorem 
expresses f(x) in terms of g(t) 

It states that f(x) 
symmetrical fashion . 

in quite a The relationship 
is the Fourier transform 

between f(x) and g(t) is 

sign of the exponent. 

of g(t). 

reciprocal except for the 
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The Fourier transform g{t) is a real valued 

function, f{x) is generally complex . The complex 

conjugate for a real function is 

g(t) =~/a f(x) e - ixt dx = g( - t) - ---- 4.7a 
- a 

When ftx ~ is an even function of x , however' 

the Fourier transform g(t) is even too and is real 

for real f(x). Combining the contribution of t and 

-t one obtains 

2 a 
g(t) = --/ f{x) Cos (xt) dt 

m -a 

which implies that g(t) = g( - t ) . 

Equation 4 .7b . can be written in the form 

2 
f(x) = l2rf 

a 
I g{t) Cos (xt) dt 

0 

4 .8 

a a 
~ f Cos (xt) dt I f(t ) Cos (xt ) dt - - 4.9 
n 0 o 

Similar expressions occur for odd function of x 

The equation 
a 

g(t) = 
~ f f(x) Sin (xt) dt ----- 4 .10 

/2IT 0 

is an odd functwon with values that are pure imaginary 

for real f(x). 
The reciprocal formular becomes 

4.2 

the 

"' 
f(x) = 

3.L 5 g(t) Sin (xt) dt ----- 4 .11 

(211' 0 

CONVOLUTIQJ! 
mathematical operation defining 

resulting from its passage through Convolution iS a 

change of waveform 
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a filter . The p i 

r ncipa1 use of filtering in data 
processing is th 

e smoothening and modification of 

the wave 6unction being analysed. A filter is a 

device or a Physical process that operates on time 

history and (usually ) changes the time history in 

some manner. It is entirely convenient to consider 

the earth as a filter placed between the source and 

the observing station. Filtering is an inherent 

characterist ics of any transmitting station. 

Linea r filt ers a r e single and the mos t i mportant 

category of filter s . A linear filter is nor mal l y 

characterised by i t s t ime domain response function, 

g(t ) , t o a unit "spike" i mpulse cS ( t ) , where 

cS (t) = "" t 0 

o , t ;< o 

and !~~ · o( t ) dt = 1 . 

The output of the filter to any other imput f(t) 

is then given by 
~ 

h(t) = f f(T) g(t - T) dT 
0 

4 .12 

The integral operation 4.12 is known as convolution 

formally a s 

4 .13. 
which is often represented 

h(t) = f(t) * g(t ) 
In geophysics, the output function h(t) is given 

source function f(t) may be 
by the seismogram- The 

The properties of the earth are 

g(t) and could known or assumed . 

contatned in the impulse response 

i ncl ude geometrical spreading of energy, non-elastic 
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attenuation and the introduction or reflection or 

critically refracted phases at given time. 

it can 
If g(t) can be extracted from the seismogram, 

provide a clue to the earth structure. 
Reflection 

horizon, for example, simply introduces spikes of 

length proportional to the reflection coefficients at 

discrete time. 

by computing 
A synthetic seismogram can be obtained 

g(t) for a given model and performing 

a convolution for an assumed shape. 

It is the convolution theorem that gives the 

relationship between Fourier transformation and 

convolution. This establishes an equivalence of filter 

by multiplication of signal spectr um by the spectrum 

of filters. 

4.3 CONSTRUCTION OF SEISMOGRAM 

Let the assumed data for construction of the 

seismogram be these discrete input signals shown in 

table below. The data are taken at time 

interval t = 0 .02. 

1.0 1.89 5.40 8 .10 9 .81 9.9 7.47 

1.26 - 4.05 - 9.50 - 13 . 68 -14. 13 -11. 79 -7.83 

-2.86 1 . 0 3 . 51 4 . 23 4.14 3.28 2.25 

1.26 o.5 o . 36 0 . 18 0 .01 0. 0018 0. 00 
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The velocity models are shown i n 
fig. q. J 

V1=4Km/s 

v2=4.5Km/s 
. v3:5Km/s 

1Km 

l 

(a) 

( c) 

4Km/s 

f 
1Km 

1 

' 1Km 

! 

5Kmls 
I 
I 
I 
I 
I 
I 
I 
I 

~m 

Fig. 4 .1 shows velocit models 

( b ) 

I 
I 
I 
I 
I 
I 
I 
I 

The 
The velocity model has a single reflector. 

ve l ocity of the first medium is 4 km/s and is 1 km 

deep and t he second medium has the velocity of 
5 

km/s 

and 1

8 

! km de•P · Tb• ••''"d mod•l (Fi <· 4. lb) ha• 
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the f1rst medium has the veloc i ty of 
two reflectors, 

4 km/s, and 1 
km deep, the second medium has the velocity 

of 4 • 5 km and ! km deep, and thcthird medium is 5 km/s 
and 0.5 km deep. 

The third model (Fig. 4.lc) also 

has two r eflectors, the first medium is 4 km/s and 1 km 

deep, the second medium is 5 km/s and o.5 km deep and 

the third medium is 4 km/s and 0.5 km deep. 

Using the velocity model we can perform the 

convolution for an assumed shape of the above data. 

The models are converted into time models which we 

represented by a spikes of length proportional to the 

reflection coefficients. 

The variation of density with depth is very small 

compared to the variation of velocity with depth. 

Density variation are frequently ignored so that the 

reflection and transition coefficients as based on 

velocity changes only . The reflection now becomes 

et2 - Ctl 
R = 

et2 + Ctl 

The graph of R 

in Fig. 

0.11 
t 
R, 

4. 2. 

, with a ' s as layer velocities. 

versus time can be plotted as shown 

---------~o.2"5 t (sec .-.., .. ~J1~..::!!l~.r velocity model 



0.059 
0.0525 

t 
R 

Fig. 4.2 

t 
R 

0.11 

. -0.11 
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t (sec) 

(b) 

the ·second Velocn·y 

0.35 
0.25 

l 
t (sec) 

Fig. 4. 4 Time Model for the Third VelocitLlayer 

The seismogram for the above time models 
were as 

grams. 

shown in the appendix. The fig . Al is the assumed 

input impulse with which we convolve with the 

reflection ·coefficients to produce the other seismo 

Fig. A'l. is the seismogr am of layer with one reflectoo. 

Fig • .A3a is the seismogram of the first reflector or 
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the second model and F1g.AJ 

reflector after a t1me 

comb1nat1on of AJ.a and 

1s for the second 

Bh1ft, and Fig. A~c is the 

~~b . A3c 1s a synthetic 
seismogram for the second model. Fig. A 4 is the 

synthetic seismogram for the third model and the 

combination of A{a and P. i,b produces A1-c, just like 

the second model. 

In reflection seismogram that could be obtained 

in a routine work, the earliest arrival wave are not 

normally due to di rect waves, but to critical 

refractions at the base of the low velocity layer . 

Its base as earl i er ment i oned is defined either by 

water table or rather sharp decrease in porosity . 

This layer makes an appreciable and very viable 

contribution to t hemeasured reflection times . 

The remainder of the seismograph is a complex of 

unwanted reflection of body waves reaching geophores 

by some paths. , I t would be practically impossible to 

resolve this complex pattern without multi- channel 

record, on which events can be correlated from trace to 

trace and then time distance relationships compared with 

the theoretical ones. 

4.4 FIRST ARRIVAL AND DATUM CORRECTION 

The variability of the weathered layer leads to 

scattering of observed reflection times which must be 

eliminated as much as possible if accuracy is to be 
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realised. The weathering correction determines and 

accounts for excess time introduced by the thickness 

of the weathered layer. The _ usual pract i ce is to 

correct for both weathered layer thickness and ground 

topography in one step known as datum correction. 

usually these corrections are made to a reference 

datum s u ch that the shot and geophones are effectively 

placed at the same flat surface called datum level. 

In other words, the observed times are reduced to the 

value they should have if both t he shot and geophone 

wave placed as in figure 4.5. 

x. I 
13' !3 5ro1111tl 

I / l surjqtl 
, A' 

I 
s 

I I I I I I S<i I I 
I I ! I I 

I 
I I I 

~ W••Jt:.r,J 

LS\J 

.f 
t l.11y1.r I 
I I 
t Vw I 

__J ~ 
I 

b v, 

Fi g· 4. 5 ·s1m lffied ·two-la ·er medium witli weatlierin 

correctiQE. 
With reference to fig · 4 · 5' the general assumptions 

made are: 
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(2) 

(3) 
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t he ground sur face is horizontal , 

layers are isotr opic wi th each layer having 

constant interval velocity and 

ray paths are straight. 

With the symbols defining the following: 

Sd - Shot hole depth. 

x - horizontal distance between shot point S 

and the geophone station g . 

z - the weathering thickness. 

Vw - velocity in weathered layer. 

Ve - Velocity in consolidated layer 

Sabg - ray path. 

i - Critical angle . 

To apply this correction we need to know t he 

velocities Vw and Ve and the stances Sa , ab and bg 

to find the time spent by the reflected ray (assumed 

to b·e returned from a consider able depth). The most 

variable and therefore the most important of these 

can be determined quite easily from the travel- time 

of the first arrival Sa, ab and bg . The time , tn , 

for the nth geophone can be determined as follows : 

+ t + t · , with subscripts 
tn = tsa ab bg 

representing effects of the path lengths. 

t = Sa + ab + ·~ 
n vwVcvw 

But from f i g . 4.5 

Thus 

4 . 14 
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Sa • .t_ - ~ 
----- 4.15a Cos i 

bg = z 
Cos 1 ----- 4 .15b 

and ab = x - (2Z - Sd) tan i ----- 4 .15e • 

Also Sin i = 'Vw (Snell •s law) 
Ve ----- 4 .16a. 

Cos i = (Ve 2 - Vw 2 )~ 
Ve ----- 4 .16b 

tan i = Vw ----- 4 .16e 
(Vc 2 

- Vw 2 )~ 

hence substituting equations 4.15 and 4.16 and 

simplifying we have 

Thus 

t = ·x + (2Z - Sd)(Vc 2 
- Vw2)~ 

tn 

Ve Vc . Vw 

t - x 
Ve 

(2Z - Sd)(-Vc 2 -vw 2 )! 
Vc.Vw 

Hence z = tn . Ve .. Vw + Sd 
2 - (Vc 2 - vw 2 )I 2 

4.17 

4 .18 

4 . 19 

Equations 'f:·~and'H9are generally equations for 

the determination of the time in weathering and 

weathering thickness respectively. 

Other cases which might be considered are 

Case 1: 
When the shot is at theground surface. 

In this case Sd = O and equations 4-Jf and 1/-· I~ bee 
ome 

respectively 4.20 1 

(V~ 
~ vc.vw tn = 2Z 

and 
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Z • ·tn . Vc.vw 
------ " . 21 ~ -

(Vc• - vw• )1 
Case 2: Deep hole With 

1 

(a) 
Shot point at the base of weathered l ayer , r 

that is Sd = Z 

The equations 1-·I ~ and 4'·19 reduce respectively to 

tn = Z.(Vc 2 
- Vw2 )~ - ----- 4. 22 

Vc . Vw 

and Z = tn - Vc .Vw 4.23 
(Vc 2 - Vw 2 )! 

(b) Short Point in theconsolidated layer 

i . e . Sd ~ Z (See Fig. 4.6) . There are three possibilities 

hence; 

(i) Sd = 2Z 

Then equation ".18 

tn = 0 

and t = x 
Ve 

(ii) 0. is small such that Cos a " 1 and Sd " z 

which is same as Case (a) above 

(iii) a is large such that Cos a f 

time t 
is then given by 

t = x - Z tan,2. + Z 
-Ve cos Vw cos i 

1 . The trend 

4.24 
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WaQ '!t;,,c,,.1.d Utjer 

' J6 ,,...,,,/!,f •" 

z 

Ve 

l..c-f r11. c,fu/ 
Surfau, 

(on so lA.dat d Ui:J1.r 

Fig . 4. 6 Shot in Consolidated layer 

The graph of first arrival time against the 

geophone ranges xn will have the form shown in 

Fig. 4. 7. provided Z does not show a systematic 

increase or decrease over the spread , the best time 

through the points (unbroken lines) of the figure 

will have a slope of live and the departures of the 

point from a line parallel to this through the origin 

wi ll be the required time tWn· With Ve known from 

the first arrival times and ·with the elevati on of the 

shot and the datum surface , it becomes easier to 

i Sp
ent on the path Sa. Similar ly vw 

determine the t me 
h 

ie or on the surface, and hence 

i s measured in bore 
0 

i' 
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the elevation or g can be round and the remaining 

path time tbg of the correction is evaluated . 

This datum cor.- ection is sometimes known as the 

static correction, since it has to be applied equally 

to all reflection times shown by a particular 

geophone. When a seismogram is recorded on a magnetic 

tape it is possible to effect a datum cor~ection for 

as this is often made automatically along its length. 

-
- I 

--1 
I ----_.1-

I ------ Xn x 

Fig. 4.7 
First arrival time versus geophone rang~ 

4.4.1 ~plications 

1. 
When the source is at the ground surface, Sd = 0 

' 

equations 4.20 represents the total time in the 
1 ayer 

and it requires modification from the practical method 

in the field. 
2. When the source is within the weathered 

1 ayer i.e. 

' eptb i• Sd < z then from equation 4.17, the weathered d 
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given by 

2Z = tn + Sd(Vc• - vw•)! 4.25 
Vc.Vw 

For easier calculation, the second term i~ the RHS 

of equation 4.25 is generally approximated to Sd/Vw. 

Expanding the term under the radical using Maclaurin 

series and neglecting Thurth and higher terms, the 

errors i n the above approximation Erroris given as 

1 Err = ~ 
Vw' 
Ve' 

4 .26 

This could be as high as 12 . 5% when Ve = 2Vw . 

To keep this under 5% Ve should be greater than 3 Vw, 

and if Ve = 7 Vw, the error is approximately 1%. 

(3) When the source is at the base of the weathered 

layer i .e. Sd = Z equation (4.22) is equivalent to 

the t otal time in the weathered layer . But the 

weathering depth is not known precisely. Thus it 

cannot be easily ascertained when Sd equals z . 

(4) When the source is in the consolidated layer, 

z, the following specifics apply: 
i.e. with Sd 

(i) Sd = 2Z 
From equation 4.17, the intercept time 

Tn and 

the total time in the weathered layer are respectively 

Hence there will be no enough informa-

equal to zero. 

tion to determine 

TheoreticallY all 

the weathering depth from the records. 

first arrival times are direct waves . 

c shows 
This condition is synonymous with Ve ~ Vw, whi h 
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weathered no distinction between the materials of the 

and the consolidated layers . 

(11) Sd ;. 2Z 

(a) When~ is- as small such · that Cos • l , then it 

is equivalent to Case (3) above. 

(b) When a is large such that Cos a ;. l, a is not 

usually determined in the field. Thus the 

travel time and hence the intercept time tn cannot 

be considered (see equation (4.24)). In an 

extreme case, where~= 90°, equation (4.23) 

itself also becomes indeterminable. 

4. 5 IDENTIFYING AND "PICKING " REFLECTOR 

In reflection survey , the range of shot is usually 

small compared to the depth of the reflector . This 

makes the reflectal pulse to arrive almost s imultaneously 

at all geophones .and so appears as series of peaks 

and troughs alligned almost simultaneously on the 

seismogram. 
An allignment of this kind which can be 

followed across nearly all traces of several records 

is likely to be a reflection. 
This is usually 

"picked" for measurement of travel time. 
Oftenly 

Fine measurements 
spurious reflections are eliminated. 

on the remaining and are used to calculate the 

diP of reflector. 
are made 

are generally complex and depth and 
Geological interfaces 

since the reflection pulse is t he same with th 
e Ricket 

wavelength, th• numb'' of Ricket pul•••, erect and 
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inverted, and with various time delays will be added 

to the actual ground motion. This form is further 

distorted by the recording apparatus which adds 

extra "loops" to the pulse and introduces complicated 

distortions. This makes the first peak and· trough to 

1 te signifi­which the measurements are made have no abso u 

cance . It also makes the "seismic horizon" plot to be 

about 100 ft or more from the "lithographical horrizon" · 

Besides the surface wave a reflection seismogram 

also contains a large number of other events which could 

be classified as "noise" and can be reduced by 

suitabl e combination of output of several geophones on 

recording channel . It has now been known that many 

of these events are multiple reflections travelling 

by some ray paths. The mul tiples known as ghost 

always follow a str ong single reflection at times 

twice the uphole times. 
Ghost reflections as seismic record can be 

removed by reverberation filtering . Weathered layers 

occupy some regions of solid earth consisting of 

surface rocks which are aerated, leached , altered 

chemically and are not saturated with water. The 

velocity of the weathered layer is not regular from 

place and the values lie between 1500 ms-1 and 

place to 

5000 ms-
1

· 

The delaY in arrival time as a result can 

if the ve1ocitY is known, but the spectra 

be carried out by an inverse filter . be cornelated 

alteration can onlY 
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Any velocity discontinuity Within weathered layer 

produces a ghost Which 1s similar to direct or primary 

reflect ion. 

Diffractions a re indistinguishable from reflection 

on the basis of ch aracter. There is variati'on of 

amplitude of diffraction, usually maximum at some ··' point 

along the time of profiling and decrease rapidly as 

one goes away from the point. If discontinuities such" 

as fault s are present in the reflector, they may show 

themselves not much by the discontinuous change in 

travel time of the reflected pulse (which is often 

small in a mplitude near the fault), but by generating 

a spherical diffracted waveforms cent-<.d discontinuously 

as shown in fig.11 

4.6 PLOTTING THE POSITION OF REFLECTORS 

After spurious reflection has been eliminated, 

time measurements are made on the remaining and are 

used to calculate the depth and dip of reflector. 

Let v be constant velocitY down to the reflector 

i diP wholly in the line of seismic profile. 

cross- section on a sheet of 

a composite picture of 

with the 

Plotting seismic 

graph paper helps to prepare 
the output signal· The shot point location is marked 

at the toP of th• ,hot on th• horieontal lin• indieating 

'he datum plan•· Th• rer1eet1on eeent• •r• eaeh plotted 
- shot point according t o their 

below the corresponding 

arrival times· p1ots are 

often made also of the 



- 75 -
surface elevation 

the depth of the base of the low 
level layer and the fl 

rst break arrival times. 
Cross-section 

are called t1me section of the 
vertical scale 1n 11 

near section with time or depth 

section. A cross- section ls migrated when the 

reflection are Plotted vertically below the shot 

point. A migrated section is one for which it is 

assumed that the seismic line is normal to strike so 

that the dip moveout indicates true dip and plotting 

their ac tual location produces the recorded events . 

The scale on migrated section is usually linear with 

depth. 

51 
52 54 54 

I I I L 
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iS of 
is a time section and 

most purpose until it 
15 

converted 



- 76 -
This convertion may h 

c ange its appearance considerably , 
particularly if the Velocity varies laterally as is 

commonly the case. Moreover spurious events present 

in the individual record wil l be as prominent in the 

profile as the wa nted reflection which make interpre­

tations difficult. These should not be read a denial 

of the value of continuous profile which sometimes 

draws attention to important events whose corollat1on 

would not be apparent from the individual record event 

when side by s ide. 



~ 
SUMMA~N 

Sei s mol ogists have d 
· emonstrated that , in 

i mportant cases, seismogram f 
o seismic wave can be 

computed rather more li · 
rea stic. A number of alter nat i ve 

procedure has been used. Se i smological investigation 

of earth 
1 

s interior now rely not only the trav_el time , 

but also on the amplitude of seismic wave. Computation 

of seismogram aids significantly in the quantitative 

interpretation of the observed seismogram. Comparism 

of the actual and synthetic seismogram helps to 

ine Which event represent primary and which determ 

multiple . In many areas t he synthetic seismogram 

is a reasonable approximation to actual seismic 

record and is therefore useful in correlating reflection 

events with particular horizon . 

A draw back of many synthetic seismogram has 

been their limitation to 
larger wave lengths. 

theoretical approxi-
Because of this limitation in 

mat i on many construction has been rest r icted to 

seismi c wave with period above two seconds , and model 

which f it t h e data well at such periods have been 

fou nd n ot to give acceptable fitS to high frequency 

acceleration recorded near a fault. The problem 
1 ince for engineering purpose due 

s an i mportant one s eieration recor d rather t han 

mainlY with ace 
concern i s 

with displacement · 

- 77 -
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In attempting 

to know the to analyse a Seismogram, one needs 

Velocity impulse Which is generated by an 

explosive source i n homogeneous ground. The classical 

treatment Of this Problem is due to Ri cker ( 1953) , 

and showed t hat the "Spike " impulse velocity which 

must exis t very near to the source is transferred in 

the early stages of it s propagation. 
This elementary 

impu • lse which is known i s 
the "Ricker wavelength" 

and i s broader and s maller in amplitude at greater 

distance but it is essentially unaltered in form . 

To ana l yse a seismogram , it is necessary to remember 

th a t the Ri c l{er wa velength of ground veloc ity is 

distorted · by the recording apparatus (Angk!ly , 1958) , 

the most commo n form of distortion being the addition 

of entra l oop . 

The b roadening of the pulse by further select ive 

attenuat i on of h i gh f requency component as it is 

generally different in amplitude takes pl ace at the 

r ate which is depended on themechanical properties 

of the ground. The ha nd component of t he mck transmit 

the pulse with little attenuation while l oose sa:l:ls 

attenuate it heavilY with accompanying rapid broadening. 

Attenuation and broadening are much ~ess r eadily 

t 
nd so velocity, has far been 

measured than veioci Y a the mechanical properties of 

used as an indicator of 

the medium. 

An important use of 

in study of the effect of 

synthet i c seismograms is 

changes in the reflecting 

I 
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layers on the se1sm1c 

a clue 1n looking for 
record. 

This might then provide 

ancient stream channels or other 

Synthetic seismograms are 

indicating the features Which may help 

features of interest. 

important in 

to identify stratigraphic traps. 

The seismic reflection method has been applied 

most extensively in search of oil, although it cannot 

of course detect the oil directly, but only the geolo-

gical structures most favourable for its accumulation . 

In prospecting for other miner al , the method is little 

used, mainly because they generally occur in a 

geological contac t which is too complicated for 

accurate interpretation of measurements. This same 

factor a nd th eexpense of the conventional seismic 

survey has hitherto hinted the extent to which civil 

engineers has been able to use seismic method in site 

exploration, but in r ecent years much experience has 

been gained in solving cheaply the class of problem 

in which low velocity "soils" overlay: a high 

velocity "bed rock" at no depth. 

This research was done without actual field 

practice, though it could serve as reference for anyone 

who intends to dig further on how to obtain a synthetic 

seismogram . 
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&PPIRDIX B 

l I GCLEAR 8 DEG 

.;16 
•Alf'l- ITUOE" 
R IS 1 

1
1£ :so,220, 25, 9 8 

;:ALE o , . 5o,-3 , 3 
LJIXES .02 ,1, 0 , 0 , 1 , 1 , 3 
FOii x=· 11 TO • o 5 S TEP 0 REfltD y • 2 

y:Y•G 
IJ) pi.OT X, Y 
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170 NEXl X 
180 END l'IO DATA 1 , \. B9, 5. 4, 8 . 1,9. 8 1, 9 .9 , 7. 47, 1. 26,-4. 05 , -9. 5,-13.69, - 14 . 13 , -11 . 79 , -7 • 83 
,-

2
•
88

, 1 ,3 . !511 4. 2 3 , ". t I\. , 3 . ?.4 , :2. :zs f 1. 26, . 05 ,. 036 , . 010, . 0 1 , . 001s , o · , 

Fig. Bl Program used in plotting the seismograms 
Al, A,:i, Ma , A~b, A~ and A~b 

~ GRAPHALL 
I LOCATE :i:o 22 I SCALE 0- ' 5 , 25,98 
• LAXES ' ' 91 ,-~,:;. 

DIM Y(5bl ' ,o,t,t, ? I . . 14' . 5 0 

• FOR I=l TO 56 
READ A 
IF 1<29 THEN -IF I >28 THEN A:A* . 11 @ y ( 1 l =A 

) I F 1=28 THE A-A·•- . 11 <i! y <I> =A 
l NEXT I N RESTORE 

l FOR 1-I y ( I ) _ - 18 TO 28 
I NEXT~i< I>+Y(l+ 1 ~1) 
I X=O 

FOR 1=29 TO 
Y(l )-"( l 4 1 
NEXT-i +1 0> 

FOR I X- = l TO 4 1 
-x+. 02 

·:· ·1 
I 

! 
I 

PLOT X y <I) 
NEXT ' 
END 

1 
DA1A 

1 1 

_ . . ... ' • ' .• , ·'·. ·'· ' ' •· .. ' •. , , ,. "' '. ,.,-" .,,-•· , ,-u. "'·-"·" ···' '·'·''·'·''·' ·''·'·''·'·''· ·''··'"··'''· ·''· ·''''·' .-···''·-'·'' 
Fi g. B . program which combi nes two seismograms to a 

stngle synthetic seismogram (i. e. combined ·-A~a and A~b to give A?C and also combines AL... 

and Hb to give A4.c) . r-


