KING SAUD UNIVERSITY
Faculty of Sciences
Dept. of Geology & Geophysics

SEISMIC EXPLORATION
GPH 221

2012 / 2013 (1433/1434)

Instructor: Dr. Mahmoud ELWAHEIDI
e-mail: melwaheldl@ksu.edu.sa |

Web http-llfac.ltsu.edu.salmelwaheldl

KSU 2012-2013

DOOOO0O000VOOOOO0OOOOVI OGS



mailto:melwaheidi@ksu.edu.sa
mailto:melwaheidi@ksu.edu.sa
mailto:melwaheidi@ksu.edu.sa

Seismic Exploration (6PH 221)

When & Whére

Saturday - B30/1
Monday 10-10:50 /

Lessons start on 26/01/2013 (14/3/1434)

Lessons end on '20/05/2013 (10/7/1434)

Second semester midterm holiday 21 -.29 /3/2013 (9-17/5/1434)
~Midterm Exam: Monday, 01 April, 2013 (20/5/1434) |

KSU 2012-2013

QOO0 PO0IOOIOIIOIOVIOIOOIIISG




King Saud University
College of Science
Geology and Geophysics
Department.

"
i
th
1]
£
]

o
>

3 g Sllal) Aaala
asial) 4,1
$Libsaalls Linslosal and

Academic Year 1433- 1434H (2012 — 2013)

Second Semester

Seismic Exploration (GPH 221)

Lecture’s Time: Saturday & Monday: 10:00 -10:50

Lecture’s Room: G B 81/1

Instructor: Dr. Mahmoud ELWAHEIDI

Office Hours: Saturday, Sunday & Monday: 11:00 am -12:00 am

email: melwaheidi@ksu.edu.sa Web: http://fac.ksu.edu.sa/melwaheidi/home

Office No: B129

Tel. No: 4676205

COURSE OUTLINES

Activity

No of Weeks

No. of hours

1. GENERAL INTRODUCTION

o Historical development s
e Importance of seismic methods
o Seismic methods fields of applications

2. SEISMIC METHODS: REFLECTION AND
REFRACTION

Elastic constants

Types of Seismic Waves and their propagation
Signal to noise ratio (SNR)

Basic theoretical principles

3. SEISMOLOGY AND GEOLOGY

e Wave Interactions with Boundaries
o Velocities and Rock Properties
e Seismic Velocities of Common Earth Materials
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4. REFRACTION METHOD

e Field Procedures 3 6
o First Arrivals
e Data Corrections
o Determining Earth Structure from Travel Times
5. REFLECTION METHOD
e Field Procedu.res 5 10
o Data Processing
o Interpretation: Qualitative & Quantitative (isochrones and
isopach maps)
o Seismic stratigraphy
o Case studies
6. SEISMIC INSTRUMENTATION
7. SEISMIC SOURCES 3 6
Il. GRADING SYSTEM
Assessment Assessment task Week due 'Proportion of
Final Assessment
1 Lab (12 sessions) & field trips (2) 20%
. 7 (Monday, 01 o
2 Mid-term exam April, 2013) 25%
3 Attendance, Quizzes & Assignments 15%
4 Final exam 40 %

lll. TEXT BOOKS- REFERENCES

Lectures’ notes .

J.M. Reynolds, 2011, An Introduction to Applied and Environmental Geophysics

Lowrie, W., 1997. Fundamental of geophysics. Cambridge University Press.

Telford, W., Geldart, L., and Sheriff, R., 1990. Applied geophysics, second edition. Cambridge University Press.
http://utam.geophys.utah.edu/stanford/node2.html




GENERALINTRODUCTION

Applied geophysics is a branch of Geology that has the characteristics of
an Applied Science.

The General Scope of Applied Geophysics: dealing with the physical
flelds of the earth which are important for determining the geological
structures of the crust and the upper part of the mantle, mineral explorations
and other geological activities (Engineering geology, Environmental

Geology, hydrogeology etc.).
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Classifications of Geophysical Methods

1. According to the source of signal:
* Natural Fields: GRAVITY, MAGNETIC, GEOTHERMAL,
RADIOACTIVE, TELLURIC
* Artificial Fields: ELECTRIC, SEISMIC, ELECTROMAGNETIC

2. According to the physical properties of the investigated target:
« Static Methods: The distortions in the static field are measured, and
we try to generate a model that best represents the phenomena that
caused these. (Magnetic and gravimetric methods).
* Dynamic Methods: A signal is introduced in the earth and the
response signal is measured at various points in terms of amplitude or
arrival time. For example: the use of the arrival time concept in seismic

methods, and the frequency or phase difference in electromagnetic

methods.
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» Relaxation methods: the measured time is the time necessary for the
iInvestigated media to return to its initial status (before the application of
any signal). (Induced Polarization method)

* Methods based on the Integration of Effect: the measured signals
represent the statistical mean over an area or a volume (Radioactive

methods).
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Interpretation of Geophysical Data

- Direct Method: The effect of an anomalous body on a certain physical
field is determined. In this case the following parameters of the body are
KNOWN: Dimension, Form and Depth. The solution of this method is

always unique.

* Inverse Method: The characteristics of an anomalous body, responsible
for a specific anomaly in the physical field is determined. This method is
almost always ambiguous. To overcome this problem it is necessary to
utilize several geophysical methods in combination; otherwise direct

geological data are necessary (borehole data).

4/GPH221L1 KSU 2012-2013



SEISMIC METHODS

» Seismic methods are considered as the most important geophysical
prospecting technique.
» Major advantages are:
v Great accuracy
v' High resolution
v Great Depth of penetration
» Major Fields of applications :
v Oil Explorations
v'Ground water Explorations

v'Civil engineering

5/GPH221L1 KSU 2012-2013



» A seismic method is based on the same principles of seismology
(seismic of earthquakes). However, it differs in the following aspects :
O The Source and the Location of the energy are controlled and can be
ch'osen according to the scope of' investigation. | |
U The distance between the source and the receivers is relatively small.

O Field procedure is based on taking measurements along profiles.

» The-fundamental Concept of Seismic Methods:is given by the following
drawing:

Travel Time of the wave
from source to the

Waves geophone

Generation of Seismic

v

Variations in Frequency

Characteristics of the
Variations in Amplitude o Media
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» Historical Development

1845 - First experiments with artificial earthquakes in order to measure velocity of
seismic waves

1899 -The development of the theory of reflection and refraction of seismic waves at
boundaries. ' ' '

1913 - Utilizing of reflection method for determining the depth of water.

1914-1918 - During the first world war, enormous development in both:
instrumentation and techniques of interpretation.

1919- The born of the refraction seismic method

1922 -1925- Development of instruments for the seismic reflection techniques.

1922- Development of instruments for the seismic refraction. Those characterized by
their low sensibility and their mechanical nature.

1924- First success of the refraction technique resulted in discovering the Orchard
Salt in Texas.

1927- First commercial success of the reflection method.

1941-The start of using instruments with 24 channels.

1956- The development of the Common Depth Point Technique in seismic reflection
method. | ’ |
1956-1960- The development of 2D and 3D modeling of seismic data.

1960-1965- The revolution in the field of computers resulted in enormous
development in the techniques of measurements, processing and interpretation of
seismic data.

1972 - A system based on 200 channels is developed by Shell Oil Company.

7IGPH221L1 KSU 2012-2013



Fundamental Concepts

» Seismic waves produce deformations in the medium in which they pass. These
deformations can be described based on the assumption of elastic and
homogeneous medium.

For the utilization of such deformations for the scope of geological explorations, it
IS necessary to recognize the following physical concepts which govern these

events.

\
e Generation

e Transmission

e Absorption - - IN the materials of the earth's crust

e Attenuation

_/

eReflection

eRefraction % -ﬂ the lithological discontinuity

eDiffraction

8/GPH221L1 KSU 2012-2013



»The velocity of seismic waves which propagate in solids depends on the
elastic property and density of the medium in which they pass. This relation
can be described in terms of two types of forces:
O Stress = the applied force
O Strain = the derived deformation resulted from the application of a
stress.
»The theory of Elastic Waves states that: in case of an ideal elastic
medium, once the force causing the deformation is over, the medium restores

its initial conditions (form and volume).

9/GPH221L1



SEISMIC EXPLORATION

|. Introduction

»In seismic surveying, seismic waves are created by controlled sources and
propagate through the subsurface.

»These waves will return to the surface after reflection or refraction at
geological boundaries.

» Instruments distributed along the surface (called geophones/hydrophones)
detect the ground motion caused by these returning waves and measure the
arrival times of the waves at different ranges from the source.

> Seismic surveying provides a detailed picture of subsurface geology. '

» Artificial sources, such as explosions, are used in the seismic methods.

» Location, timing and source characteristics are, unlike earthquakes, under the

direct control of the geophysicists.

1/GPH221L2 KSU 2012-2013
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I1. Stress and Strain
If an external force F is applied across an area A of a surface of a body, the ratio of the
applied force to the area (F/A) is known as stress.

Stress can be resolved into two components:

» one at right angle to the surface (normal or dilatational stress)

> one in the plane of the surface (shear stress)

A body subjected to stress undergoes a change of shape' and/or size, this change Is
known as strain.

» According to Hooke's law, stress and strain are linearly dependent and the body
behaves elastically until the yielding point is reached. _ .

» This elastic strain is reversible so that removal of stress leads to removal of strain.

> At stresses beyond the yield point, the body behaves in a plastic or ductile manner,
and permanent damage results. If further stress is applied, the body is strained until it

fractures.
3/GPH221L2 KSU 2012-2013
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The linear relationship between stress and strain in the elastic field is specified by its

various elastic moduli. These are:

O Young modulus, E:

longitudinal stress FfA

longitudinal strain Alf

L Bulk modulus, K
Known also as the incompressibility of the medium. It describes the ratio of the

pressure applied to a volume to the amount of change in volume.

volume stress P

volume strain Avfv

5/GPH221L2 KSU 2012-2013



O Shear modulus, p: (know also as Lame’s second parameter)

shear stress T

= -
L shear strain tan 0

For gases & fluids, p = 0. This implies that gases and fluids don’t allow propagation of
S-waves.

O Lame’s first parameter, A

O Poisson’s ratio, &:

0= change in width/width
Change in length/length 3
The Poisson’s ratio is also given by following in terms of Lame’s parameters: 6 =
2(A+p)

It’s values range from 0.05 (for very hard rocks) to 0.45 (for loose sediments). It has a maximum
value of 0.5. ' ' ' '
6/GPH221L2 KSU 2012-2013



1. Types of Seismic Waves

Seismic waves are parcels of elastic strain energy that propagate from a seismic
source such as an earthquake or an explosion.

The strains associated with the passage of a seismic pulse may be assumed to be
elastic (except in the vicinity of the source).

The propagation of seismic pulses is determined by the elastic moduli and densities of

the materials through which they pass.

There are two groups of seismic waves: body waves and surface waves.

7/IGPH221L2 KSU 2012-2013



I11. 1. Body Waves: P-waves and S-waves

O P-wave (longitudinal, primary or compressional wave). Material particles oscillate
about a fixed point in the direction of wave propagation by compressional and
dilatational strain.

O S- wave (transverse, secondary or shear wave). Particle motion is at right angles to

the direction of wave propagation and occurs by pure strain.

P - wave

Compressions — Undisturbed medium

P — —— - - - B ——— o —— x - ——— P ——— - Pl e e e e e e —————

L Dilatations
2z 9

S - wave

[

l
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I11. 2. Surface waves:

Waves that do not penetrate into the subsurface media are known as surface waves,
these include:

U Rayleigh waves:

Travel along the free surface of the earth with amplitudes that decrease exponentially
with depth; particle motion is in an elliptical sense in a vertical plane with respect to the
surface. Rayleigh waves travel only through a solid medium.

L Love waves:

Occur only where a medium with a low S-wave velocity overlies a layer with a higher
S-wave velocity; particle motion is at right angles to the wave propagation but parallel

to the surface.

(A)

g Rayleigh wave

(B)

Love wave

9/GPH221L2 ,
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I11. Seismic Waves Velocities of Earth Materials

I11.1. Propagation of Seismic Waves

In homogeneous isotropic media, the velocities of the P and S waves through a
medium is given by equations: '

1/2
k+4/3u
V,=|——
p
1/2
v,
Where: P

K and w are known as elastic moduli.
Vp: velocity of P-wave

Vs: velocity of S-wave

p: density of the medium
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P and S-velocities

P-velocity 5 S-velocity
K Y+ ¢l {
Ve = |— / e e
V' » P
change of shape and volume change of shape only

For liquids and gases p = 0, therefore
= V. = 0 and V, is reduced in liquids and gases
=>» Highly fractured or porous rocks have significantly reduced V,

The bulk modulus, x is always positive, therefore V¢ < Vp always

P-waves are the most important for controlled source seismology
e They arrive first making them easier to observe
e It is difficult to create a shear source, explosions are compressional

1UGPH221L2 2 KSU 2012-2013



Yitee ok a
(1 +0)(1-20)
_E
b= 51 +0)

Ratio of P=wave velocity to S—wave velocity

| 1-20
“Va21-0)




111.2. Velocity as a function of rock type:

In principle, the velocity of P-wave (Vp) and S- wave (Vs) depend on the
lithological characteristics of the rocks. Other important factors include: deposition
environment, origin and evolution of rocks.

For igneous and metamorphic rocks: porosity is low ->Vp depends

mainly on the elastic properties

For sedimentary rocks: porosity is medium to high = Vp depends on

the porosity and the nature of the materials in the pores.

13/GPH221L2 KSU 2012-2013



\‘I'(km\ | vpﬂ;m!, l

linconsalidated materials leneous/Metamotphic rocks

Sand (dry) 0.2-1.0 Granite 5.5-h.0)

Sand (water-saturated) 1.5-2.0 Cabbro 65-7.0

Clay 1.0-2.5 Ultramatic rocks 7.5-8.5

Glacial till (water-saturatedd) 1.5-2.5 Serpentinite H.5-0.5

Permafrost 3.5.4.0 P e

. Sedimentary rocks Alr 03

Sandstones 2.0-6.0 Water 1.4-1.5
Tertiary sandstone 2.0-25 loe 34
Pennant sandstone (Carboniferous) 40 4.5 Petroleam 1314
Cambrian quartzile 2.5-6.0 O iiateals

Limeslones 20 00 Sleel 6.1
Cretaceous chalk 2.0-2.5 fois c 8
jurassic oalites and bioclastic limestones 1.0—4.0 O b
Carboniferous limestone 5:0-5.5 Concrite 16

Dolomites 2.5-6.5

Salt 4.5-5.0

Anhydrite 4.5-6.5

Civnsum 2.0-3.5

As can be seen from the above table, a considerable overlap in the seismic velocities
exist = A knowledge of seismic velocity alone is not sufficient to determine rock
type.

14/GPH221L2 ‘ KSU 2012-2013



111.3. Velocity of seismic waves as a function of geological age and depth:

v=1.47(zT)"°km/s

z: depthin km
T: geological age in millions of years

111.4. Attenuation of seismic waves:

Amplitude and energy of a seismic wave are related by the relation:
E = pW-?a?

where,

p is density

W is the angular frequency

E is the energy, and

A is the amplitude

15/GPH221L2 KSU 2012-2013



» Causes of seismic waves attenuation:
L The produced energy is constant. This is being distributed over increasing areas
L Absorption of energy by rocks = Kinetic energy is being transformed-into heat

O Partition of energy at discontinuities

16/GPH221L2 KSU 2012-2013



BEHAVIOR OF ELASTIC WAVES AT DISCONTINUITIES

At an .interface between two rock Iayers there is generally a change in propagation
velocity resulting from the difference in physical properties of the two layers.

At such an interface, the energy within an incident seismic pulse is partitioned into
transmitted and reflected pulses.

The relative amplitudes.of the transmitted and reflected pulses depend

on the velocities (v) and densities (p) and the angle of incidence.

1/GPH221L3 KSU 2012-2013



Elastic

Reflection:
Waves remain in the same
media

Waves

Refraction:
Waves pass through the
second media and change
direction

Diffraction.
Waves follow certain paths.

Basic Condition
for Generating

Reflection }

Refraction

Sharp changes in
the elastic
properties of the

discontinuity.

Diffraction

Sharp changes in the

morphology of the
discontinuity.
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BASIC THEORETICAL PRINCIPLES OF SEISMIC METHODS

|. Huygens Principle:
“Every point on the wave front is a source of a new wave that travels out of it in

the form of spherical shells.”
Seismic rays are used instead of the wave front to describe the wave

propagation.

HUYGENS PRINCIPLE

EACK POINT ON AN ADVANCING WAVE
FRONY SERVES AS A FOINT sSouRcse
AND RBADIATES ENEGY

THE WAVE FRONT AT Tims ¥ s

REFRESENTED BY THE LINE xX-x A LATER

WAVE FRONT AN TIiME T e ar 15 THE

Cunve TANGENT TO THE SMALL CimCLES

VY- v,

*Note:
0 Raypaths: Raypaths are lines that show the direction that the seismic wave is
propagating. For any given wave, there are an infinite set of raypaths that could be

used.
O Wavefront: Wavefronts connect positions of the seismic wave that are doing the

same thing at the same time.
3/GPH221L3 KSU 2012-2013



ll. Fermat Principle:

“The wave will travel from the source at a minimum time; the wave path is not

necessary a straight line.”

lll. Snell’s Law :

1
1
Sini, Sini,
Vi Vs

In seismic refraction technique we deal with Direct and refracted waves. The
travel time for the direct waves is calculated simply by dividing the distance by

the velocity:

Distance / Velocity

4/GPH221L3
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Critical refraction concept:

When the velocity in the upper layer is lower than in the underlying layer, there is a

particular angle of incidence, for which the angle of refraction is 90°.

sint. Vv, v,
, —=— = sini =
sin90° v, v,

N\

P

) / / / /\
Ie / N
® / o / 7 N,
/ S S A SN
— 2 = - = e =
V, V.
Wavefront in

lower layer -,
. . ~
Higher-velocity material

& Critical angle = the incident angle for which the refraction angle is 90°.

5/GPH221L3
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© Note:

U In refraction technique we use the concept of critical angle. In particular,
because the wave reflected at thé critical angle Simply propagates along
the refractor about which we would like to obtain information. The waves

produced in this way are called HEAD WAVES.

U Although a Head Wave must travel along a longer path than the direct

arrival before it could be recorded at the surface, it travels along the bottom
of the layer at a faster speed than the direct arrival. Therefore, Head
Waves can be recorded prior to the time of arrival of the direct wave at

certain distances.

6/GPH221L3 KSU 2012-2013



V. Law of Reflection:

This law is utilized in the seismic reflection method. It states that “the angle
of incidence is equal to the angle of reflection”. |
In case of 1=0, the ratio of the reflected energy of P-wave, E, to the

incident energy, E; , is given by:

2

V,— VvV
E, / Eyco :(p2 2~ P1 1)2
(P2 V,t+pyVy)

The square root of the above relationship is called Reflection Coefficient, R.
This coefficient gives the ratio between the amplitudes of the incident (A;) and
reflected waves (A)). It's given by:

(P V=P V)

R=A /A -
(P, Vy+p V)

7/IGPH221L3 KSU 2012-2013



The Reflection Coefficient, R, shows that the quantity of the reflected energy
IS based on the contrast between the acoustic impedance, defined as

multiplication of velocity by density, along the opposite side of the reflector

surface. In this case, three situations can be recognized:

1. If p1*V1 < p2*V2 - no change in the phase of the reflected wave

2. If p1*V1 > p2*V2 - shift in the phase of the reflected wave with 180°
3. If p1*V1 = p2*V2 > the reflection coefficient is zero: R = 0.

% Note: Since the variation in the density of different types of rocks is relatively
small, the reflection coefficient depends mainly on the contrast in velocities at both

sides of the reflecting surface.

8/GPH221L3 KSU 2012-2013



Seismic Refraction Method

seismic traces |-12 of shot A (identical for reverse shot B)

- = |

a

|

|
|

geophone spread (here: 12 geophones)

shot
point A

*The first seismic method utilized in the field of exploration.

! { | [ \ —~ g < -
o | . < 3 S P
11:.-\‘ e 2 B N - LS S i o=
= _.'"" — ) ~ e 28 s = - S o —
=t,, [, el B o 2 =1
PR S Tl
bl = [
| gy i i S

Al | I % |
/ | | ‘ B |
f{ { Py \ |
| | {1 | | [T | ] [ | AN
> 7 Ve, = i "’ VA 4 ’-V’ 7 ‘,v S v" (,’Y x
/ 7 7 ; d ¥l vl - - - -
/ / ¥ 4 / / 7 4 / / /
4 /, / g E '/ / 4 ; 4 é ;” '
/ 4 7 / / / g P g
/ / / / / / . / U

Al
reciprocal
time

S
2 -
intercept
time

B

|
|

shot
point B
(reverse shot)

V. >0,

* It was used in seismology for determining the Mohorovicic discontinuity, and to

discover the nuclei of earth.

» The Description of the geometry of refracted waves is more complex than that

of reflected ones.

9/GPH221L3
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U The Velocity and thickness of layers are described in terms of TIME.

This time is the time required by the refracted wave to travel from the
source (at surface) to the receiver (also at the surface), taking in
consideration the principle of Fermat.

U The Distance between the Receiver and the Source must be very much
larger than the depthv of the investigated discontinuity.

U Because of this large distance, the frequencies of interest in the

refraction is lower than those in reflection.

10/GPH221L3 KSU 2012-2013



Fields of Applications of Seismic Refraction Method

0 Determining lateral extensions of layers.

O Mapping of sedimentary basins.

O Determining the physical properties of the bed rock.
O Detecting buried structures of small dimensions.

O Detecting salt domes.

ldeal Conditions of Application

4 Coincidence between seismic interfaces and stratigraphical or
lithological ones.

O Extended interfaces, homogeneous with small dip angles (less
than 15°- 20°).

O Small thickness of layers that are characterized by low velocity.

O Not complicated topography of the investigated area.

11/GPH221L3 KSU 2012-2013



‘Seismic Refraction

Seismograph

h Ii Séeismic
A nergy
' ‘® \ Source
Ny N\
Geophones Trigger Cable

~“Direct Waves

Refracted :
Waves Sail
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O Refraction surveys use the process of critical refraction to determine
interface depths and layer velocities. Critical refraction requires an increase
in velocity with depth. If not, then there is no critical refraction; Hidden layer
problem will be faced.

ff .
oreatx Direct wave

h
Source Geophones

g AV . SR /V 7 AR, 4 AV AV
’ Direct ray
d
v
Reflected . 4 // Critical Critically refracted >
ray R 7 reflection rays
1
!
V, ! ‘ V,
o 3 V.
Ve f—" 90 Critically refracted ray 2
(V2> V)

Refracted wave

O Geophones laid out in a line to record arrivals from a shot. Recording at
each geophone is a waveform called a seismogram.

A Direct signal from shot travels along top of first layer.

A Critical refraction is also recorded at distance beyond which angle of
incidence becomes critical.

2/IGPH221L4 KSU 2012-2013



First Arrival Picking

In most refraction analysis, we only use the travel times of the first arrival on
each recorded seismogram. As velocity increases at an interface, critical
refraction will become first arrival at some source-receiver offset.

First Break Picking

The beginning of the first seismic wave, the first break, on each seismogram is
identified and its arrival time is picked. An example of first break picking
process is shown in the figure below:

3/GPH221L4 . KSU 2012-2013



Travel Time Curves

Analysis of seismic refraction data is primarily based on interpretation of
critical refraction travel times. Usually we analyze P wave refraction data, but

S wave data occasionally recorded.

Plots of seismic arrival times vs. source-receiver offset are called trave/ time

Curves.

In the figure below, travel time curves for three arrivals can be noted:
> Direct arrival from source to receiver in top layer
> Critical refraction along top of second layer

> Reflection from top of second layer

4/GPH221L4 KSU 2012-2013



Timnsl] Timsl]

reflection

refraction l:ze

T. —F : i - - 10

o'2|4 5§ 3 :01.'2:4 1§ 18 20 22 X[mi

Traveltime
curves for reflected,

refracted and direct
waves.

Refraction for x > x,.. At a distance X, called critical

distance the reflected arrival is coincident with the first
crifically refracted arrival and the travel fimes of the two

are identical.

Critical Distance is:

the offset at which critical refraction first appears. In this case:
> Critical refraction has same travel time as reflection

> Angle of reflection same as critical angle

Crossover Distance is

The offset at which critical refraction becomes first arrival.

5/GPH221L4
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Plotting Travel Time Curves
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Interpretation of Refraction Travel
Time Curves

Interpretation objective is to determine interface depths and layer velocities.

Data interpretation requires making assumptions about layering in

subsurface: shape and number of different first arrivals.

The Assumptions are:

> Subsurface is composed of stack of layers, usually separated by plane

interfaces

» Seismic velocity is uniform in each layer

> Layer velocities increase in depth

> All ray paths are located in vertical plane, i.e. no 3-D effects with layers

dipping out of plane of profile.
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Iwo lgver case

Travel way of
the refracted
wave

L=l b LRl

11/GPH221L4 KSU 2012-2013



From travel times of direct arrival and critical refraction, we can find

velocities of two layers and depth to interface :
1. Velocity of layer 1 given by slope of direct arrival
2. \Velocity of layer 2 given by slope of critical refraction

3. Depth of the refractor

12/GPH221L4 KSU 2012-2013



Derivation of the travel time equation for the case of two horizontal layers

L, L
v, V, V,

Starting with:

The following relations need to be taken
in consideration :

Te=2/V cosi + (X—2Ztan i )/V, + Z/ V cos i B e AN R gl on AT ,(1)
. : cosi.=Z/L; = PL=Z/ cOS i .cocver v, (2)
Tp=X/V,+2Z/V,cos i -2Z tani. /V, B Pl A (1 B B RSN (3)
Substituting for V, and for tani_ according to ekt /?=V.1/\./2 -)ng V1SN Tg vt (4)
tani = SN j [ /Cas isa. s T s (5)

relations (4) and (5) above, we obtain:

Tp=X/V,+2Z /V,cos i_-2Z sin?i_/ V,cos i

Tr = X/V,+ 2Z (1- sin%i_) / V,cos i_

Using relation (6)

Tp=X/V,+2Zcosi/V, Or:

Tg = X/V, + 2ZN(1-(V, /V,2)/ V,
Finally, we obtain:

To= X/V, + 22N V,2=V.2/ V..V,

. 2- 2- 2e . 2' - 2'
sin%i_+ cos%i_= 1 =» sin?%i_=1- cos?i....(6)

> cosi_= V1-sin%i_ =VV,2-V.2/V,

13/GPH221L4
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Three Horizontal Layers Case

s Y,
¢ v:. g V_;_l

L =3 [

Based on the figure above, the refracted travel time can be written as:

T, = 2SA/V, + 2AB/ V, + BC/V,

Tr=2Z, /V,c0s i3+ 2Z, [ V,0S ips+ (X —2Z,tan ij5 - 2Z,tan iy; )/V;

To = X/V5+ (2Z, /V,)* (1/cosiy, - V,tan iy / Vs ) + (22, /V,)* (1/cosiy, =V tan i, / V,)

Noting that: V,/ V5 =sini,; andV,/ V;=sini;; we obtain:

Te=X/V3+2Z, c0S ips/ V,+ 27, cosijyf V Or:

To = X/V5 + 22, V.2 = VL2 VoV, + 22 V2 =V, 2/ VoV,

14/GPH221L4 KSU 2012-2013



Multilayer case

N layers .
|
Vi <V, <Vy< ... <V -
Travel time VN
X 2 N-1
Ty=—t— 2 (z,-2%,) (V /VkJ -1
VN VN k=l
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16/GPH221L4

(A) Simple

raypaths diagram for
refracted rays, and
(B) their respective
travel time-distance
graphs for a three-
layer case with
horizontal planar
intferfaces.
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Delay Time Concept

For irregular travel time curves, e.g. due to bedrock topography or glacial fill,
much analysis is based on delay times.

Total Delay Time is defined as the difference in travel time along actual
ray path and projection of ray path along refracting interface:

2 =TAB—TC$‘

(=)

(5)
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Total delay time is the delay time at shot plus delay time at geophone:

AB CB] [DE DF] ok, .

For small dips, can assume x=x/, and:

.L'E=THHF
2

18/GPH221L4 KSU 2012-2013



Calculation of Refractor Depth from Delay Time

If velocities of both layers are known, then refractor depth at point A can be
calculated from delay time at point A:

Using the triangle ABC to get lengths in terms of Z:

19/GPH221L4 KSU 2012-2013



Z Z tan &
LQA= =
Vicos# V)

Z 1_Vlsinz$’
Vicos & Vs

Using Snell's law to express angles in terms of velocities:

Z V2
t.‘fA < l 1= #
o
-5
2
Simplifying: 1
g, = Z(V22 -Vl?
Gz
So, refractor depth at A is:
‘fAVan

7 -

v -2

20/GPH221L4
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Dipping layer case

When a refractor lies at an angle to the
horizontal, it is no longer adequdate 1o
undertake only one direction of (forward)
shooting. It becomes necessary fo carry out

pboth forward and reverse shoofing in order to

determine the paramefters.

The refractor velocities determined in the case of

dip are referred to as apparent velocifies;
V.. upslope direction
V4. downslope direction

1/GPH221L5
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= -.{_- — "
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A. Raypath geometry over a refractor dipping at an angle o, and
B. the respective travel time-distant graph for the forward (down-dip)

and reverse (up-dip) shooting directions.
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Travel time calculations for

a dipping refractor

Total fravel time over a refractor dipping at an angle is
given by:
T,zcp=(xcos«)/v,+|[(z,+2z,)cosi_|/v, (1)
where v, is the refractor velocity, and z, and z, are the
distances perpendicular to the refractor.

The down-dip tfravel time t4 is given by:
t,=x[sin(0_+«)|/v,+t, (@)
where t,=2z_(coso_)/v,.

The up-dip travel time t, is given by:

t, = X[sin(E8,-a]/v+t,
Where t,=2z,(cosé,)/v,

S/GPH221L5 KSU 2012-2013



Equations (1) and (2) above can be written in terms of
the apparent up-dip velocity v, and down-dip velocity

V4 such that:
t,=x/v +t,, where Vv, ,=V,/sin(0_+«)
tu=X/Vu+thJ where VU=V1/SiIl(OC—O()

An approximate relationship between true and apparent
velocities for shallow angles of dip (<10°) is given by:

V,~V 4V, )/2

4/GPH221L 5 KSU 2012-2013



CONCLUSION NOTES ON DIPPING LAYERS

»Dipping layers can be detected only by conducting both forward

and reverse shootings

»The Intercept times for forward and reverse shooting in case of

dipping layers are not equals

»In both cases, horizontal and dipping layer cases,:
» the velocity of the first layer is equal in forward and reverse

shootings

e the total travel time — reciprocal time — of the refracted wave

Is equal

5/GPH221L5 KSU 2012-2013



»1n dipping layers case, apparent velocities and thicknesses are

obtained

»The depths d, (updip) and d,, (downdip) —both perpendicular to

the surface- can be calculated from the following relations:
d,=z,/ cosa

d,=z,/ cos a

6/GPHZ221IL5 KSU 2012-2013



NORMAL FAULT CASE (Diffraction)

In the presence of a normal fault affected the refractor, there
will be a sharp displacement in the travel time curve. See the
figure below.

T arme T > //_I/
P Slope = Y,
s * / _/’
- 7_,,. S O e v
r. |
e, ‘//Stooe = Yo
F
l 7
- o
Offset Oistance x
: - — 4
S G
3 AV
R > . ’ ; — -
TN e ]
ya /
! \ . Z>
1 M e / /'/
\‘: Ni - - /
— ! 5z e / Vv
(V> V) S S v
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Taking In consideration the profile in the previous figure directed
from S (shoot point) to the G (geophone):
The travel time for the refracted wave before arrival to the fault
boundary Is:

= XV, + 2Z,cosi./ V,

The travel time for the refracted wave after arrival to the fault
boundary is: |
t, = XV, + (Z,+Z,)cos/./ V,

The difference in the intercept times for the above two equations is
given by:

o, = 0z cos//V, Finally, we obtain: -

o, = ot V,/cos/,

OR:

62 - 81: Vl* V2/ \/ V22 T V12
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Seismic Refraction:
Additional Interpretation Methods

. Phantom Arrivals
I1. Plus minus-method
111. GRM Method

9Y/GPHZ22IL5 KSU 2012-2013



Seismic Refraction:
Additional Interpretation Methods

|. Phantom Arrivals | | |
In case of irreqular interfaces, it is not possible to extrapolate the head wave

arrival time curve back to the intercept. Therefore, there is a need to find a way
to calulate the layer thickness beneath the shotpoint, S. The phantom arrivals

technique is used In such cases.

The main advantage of this technique: it removes the necessity to extrapolate
the travel time graph from beyond the crossover point back to the zero-offset

point. t z t
——— S s "- -
-~ - - —
> e _\
_/—,/ “\\
Iy
/- o b V;-\\
-
- \,_
= —
e R e T e e S e e = = S T S s S —
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Phantom arrivals

To obtain the phantom arrivals, the o Bacacted Vnpudsas 1o $

following procedure is followed: 7 ‘\_ v
> A long-offset shot, SL, is conducted /,'-*-*-"’ jr

A !
» The head wave travel time curves for Heten, i
both shots (S and S, ) will be parallel, offset ALT .
by time AT Constructed ficutous ) | / \,
refracted impulses T N\

» AT is Subtracted from the SL arrivals to ([ /1’ v 1,\ :
generate fictitious 2" layer arrivals close to d ‘| // 4

the shot point S — these are called the

phantom arrivals. —3 X O-O-0-0-0-0- 00000t ——
V.
> The intercept point at shotpoint, S can X; \

then be determined: Ti

» Finally, the perpendicular layer thickness
beneath the shotpoint, S, can be now o
determined using the known formula: ~ , =""- /%

2/GPH221L6 KSU 2012-2013



I11. Plus minus-method

This method uses intercept times and delay times in the calculation of the depth
to the refractor below any geophone location.

Assumptions to use the method:

-Present layers are homogeneous

-Large velocity contrast between the layers

-Angle of dip of the refractor is less than 10 degrees

3/GPH221L6 KSU 2012-2013



The delay time (61;) Is the difference in time between:
1) T(SG) along the track SABG and,

2) T(PQ)
> The total delay time is effectiveiy the sum of the “shot-point délay

time”, (st, and the “geophone delay time”, (ng

4/GPH221L6 KSU 2012-2013



g « |
s G
\ \
! 1
! 1
H Vi o, ‘i
} \
i a_ ¥
! —
\ _ + <o
__‘___’_____l‘_l_._—-———-—f. vz 4_______-_——————‘————_—""—""
P A PO .
' o~ (Vo = V)
The total delay time i1s given by:
and

rPQ

Tee =(SA -+ BG)/V, + AB/V,
Thus:

and Tp, = PO/ V,.

31 = (SA+ BGYyV, —(PA+ BO)'V,
—=(SA/V, — PA/V,) +(BG/V, — BO/V,)
- 5t5+ 5fg’;3 TSG """“"x_,-ffrvz.
Alternatvely:
TSG — x:."rl—";z . fﬁfﬁ —4 EIE
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Reciprocal time

XcrossAB

XcrossBA

Distance

6/GPH221L6
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depth (m)

Time CDE = Time ABCD + Time DEFG — Time ABCEFG

Total time

7IGPH221L6
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distance (m)

KSU 2012-2013
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depth (m)

Eoo-m

L =

time s

distance (m)

Consider the model with two layers and an irregular interface. The refraction
profile is reversed with two shots (S1and S2) fired into each geophone (D).

Consider the following three travel times: . /A

(a) The reciprocal time is the time from S1t0 S2 “sis, =~ + 95 + 95, Tlss
—_ J‘. Ly o

(b) Forward shot into the geophone ‘ssp = " 9s ¥ 9p

(c) Reverse shot into the geophone for = (f; x) Ss. + S,

The goal is to find V, and the delay time at the detector, 6D. From the delay
time, oD we can find the depth of the interface.

~ 9/GPH221L6 A | KSU 2012-2013



(a) The reciprocal time is the time from S to S$?
(b) Forward shot into the detector

(c) Reverse shot into the detector

r3131 = —-I-()Sl +55‘1 :r3131
V)

7

x
sp =+ c?sl + O,

L)

_ (I —x) N
v,

fSED cﬁsl + 0,

Minus term to estimate velocitv (v

(b)-(c) will eliminate o

(2x-1)

where (15 a constant. A

plotof 7, ¢, versus 2vwill gve a lme with slope = Iv;

3,

10/GPH221L6 . : KSU 2012-2013



r3131 = ‘—-I-()Sl +f531 :r3131

(a) The reciprocal time is the time from S to S$? v,

X - -
(b) Forward shot into the detector Is,p = o + 05 +0p

i : ; /] —x
(c) Reverse shot into the detector ( ) +8g +5,

v,

Plus term to estimate delay time at the detector

" ! . ] . . +
(bJ+(c) gives fsp+ls,p =—+05 +3 +20
2
Using the result (a) we get fop +isp =tss +20,
Re-arranging to get an equation for o ), = : R B
o D (D_E(SID-I_SED_SISE)

Thus process 1s then repeated for all detectors 1n the profile

11/GPH221L6 . : KSU 2012-2013



Calculation of the depth to the refractor beneath any geophone
(z) from the delay time:

T™ = togp +tsap — tpsisz = 20t

27 cos(l)
V1

, Where i is the critical angle

2(5&} -

I*vl TV
-

() 3

Z
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Limitations of Seismic Refraction Method

I. Low Velocity Layers

» They are completely invisible to the
refraction method 1"-.;

» They will cause miss-interpretation A
of the depth of lower lying layers v,

The intercept of the refraction

from layer 3 will be dependent
on the thickness and velocity in Vi
layer 2
» Lower layers appear deeper than \ V2 z
they are

1/GPH221IL7 . KSU 2012-2013



How to resolve low velocity layer?
The detection of the presence of a low velocity layer can be
done either by:

»direct geological information (such as drilling),

or

»by using other geophysical exploration methods, such as seismic
reflection.

2/IGPH221L7 KSU 2012-2013



II. Hidden Layers £

« If a layer is thin it may never
produce a first arrival

Either the direct or refraction
from a lower (much higher
velocity layer) is always first

» Lower layers always appear too
shallow as a layer has been missed

W=>%>H

How to resolve the hidden layer problem?

It is necessary to drill a test well in areas where the presence

of this problem is expected. This way, corrections to depth values
obtained by seismic refraction can be made.

S GPHZ221EZ : KSU 2012-2013



Corrections of Seismic Refraction Data

» In certain cases, it is necessary to apply corrections to refraction data in
order to remove the difference in travel time that is not produced by the
existence of irregularities in the subsurface refractor. There are two types of

corrections:

. Topographic correction
The purpose of this correction is to place the shotpoint and the receiving

geophone at the same level. This can be done by:

(a) adding the time if the geophone (and/or the shotpoint), chosen level is
higher.

4/GPH221L 7 KSU 2012-2013



geophone

Shotpoint _ Pp—— P ————— o=
o SEERE e e Y e L N
=z | < A
\ 7 / vi
* >
V2
A L B
V2

where:

D.T is the delay time,
[D.T = 2LLILE .Cos i] i is the critical angle

1

(b) removing the time necessary for the wave to travel from the chosen
level to the receiving geophone (and/or the shotpoint) if this level is
lower.

»Derivation of the equations for other situations (shotpoint above the chosen level)
can be done using the same concept of delay time, as done in the above case.
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When to apply the topographic corrections?

The application of topographic correction depends on the value of AZ

< |f the delay time calculated for Az is within the accuracy of measurement,
then Az can be ignored and there will be no need to apply topographic
correction,

< If the delay time calculated for Az is out of the range of accuracy of
measurements, then there will be a need to apply topographic correction.

Example:
If the accuracy of measurement is + 0.01 sec, then we have:

If ( p7o24ltA ) <0.01 - no need to make corrections

1

221+ ANZ

1

If ( pT-= Cosi, )>0.01 -> corrections must be done

6/GPHZ221IL7 KSU 2012-2013



I1. Correction for the zone of alteration

The zone of alteration is characterized by irregularities and variations in

velocity and thickness.

The correction for this problem is based on calculating its thickness at
several points along the seismic profile.

Calculation of the thickness of the zone of alteration can be obtained by
conducting short seismic profiles in order to obtain two layer case. In
this model, the first layer represent the alteration zone and has the
velocity of V1.

By constructing Travel-Distance graph for these short profiles, the thickness
of this zone can be calculated.

7/GPH221L 7 KSU 2012-2013



Seismic Refraction Field Procedures

»It means the relative position of the shot point to the geophone.

l. Profile Shooting _
The shotpoint and the receiving geophones are Iocated on one line.

Test profiles are usually conducted in the study area in order to:
= choose the most adequate distance between the shopoints, and
= determine profile length most adequate for the investigated depth of

‘the target.
There are several conflguratlons for proflle shootlng
Seism|ic\Reco*d
1- Split Spread: (SP) is placed at the center of spread. H 5 ‘
G, G, Gy G, G; G gp G; G3 Gy Gy Gy Gy, C]JCD
YYYVYYY ,  VYVVVY \

2- Split Spread with a gap: (SP) is placed at the center of Seismic Record

spread with plotting a gap. \ ‘
G, G, G; G, G5 Gg SP G; Gg Gy, Gy Gy, Gy, Cgﬂ)TCg

YYYVYYY ., VVVYVVY

8/GPHZ221L7

KSU 2012-2013



3- End of Spread: (SP) is placed at the end of spread. Seismic Record

‘\II\

G11 G12
vy | TT

4- End of Spread with a gap: (SP) is placed at the end of spread
with plotting a gap. Seismic Record

SP==FG
L |

1 2

3 4G5 6 G7 GS 9 10
vV VY

U

Gy 6, 6 GG
Yvy vy

SIok

2l .Gl GZ G3 G4-G5 Gs G7 G8. G9 GloGu G12‘ || ' \
i YYYY VYV VYYVYVYVYVY T‘FB&%

Seismic Record

: : : _ |
G, G; G; SP G, G; Gg G; Gg Gy Gy Gy Gy ‘ ‘\CJ ‘
VYYY % VYV VYVVYVY #ﬂ:ﬁ%@%ﬂf

KSU 2012-2013

U

5- Unbalanced Spread : (SP) is not placed at the center
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Il. Arc Shooting

In this arrangement, the shotpoints represent the centers of arcs along which
the geophones are planted.

The arc shooting arréngement is used for the purpdse of mapping‘|ateral
variations in the subsurface.

geophone
v v v v
D Y

sotpoint 1 sotpoint 3\ \? \ \?
v v

v
—ﬁ'-ﬁﬁ-vl w

sotpoint 2 v/ v/ V/ v/
4 v

profile 1 profile 2 profile 3  profile 4
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lll. Fan Shooting

This is the first field arrangement used in the early seismic exploration words. In
this arrangement, the geophones are placed along circles with shotpoints at
the centre of the related circles.

In particular, the arrangement was effective in detecting salt domes:

In the absence of salt domes, the arrival times for the seismic wave will be the
same for all geophones. While, in the presence of salt dome, the arrival
times for the waves that cross the salt dome will be shorter (the wave
travels faster) than other arrivals.

Therefore, by plotting first arrivals (the faster waves), it will be possible to locate
the anomalous zone.

— ————
—
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General Considerations on Seismic
Refraction Method

|. RELATED TO SURVEY DESIGN

» Length of seismic profiles: the profile length should be 3-5
times the investigated depth.

» Distance between successive geophones: controls

1) depth of penetration; 2) mapping of the surface layer; 3)
details about the topography of the refractor

1/GPH221L8 KSU 2012-2013



II. RELATED TO THE INTERPRETATION PROCESS
» Travel time — distance graph:
1) same scale to be used for both time and distance axis;
2) same symbols for time arrivals from the same shotpoint

» Use of specialized software packages:

1) reduces considerably the time needed for the interpretation;
2) provides excellent graphical outputs

2/IGPHZ221L8 KSU 2012-2013



REVIEW:
SEISMIC REFRACTION METHOD
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Seismic Reflection Method
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. Introduction and General considerations

» Seismic reflection is the most widely used geophysical
technique. It can be used to derive important details about
the geometry of structures and their physical properties.

» Major fields of application of Seismic reflection include:

v
v

v

hydrocarbon exploration,

research into crustal structure with several kilometers of
depths of penetration,

Engineering and environmental investigations (depth

- <200m),

mapping structural features such as shallow faults,
buried valleys and Quaternary deposits,
Hydrological studies of aquifers.

2/GPHZ221L 9 KSU 2012-2013



» The basic principle of the seismic reflection technique
application is to measure the time taken for a seismic
wave that travels from a source down into the ground
where it is reflected back to the surface where it can be
detected by a receiver (geophone):

%* The measured time is known as the two way time
(TWT).

** The basic issue in seismic reflection interpretation is
the conversion of the measured two way time into
depth. Although the two way time (TWT) is known
(measured), still there are two unknown parameters;
these are: depth and velocity. Velocity is considered
as the parameter that most affects the conversion of
the two way time into depth.

3/GPH221L9 KSU 2012-2013



Il. Reflection and Transmission of seismic waves in layered media

» At an interface between two rock layers there is generally a
change in propagation velocity resulting from difference in
physical properties of the two layers. At such an interface, the
energy within an incident seismic wave is partitioned into
transmitted and reflected waves.

» The relative amplitudes of the transmitted and reflected waves
depend on: the velocities (V), densities (p) and the angle of
incidence.

» The total energy of the transmitted and reflected waves must
be equal to the energy of the incident ray.

iNncidenmt ray reflected ray
amplitude Ay amplitude A

amplitude Ao

TramnsmMmiitted ray l
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» The amount of energy transmitted through the interface is
inversely proportional to the acoustic impedance defined

by:
Z=pV = acoustic impedance
Where:
Z: acoustic impedance
V: velocity
p: density

This means that the smaller the contrast in acoustic
impedance across the rock interface the greater is the
portion of the transmitted energy.

5/GPH221L 9 KSU 2012-2013



» The more energy is reflected, the greater is the contrast.
This is expressed by the Reflection Coefficient, R, given by:

R=A,/A,

R:(pzvz_plvl)z(zz_zl) 1<R<1
(p2V2—|—p1V1) (ZZ‘FZ])

Where:

R: reflection coefficient

A,: amplitude of the reflected wave
A,: amplitude of the incident wave
Z: acoustic impedance

V: velocity

p: density

Negative values of the reflection coefficient indicate a phase
change of 180° in the reflected wave.

6/GPH221L9 KSU 2012-2013



» The transmission coefficient, T, is given by:

T=A,/A,
Z

T=2———
(Z,+Z,)

Where: :

T: transmission coefficient

A,: amplitude of the transmitted wave
A,: amplitude of the incident wave

Z: acoustic impedance

7/GPH221L 9
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lll. The Case of Single Horizontal Reflector

B The travel time equation of a
reflected wave from a shot point
to a receiver (geophone) located

at a horizontal offset X can be

derived as follows:

452 = 4h24+x? = 122
t?=(4h2+x2)/v?

s t = (8h24X2) IV .......(1)
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There are two unknown parameters in the above equation,
these are: Velocity (V) and depth (h).
Now, Eq. 1 can be written in the form:

t2v? x>
4h?

=1 | Hyperbola

9Y/GPHZ221IL9 KSU 2012-2013



The Intercept Time

By measuring many reflection times, t, at different offsets, x,
it will be possible to calculate the depth, h, and the velocity,
V (See the figure below).

By substituting X=0in Eq. 1: | ¢ _ (4h24x2)"*V .......(1)

we obtain:

teE2h N e i (2)

Eqg. 2 is the travel time equation of a vertically reflected wave
(intercept on the time axis of the time — distance curve).

By squaring Eq. 1 and substituting Eq. 2 in Eq. 1, we obtain:
Velocity can be determined using Eq. 3.

10/GPHZ221L9 KSU 2012-2013



{a) x .

, /
\\ N/
h ™, o v
N / Vs
N . _,,_{____ ~ FHg. :(a) Section through a single
horizontal layer showing the geometry
(=) ¢ of reflected ray paths and (b) time-
\ / diirorjce ;:Lllrveﬂ forTreerc’red rays from
et t, - - a horizontal reflector.
H“"‘x\_l_ " AT= normal moveout (NMO).

— (@] + X x

By squaring Eq. 1 and substituting Eq. 2 in Eqg. 1, we obtain:
| t2 = 4h2/ V2 +X2/\? | |

fa = F e dtent (3)

Velocity can be determined using Eq. 3.
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CALCULATION OF THE VELOCITY
=) Plotf t? against x?

- The graph will produce a straight line of slope 1/v2.
The infercept on the time axis will give the
verfical fwo way fravel time, 1, , from which the

depth to the reflector can be found.

This method is unsafisfactory, since the values of X
are resfricted.

=) A much better method of determining velocity is
by considering the increase of reflected travel
fime with offset distance, the moveout.

- 12/GPH221L9 | KSU 2012-2013



MOVEOUT

=) Moveout is defined as the difference between
fravel fimes T, and T, of reflected-ray arrivals

recorded af fwo offset distances x; and X,.

XX

- 2vit,

=) Normal moveout (NMO) at an offset distance x is
the difference in tfravel time AT between

reflected arrivals at x and at zero offset. (see
Figure)

tz_tl

2 X
= V=-

AT=t —t.~
< 0 (2t,AT)"?

2v°t,
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MOVE OUT: Difference in travel time t(xl) and t(xz): t,-t, ~
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XZ

2v%t,

Normal Moveout: Difference in travel time t, and t(x): AT=t,- ty=

15/GPHZ221L9 KSU 2012-2013



Travel Time for Single Plane Dipping Layer

The length of the reflection path, SCR, from Source to Receiver is the same as path IR,
from an imaginary source, |, obtained by reflecting the surface source, S, in the interface.

The Cosine rule in the triangle IRS gives the travel time, T, as VT, which-is the distance
travelled by the seismic reflection: COS(()O'HS)' -5l

2

(IR) =V T? =x" +4h> —4hx cos(90 + &)
-~ ~ . " 2_ 2 ?_
= x" +4h” +4hxsin & e 0 - libeos )
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By combining X terms using the complete square rule, we obtain:

12T =(x+2hsiné&) +4h”> —4h* sin® &

V2T? =(x+2hsin&) +4h* cos® &

VAT (x +2hsin &) 1

(2hcosEY (2hcosE

..Eq. (1)

Equation 1 represents a asymmetrical (not symmetrical) hyperbola with
it’s apex shifted from X = 0. Apex is displaced towards UPDIP direction to:

X=-2hsmns

2/GPHZ221L10 KSU 2012-2013



Estimation of Reflector Dip
By measuring travel times at two locations offset by same distance AX to
either side of the source, an estimation for the dip can be obtained by:

)

+ ]
smé x -V —
2

Where:
At is the difference in observed travel times.
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TYPES OF VELOCITIES

I. Interval Velocity:

inferval velocity
i thickness of the infterval
{ T; one way travel tfime

=
N
[T
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ll. Average Velocity:

The interval velocity may be averaged over
several depth inftervals to yvield an average
velocity wv.

Z z, Z VvV, T, vl
v —i=1 __i=1 or — n

el inl V_

S S, 1

i=1 i=1

il

Z, = total thickness of the top n layers
T, = total one way travel time through the n
layers
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lll. ROOT MEAN SQUARE (rms) Velocity:

n
|
i Vi
i=1
rms n

>

i=1

Where:
ti=22Zi/Vi = the vertical travel time in the i th layer
Vi = interval velocity
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SEISMIC REFLECTION FIELD PROCEDURES &
DATA ACQUISITION

1/GPH221L 11 KSU 2012-2013



. Field Procedures

Seismic reflection profiling obtains a cross-section through subsurface by
recording data continuously along a surface profile. '

I Constant (optirmuum) offset I
s, S, Sa ., S S
ol T A4 5
: = 3
1 =2 =

T _-s'-'"—_——i?—___sj‘.‘_

S =

2/IGPH221L4 . : KSU 2012-2013
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W Single-channel Seismic Profiling (constant offset): In case of shallow
reflection profiles, the simplest survey is to use a source and a single
geophone (receiver). In this procedure: | |
»source and receiver are both moved along profile by same amount
between shots
»plotting successive shots side by side creates a reflection profile of the
subsurface.
»used in engineering and hydrogeological surveys.

W Multichannel Seismic Profiling (single fold):

Multichannel Recording: Single-Channel reflection surveys are subject to
noise. Combining multiple reflections from single subsurface location
allows attenuation of this noise.

3/GPH221L 4 KSU 2012-2013



What recording channel means? One seismogram recorded by the
instrumentation. But the channel may be connected to one or more
geophones (receivers) on the ground.

Recording a shot with multiple channels produces many seismograms per
shot and allows attenuation of many noise types during processing. 12 —
2000 channel recording is common.

In the Multichannel Seismic Profiling, entire recording configuration, shot
and receivers, are moved along the profile a distance, AS, between shots.
» Shot and receivers are all moved same distance along a profile.
» In practice, and to save time, twice as many receivers as required are
laid out. Only those needed for each shot are made alive
» Recording cable and receivers are brought to front from rear during
survey

4/GPH221L 4 KSU 2012-2013



Example: Single-Fold Reflection Profile

Shot 1 Shot 3
-

A 1-fold multichannel
reflection survey

Subsurface Coverage

»Each shot reflects signal from half the spread length on a plane horizontal

interface in the subsurface
»Spacing between reflection points on interface is half the receiver spacing,

Ar, at the surface.
»Complete coverage of the subsurface interface can be achieved by moving

shot and receivers up by half the spread length plus geophone spacing.

5/GPH221L 4 KSU 2012-2013



What is a FOLD?

Fold is the multiplicity of subsurface reflection coverage, i.e. the number of
reflections recorded from each subsurface point in a multichannel survey. In
the example above, fold is one because only ONE reflection from each
subsurface position, i.e. one reflection every Ar/2.

Example: Two-Fold Reflection Profile

Shot 1 Shot 3

A 2-fold multichannel
reflection survey

- - >
Subsurface Coverage

6/GPH221L4 . KSU 2012-2013



»Average fold along a multichannel profile is called NOMINAL FOLD, and is

given by: r = nAr
’ t 2AS

where: n is the number of recording channels, As and Ar are the shot and

the receiver spacing respectively.

»Multifold reflection profiling was developed in the early 1960s, and has
been used extensively by the oil industry.
» Surveys up to 100 fold or more are recorded today.
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Il. Gathering of Seismic Data

Large volume of seismic data can be recorded and be organized in different
ways. A GATHER is the name for a collection of seismic traces.

There are several trace gathers, these are:

1 Common Shot Gather: a collection of seismic traces recorded at several
receivers (geophones) from single shot. This is the configuration in which
seismic data are acquired in the field. | |

Source Geophones

8/GPH221L4 KSU 2012-2013



L Common Receiver Gather:

A collection of seismic traces correspondlng to several shots recorded at a

single receivers (geophone).

Source locations

Geophone

9/GPHZ221L 4
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L Common Midpoint (CMP) Gather:

A collection of seismic traces in which the shot and the receiver are
symmetrically distributed about the same midpoint location.

Source locations Geophones
L4 Y ¥ v ¥

Common midpoint

The common Depth Point (CDP) is the point on a plane horizontal interface
from which all the reflections in a Common Midpoint (CMP) Gather are
generated.

10/GPHZ221L4 KSU 2012-2013



» The Common Midpoint (CMP) Gather is fundamental in seismic reflection
data processing for two reasons:

1) The variation of tfravel fime with offset, the
moveout will depend only on the velocity of
tThe subsurface layers (horizontal uniform
layers).

»> The subsurface velocity can be derived.

2) The reflected seismic energy is usuadlly very
weak. It is imperative To increase the signail-
Nnoise ratio of most dafa.
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(a)

(o)

Stacked
frace

\

——

Hill

| Corrected __ |

 12/GPHZ221L4

Fig. :Given the
source-receiver
layout and
corresponding ray-
paths for a common
depth point spread,
shown in (), the
resulting seismic
traces are illustrated
in (b)., uncorrected
(on the right),
(corrected on the
left) — note how the
reflection events are
aligned — and the
final stacked frace.
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Display & Processing of
Seismic Reflection Data
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GENERAL CONSIDERATIONS

 Uses secondary reflection arrivals, which. must be extracted by
processing of raw seismic recordings

1 Reflections generated by both increase and decrease in seismic
Impedance

O Maximum source-receiver offset usually less then target depth
with angles of incidence less than 30°

] Reflection data processed to simulate a survey recorded with
coincident sources and receivers: subsurface "cross-section™

2/GPH221L 12 KSU 2012-2013



Field survey Simulated Survey

Shot Receiver Shot/Rec Shot/Rec Shot/Rec

i X X
w N/ v
= 1) v
w _ \\J 2
V5 \/ V5
V6 V6

KSU 2012-2013
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DISPLAY OF SEISMIC DATA

L Geophone measures velocity of ground vibration
L Hydrophone measures pressure variations in water

Vibration is from some rest value, zero for ground velocity,
and seismogram shows this variation from rest

4/GPH221L 12 KSU 2012-2013



Q Seismograms can be displayed is various ways:

=
<>
-
<
o !
S 100 200
S o Time (ms)
=
F T i
—_
A
lf\ e
— N

5/GPH221L 12 .

Wiggle

Variable area
& Wiggle

As above with
bias < zero

Variable density
(colour or grey
level)
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Why do we need data processing?

» To solve acquisition problems
» To enhance the appearance of the data

> To give a true view of the subsurface

6/GPH221L12 KSU 2012-2013



PROCESSING OF SEISMIC DATA

Field tapes Observer s logs

PREPROCESSING

- Demaultiplex

— Editing

- Gain recovery

— Field geometry

— Application of field statics

DECONVOLUTION

- Deconvolution
~ Trace equalisation

CMP SORTING

VELOCITY ANALYSIS
Residual statics

VELOCITY ANALYSIS

NMO CORRECTION

STACKING BRUTE STACK DISPLAY
Time-varying filter MIGRATION
i
Gain Galsnin
Dispilay Display
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PRE-PROCESSING OF REFLECTION DATA

|. Demultiplexing

Prior to mid-1980s, a shot gather was recorded multiplexed >
adjacent samples came from adjacent traces at the same time.

Demultiplexing means reorganizing the data such that successive samples on
tape represent successive time samples for each seismogram.

Now most oil industry seismic data is recorded demultiplexed.

Sample 1 Sample 2 Sample 3 Sample 4
Channel 1 a a > a3 a,,
Channel 2 b b b, o b,
Channel k K o k> k 5 .= k.,

8/GPH221L 12 KSU 2012-2013



1. Trace Editing

litude noise

Shot Record Bcecfore Edit
. FPol =

,\i\.}\r\l’. - I(.l-.f’r
AP 9 et A

Removal of traces contaminated with hi

e.g. due to

: P
8eophones close to machinery, or that did not record

ata.

h am

KSU 2012-2013
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I11. Gain Recovery

Seismic waves decrease in amplitude as they propagate further into the Earth:
Reflections recorded at late times have lower amplitude than those at early

times.

Before

x

Gain
function

= After

10/GPH221L12

» Time
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(A)

Ground surface

V. Elevation Statics

Vertical travel time through the near-surface layer varies due to changes in
elevation of shot or receiver; it causes:

> misalignment of reflections
» after NMO correction, reflections do not stack correctly.

Statics

» The time shift is added to a trace to correct it to a recording made with source and receiver
at a specified datum elevation.

» It is constant for each trace.

(8) (i) Uncorrected (ii) Corrected

1 2 3 4 1 2 3 4

[

Time
S
% } L P intertrace
New datum jitter
\
Ed___,( __________ Jt _______ o N A ‘L..._Ed r ] i
Assumed shot ™ Assumed
location geophone
locations
¥
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Where:

ty: Time correction to each trace
t.: Time correction to source depth
t.: Total time correction

» Each trace to be shifted by the amount t, to line up reflectors.

» To make corrections we need to know the velocity of the surface weathered
material. Velocity can be determined in two ways:

1. Uphole traveltime: Using: Ve dit
) uh

2. Refraction survey:

Used to determine near surface velocities and variations in the thickness of the
weathered layer.
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Static corrections: An Example

(&) s )
; -
203 o
(a) Pre — static i :
) - - -
correction B3 :
: 8
. 7"] :n
] -
1 L PR e s
(b‘ - FO
L B .
y ™ -
(b) Post — static - 1
correction ™ [ s

e 497 EfSec: of appiying ressdaal s 1kic comrections on CDF refection data recorded o 3
ware-dump ste 1o Zealand, Deronark Tune sectzon a) bolcove applicatzen of statics and (b
aftor application ofatscs. (AN Ploug, 1951 )
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V. Reflectivity and Convolution

-
The seismic wave is sensitive to the = I~ . . = [
sequence of impedance contrasts: r ,‘ | T E

The reflectivity series (R) 3 T '
We input a source wavelet (W) which |~ =1 AL

is reflected at each impedance | ! |

contrast. The seismogram recorded at | "[ -~

the surface (S) is the convolution of /-7 T |

the two: ' b aa =] \
S=W*R e
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Convolution e i —_ =
g ;]L : F = =
Reflectivity series 1 | v | »
Source wavelet e |- | 1
Output 0
Recorded waveform =
v, e —ef
lf Ay 1 F

Reflectivity series
Source wavelet

Output

Recorded waveform

12

12

=1/>

15/GPH221L12
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Convolution

Reflectivity series
Source wavelet

Output

Recorded waveform

1 12 12

Reflectivity series
Source wavelet

Output

Recorded waveform

L= = et = ‘;
. & =]
1 112 1/
1/ 1/ 1

0 1 0 3/s
,/.\’ /.

16/GPH221L12
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Convolution

Reflectivity series
Source wavelet

Output
Recorded waveform

NG i B

|‘/2l-‘/2|1|

lo [1 [o sl of
05/1_\3/3./4\‘0

Reflectivity series
Source wavelet

Output
Recorded waveform

lo |1 | o]sw]o]| w]
,,,.//.\\,-»/.\..f-f’
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Convolution

Reflectivity series
Source wavelet

Output
Recorded waveform

1 12 12
12 =12 1
0 1 (1} 3/ 0 a 0
- /.\’ /.\‘_ e -

Wi |

18/GPH221L12
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Field tapes

Observer's logs

PREPROCESSING

- Demultiplex

— Editing

- Gain recovery

- Field geometry

- Application of field statics

DECONVOLUTION

- Deconvolution
~ Trace equalisation

CMP SORTING

VELOCITY ANALYSIS
Residual statics

VELOCITY ANALYSIS

NMO CORRECTION

STACKING

BRUTE STACK DISPLAY
MIGRATION

Time-varying filter
Gain

Display

|
GTin

Display
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VI. Deconvolution:

Undoing the convolution to get back to the reflectivity series — what we
want.

d A seismic trace is considered to be the convolution of:

> da seismic wavelet, which represents the propagating pulse,
and,

» a reflectivity time series, which represents the subsurface layering

L Wavelet may vary from shot to shot, and includes reverberations as the
signal bounces around between layers before continuing

O Wavelet can be long making the identification of individual boundaries
difficult.
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L Deconvolution processing is used to:
» Correct for changes in source wavelet
» Remove multiples and reverberations
> Compress the source wavelet to a short symmetric pulse, which is as
close to a spike as you can get with real data

Inverse Wavelet
The inverse of the seismic wavelet is a wavelet which when convolved with

the seismic wavelet just gives a spike.
In deconvolution, we estimate an inverse seismic wavelet -and convolve it

with the recorded seismogram to produce a new seismogram that is closer to
the Earth reflectivity series.

1 In practice, the exact inverse can nhever be found owing to the difficulty in
estimating the wavelet in the seismic data.
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Vivavelet vw

pPpre-vwhitening

:
"
amplitude

Inverse Wawvelet w

hb ib b b time

Output vw > w?

amplitude

%l
:
d
amplitude

» To avoid amplifying noise, the action of the deconvolution operator Is
limited by a pre-whitening, typically from 0.01 to 1.0% of the maximum

amplitude.
» By compressing the wavelet, deconvolution increases the bandwidth, and

hence the resolution of the data.
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> Deconvolution is applied to each shot gather recorded in a survéy.

Deconvolution: A Before; B After

s =T
A)szamzsz?szsﬂlt?!,ctsmu 2 7 s 1 ‘B)zsn:azﬂz 33 11 7 s 3 1
’l 1 . F 1 s " F I 'S A 3 (A0 aka Pikw i MO B = T 'S
3
| 1 3

"“6\ I

v
b7

!

t
il

{‘\'}‘ ;
l'J

)
}2\1.
ALK

I
\

d‘)
)

A

[} ."

i Qs

Rl ;--i@
il ' T
|
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Spiking or whitening deconvolution

> Reduces the source wavelet to a spike. The filter that best
achieves this is called a Wiener filter.

Seismogram S = R*W (reflectivity*source)

» Deconvolution operator, D, is designed such that:
D*W =6

So,
D*S = D*R*W = D*W*R =3 *R =R

Time-variant deconvolution
The operator D changes with time to account for.the different frequency
content of energy that has traveled greater distances.

Predictive deconvolution
The arrival times of primary reflections are used to predict the arrival times of
multiples which are then removed
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Predictive deconvolution
A multiple reflection is a duplication of the primary reflection and should
have similar characteristics as the primary event.

Deconvolution using correlation

- - P
| f 'I r". N PR " A r‘ A A A
SR adt et e Wl VAW AT VA AW R TA A s e If we know the source pulse
i -

- Then cross-correlating it with
signes fencticn — "\ NVYWVWWW—— - the recorded waveform gets
us back (closer) to the
reflectivity function

If we don’'t know the source pulse

Then autocorrelation of the waveform gives us something similar to
the input plus multiples.

Autocorrelation = correlating a S|gnal against a time shifted copy of itself.
Cross-correlation - Comparing one time series with another time series to
measure similarity.
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VII. Velocity Analysis: :

Velocity analysis

Determination of seismic
wvelocity is key to seismic
methods

Velocity is needed to convert the
time-sections into depth-sections i.e.
geological cross—-sections

Unfortunately reflection surveys
are not very sensitive to velocity

Often complimentary refraction
surveys are conducted to provide
better estimates of velocity

Normal mowve out (NMO) correction

The reflection traveltime eguation
predicts a hyperbolic shape to
reflections in a CMP gather. The
hwvperbolae become fatter/flatter
wwith increasing wvelocity
x2
Trz — TOE —+ —
- I

Wie vwant to subtract the NMO
correction from the common depth
point gather

A >

27,1,°

But for thhat we neaed velocity...

Traveltme {s)

reflection
hwperbolas
become fatter
with depth
(i.e. wvelocity)

Travdl b (5)

3.3
3.6
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Stacking Velocity

O The stacking velocity is simply the velocity of the hyperbola that fits best
the form of a reflection in a CMP gather.

L Stacking velocities must be estimated from CMP gathers of field data to
provide velocity values for NMO correction:
When a CMP is stacked after NMO correction, each time with a different

velocity, and the results plotted side-by-side, the optimal stacking velocity

can be identified. .
Stacking velocity

X
In order to stack the waveforms we AN N —

- - INAAC -
need to know the velocity. We find the - 27T~
velocity by trial and error: -
s For each velocity we calculate the hyperbolae and stack the waveforms
o The correct velocity will stack the reflections on top of one another
- So, we choose the velocity which produces the most power in the stack

V, causes the J—=="_1 | AW
waveforms to o e . A - T
stack on top of “ | | I - SR
one another 1 l | | L .
Ll =g =g e b Wy i ATy
9/GPH221L 13
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o)

. C ©

Ficure  (2) CMP gather contain-
ing a single event with a moveout velocity
of 2264 m/s. (b) NMO-corrected gather
using the appropriate moveout velocity.

(c) Overcorrection because the velocity
(2000 m/s) used was too low. (d) Under-
correction because the velocity (2500 my/s)
used was too high. (Adapted from Yilmaz,
1987.)

- 10/GPHZ221L13 .
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VIII. Stacking:
Stacking

Each CMP gather contains several traces corresponding to a

single position on a subsurface interface (assuming horizontal
layers).

In CMIP gathers, many seismic arrivals appear approximately
hyperbolic with their apex at zero offset

Stacking Velocity

The stacking velocity of an arrival is the velocity value that
characterises the hyperbola that is the best fit to the arrival

Creating a Reflection Profile
The traces in each CMP gather are combined in a 3-stage

process to produce a single trace that represents the reflections
recorded at that CMP position.

** NMO Correction: Aligns each primary reflection at its zero-
offset reflection time using primary reflection stacking velocities

3 Muting: Parts of traces stretched greatly by NMO correction are
muted, i.e. set to zero

2+ Stacking: All traces in a CMP gather are summed to create a
single seismogram that simulates a recording made with a
coincident source and receiver at the CMP location

Stacking enhances primary reflections and suppresses random
Nnoise and unaligned coherent arrivals such as multiples.
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Stacked Reflection Profile

A seismic reflection profile is created by plotting side-by-side each
stacked trace from the CMP gathers along a seismic profile.

mix:;;_,,,;m’ ,,,'

-’

G X ,; \" -<-~xv‘- /’
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Stacking Suppresses I\/I'ultiples

< Primary Reflection: Wave that travels directly down to an
interface, is reflected, and then travels directly back to surface

< Multiple Reflection: Wave that is reflected more than once, and
so has two or more up and downgoing legs

Primary Reflection

o X ————

*—tu_u_L?__n T X
vV
\ 1
QQ/ v2
Vs
t

NMultiple Reflections

W o

WNVAVd e S
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e Seismic velocity usually increases with depth, so multiple
reflections have more moveout than primary reflections, i.e.

lower stacking velocities

e \When the primary reflection is aligned after NMO, the multiple
will be misaligned and so will be partly cancelled by stacking

* Reflections on a stacked seismic section are considered to
have been produced by normal incidence reflection:

e Upgoing and downgoing paths are identical

e Angle of reflection is zero

YGPH221L14 . KSU 2012-2013



IX. Frequency Filtering:

» High and low frequency noise can be present in the final stack

and migrated sections

» Bandpass filtering is applied to remove unwanted noise.

Hi-pass: to remove ground roll

Low-pass: to remowve high
frequency jitter/noise

MNotch fFilter: to remove single
frequency

F ot i ey

[ - Pl o B i1 s~ ] 1L Do [ o e = L

(o, @ SO pax]
Ll = o
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X. Migration:

2 A dipping reflection is MNOT at its true subsurface position.

2= Migration mowves reflections on a stacked seismic section to
their true subsurface position

A reflection is in its true subsurface position when the angle
between the normal incidence raypath and reflector is 90%.

e

£ = S x
o —-—
fla - //
“ X —
c //
—_—dc
~
o
' s
— —
£ =D

(=Y

Fig  Migration principle. Migration of ssgment C'D" into
CD increases the dip from €, to €.

B B

SINgE = —— = ——— = tan <&
OB OB

The true position of a dipping reflection is updip at shallower time.

Maximum dip on unmigrated section is 45°.
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Migration of a'Dipping Reflection

In constant velocity, its possible to calculate the distance
dipping reflection will have moved after migration.

4| >

‘v

The lateral displacement is given bw:

| S A
., — — tan &,
= -

aC

The apparent dip on a section with the wvertical axis in time is:

T
ol

= tan &, zitané’_
| 2 -

where 0 is the apparent dip on a section that has been converted

to depth by scaling the wvertical axis by “W/2.
The vertical displacement is given byw:

1
| 2 | . E3
d_ = —| 1 —| 1 — tan = &
= > 4
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Example: Migration of reflection from a rugged interface

06 i 7 13 19 25 31 35 43

1
i ey el s
[HE]

LI
e s
BT REn{EEE
|G 0
L S

: (a) Unmigrated section; (b) Migrated section. - :
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Resolution of structure

Consider a vertical step in an interface

To be detectable the step must cause an
delay of Va to 2 a wavelength

This means the step (h) must be 1/8 to 14
the wavelength (two way traveltime)

Example:
20 Hz, « = 4.8 km/s then .. = 240 m
Therefore need an offset greater than 30 m

Shorter wavelength signal (higher
frequencies) have better resolution.

What is the problem with very high
frequency sources?




Fresnel Zone

(a)
Tells us about the horizontal resolution 59;:3*
on the surface of a reflector Receiver

First Fresnel Zone

The area of a reflector that returns energy to
the receiver within half a cycle of the first
reflection

The width of the first Fresnel zone, w: 55%%”“5 F"“T: Zone :“*:ﬁqaﬁ:
r . ﬁp‘%ﬂaag" (.J"'u\-el -':b {:' 't?'

LAY e (Y SR

w? =2dA +£ T\
A

If an interface is smaller than the first Fresnel l \
zone it appears as al. point diffractor, if it is = - & e Q/
larger it appears as an interface

Example:

30 Hz signal, 2 km depth where a = 3 km/s then » = 0.1 km and the width of the
first Fresnel zone is 0.63 km
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3-D Seismic Surveying

<+ In 2-D surveys, shots and receivers lie along the same surface

line.

<+ 3-D surveys can be acquired with shots fired along a line
orthogonal to the recording spread, so midpoints are areally

distributed

-

—
-
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3—D Seismic Volume

Final result of a 3-D survey is a data cube that provides a
continuous image of a subsurface volume.

900
1000
1100
i200
1300
1400
1500
1600
1700
1800
1900

. Interpretati‘cn is made by mapping horizons and faults in 3-D

e Horizons are differenced to emphasise geological changes in a
specific time interval (geologic or recorded).
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Structural Interpretation

Grid of seismic lines or 3-D survey are necessary to make a
reasonable interpretation

To map a horizon, pick its reflection on each seismic limne and
check tie at line intersections

Horizon times are contoured to produce a time structure map

Faults interpreted from offsets in reflections

Horizon is contoured separately on opposite sides of fault

Isochron Map

Map showing time difference between two interpreted seismic
horizons

Depth and isopach maps can be made it velocities available for

time to depth conversion of horizon times

3/GPH221L15 : KSU 2012-2013



Examples of Structural Features Responses
Salt dome

Oil and gas _ : e

Source, reservoir and trap

SURFACE Of seey

Osl accumuhiton m trap /

SOURCE KITCHEN
AREA
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Faults

J

Locating faults o T _ :
c ‘\_,_/ ] —_— e
- camey St L MRS — —d ——
= Migrating fluids § o S el
= Seismic hazard _Eé = g —— = | _
r
Identified as discontinuities _ T — —
in reflection surfaces = = = =

Distance (meters)

CDP numbers
180 200 220 240 260 280 300 320 340 360 380 400

0.0 — R
= - -
= - —
8 - —
£ _ -
@
= — _
': - —

None of these — =
faults visible at 0.1 —

the surface — =
suggests recent
inactivity
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‘Groundwater

Objective: (@)

Map subsurface
location of aquifer
for the purpose of
drilling a well

(b)
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Seismic Stratigraphy

In sedimentary basins, seismic reflections arise from the
interference in reflections from many thin geological strata

Utnit W

Unit W
1.0

Unit U

Seismic reflections occur together in stratigraphic units
separated by discontinuities, e.g unconformity

Stratigraphic units can be classified on basis of internal
character

7/GPH221L15 . : KSU 2012-2013
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SEISMIC INSTRUMENTATION
&
SOURCES
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SEISMIC
INSTRUMENTATION
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1. Seismograph

» 24 -120 channels or more
> Digital
» Screen control
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2. Geophohes (Seismometers):

A gebphohe is used to transform seismic ‘energy into electrical voltage. |

Geophones

e Cylindrical coil suspended in a magnetic field

e The inertia of the coil causes motion relative
to the magnet generating a electrical signal

e Geophones are sensitive to velocity Hydrophones

e Used at sea

e Use piezoelectric minerals to
sense pressure variations

Instrument response

e The relation between the input
ground motion and the output
electrical signal

Natural frequency

e The frequency which produces
the maximum amplitude output

Damping

e Reduces the amplitude of the
natural frequency response and
prevents infinite oscillations . ca -

« Want a flat response 0 __ * o0 s 100

Frequency (Hz)

1.0 | — Natural frequency (14 He)

0.2 critically dammped

e GRS T

0.7 critscally damped

d

Geophone owtput (relative) (vemvs)
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“ At critical damping, coll will return to rest most quickly.

 |f damping very small, coll will oscillate at the natural frequency
of the electromechanical system.

“* Normal damping is 70% critical.

Natural Frequency

Natural frequency and damping affect the range of frequencies the
geophone can record:

+ 14 Hz geophones used in oil exploration

+» 30 Hz geophones used in high resolution studies

+» 100 Hz geophones used in very shallow work
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Type of Geophones:

A- Land survey:

Two types of geophones are used:
» Moving coil geophone (1).

» Moving magnet geophone (2).

__—  Leaf Spring
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B- Sea survey:

Hydrophone :

Hydrophones used to detect the pressure variations in water due
to a passing seismic wave.

A hydrophone comprises two piezoelectric ceramic discs
cemented to a sealed hollow canister.

*3» A pressure wave squeezes the canister, bending the ceramic
and generating a voltage.

*» The two discs are connected in series so that the output
generated by acceleration of the hydrophone cancels

*3* Pressure will squeeze ceramics and so produce output.

Ay

Fiastic forrmar __ I
~.
- E

with owver-pressure ——a \
o

pProtection spidar
-~
Coppenr ™ Pieroslactric

T == q\\; 3
= Fo \\\EE

diaphragr caeramic chip
(B)
l Piezoelactric
g Fisc
-+ -+ -
e S e
Copprer
carnister
— —
T FPiezoelectric
disc
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Deployment

Important considerations
 Need good coupling to the ground — spike

e Mini-arrays to reduce surface wave noise

Offset of geophones

Small offsets
» Near-vertical incidence retains P-energy
e High resolution of subsurface reflectors

=» Seismic reflection analysis

Large offsets
 Improves velocity sensitivity
e Provides horizontal averages only

= Seismic refraction analysis
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SEISMIC SOURCES
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Consider
. . e Energy input
Seismic sources o | sl
e Cost

Rifles and guns .
e Convenience

e Cheap
e Repeatable — fire into water filled hole
¢ Shallow targets 0-50m

Sledge hammer
e Cheap
e Repeatable once plate is stable

(and with training!) PLATE
e Targets 15-50m K /‘
weight drops Accelerated Weight Drop 78 Avwn, E£0.T

Seismic Source

e Cheap
e Repeatable — automated
e Targets > 50m
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. Vibroseis
» No pulse, frequency sweep

» Significant signal with
stacking/deconvolution

Explosives
» Various sizes — target depth

 Safety and expense can be
an issue

Air guns

o At sea

 Very repeatable

* Large array for big signal

LA L \ g St

I'o land
seismom elers

1 Seismie retlection from

g / deep-earth features
N

Scismic refraction
through deep earth
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1. Explosives:

» %60 of seismic works use dynamite. It is a mixture of
Nitroglycerin + Gelatin + Binding material

> The explosive sources that were placed in the shot holes
are similar to those used for blasting during road
construction.

Advantages

= has sharp peak

= Decrease surface noise

= has wide range of frequency
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2- Weight drops:
» composed of a rectangular steel plate, 2 to 3 tons

usually, and dropped 3 to 4 times at helght of 3m
» used in desert areas.

Advantage

= Not dangerous
= Easley used, cheap

= Not distort the surface

- 13/GPH221L 16
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3- Vibroseis:

» It is used to generate seismic wave in the form of a wave
train of control energy.

> Always 4 vibrators are used

Advantage

= controlled frequency is
= The energy is controlled

= Not distort the surface
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4- Sledge Hammer:
» used to generate seismic wave of small energy,

» used for shallow depths of investigation

Advantage

= very cheap
= easily used

= Not distort the surface
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ADVANTAGES &
DISADVANTAGES OF
SEISMIC METHODS
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COMPARISON
BETWEEN REFRACTION
& REFLECTION SEISMIC

METHODS
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