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ABSTRACT

The basic field activity in seismic surveying
is the collection of seismic data in form of
seismograms. This is analogous to digital time
series that record the amplitude of ground motion
as a functlon of time during the passage of seismic
wavetrain. The acquisition of seismograms involves
the conversion of seismic ground motion into electrical
signals, amplifications and filtering of the signals
and registration on achart recorder and/or tape
recording.

By seismic modelling "synthetic seismograms"
are constructed for earth models in order to derive
insight into the physical significant of reflection
events. With these identification of precise ¢
origin of the "reflector" in terms of subsurface

lithoLogy can be inferred.
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Seismogram is a record of the resultant ground
velocities (generally of its vertical component)
which may be due to the sum of large numbér of
impulses of waves of different types travelling by
different path. Seismogram is a single field record
which may contain more information about the sub-
surface conditions. Before it can be Iinterpreted,
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 modificatlon because of its passage through
a sequence of layers with given velocities and
denéities. 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-positlon of these waves which are

ultimately reflected back to the geophone st

and Snell's law determines the ray pat!
| bedding is assumed and

-

o L T




are ignored. The result is called a ft
séﬁsmngrama
The transient seismic signal like that due to
explosion or earthquake produces a contin. .i back-
ground noise in the earth which is measurable with
time-order seismograph over a wide range 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 surface wave. Through the analysis of
their travelling time from a peint of origin to
receiving seismograph station, they permit deduction
of layering and elastic constants of the interior
earth.

I In order to analyse a seismogram, it is useful
to know the form of the velocity impulse which is
generated from explosion source into the ground,
since this is the principal unit from which the
seismogram is constructed. A seismic pulse p

outward from a seismic source at ve

bﬁJ?h&Q&bﬁa‘érgpertiesrth”

%




2 18 col 1 with the first
Benioff in 1935 observed that a
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 selismic wave, this instrument records varilation
in distance between two points on the ground some

20 metres apart. The variation is measured against a
standard length tube, originally of steel, but later
by fused quartz egtenometer. The recording is
electromagnetic. Bendoff's strain seismograph was
first to record the earthquake period up to an order
of one hour. Benioff also investigated properties
of seismograph designed to measure ground dilatation
directly.

Various instruments have been brought to bear
with the view of realizing optimum levels for particular
purposes, for example instrument may be desipned to
produce selsmogram in which the dynamical magnification

is nearly constant over a wide range of earth period




time picture of the vertical velocity is nbtsm&,%

the motion whose frequency component lies within a

chosen band. The motion whose frequency component

lies outside this band will not be produced accurately.

This must be kept in mind when the actual selsmograms
are compared with the theorgtical calculation. If
the offset of the lnstrumentation is allowed on the
seismogram, the observed motion may be compared with
the prediction from the wave theory. The earth is a
very complicated model to handle theoretically.
However, the initial disturbance produced by dynamite
explosions is 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 fixed during the arrival
of seismic wave, but a mass of large inertia, loosely
coupled to the frame of instrument remains nearly so.

It would be convenient for the seismograph to be

designed so that its selsmogram gives a fairly close
pilcture of the relevant component of.the-agtual-gag£h~

‘movements. Selsmograph must be damped if it is ﬁyhaat

give a satisfactory result, otherwise the
ment in the ‘explosion or earthquake

1
|
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element that tends to remain at rest. The other
magnetle field moves in response to the seismic waves.
The coll has only one degree of freedom and 1t 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 Raleigh waves).

The geophones are usually arranged 1in groups
(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 agalnst seismie 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 informatien,
1t also incorporates adjustable filters and permit

diserimination on the bases of frequency. The




the translational component of the local earth

movement. A selsmograph is an instrument which

provides a useful record of some characteristic

ground motlon during the arrival of seismié wave.
There are two methods in use for seismic analysis; the
most commonly used is based on the principle of inertia f
and the pendulum seismometer is used as the inertial

sensor. The other is based on the deformation of

small parth of the earth and strainmeter or strain-

seismometer is the sensor.

There are two ideal seismographs 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 differential equation representing the motion
of the seismograph relatlve to the ground occur in
both.

The usual modern seismological usage is called

the entire instrumentation that record the motion of

the ground as a continuous function of time, the

aph, but the component that responds to the
ground motion, the seismcmeter (or geophone) is
the heart of the instrument.
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weathering effect must be eliminated for accuracy
to be realized.

Seismic reflection profile, or sounding provide
trall time data that must be converted to velocity
function before depth interpretation can be made.

The resolutionsef Sésmic reflection survey depends

on the wavelength of the energy-source-receiving

system used with resolution increasegas 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
reflections survey is usually limited to shallow depth
penetration. Interpretation of seismic reflection survey
requires an understanding of both the equipment used

and the geology of the site. Some high powered

gseismic source produces energy in form of wavetrain
rather ‘than a single energy pulse. The wavetrain produces
series of reflectives from each reflection. The charac-
teristics of reflection surfaces (velocity discontinuity)
and the lithologies affect the reflecting signal

enhancement .
1.2 INSTRUMENTATION

The most general types of local movement in an
elastic body is represented by terms which correspond
to translational rotation and strain. In the case of

seismic waves the translational motion is much relevant

—F




lc energy travelling along a ray ]
isotropic medium and are everywhere perpend
to the wavefront. A ray has no relevance except 1 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 particle of the medium perturbed by passage of

waves. The associated oscillatory ground motion involves
; i
the particle velocities that depend on the amplitude f
l

of the waves. ]
In seismic reflection survey, the travel-times é

are measured from the reflected waveform from interfaces !

of media of different acoustic impedgnces. In such

a situation, the veloeity varies much more as a function

of depth due to differing physical properties of

individual layers than horizontal from lateral facles

changes within the individual layers. The depth of

investigation is usually larger compared with the A

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 technigue possesses appreciable
the

e

cularly, when

i,




CHAPTER II

2.0 SEISMIC WAVES
2.1 'INTRODUCTION

Selsmic waves are parcels of elastic strain
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 typically contains 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
elastic. 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 the:direct
disturbances of the instrument. The seismic waves
which arise through a sudden explosion propagate
through the whole of the interior or along the

surfacecf 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 stressed, three elastic
pulses travel outward at different speeds. Two are

body waves and they propagate as spherical waves which
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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 compressionai 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 than the P-wave and its speed depends on
density and rigidity of the earth.

The surface waves are generally ccmplex and
travel through the crust near the surface. Thelr |
energy 1s not guickly dissipated wlth distance. For
a homogeneous groundh Surface disturbances are
caused by waves known as Raylabgh waves. They
comprise the combination of longitudinal and
transverse motion with a definite phase relationship
betweén 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 elemént of the medium during the passage of the
Rayliegh wave cycles follows an ellipse lying in a
plane of propagation. ‘ i

The figure 2.1 below shows an elastically
homogeneocus ground stressed at point P near its

surface.




Pig. 2.1 Pulse of P- y = : and Rayleigh wave.

types at some time after thelr initiation

‘at point P.

G is the geophone, P the source and X is the

s Vp

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

distance between the source and the geophone. V

Rayleigh wave respectively and V G, ng and Vﬁy their
respective distances in relative term.
In an infinite homogenecus isotropic medi

only P- and S-waves exist. However, th
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information of deep interior of the earth. When
seismic veloclty is glven without any specification

1t is referred to as the velocity of the p-wave.
2.3 'ELASTIC THEORY

When a wave 1s propagated through the earth,
the propagation depends on the elastic properties
of themedlum.

The theory of elasticity is concerned with the
strain experienced by a deformable matter when
subjected ©o stress (1.e. applied external force).
These external forces are opposed by the internal
rorces which resist the change in shape and size.

This makes the body ©o return to its original condi-
tions when the external force is removed Similarly
flulds resist change in size (volume) but not shape.
These properties of resisting changes in shape and

size and of preturning to 1ts undeformed conditions

when the external force is removed 18 called elasticlty.
perfectly elastic body recovers completely after being
deformed.

The theory of elasticity relates forces which
are applied to the external surface of the body to
the resulting changes in shape and size. The
relationship petween the applied force and the deforma—
tion is expressed in terms of the concept of stress
and strain. IE will be assumed that the medium is made

up of particles which are sufficiently closely packed i l
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and whose distribution is continuous .

2.3.1 The Stress

When an external force is applied to a body ,
internal forces are set up in it. Stress is the
measure of the intensity of those balanced internal
forces. The stress is the ratio of the normal force

to the area on which the force 1s applied.

T = Stress = force =
Area

B
A
If the force varies from point to point, the
stress also varies and its value at any point 1is
found by taking the infinitesinal element of area
centred * at a point and dividing the total force
acting on this area by the magnitude of the area.
1f the force is perpendicular to the area, the stress
is sald to be normal and when tangential to the
element of the area, it 1s called shearing stress.
Taking an infinttesimal areal element and
assuming that the upper and the lower part of the
continuous pody can be separated with respect to the
plane as i1lustrated in fugure 2.2 below. The surface

force exerted on this area can be expressed as

=)
n

sz(r) dxdy

%
Fy c sz(r) dxdy e 5.
Fz = Tzz(r) dxdy




Fig. 2.2 The surface forces. Two tangential volume
which 'are next to each other one drawn

ar
_4.__—-___________———————_ ol B

The proportionality constants T a, B (r) (o, B
= x,y,%Z) are a function of the surface d 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 ,
with the same magnitude but opposite signs and are
corresponding component of equation 2.1.

Considering an infinitesimal volume dv, the
force on the upper dxdy plane 1s glven by equation
2.1. The net force on volume element dv through the

two dxdy surfaces is
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Fx = sz(x, y, z)dxdy - sz(x, y, z + dz)

(%ﬂ dzy gxdy

_ 9Txy 4v —— 2.2
32
T 3T
Simi = _,Z_i = zz
imilarly Fy N av FZ 52 . av

The total force exerted on the matter in this
infinitesimal volume is obtained by summing up the
result of equation 2.2 pver all size surfaces. The

result is

aT aT T

B e G - A =

X ( X i oY + 3z ) a¥
aT 3T aT

o= yx 4 ¥ CENES g TR e

=y ( X * 3y EE o 4 0¥ 2.3
T 3T aT

—— ZX zy 4 ZZ

Pz ( X # Ay ¥ o

The nilne quantities qu of the second rank
tensor is called stress tensor. The diagonal tensor
Txx’ T?y’ 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. pody in static equilibrium).

The stress tensor 1s sald to be symmetrical 1.6 P

oB
= TBH'
It is this quantity of cross shear that reduced
the nine component of a SETeEss ‘o Bix*, In addition,
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a palr of shearing stresses such as Tas , constitute
a couple tending to rotate the element about the

z-axls.

2.2.2 The Strain

When a body is subjected to stress, change in
shape and size occurs. These changes are called
strain. Just as the state of stress at a point,
strain can be represented by nine components,

(ay, B =x, ¥> z). 8 S S are simply

SaB xx? “yy’® &z

contraction or expansion, Sxy S2 s are shear
strain. Strain like stress are symmetrical 1.e.
S =8 , so that the nine components are reduced
af Ba
to only six independent components.

Consider two neighbouring particle in a solid
at P(x,y,z) and Q(x+dx,y+dy,z+dz). Now suppose that
the body deforms in some manner under an applied force
so that the particle P 1is displaced by an amount U
to a new position Pr(xt+u. y+v _z+m), then if the
displacement suffered by the particle at Q is by

amount W * d\J then the component of di(du,dv,dw) as

dx % avey + dudz = 2.1
ay oz

di =

u
ax

using the notations xlaaiiiixal=

P x> =2
equation 2.3 can be contracted into a single formula

(with oy 8 = 1, 2a AN

BTB

oy s o
fap ® (axs Ydv e 2.5




P1(x, tu, ytv, oz Fw Ql(x +dx +u + du, y + 4

+v+dv, z *+dz +uwt du

Fig. 2.3 Displacement of neighbouringﬁpdint“ﬁiﬁh an

The displacement of matter in all at r of the it
continuous body is given by dqnectional vector t(r).
The displacement itself, however, does not produce any
stress, but the difference in displacement between
neighbouring point in the investigation of the dynamic it
of continuous body are the derivatives of u, v, and ¢ ]
with respect to x, y, z,. These nine derivatives aré
a second rank tensor, since U and r are vectors I
with the antisymmetric part given by 1

g, = aw - v
i 9y z

g = 19y — oW
| G Sl B L

e, = av = Bu
9xX oy

art of the strain is given by the

| i5 the shear strain given by




And the normal strains are:

B = AU
 ex
S = 9w
=

2.2.3 Cubical Dilatation

Cubical dilatation or simply dilatation 1s the

term often used to specify the functional volume

increase at point P 1in a limiting case when the

direction of small wvolume at P shrinks to zero. To

a first crder this quantity ¢ is equal to the sum {_
of the normal strains as:
T T 2.10

XX Yy ZZ R 37 5z

ey ll
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tic prepeﬁies express bhe

type of applied stress in a body, there is a 1inear
relationship between it and its elastic strain. To a L
certain value of stress, known as yleld strength of
material. This is given by Hook's law. The lilnear
relationship between stress and strain in the elastic
field is specified 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 relations but when thg:medium is

S e

isotropic, that is, when the properties are invariant
in all directlons, it can be expressed in a relatively

simple form as

E =% f\(sxxqr.swaf:-:x‘,,_z)E M(S, 2+ Syt 8L 4

+ asxy + ESyz + Esxz — Sl

This is the most generally acceptable equation for the

energy density § , a scalar function. Two elastic %

constants and M, are called Lame's constants.




LE ] :_ﬂ‘n..__,,_ t i '
Toe = BATBRIE

s = S,

Tpx = 2MB,, |

Taking a simple case of elastic body under a hydroétatic

pressure P; then

P = = =
XX Tyy Z22 b e 2.3
= = =

Txy zy yz

In equations 2.12, we see similar symmetry existing
for Saﬂ and thus

5 =Sy=3 = 1 Jup = V.u

XX v zz = :
3 ax%.

W=

=l Vv = Vo
3

s . Bl

TS,

Where V, is the natural volume of the elastic body,

while V is the vclume under pressure

T R
— - % g

hr aRterlsl 92
here K =A+ £ M
m%‘ﬁqtﬁr;'m §15h e pee

DF:




body (like the case of a wi

the x-direction, in which

Txx =T s

is the only non-zerc component of the stress tensor

and ; I
Syy = Sgz = '°l5xx = Lo
where g ="'~ ,., j e 2.19
FIG N

with ¢ as the polsson ratio and gives the ratio of
sidewise contraction to the length-wise stretch in

the deformation. Also i

- = Y5
Txx = T B === 2.20 ' w
where E = M3 +2M) = 0é——— 2,91
A T H

E is called the Young's modulus defined by

E = longitudinal stress = F/A with usual notations
longitudinal strain AL/L

expressed in Nm™2 A

2.4 EQUATION OF MOTION

We consider how time-dependent stress may be

transmitted through an unbound elastic gnl;d;




™ d2y

where u is the amplitude of variations i.e. inst
taneous value of the displacement for the position of
equillbrium at time t, m = mass of the material and
df is the instantaneous force on the material.

Enumerating all surface forces acting on
small parallelopiped av 4in z direction fig. 2.b.,
there is only one component in this firection across
each of the palrs of opposite surfaces. For example
the faces perpendicular to Oy has the expression

{Tyz + 3 a Tyz/ay Ay)azAx -

(Tyz -3 aTyz Ay)Azhx = aTzz‘Av """ 2.23
3y 9y
7 P'zzl‘AK Ay

-a-E? = Vz' d_F ——— .a ﬁ'z ,.




surface force on v 4in the direction of e

using qual notation, x =Xx; , ¥ = Xy, 2 = X3, we

obtain
3. 0% 3T
F3 = 3 ._._.....ILAV ——————
k=1 axK
In general,
3 3T
Fi = z _ﬁ_bv
k=1 axK

2.24

Neglecting, gravitational force and substituting in

Fy

mdcu_ _ g 3Ty

e ﬁvl —————
gt k=1 %y

dividing both sides by Av

2.25
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i

from ewgt&qm 2 AR
S 5 A@m +
EM‘S'xx

Sx+_/\¢

*A(Sxx + 8

= l\___g + 2MaS,,

Bx

2.28

2.29

%

E o

Substituting equations 2.27, 2.28 and 2.29 into 2.26 i

———————

p d?u = N3¢ + 2M Sk + M 'a‘sxy‘ + M3,

2.30
dt X 9x 3y 3z 8

but S, =3 , S, =

= xy av + du , sz =

x Jy
1‘41

Equ*é‘. tidon 2. 39 becomes




R

SRTE B R R R

y
but
‘u * dv + dw = & y
X Dy 9z
e !
pg—t‘; =A% 4 Mgy 4+ M_z?
X %

3% +M§g+mv21i

ox X 5
I DT e 2.31(a) ,
ax 4

Y
By analogy we can write the equation for v and w :

Py = (A+ M)g.; + MNPy sami 23100y
93—3 = (R M)_%% + MPw mates 2.31(c) ‘

To obtain the equation of wave, we differentiate

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

result together gives

032 ,3u + av + aw My (329 + 320 + D7
SedL e -l St

i elth g Mvg(ﬂﬂ 4 g;.; + 3w

) " i_;P(-_-, wh "!v
~ I3



By substituting the derivatives of equation 2. SIERINES

with respect to 2z and the derivatives of equatlon

2.31b with respect to y we obtain

na = 2 (OW - BV
i 'a_{'"(g_ e T (ay az)
and thus
1 §2ex = Vox
BT Tat? )
------- 2.33
with g2 = M ]
P |
By substi\huting appropriate derivatives, we obtain %
similar result for ey, Bl We can write in general
1 dzg'= vy e 2.34
vz 3E - |

where: v is a constant veloeity. The quantity ;
has not been defined, it can only be identified as

some disturbances which propagate from one point to

another with the speed V. In an homogeneous

isotropic medium, equations 2.32 and 2.33 -;_m;-a_tl:. 3
satisfled. We can identify the mncticm ‘hn" ol
‘ ; o,



Since the elastic constant is positive, ¥ 1s always

greater than @. Writing for the ratio B/y

it i e =}-0
& A+ 1-o
. ] 1
| Rl BIRER

where y is also a lame's constant

¥
\
t

The quuslty y decreases from 0.5 to zero, o increase
from zero toc its maximum value, /% » thus, the velocity T
ot S-wave ranges from zeroc up to T0% of the velocity
of the p-waves. For fluid M 1s zero and hence B
and y are also zero therefore S-waves do not |

propagata through fluids.

2.6 WAVE PROPAGATION IN LAYERED MEDIA

The problem of plane wave propagation in layered VJ

oped by many workers. They include
(1960) Wuensikel(1960) G

T




V1
2.5.1 Reflection and Transmission ot Intﬁgfaﬁe&

Consider a system of two homogeneous media
‘(semi infinite elastic lasers) in contact seperated
by a plane boundary. Let a plane compressional 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 interface. l

wave in the first medium and it is given by

Gin(y/ag-t)

¥
:
Let wi be the displacement due to incident bi1
|
e Frba B8ORS amiant RERE 2,37 j

4 i3 )
A2 Cus bie comppesarstt

where' (©. =
1 Pq f

wave velocity and A and M are Lame's constant ,

p = volume density, t = time and w = angular

‘frequency of incldent sinusoidal wave. -
The reflected and transmitted waves Y, and

respectively are: e :




Fig. 2.5 A ray diagram showing the direction and symbols

for a downward direction of the wave.

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 l.e.
fre TR . L 2.39

where ¥, is displacement due to reflected wave,

?t the displacement due to transmitted wave or
The !+ condition y = 0 gives
Ay = Ar + AL ———— 2.40

The second ceondition is tha£ the normal stress is also
continuous. If u, v and w are dlsplacements in the
x, y and z directions then the normal stress in the
y direction is

B0 AV, AWy o Mgy o
st s

x T ay

|
|




(A.* +amg( 4
24 (fy + 2My)

and at y = 0

A2 My (A - A

S

The accoustic impedance =z,

product of density

Zl=£|,u'| =

e|E R|E

e

n

_(./\'1,-& EM,_') At ----- )
S |
is defined as the

and veloeity

+ 2M;, . + 2M
(___._._.é._'._.__..) Ql = _bl——]
a

1 %l

M === 2.45

Substituting equation 2.44 into equation 2.45 implies

2.46

curve may be solved from equation 2,40 and 2.U6, to

give
2

The reflected amplitude 1s

Af
Loy R

J
The amplitude of. the reflected and the transmitted j
1

A
© :
e
2/21

2.4%

)Ai.
1




ard F@Zlhjzﬁgﬁlrgﬁ%

R TR e
g =28 = 2pgay - 2.50
Zl + Zz pl_“l + paly .
. i
Similarly the coefficients for the waves in 3
an upward direction are respectively
Zy - L
R e 2.52
Zl + 22 .
and
2Z !
- Qg S 2.53 3
Z1 + 22 {
- e 3

20
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n
et g = -

T =" 42 = L& = aali=s P2e5a ';“
T 4 8% 28 L R H
The quantity & is known as theimpedance constant. h
I1f 6 = 1, R = 0, all energy is transmitted, as the I;‘Q
li- g

impedance contrast approaches zero. As T approaches

zero, R approaches unity when the impedance contrast
increases. .
o

2. DIFFRACTION




length from the diffracting source,the diffracting wave

is essentially that given by Huygens (Trory, 1970). %"'
From the diagram fig. 2.7, AB is the plane
wave-front which is incident normally on a faulted

bed CO at time t = t The position of the wavefront

o
reaches the surface of the bed COD. AT t = to + At
the point at the right of 0 will advance to the
position GH while the point at the-left of 0 will be ’
reflected and reaches theposition E § . 0 marks the
Atransition point between the centre which gives rise 4
to the down ward travelling wavefront GH. The
diffracted wave fronts extend into the symmetry
geometrical shadow, GN and into the region FM.

R N DR
t=tos 24t 8

A

E

f‘=f‘n+Af




3.1 SEISMIC VELOCITY : 3 §

Seismic velocity can be defined as the speed
with which seismic waves travel. There are factors
which affect the velocity of selsmic wave in a
medium. The veloecity of p-waves in a homogeneous
solid is a function only of elastic constants and
density as seen earlier.

The elastic constants which are properties of
intermolecular forces are independent of pressure
where as density increases with pressure because
rocks are moderately compressible. The numerator:
in the expression of velocity (equation 2.36) would
not change very much with increasing pressure whereas
the éenominator would get larger so that the velocity
would decrease with depth of burlal in the earth.

This is infact contrary to actual observation.

one of the most important aspect in which rﬂgka




constants of such a pack @ vary with pressure. |

p-wave velocity varies as the 1/6th power of the

pressure. Thus in terms of depth of burial Z and
the formation of resistivity R, the velocity v 1is
v =2 x 103 (zRr) 1/ 6. The duration of each individual
measurement is so large, indicating the pressence of r
the other factors which have not been taken into
account .

Faust (1953) earlier included the age of rock as
a factor in determining the velocity. An older rock
might be expected to have a higher velocity, having
been subjected for a longer time to pressure, concen-—
tration ete. which increase the velocity.

The pore spaces for rocks are filled with a
fluid whose elastic constants and density also affect
the seismic velocity. The fluid is under pressure
which is usually different from that resulting from the
weight of overlying rocks. The effective pressure of
the granular matrix 1s the difference between over-
pburden and th efluid pressure. The formation fluids.

are under abnormal pressures approaching the over

pressﬁ?em‘ The seismic velocity in this case is
' t1onally dow, & fact which 1s sometimes used

i

"Juid pressure from EmeARES




little variation in lateral ﬂalanity as per
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 the 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
indicating that the LVL corresponds to the aerated
zone above the water saturated zone, but this is not
always the case. The significance of LVL are:
(1) High rate of absorbtion of seismic energy
(ii) Rapid changes in velocity have disproporticnately
large effect on travel times of seismic waves.
(1i1) The marked veloccity charge at the base of the
LVL sharply affect seismic ray so thab t

!

their directions of travel beneath the




This is one of the most accurate method for
determining layer velocity using borehole. These
methods of shooting a well and sonic (or continuous r
velocity survey) are two

In shooting method the geophone or hydrophone
1s suspended by means of cable and time requlred 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 recorded.

The vertical travel time t, to the depth of gz,
is obtained by multiplying the observed time by the
factor of =z/(z® + x?) to correct for actual start
distance x Dbeing the offset of the geophone (Fig. 3.1)
The average velocity between the surface and depth =z
is given by ratlo z/t. By subtracting the depth gna

e

time for two shots, interval veloelty v can be

found, the average velocity in the deptht%nﬁg

7) is determined by means of the f




|

‘I/So nde
|

Fig. 3.1 Shooting a well for velocity

3.3.2 Velocity Logging

Velocity logs show the interval velocities of the
formation through a well as a function of depth. The
continuous velocity survey makes use of one or two
pulse generators and two-or four detectors: all
integrated in a single unit qalled a Sonde. A semi-

logging sonde consists of two sources of seismic pulses

.tggmmgi ﬁg.Bg_and from Ry to Ry being 2 ft. (Fig.
ocity is found by ‘measuring the tre &

-&iffgreﬁGE—for the pulse trave




i 3 . 15 plnapda il
variation in borehole size or mud cake thickn

the transmitters gives rise to errors and thi - errors
are effectively eliminated by measuring the difference
in arrival time between two receivers, errors resulting
from such variation near the receivers are reduced by

averaging the result from two pairs of receivers.

Uppertransmitter

Lowertransmitter

Fig. 3.2 Sonilc logeging. Borehole-enslated logging sonic

Other methods of velocity measurements 1like the

x2-T? method and © - Atn method will be disauased-im=ﬁhg1

next sections.

3.4 QEOMETRY OF SEISMIC PATH

The exact interpretation of 3
i % 3 t"?g? EY



a simple ‘Mﬁfiﬁﬁ%h of velocity which
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 surveying is the
determination of theposition of beds which 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 reflector, the geometry
is shown in figure 3.3. It is a case of a single
horizontal peflector lying at the depth Z beneath a

homogeneous top layer of velocity wv.



X )
t
®) 1

Fig. 3.3(d) Reflected Seismic waves from a horizonﬁ'a‘.i‘lg.yg_:;

(b) time-distant curve from the horizontal refleetion.

The actual length of the reflected path 1s j
B

.
B 2 51 RS T el R T

The equation of the travel time ¢t of the reflected

ray from source to a detector or at horizontal o!

hort detector separatio
h length to the Velocity 1

e n x 1is given by the

of travel pat

Bl



to determine z and v. If the r

-n-;-%: -E—-!. = 1 —-—-I--'- 3.“

Thus the graph of the travel time of reflected
rays plotted against offset distance (time - distance
curve) is a hyperbol that is symmetrical to the time
axls (fig. 3.1b).

Substituting x = 0 in equation 3.3 the travel time

ts of a vertically reflected ray is obtained as

t. =22
o ——— - 418

This vepresents the intersept on the curve (fig. 3.8b),

equation 3.1 can be rewritten as ?
g2 = l4z® + % i
Ve [

2 2 x 2 CE R
or ' 2 = t’O + %}_

which in & close form gives



it
= 1,:
t t0[1 + ﬁ(_....)v‘ a) ]

This is the more convenient form of time-distance

equation for reflected rays and it is used in various
ways 1in precessing and interpfatating reflection data.

The difference in travel times t, and T, for
a given reflection for two geophones location X, and
X5 is known as move out and it is represented by AT .

From equation 3.10

""" 3.11

Normal moveout (NMO), ATn, at a distance x 1is the
difference in travel-time t between repeated arrival

at x and zero offset (which gives up hole travel time
to) as shown in fig. 3.8b.
xz

Thus ATn =t - &, = év,_f__ ______ 5.9p

o

The NMO is a function of the offset, velocity and

the reflection depth I (with Z = vtg/2).

of moveout 1s fundamental to the recognitilon, cor
and enhance-ment of the reflection events,
s A -

calculation of velocity using




T I e e £ L [t
In a multilayered ground ig-wh'!‘
the nth interface undergo reflection at all
: interface to produce a complex travel time as sho

in fig. 3.2

~
\\\ }I// Vi |
L; "/* VZ- L’ Vrms '

Fig. 3.4 Complex trail path of reflectal ray

through a multilayered ground !

The offset of trail though several layers 1s to-

replace the velocity in equatien 3.9 and 3.10 by the

gverage velocity Vv or to a closer approximation,

The rms velocity Vig of the layers overlying

reflection.
- L ray whme UG
%"ﬁ‘le‘ Vypg fOT the jwa &

3y

.
elgy

L 28




and i:i is the oné-ﬁ? %&ﬁ %
the ith layer.

The total time t_ of the ray reflected from |
nth surface, at a depth 2 1is given from equation

3.10 as:
tn = ' g2 SO TS e
| i v
rms rms

The NMO for the nth reflector is then given by

ATn = %

The individual NMO value associated in each

reflection event may therefore be used to derive a

Vrms value for the layers above a reflector. The

value of V..
used to compute interval velocity using formulation by

down to different reflector can be

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

interval is
3

—————

Vg o - rms n-1 tn—l}
vn = { T.o
n~*1

£ g an0 Vo, o b, 8Te Eo0h '
3
g ; M% i

n-1

where Vrms

Square city and reflectal ray timﬂ—ug
square veloclty o

th peflector resggctivelyf

and n




OF b =(x® ¥ Uz* - ey s1n o)}
v

which on transformation gives

Vage

T _{x- 27 sin g )" =1 ----- 3.15
Z° Cos Zp hzZ2 Cos 29

The axis of symmetry of the parabola is no longer

the time axis as in fig. 3.3b.

- X + X 1

8.t ————

|
|
|
|
|
|
|
i
Xl




e & 'Y - X2 + Ux7 Cos

ZFEL

Considering two receivers of equal offsets X,
updip and downdip times can be calculated for a
central shot point (fig. 3.8a). The reflected ray
paths are different in lengths and the two rays will
therefore have different-travel times. Dip moveout

td is defined as the difference in travel times ¢t

and t_, of the rays reflected from the dipping inter-

X
faces to receiver of equal and opposite offset X
and -x

Atd = 2 x Sin @
v

For smaller values of 0, Sin 6 = @

Mhd g i B 0 3.l

; v

g. = Vatd 3 3.18
2%

The dip moveout may pe used to compute the

1f v is known, 8 can be derived

L iw.

reflection dip @ -

from equation 718

which is small. The dip moveout may be obse




ekl . e :
L S0

© The arrival time of reflected energy
only on the reflection depth and velocity .abo‘;'e the
reflector but also on the offset distance. - |

The X2-T? method is based upon equation 3.7 but

is
' represented by V for multiple horixontal layer

rms
that is
DRSS + ty  , which

v
rms

by plotting a graph of t? as a function of x?, a
straight line graph is obtained whose slope is llvrms

and whose intercept 1s to? 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

o find V with the accurac
spread long-offset profiles are shot

e y required for interpre-

tation purposeé,
gement_described by Dix (1955).

generally using arran

3.5.2 Measurement of Velocity Using t — Atn method

i1s based upon €

This
ulate AT from th

e arrival ﬁimg

;g@mﬂaﬂ we can calc

event at the shob point to and at

quation 3.12. With symet@mm;[," :




18 subjecteq to large error

the une A
‘ 3?5 certainty of the near surface cormect

3.6 VELOCITY muncrroy
—=2QCITY FUNCTION

Assul
ming 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 1is 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 are large, the

an be taken to be infinitesimal

thickness of each bed ¢
and the veloclty distribution becomes a certain function :

of depth (Fig. 3.9)
| n

)

.

lo

Vo (Z)

V1(Z}
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e w0 Sletty e A
ng Snell's 1ay e

) a2 00
'Stn'in = e
(o]
v, (2)
Z, tan in

Zn

V. Cos T
The parameter P is a constant and depends on the
direction, in which the ray leaves the short point
In the 1imit as x becomes infinite

Sin 1 = S8in io s V=v(Z)




£ R PRty o
o z ang integrate equation 3.21,

* incre
888 of velooity with depth is given as
v = Vo *Kz S
Vo, 18 velocity of the horizontal datum plane and

V, the velocity at depth 3 below the datum plane

with XK as a constant,
Let u pv sin 1
du = Pdv @K dz
Therefore equation 3.21 implies
u du

]
= i )

Uy Yy (1+u?) pl(

i
I'P— Cos 11,° = El,f

i du

hY L -
il =
t = K f ‘ /.(_l___u_[) ‘K 1og {1 + /.( 1....u2 s

u_'u
(¢]

tan 1/2
i . 1+ cos doy . log ( ) — 3.23
log (:ig i, 1+cosi an 1,72

1, .kt 2) 3l
Hence 1 = 2 tan Hgt eyl
e A
‘ (vv)=‘g (sini"smi) B
z = K = -
rametric equati
) and 3- 25 are bh L u'.c*-

Equations (3:23

= ra.dilﬂ of cul El-
¥ \‘t‘




I = déx =4 : y
dz? (tﬁn 1).di = sec? 1 di
dt Ay

= =
éK sec® 1 using equation 2.25
hence

(l+t 2 'vo 1 d
po= WUttanz 1) 1 o= (2) Lt =
pK sec™ 1 ) %ﬁ ()i e S8 S constant

3.7 MULTIPLE REFLECTION

!
' Apart from the rays that return to the surface

=

after reflection at a single interface known as the
primary reflections, there are many paths in layered
subsurface after reflection at more than one interface.
nts which have undergone more than one

Thus eve

reflection are called multiples. Variety of possible

( ray plates involving multiple reflections is shown in I
Fig. 3 6. Energy of multiples is the product of the
nts for each of the

U
' energy reflection coefficie
1ved. If R is very small, only the

est impedance contrast will generate multiples
s events. s kel

o be recognised a
L e e
ions tend to have lower &mplituﬂs

reflectors invo

strong
strong enough b

Multiple peflect
y reflectlon b
there are tgﬂ ﬁ?

ﬁﬁ " rimar ecause of loss |
an the P i

‘. %
ach reflector: However,
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separate event on Selsmic record

- called long path multiples,

d E’ . g r =4 FoWRE
_¥'and hgn°531°ﬂﬁ-Plfh.multiplné app
This multiples are

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.

Short path Long palt. mulliples

& mulliples g
¥ B 33 A& 0

N ‘q .& ~J .Q\ \3‘% 8 § X
L n = = X S8 §
3 - 5T g}§ §_‘§ S e
g - R < i ——"— ) syrface
< — 1= 5 -

.




QF SYNTHETIC SEISMBGRAMS

Fourie
T transformation involves the transformnt&an

of a
function from the time domain to the frequency
domain.

This process is called Fourier analysis. The
inverse process is called Fourier synthesis and involves
the transformation from frequency 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 characteristic waveform which

is identical to the 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 freguencles present in Fourler serles are

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

£ 1f the period 7 tend to infinity the'"quantum"
of n.

/T becomes vanishin
uency allowed becomes a continuum.

gly small and the

frrequency 21

spectrum of the freg
goes over into
b and cq become
n = ' L

an integral anﬂf' f'
W

The Fourier sum
n coefficients 8ne
ariable © -

cpansio
: @he:eontinuous ¥



¥, n= =y

U R R
‘where £ =

n/T and
/2 -1 2next .
., B(t) e L
"T/z .

f(x) ';%‘-f

Rewriting equation 4.1 in 3 real form

a Qa
o =
BLL W +nE (a, Cos 2m fxt + b, sin 2nfxt) --- 4.3
Equation 4.3 is trigonometrie with a, and b
. as real numbers, °  Assuming that the !

series converges . .  in the interval [-m 1 J,5%it

defines a periodiec function f(t)} with period
T = 2/w . Equation 4.3 can also be written as

o
g(t) = § © Cos{Znfnt - 3.0 === u.y
n=0

where (pn is the phase difference, series Cn is ;

known as Fourier series for function of g(t) in i

the interval [ -1,0 1. The coefficlents can be 5

p—pT—

calculated from the following

> T/2 o e
= == t) 3

A" T i e

-sz



..I On = tan""l

o Tl

.

Equatio
n 4.4 shows that g(t) can be regardsd

as sum of infinite number of cosine wave function
having amplitude

Cn and Phase 4;_ It thus represents

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

As T becomes larger, it takes longer for g(t)
to repeat itself. In the limit when T becomes
infinite, g(t) no longer repeat itself. 1In this

case equations 4.1 and 4.2 become

o i
g(t) = L £(x) eM** ax
Ve :
3 ey i
£(x) = —l——f_ag(t) e *¥ at

v2I

is the transform of g(t) and

The function f(x)
m of f(x). Thus

g(t) the inverse transfor

g(t) <> £(x)

as transform pairs.

They are peferred to

ses £(x) in terms of (t)

1t states that

er theorem expres

quite a symmetrical fashion.
; ier transform of g(t). The

and g(t) is ﬁécipﬁﬁﬁﬁl-ﬂ
Land g

Fouri

1e Four




B B i
, Benerally compiex.
- conjugate for 2 real fupet o

ion is

g(t) =

1 1
E‘H‘ qaf(x) e xt dx = g(_t) = “97&4

When fix

) 15 an even function of x, however,

e Fo
th urler transform g(t) is even too and is real
for real f(x).

Combining the contribution of t and |

-t one obtains

2 a
B(t) = —=r  f£(x) Cos (xt) At —oe—ee 4.8
JBE L

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

Equation 4.7b. can be written in the form

a
£(x) = —— s g(t) Cos (xt) dt
2T ©

2 fu Cos (xt) dt fuf(t) Cos (xt) dt —- 4.9
1 o

Similar expressions occur for odd function of X

; The equation

O '

=i (xt) dt ==—==m 4,10 ,

} - 281y r(x) Sin ;
e(®) = 7o % f

n with values that are pure 1magin&gg

i1s an odd functdo

al formular becomes

L.
for real f£(x). The recipro

gk jﬂg(t) sin: (x5) dEg=E==a .
£(x) = 2 Y




R et ‘mﬂhmﬂg' nd mc » ,

~ the wave 6un s e L
y etion being analysed. A filter is a

device or g Physicaj Process that V V

history an operates on time
tory and

) (usually) changes the time history in
some manner,

It is entirely convenient to consider
the eart
h as a filtep Placed between the source and

the observing station. Filtering is an inherent

characteristics of any transmitting station.

Linear filters are single and the most important
category of filters. A linear filter is normally
characterised by its time domain response function,
g(t), to a unit "spike" impulse §(t), where

§(t) >

=% 3 BEO

]
8
o
L
o

- 21«
and f . 6(t) dt
The output of the filter to any other imput f(t)

is then given by |
TR

&
hit) = J f(1) g(t - 1) dr
0

The integral operation .12 is known as convolution
e

n represented formally as

which is ofte
-~ n(t) = f(¢
~ In geophysicS,

by the seismogram-

) * g(t) -
put function h(t) i‘&@

ction f(

the out

The source fun



for exam ! Reflection
ple, simply introduces spikes of

length proport
1ot €o she reflection coefficients at

discrete time
+ A synthetic selsmogram can be obtained

by computi
PHEINE  g(t) for & given momel snd performing

a convolution for an assumeq shape.

It 1s the convolution theorem that gives the
relationship between Fourier transformation and
convolution. This establishes an equivalence of filter
by multiplication of signal spectrum by the spectrum

of fllters.

4.3 CONSTRUCTION OF SEISMOGRAM

Let the assumed data for construction of the
seismogram be these discrete input signals shown in
The data are taken at time

table " below.
interval t = 0.02.
9.9 T.47

1.89 5.4 8.10
~11.79 <785

1.0

9,26 -4.05 -9.50 -13.68

3.51 4.23
0.36 0.18
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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
ion and transition coefficients as based on

reflect

velocity changes only. The reflection now becomes
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. routi::e:::‘in selsmogram that could be obtained
» the earliest arrival wave are not

normally due to direct waves, but to ecritical

refractions at the base of the low velocity layer.

Its base as earlier mentioned is defined either by

water table or rather sharp decrease in porosity.

This layer makes an appreciable and very viable

contribution to themeasured reflection times.

The remainder of the seismograph is a complex of

unwanted reflection of body waves reaching geophores

by some paths. .It would be practically impossible to

omplex pattern without multi-channel

resolve thils ¢
an be correlated from trace to

on which events ¢

record,
e distance relatio

trace and then tim

nships compared with
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of the weathereg layer,

The usual practice is to
ct for
both weathered layer thickness and ground

corre

topography in one Step known as datum correctién-

Usually these correctigns are made to a reference

datum such that the shot and geophones are effectively

placed at the same riat Surface called datum level.

In other words, the observed times are reduced to the

value they should have if both the shot and geophone
wave placed as in figure 4.5.
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constant interval velocity and

ray paths arpe straight.

Wi .
*h the symbols defining the following:

Sq - 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 - Veloeity in consolidated layer
Sabg - ray path.
i = Critical angle.
To apply this correction we need to know the
velocities Vw and Ve and the stances Sa, ab and.bg
reflected ray (assumed

to find the time spent by the

to be returned from a considerable depth). The most

le and therefore the most important of these
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and ab =x-(22-8d)tani
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Also Sin 1 = vy

(Snell's 1aw) e ACIERS
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tan 1 = Vw fohi 4, 16¢c

(Ve2 - ‘b‘wa)E
hence substituting equations 4.15 and 4.16 and

simplifying we have
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Ve Ve . Vw
Thus 1
th=t =g = (2T - Sa){Ve2-¥w?)? ——— 4.18
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(b) Short Point in theconsolidated layer

j.e. Sd ¥ Z (See Fig. 4.6). There are three possibilities

hence;
(i) S84 = 22
Then equation 4.18
tn = 0
and t = X_
Ve

(1i) o is small such that Cos a ® 1 &nd 84 = 2

which is same as case (a) above

(iii) o is large such that Cos & T 1. The tpend

time t 18 then given by
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F:r easler calculation, the second term in the

: equation 4.25 is generally approximated tO Bdl?v»
xpanding the term under the radical using Maclaunn
serles and neglecting fourth and higher terms, the
errors in the above approximation Ermris glven &s

Wi o St y.26
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This could be as high as 12.5% when Vc = 2Vw.

.

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

and if Ve = 7 Vw, the error is approximately 1%.
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CEL) Bk ape .

(a) Wwh i
en & isv asg small such that Cos =

is equivalent to Case (3) above. .

b When .
gel en o is large such that Cos o # 1, o 18 not

usually determined in the fleld. Thus the

travel time and hence the intercept time tn cannot f
be considered (see equation (4.24)). In an

extreme case, where & = 90°, equation (U.23)

itself also becomes indeterminable.

4,5 TIDENTIFYING AND "pTCKING" REFLECTOR

In reflection survey, the range of shot 1s usually

small compared to the depth of the reflector. This

makes the reflectal pulse to arrive almost simultaneously

at all geophones‘and so appears as series of peaks |
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extra "loops" to the pulse and introduces

z:;:rtmna- This makes the fisst peak and trough £0
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::nce. It also makes the "seismic horizon" plot @u.be

out 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

s
suitable combination of cutput 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 multiples known as ghost

always follow a strong single reflection at times

twice the uphole times.
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y from the point. If discontinuities such?

as faults
are present in the reflector, they may show
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lves not much by the discontinuous change in
travel time of the reflected pulse (which is often

small in amplitude near the fault), but by generating

a spherical diffracted waveforms centred discontinuously

as shown 1in fig.29
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vertical scal ?
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sec A Cross-section is migrated When'the

reflectlon are plotteq vertically below the shot
point.

A migrated section is one for which it 1s
assumed that the seilsmic line is normal to strike so
that the dip moveout indicates true dip and plotting

their actual location produces the recorded events.

The scale on migrated section is usually linear with

depth.




_ arly ir the v;!-.
~ commonly the case,

Moreover cpirtond svens
in the individual peegpg Will be as prominent in the

profile as the wantegq reflection which -makea interpre-
tatlons difficuls, These should not be read a denial

of the value of continuous profile which sometimes’
draws attention to important events whose corollation
would not be apparent from the individual

record event
when slde by side.




more realistic,

i ;
procedure has been ygeqg number of alternative

Se i
B b 1smclogica1 investigation

8 interior
now rely not only the travel tim
. e 3

but alsoc on the
amplitude of seismic wave Computati
- utation

of seismo X
B a Significantly in the quan i
m am ids itative

e .
jﬂb Ipletatioli of the Observed seismogram COlipaIism

of the actual and
syn
ynthetic seismogram helps to
determine which event represent primary and which
multiple. In many areas the 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 i

been'their 1imitation to larger wave lengths.

ation in theoretical approxi-

Because of this 1imit
struction has be

en restricted to

mation many con
ve with perio
well at such
j Pkt E
The problem

nds, and model

d above two Seco

seismic wa

periods have been

which fit the data
ve acceptal
near a fau
or engineering

gh frequency

found not to &l
n recorded
e since £

1t.

purpose due




and showed tngt the "spigen
e

impu1 ;
must exist very negp s Se velocify which
8

50
urce is transferred in

the early stages
E€S of itg Propagation. fThis elementary

i mpul S o
3 N g i) the Ric ker a 1
e Wl)ich is ! ow wave ength

and is bro
ader and smaller in amplitude at greater

distance but 1t is essembially unaltered in form.

To analyse a seismogram, it is necessary to remember
that the Ricker wavelength of ground velocity is
distorted by the recording apparatus (Angiely, 1958),
the most common form of distortion being the addition

of entra loop.

The broadening of the pulse by further selective

s

attenuation of high frequency co
nt in amplitude takes place at the

mponent as it is

generally differe
rate which is depended on themechanical properties

The hand compenent ©
genuation while loose S
anying rapid broadening.

£ o f the vock transmit
of the ground.
with 1ittle at
¥ with accomp

oils
the pulse

attenuate it heavil
nd broadenin

g are much less readily

| damation S celoclty, et CREIEEER

1ty and 5° :
i al properti.es of

measured than veloc¢
! ne mechanic

ator of &

used as an indic




features of interesy

Syntheti,
sei
important ip 1“dicat1ng elsmograms are

the features J
which may help
bo 1dentify stratigrapni. traps

The se :
ismic reflection method has been applied

8t ext
mo ensively in search of oi1, although it cannot

of course detect the oi1 directly, but only the geolo-

gical structures most favourable for its accumulation.
In prospecting for other mineral, the method is 1ittle
used, mainly because they generally occur in a
geological contact which is too complicated for
accurate interpretation of measurements. This same
factor and theexpense 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 recent years much experience has

been gained in solving cheaply the class of problem

in which low veloclty ngolls? overiaris Bk

k" at no depth.

velocity '"bed roc
) without actual field

arch was done
s reference for anyone
ould serve 2 P

n how to obtain a syn

This rese

practice, though it ©

O
who intends to dig furthe




.Q' Bnllen, K.E

L ) Bruge A B

of Seismology Fourtp

Press 1985,

Courant, R,
s ) Introduction to Calculus and Analysis
Seconc Ed.

Publication, 1974,

Volume 2,
> A Wiley Interscience

Puffieux, P.M., The Fourter Transform and its

Application to Optics Second Ed. John

Wiley and Sons, Inc. Canada (1983).

Galand, G.D., Introduction to Geophysics Mantle,
Core, and Crust Second Ed. W.B. Saunders
Company, USA. 1971.

Frant, F.S., Interpretation Theory in Applied

Geophysics, Second Ed. W.B. Saunders Company

USA 1979.
Markus, B Introduction to Selsmology, 2nd Ed.,
B

Birkhauser Verlag, Boston 1973

T
Jacobs J.A., Russel, R.Bes Wilson
' w-H111l
Physics and GeologYy ond Ed. MeGra
al serles, 1979.

tion
Interna . odaienbal -

E.
ite H. 3
Jeckins, A-F:» - MeGraw-Hill Books Company .

pFourth Ed.

S
OPtic Sequence A

nalysis in
ess 1975.




(13) Telford, .y, Geldarg, L.P

o] Sheriff, RiE:
+» Applieq Geophysics,
University Press, 1980,

Keys, D.a Cambridge




1ea-49
18@-3¢
1B@-3%
1@e-3%
1@@-3¢
188-38
t8a-3F
toe-3v
188-3%
1ee-3b
188-3+
198-3E ~
teo-3t @
{ap-35 v
Ig8-32 =
r@a-3f
188-32
rag-32
188-32
[@8-32
106-32
Teg-31
168-31
1ea-3t
Zga-38
zog-39
Z288-3¢
z@e-32

The assumed input signal.

Fig. Al:

188-49
1@8-38
T88-3S
188-38
188-35
188-3%
1eB-3¥
168-3%
186-3¥%
186-3¥%
1a8-31%
188—3E ~
iaB-3E el
1g8-3E ‘I’,
1eB-3E =
i
TBB-3E -
1p@-32
188-32
1ae-32
1e8-32
ie8-32
1ee-31
1e@-31
189-31
z288-38
z@a-39
zee-3%
zaa-32

O T

i
M

le layer

11

for & sing
of R = 0

¢ selsmos
yntpetie coeffizﬁgt

S
reflec

.
H

Fig. A2




Tea-16
Tea-33
tee-3s
Tea-38
Tee-32
TEa-32
Tee-3s
Tea-3s9
Te@a-33
-
tea-3s S
w
T6e-35 -
w
Tee-35 =
- -
Tea-34
Tea-3#
Tea-3s
Tag-3s
Tea-32
166-32
ree-32
1@8-371
zap-32
208-3¢

£
o
L
©
o
I
ol
o
£
+
@
i
b
&
o
o
L
£
o
&
E
o
=
&0

of the second model R = 0,053

Filg. A3a - Seismo

18e-36
tee-3g
1g8-38
166-38
Ta8-32
iga-322
1e8-32
183-39
188-39
1e8-3c 5
w
168-35
1eg-3% =
&
1B8-3%
188-3%
1@@-3¢
1B8-3E
1ee-32
1eA-32
188-32
T88-31
zZ@an-32
Z@e-3r

iie)
a

M
i

econd reflector
L R = 0.059.

for the
Se1smogTel  model.

of the

4

Fig. Adb -




ar
4E-@82
BE-RB2Z
1E-RB1
2E-@01
2E-BR1
2E-©E1l
3E-e@l
3E-601
4E-BD1
4E-8BB1
e
T aE-2881
m
~BE-901
™
§oE-881
Y eE-Be1
6E-BB31
GE-BB1
7E-98%1
7E-891
SE-881
SE-98@1
8E-2@1
SE-881

1 JoJ unypau
3 Jo ueJBoustag ofjayjuly ofy 814

“Tepouw puodas ayjy

paaafer

sgE-gez
EE-8L2
1E-881
2E-€881
ZE-gB1
ZE-BB1
SE-gBl
Ze-eel
SE-B881
sE-821

4
S GE-861

m
~SE-g8e1
©

msE-pet
cE-3B1
SE-881
EE-BB1
TE-g21
7E-BE1
8E-881
SE-881
EE-081
9E-881




180-36 2
H.
188-38 s
18@-38
2 "
1a8-38 =
186-32 .-? o
@ =
Tea-32 g 9
5 g
186-39 = 3
; z 2
18e-39
o =
Taa-32 o
- & 2
tea-3s; * Q@ B
oy { - o
T@e-35 v« 8 iga 3sm la
= the Ao
= . =
% Bb: £ Toe-3b %U‘!
rge-3+¢ g g%
L=} -
1a8-3¢ ‘5 188-3¢ %E
Eal
5 o
t@a-2fF ol 182-3& 23
Tea-3¢ § 1a@-38 Q%
X + 0
1ee-32 o 12@-32 3
@ — Lo =
Tee-32 o 198-32 £8
S ad .
2 aE
186-32 = 188-32
z - 1+
18e-31 = ] 188-31 E
=
zee-38 il zaa-38 ]
Zae-2¢ 1] zo@-3t
M o~ — (3 .;



“!“3v3
,1,0.0,1,1,3
70 .65 BTEP .02

A 1,1.8%,5.4,B.1.9.81,9.9,7.47

tif : iy Tas iy he 1.26,-4.05,-9,5,— o L »

.1,3.51,4.2¢.4.14,3.34.2.25.1.:&,.ns:.oza,’o?q“'c§3'§giglg"?' 1178 R
' Ly i 0 0 {

Fig. Bl Krogram used 1n plotting the seismograms
1, A3, Asa, AJb, A% and A4y

| BRAPHALL
DCATE 30,225,25,98
ALE 0,.91,-3,7
ILAXES .14,.5,0,0,1,1,7
DIN Y{56)
FOR 1=1 TO 56
READ A B
i
|
{

1429 THEN A=A%.11 @ Y(I1)=A
1528 THEN A=A#-. 11 @ Y (1) =A
) 1F 1=28 THEN RESTORE

I)=Y (1) +Y (I+10)
AT 1

=Y (I+10)
1

Y1)
4. 68,14, 1F,=11.7

4,03 -9,58
1,26, 400 T 01,,0018,0

05: L0386, .018, -

; 5] 7.474
i L 8,8.1,9-811%° 00 :
BZ::;L:4:3-24-"'25’1'26'
omb
pam Hhicn s

Fig. B ﬁggle synthetde
d A e

Rag 338 27give M



