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ABSTRACT

A proiject of shallow seismic refraction was carried
out in PETARO-HYDERABAD(SIND), for the completion of dissertation
reguirements. The purpeose of the survey was to establish
velocity-litholeogy relationship.,  -te determine the thickness of

ifferent subsurface lavers and to trace the nature of vrefractor

To achieve this, truse velocities, depths and dip
angles were obtained from T¥-grapvrh. These graphs and calculations
were orepared manuvally as well as on the computer by using
FORTRAN-77 data processing programme besides using HP-seismic
refraction software. The nature of refractor boundaryv was mapped
by HAWKIN'S METHOD. The interpretation of seismic data shows two
lavers hawving velocities Ve and V1 respectively.

i

Velocity of first laver ranges from 380 m/sec to
540 m/ses¢ whereas, thickness of this layer ranges from 8.2 m to
12.3 m. The velocity range of thig laver indicates a lithology of
Alluvium. The velocity of second laver ranges from 1620 m/sec to
1780 m/sec. The velocity range of this laver is indicative of

sutbweatheraed s0il or weathered sandstone.
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1.1) _INTRODUCTION

This Dissertation is based on the seismic
refraction survey carried out iun "Pstaro-Hyde .wad" for the
martial fulfillment of M.Sc.( Geoprhysics ) of Department of Earth
Sciences ,Quaid-i-Azam University. Islamabad.

Seismic prospecting is one of the most important
metheds of geophvsical prospecting .It is widely emploved in
various branches c¢f mining and particularly in exploration and
prespecting of oil and gas fields .It is also used to resclve
various prohlems of engineering dgeology i.e to delineate the low
velocity laver.in mapping the bed rock,to detect surface fault
covered by soil ,and to search water table etc.

The ceiesmic methods of geophvsical exploration
utilize the fact that elastic waveg travel with different
velocities in different rocks.The principle is to initiate such
wave at a point and to determine at a no. of other points the
time of the arrival of the energy i.e refracted or reflected by
the formations.This then enables the position of the
discontinuities teo be reduced ( Parasins,1982 ).

The obijective of the present dissertation was to

mapr the secticnal profile of the weathered and subweathered



lavere and also to find out the nature of the refractor
boundary.weather undulating or otherwise by calculating its depth
below each a=ophone.

To achieve these obictives ten sgeismic refraction
spreads were laid in a prefile i.e there were ten forward side
shot peoints and ten reverse side shot points. In general ., the
field data comprised of two laver refraction problem for each
spread .having a lenagth of 280 meters between its forward and
reverse shot point location. The energvy detectors of each spread
comprised of 24 geophones with variable inter-geophone spacing.
Energyv source used to cbtained this data was an explosive,

The field data was processed manually as well as on
the computer using a Fortran-77 programme written for two layer
dipping cases. Additional computerized processing was undertaken
on "Hewlett Packard" personal computer (pe) ,using HPS-13 seismic
refraction ©processing software. Both ©processing operations
vielded seismic cross-section for each seismic refraction spread
with computed informations about :

i) Their‘corresponding travel time ( T-X ) grapvhe vielding a
number cof lavers found.
ii) Laver velocities ,both apparent and true.

iii) Refractor depths below each shot point. The seismic velocity

ta



cross-sections so obtained were then interpreted for their
corresponding lithological sections by using a pastulated table
of velocity-cum—-litholeagical correlation.
iv) The nature of the refrator boundary was mapred by calculating
its depth below each geophone ,using Hawkin's nethcd.

The results ,based on the abeve obiectives .are
vresented as maps ,illftrations and graphs which are given in the
* APPENDICES ".

1.2) LOCATION AND EXTENT

The project area forms part of the Eastren
Vallev of lower Indus Basin ,which lies South of Distt. Hvderabad

(=} /

and East c¢f Indus river. It is bounded by latitudes 25 20 North
o ’ a ’ o /

te 25 0 North and by logitudes €68 15 East to 68 30 East.The total

area 1is covered by the toposheet no. 40 C/8 ,Scale 1:50,000

publiched by the " Survey of Pakistan ".
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) INTRODUCTION

The project area is located in the eastern part of
the Sind province of Pakistan (bounded by latitudes 25 20 to 25 0
north and longitudes 68 15 to €8 30 east). This province is a
part of lower Indus Basin which itself is part of a broad fore-
land Basin in front of growing Himalayas. This fore-land basin
extends westward from Bengal through the flood plains of the
Ganges and to the plains of Indus towards west.

2,2} GEQCLOGY OF THE PROJECT AREA

No geological map.of the area is available except
the tectonic map of Pakistan(Kazim and Rana,1982). This map
indicates that surface is generally covered bv unconsolidated
material 1.e alluvium. However,Well data ,1987 bv Muzaffar and
V.Ranke . "Pak—-German Technical Co-operation" report of
Hvdrocarbon Development Institute of Pakistan.located in the
project area suggests that follewing feormaticns are vpresent in
the subsurface of the area.

i) Laki formation
ii) Bara formation
iii) Lakhara formation

iv) Khadro formation



Description of these formations according to the
stratigraphy of Pakistan(Shah,1977) is briefly given as

i) LAKT FORMATTON

The term " Laki series " was proposed by Noetling
for the lower part of Blandford's "Kirthar series". Later Hunting
Survey Corporation(1961l) re-defined the units as " Laki group ".

The formation consists mainly of cream coloured to
grevy limestone. However, marl.calcareous shale ,sandstone and
lateritic clay are also present locally. The shalev” is grey
.greenich vellow .weathering dark rustav brown and gvpsiferous.
The limestone is thin bedded and arenaceous where as sandstone is
commonaly ferruginous.

The formation contains fossils inc&uding
gastropods.bivalves, foraminifers and algae. The fossils indicate
an earlv Eoccene age. The formation is correlated with the Kharan
formation and parts of the Chharat grour of the Kohat-Potwar
Province. Accordinag to the log data of Well#21l near the proiect

area, formation ies found at the depth ranaging from 0 - 984.4 m.

i) BARA FORMATIYION

The formation is named after Bara Nai ,Laki range.

It consists of dominant sandstone with lesser shale and minor



volcanic debris. The sandstone 1is varicoleoured,fine to coarse
grained,scft and crumbly. Mascsive looking sandstone beds ranging
in thickness from few centimeters to three meters are common. The
interbedded shale is soft and has dark shades of similar colour
to that of sandstcone. Some carbonaceous mnaterial is also preset
both in shale and sandstone ,however,shale is somse times highly
carbecnaceous.

No fossils have bheen found in the formation except
some ovsters and repntile remains. The formation is correlated
with the Hancgu formation of the Kohat-Potwar Province and with
the lower part of Rakhshani formation of Baluchistan Basin. Since
the formation overlies the Khadro formaticen of Danian age and
underlies Upper paleocene Lakhra formation ,it is regarded as
Middle paleocene.

iii) LAKHARA FORMATION

The Lakhara formation represents the upper "Ranikot
formation" and upper Dvarts of Bedkachu, Rathore and Thar
formatione. The formétrion dominantly composed of limestone on
weathered surface limestone shows brown,buff and at other places
orange brown and pinkish brown colcurs. The limestone is sonme
times sandy. Sandstone its mainly present in the lower part of the

fermation while few interbeds of sandstone and shale are also



TABLE # 2.1

WELL LOG DATA OF SUNBAK WELL

Name

Area

Company

North(DDMM.SS)

Fast(DDMM.SS)

Greundelev(m)

KB/DF(m)

TD{m}

Formation at TD

Status

Remarks

Spud—Abd

Laki/Ghazij

Bara/Lalkra

Khadro TD

Sunbak
Lower Indus
Hunt

2624.400
6754.450

108.2

112.8

1932

Khadro

P & A

0il shows in Ghazii

9.9.567-14.10.57
- 9844 m
984-1737.2 m

1737.2-1932 m




present in the upper part. The sgandstone is calcareous and in
vlaces grades inte arenaceous limestone. It is grey ,fine to
coarse grained ,thin to thick bedded and c¢ross—st. Lcified.The
shale present is grey on fresh surfaces and yellowish brown on
weathered gurface. On the basis of its fauna late paleocene age
is assigned to the formation the ‘formation is correlated with the
upper parts of the Dungan and the Rakhshani formations. According

to well log data of Sunbak near the proiject area both " Bara and

Lakhara formaticons " are found at the depth ranging from 984.4 -
1737.2 m.
iv) KHADRO FORMATION

The Khadro formation includes the basal parts cof
the " Karch,Gidar dhor and Jakker " group cf the Hunting Survey
Corporaticn(1961).

The formation consists of sandstone and shale with
some limestone. The sandstone is soft and medium grained and show
different colours like brown, grev and ¢green. The shale is oclive,
rale bluich grev and contain limestone and sandstone interbeds.
At the tvpe locality . the basal part of the unit consists of
dark limestone bed with reptile bones. Top of the unit is usually

marked by a volcanic flow. At karkh and Jakker the formation



consists cminantly c¢f interbedded scoft and brown shale , and
csoft, grey to green well bedded sandstone. The age cf the
formation is recorded as Early palsocene which in places.cxtends
down into Late Cretaceous. According to the well log data, this

formaticn was encountered at depth ranging from 1337.2 -1932.0 =n.
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Scismic method is one of the most important method
in thel investigation of peological struciures of the
FEarth.Selsmle prospecting is one of the most lmportant branch of
geophysleal exploration.This is due to ita capabllity of hilgh
accuracy by virtue of its-hlgh resolution and capability of deep
penetration.Its field methodology depends upon thie refraction and
reflaction of elastic waves prdduced by artificial source,called
the shot-point.These elastic waves vropagate radially in all
directions from the source and undergo reflgcticn as well as
refraction at different elastie dlécol'i!;limi[,ius encountered by
these propagatlon waves.These reflected or refracted waves
bounecing baclt to the sur};z'ce can be detected by specially designed
receivers called geophones,which in—-fact are electromechanical
devices capable of converting the up and down mechanical 1motion
of the ground into electrical signals.Basically the signal so
received is very weal and requires amplification.Thus the system
amplifies and also displays these signals in the form of a
photographic trace of a moving spot and can also be taped on Lhe
systems magnetic tape or be registered by a digitul recorder.

This filnal output of the seismic instrument is called the

)



refraction or reflection seismogram as the case may be. The
processing of these refraction seismograms leads to in
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determining the velocities
cseismic waves along a geclogical laver in which the velocity of
propagation of elastiec wave is greater than in the overlying
strata ,from which data the dgpth/s of the refracting interface/s
can be computed. Such depth/s computed below each shot-point
distributed in the proiect area , eventually lead( towards the
mapping of geological boundaries so that the subsurface tectonic
setup of different rocks could be studied ( Gurvich ,1972 ).

Seiesmic methods ,both refraction and reflection
are now very commonly used in the world in ezploration of oil
.gas ,water ,minerals etc. The method has special advantages in
the 1location of structural traps .,in petroleum proeospecting .
Seismic methods are also useful for manv engineering projects.
Modern digital recording equipment ,mechanical energv source and
tendency to replace manual treatment of seismic data by computer
processing increase the accuracy and reliability of the seismic
results ( Sijogren ,1984 ).

For the seismic refraction method to be applicable

; G, S i g
the following two conditions must exit in the subsurface horizon :
/

( A ) The velocity must increase with depth. If it does not ,the

10



62?
seismic wave will not be refracted at the critical angle,the
]

interface between two transmitting media.
( B ) The various lavers through which the refracted waves
propagate horizontally must have a minimum thickness which
permite transmission of the refracted wave .If a laver is thinner
than a particular thickness ,the refracted wave will not be
transmitted horizontally throuah that laver and therefore
refraction signature will not ke reccrded. Thus we will have a
blind zone prochlemn.

Structural information is derived princivally from
ray paths which fall into two main categories :-

3.1.1 ) _REFRACTED PATH

In which the maior portion of the path is along the
interface between two rock lavers and hence is approximately
horizontal ( fig.3.1 ).

3.1.2 ) _REFLECTED PATH

In which wave travel downwards initially and at
some point 1is reflected back to the surface ,the overall path
keing essentially vertical ( fig.3.2 ).

32 } SETSHMIC THECORY

In order to understand the theoretical backaround

14
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of seismic method .,it is important to mention properties of the
rocks'and their nature and provagation of seismic waves in the
rocks. For this purpose ,theory of elasticity ar® »ptics are
given heleow :

3.2.1 } _ELASTICITY

The bproperty or_quality of being elastic i.e the
size and shape of a solid bodv can be changed by applving forces
to the external surface of the body. These external forceg are
cpposed by the i-ternal forces ,which resist the change in size
and shape. As a result body tends to return to its original
rosition when external forces are removed. Thisg property of the
resisting change in size or shape and of returning to unfeormed
condition when external forces are removed is called elasticity.

3.2.2 ) STRESS AND STRAIN

Stress is defined as ," The force per unit area .
Thus when a force is applied to the body then stress is the ratio
of the force to the area on which force is applied. If the
applied forec is perpendicular to the area the stress is said to
be a " Normal stress " . When the forces are tangential to the
element of the area ,the stresses are called the "Shearing

stresses .

Stress is a vector quantity .Let " F " be the force

b=
2
.



acting at a point " P " in small area " A the stress at point
" P " will be vector guantity given by limits :

Limit F/A
A s==30

This orientation of the area is given by the unit normal vector

Strain is defined as .," Deformation resulting from
aprlied fofce within elastic limits "

When the elastic beodvy 1is subiected to stress
changes in shape and dinmensions occure .These changes are called
strain .Strain is also a vector cquantity .If deformations takes
rlace along normal stress vector , the strain is called "Neormal
Strain " and if deformation is along the shearing stress vector ,
then it i1is called “Shearing Strain " .The changes 1in the
dimensions bv the normal strains result in volume changes when a
bedy is strained .The change in volume per unit volume is called
the " Dilatation " . The permanent strain developed in a material

stressed bevond its elastic limits is called "Plastic Strain g

E
3.2.3 ) _HOOK'S LAW

. E h . ¥
According to hook's law ,"Strain is proportional to
cstrain.up teo a limit wvalue of stress, devending upon the nature

cf the bodv "

13



i.e Stress o¢ Strain

Stresg / Strain = Elastic Constant
3.3 ) _SEISMIC WAVES AND THETR SUBSURFACE PROPAGATION

Seismic waves propagate out from the source
following the principles of opties. In seimic prospecting ,we
have two tyvpe of waves in accérdance with the phveical properties
and dimensions of the medimumnm.

3.3.1 ) BODY WAVES

" Those waves which are transmitted in the interior
of an elastic sclid er fluid material are czlled the body waves "

Body waves are further divided into two tvpes :

3.3.1a )_LONGITUDINAL WAVES

Thie tyvpe of wave is also known as compressional or
primary (or just P) wave. An elastic wave in which the direction
of particle motion in the medimum is parallel to the direction of
propagation of waves like sound waves.

The travelling disturbance in this case is the
cubical dilatation or " Volume deformation " . Thus the wave path
traversed by a P-wave consists of a sgequence of alternating
zones of compressions and rarefactions. Fig.( 3.3a ) shows wave

fronte of a plane P-wave which are drawn at half-wavelength

14



intervals. The particles of the medium oscillate about their zero
- positions in a direction coincident with the ravpath at those
positicns. P - wave 1is the fastest wave for a giveu medium and ,
therefore ,it 1s the earliest vphase normally detected on
earthguke seismograms.

This is the type .of wave which is commonly employved
in seismic reflection and refraction prospecting ( Eamid N. Al
Sadi ,1980 }.

3.3.1b )_TRANSVERSE WAVES (S)

"An elastic wave in which the direction cf particle
motion within the transmitting media is at right angle te the
direction of propagation of the wave "

These waves are also called secondary waves, shear
waves , 1in general S~ wave .The travelling disturbance in this
case 1is the shearing strain or "shape deformation " .The medium
which is travercsed by an S-wave experiences no volume changes .

As S-wave moving in a horizontal direction ,which
is so polarized that the particle motion is confined to the
horizontal plane ,is known as SH-Wave (fig. 3.3b).

When the polarization plane is vertical ,it is
called SV-Wave ( fig.3.3¢c ).

In a solid medium ,the P-wave is about 1.7 times as

15



the S-wave.In liguid, where J1 = 0 , S-waves do not

Hh
]
0
ot
o
t

propagate ( Hamid N.Al-Sadi,1980 )

3t 320 ) SURFACE WAVES

At the contact surface between two media ,there are
also other waves .Those waves which are moving alcng the free
boundarv or surface of the médium so thev are called as surface
waves .Surface waves mayv be classified into:

3.3.2a) _RAYLETGH WAVES

This type of wave develops at the free surface of a
semi-infinite medium .The wave amplitude decays rapidly with the
increasing depth .

The travelling deformation is a sort of combination
cf both dilatation and shear strains .The particle motion takes
place in a vertical plane parallel to the direction of
propagation and has an elliptical retrograde orbit (fig.3.3d).The
minor axis of the ellips (which is parallel to the propagation
direction ) is about two-thirds of Ithe major vertical

xis.Rayvleigh waves travel with a velocity , Vr given by
Vr = 0.92 Vs
Where Vs is the S-wave velocity in the same medium . The velocity

in the care medium .The velocity of Ravleich wave is less than

16
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the velocity of the shear waves .
3.3.2b ) LOVE WAVES

These are the surface seismic waves in which the
particles o©of an elastic medium vibrate transverese to the
direction of the waves travel,with no vertical component .These
waves develeops in a 1ow~velocity surface layer which overlies a
cemi-infinite medium (fig.3.3e).The vibration amplitude decavs
rapidly with increasing depth in lower medium and the velocity of
these waves depends upon the wavelenath.

The particle motion 13 transverse and in the
horizontal oplane .This tvpe of wave travels byv multipnle
reflections between the top and bottom boundaries of the surface
laver .

Since it possesses no vertical component ,Love
waves are not detected by the geophone or by another vertical-
component instrument ( Hamid N.Al-Sadi,1980 ).

3.4 ) VELOCITIES OF PROPAGATION OF SEISMIC WAVES JIN VARIQUS

ROCKS AND MEDTA

Velocities of seismic waves 1in different rocks
depends upon various elastic properties of the earth materials
and rocks through which they travel .Seismologically there are

five major categories in which earth materials can be

17



characterized

(1 ). Alluvium . soil , drift ,unconsolidate sufficial deposits
that are generally recent in age .

( ii ).Sandstone and shale.

( ii1 ). Limestone,dolomite and other deposits.

( iv ). Crystalline rocks(both igneous &metamorphic).

( v ). Evaporites.

In general 1igneous rocks have seismic velocities
which show a narrower range of variation then sedimentary or
metamorphic rocks and average veloc.ty for them is higher than
that for other tvpes .The following talkle indicates the range of
values for velocities for different tvpes of rocks :

SEISMIC VELOCITIES :

MATERIAL : VELOCITY (m/sec)
Anhvdrite(S) 3500-5500
Basalt (SH) 5500-6300
CementedConglomerate (8J) 1200-3500
Clay (D) 1100-2500
Coarse sand (SJ) 1000-2000
Dolomite (S) 3500-6900
Dunite (SH) 7500-8100

18



Gabbro (8) 6450-6700

Gneiss (8) 6400-7500
Granite (SJ) 4200-6000
Gvpsum (8) 2000-3500
Gravel ,Dry Sand (SJ) 1000-2000
Ice (G) . 3100-4200
Limestone (P) 3500-6500
Rock Salt (P) 4000-5500
Sandstone (D) 1400-4300
Shale (G) 2000-4300
Water (G) 1400-1590
Weathered secil (G) 1000-2000

Ref%ences used in compiling this table are the
fellowing :
(P) Parasnis (1982),(G) GURVICH (1972),(SH) Sharma (1976),(SJ)
Siogren (1984), (D) Dobrin (1984), (8) Sadi (1980).

3.5 FACTOR INFLUENCING SEISMIC VELOCITIES

Seismologically rocks show marked differences in
elasticity depending on petrologic composition .Elastic sediments
such as sand ., sandstone and shale are 1less elastic than
sediments composed of crystalline matter , such as limestone and

dolomite .In addition to the rock tvge there are several other

19



factors which play an important role in determining seismic wave

velocities .

FAUST (1951), showed remarkably that wvelocity of
propagation of seismic waves through sedimentary rocks is a
complex function of depth of burial , geological time since
deposgition and many cother variables like porosity .densityv & the
degree of saturation etc.Following is the brief account of these
factors :
(1).In gedimentarv rocks, the velocity of seismic waves tend to
increase with depth of burial and o~ o Hgic age .Manv empirical
attempts have been made to represent this increase .For shale and
sandstone concluded

1/6
V=46.5 (T 2Z ) n /sec.

where " Z " is the depth in meters and "T " the age in years.Thus
with depth of burial material becomes more compact and hence
velocity will increase .
(2).The velocity dis inversely proportional to the square of
density .It is common observation that velocity appears to
increase with densitv i.e elasticity increases with more dense

material and the velocity too

(3) .The effect of porosity and decomposition decrease the modulus



of elasticity .that 4is whv the velocity of porous material is
considerably small .The effect of porosity on wave velocity is
much prenounced in the near gurface laver 1.e weather layer
(Telford etal 1985 ).

(4) .The effect of moisture of water content on the velocity in
csedimentary rocks is involved. .In censolidated bhed the moisture
appears to decrease the velocity and 1in unconsolidated beds
moisture increase the velocity appreciably .

~(5}.In an isotrepic medium the recorded velocities are generally
hicher when measured along the strils of structure, than when
measured perpendicularly to the structure .The difference may be
of the order of 5 ——-> 15 % (Sijogren,1984).

3.6 1) FELASTIC CONSTANT

The base of all the seismic waves i1s on the elastic
constants .In case of homogeneous ,isotropic medium a few
constants ,called as elastic moduli or elastic constant,describe
the stress-strain linear relation representing the elastic
response of the medium.For historical reason more elastic
constants are in use when are actually needed (Robinscen,1983).So
the various constants are not independent of each other.The most
common elastic moduli are the following

1- YOUNG'S MODULUS { E)



2- BULX MODULUS { K)

3- RIGIDITY MODULUS (X))
4- POISSON'S RATIO { )
5- LAME'S CONSTANT (A)

Anv one of these five constants mav be expressed in
terms of anyv two of the remaining ones.Therefore ,anvy two of the
constants can be used to define the elastic propertics of a
homogeneocus and isotropic body ( Robinson ,1983 ).

3. 6.1 } YOUNG'S MODULUS ( E )

According to hook's law ,"Stress is proportional to
strain ".This definition is for small strains onlv.If a body
cffers maximum resistance to the applied stress, then there is no
change 1in the body and strain is almost =zero.In this case the
Young's modulus has maximum value e.g in solids.So we c¢an sayv
that Young's modulus measures the resistance offered bv a body to
the applied stress .The relation between longitudinal stress and
strain is :

AL / L=(F /A) /E
CR E=(F/A)/ (AL / L)
which dis the stress per unit area divided by the relative

elongation or shorting .The constant "E" is called the Young's

28]
28]



modulus

3.6.2 )_BULK MODULUS ( K )

"Under increasing force per unit area , a body will
decrease in size but increase in density ".0OR. The stress divided
by relative change in volume is called as the Bulk modulus

Mathematically ,

]

K= (8% /A AV / V)

3,63 3 RIGIDITY (SHEAR) MODULUS { )

The measure of the material's resistance to shear-

gtrain is called Rigidity (Shear) modulus

Mathematically.
O=(F /A )/
where ( 9 ) = Shearing strain .The value of "II" is =zero for the
liguid media
3 Bl i POISSON'S RATIO {:0°)

Poisson's ratio 1is the relation between the
elongation and the contraction of a bodvy and the reduction in
thickness of the body,

Mathematically,
= (AW / W)/ AL / L)
The wvalue of Poisson's ratio for different materials is given

below



Solids = 0.25

Liguids = 0.50
Hard rigid rocks = 0.05
Soft materials = 0.45

3.6.5 ) LAME'S CONSTANT  { ) )
The Lame's constant is valid for iosotropic medium
and is expressed in terms of "E" and " O " as :
A= ([ OFE YL+ 0 )*(1 - 20)

3.7 )_LAWS OF OPTICS FOR SETSHIC WAVES

The geometry of the refracted or reflected ray path
aleng which elastic waves are propagated in a medium is governed
by certain simple rules which are as follows :

3.7.1 ) _HUYGEN'S PRINCIPLE

According to this principle , waves in a medium
spread out from a point source as expanding spheres so that every
proint on the advancing wave front is the source of a secondary
wavelet , that alsc travels out from its ,in spherical shell as
cshown i1in Fig.(3.4), (Al sadi,1984 ).This law helps us in
understanding the geometrical shapes of the prenagation of waves
and its associated rav path helr te interpret the time distance

relaticns.



New Wave Front

FIG.” 3.4, HUYGEN'S FRINCIFLE



3.7.2 ) FERMAT'S PRINCIPLE

The French mathematician "Pierre de Fermat”

pointed out that the time required for light to travel fron

has

cne

point to another along a given ray is less than the time talken to

do this dourney by another route

After applving this principle to seismic rayvs
can sayv that a wave propagates along the rav path for which
travel time is minimum (Hamid N. Al-Sadi,1980).

35T ) SNELL'S LAW

Snell's Law describe the relaticnship between

incident and refracted rav path at an elastic boundary .This

,we

the

the

law

states,"A wave incident on the boundarv between two media having

velocities V1 and V2 is partly reflected or refracted such that

for reflaction the angle of incident is equal to the angle o¢f

refraction".i.e

Sin i = Sin r
and for refraction
Sin i / Sin ¥ = v1 / v2
OR | Sin i / V1l = Sin r / V2
where i = Angle of incidence

r = Andgle of reflection

25



r/=Ang1e of refraction
The Snell'a Law for a particular ray path is expressed as :
sin i / Velocity of rayv path = Constant
In seismic refracticn method , we consider the case when :
(i). 1 = ic = Critical angle
(ii) . When V2 > V1
When angle of incidence becomes the e¢ritical angle . then
3 4 i P o
Sin ie¢ / Sin ( ¥ = 90 ) =Vl / V2
o
Since Sin 90 = 1
(8]
- A5 /
Therefore, Sin ic = V1l / V2 , ( i=ic ,when r = 90 )
ic = Arc Sin ( V1 / V2 )
For a critical angle of incidence the refracted ray travels along
o
the interface, 1,e the angle of incidence for which r = 90 is
called critical angle ic
For anyv angle of incidence agreater than ic .no ray
will be refracted in the second medium and all the energy
incident at such an angle is reflected
Let us consider a wave that strikes the interface
at critical angle of incidence .Thies wave then propagates as the

refracted wave according to the Huvagen's principle ,and returns

to the surface , as shown in the Fig.(3.7) where its arrival time
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can ke picked up and recorded in the form of seismogram .These
arrival timees are used to draw time-distance graph
The graph will be din the form of straight line
segments representing different lavers of subsurface .(Each
straight line segment of time—-distance curve generates a slope
value from which velocity of that segment can be calculated as
Velocity = 1 / Slope of secment.

3.8 )_MATHEMATICAL EXPRESSIONS FOR THE SEISMIC REFRACTION

PARAMETERS
(1a54)

L .MOTA )\ developed mathematical expressions for

seismic xfrefraction for a number of homogeneocus velocitv lavers
having plane dipping interfaces .The following assumptions are
involved in the mathematical expressions:
(i) .The true velocities of the 1lithological wave propagation
within the lavers is constant .
(ii) .The refractor along which the energy is supposed to travel
and return to the surface via a critical angle ,is considered
plane and continuous from one end of the profile to the other .
(iii) .Angles from the horizontal upward and to the left are taken
as pesitive and those of upward and to the right are negative

The formulae which are used to calculate the

velocities in the two layver and three laver cases are as
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3.8.1) THO LAYER DIPPING CASE

The formulae for true veloccities , up dip and down

dip,the depth to the first refractor are given hkelow

it

True veloeity ,Vo 2 (Vou) *(Ved)/ (Vou + Ved)

It

True velocity ,V1 2 (Viu)*(vid)/(viu + Vvid)
Depth.,Z1lu = Vo Tlu /2 Cos icl

Vo T1d /2Cos icl

Similarly, Depth,Z1d
where Vou, Ved, Vlu and Vld are the velocities of the first and
second laveres for up and down dip cases respectivelv.Also Zlu and
Z1d are depths o0f first laver for un and down dip cases
respectively .Tlu and Tld are the intercept times for up dip and
down dip cases respectively .The c¢ritical angle icl and the angle
cof dip 01 of the refracteor are given by formulae :
icl = 1/2 (Arc Sin Vo/V1id + Arc Sin Vo/Viu)
And el =1/2 (Arc Sin Vo/V1ld - Arc Sin Vo/V1u)

3.8.2 ) THREE LAYER DIPPING CASE

Up dip and down dip depths of second refractor are

given by the following fermulae

Il

72u vi {TBuleuICOS(Wrrﬁ}+1[/VoCDSQ}]/2Cos icl

1

and 724 vi {TEd-Zld[COS(dVFﬁ}+1l/VOCOSE 1/2Cos icl

where Vo and V1 for the true velocities ,Zlu and Z1d are up and
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down dip depths to first refractor ., T2u and T2d4d are up and down
dip intercept times respectivelv.Also ( &, ) is the angle of
incidence for first refractor, and {@) is the ancgle of emergence
for first refractor , while ic is the critical angle for second

refractor as shown in Fig. (3.9).

Where,
iel = ( &4-&1 /2
Also ®, = Arc Sin ( Vo/V2d )- €o
E = Arc Sin ( Vo/V24d )+ 60
@1 = (¥, -§)/2 + @0

Dip angle of second refractor is ©2 is given as
02 = trr-g}/a + 61
where
@o = Dip of first refracter
€1 = Dip of second refractor
¥, = Arc Sin ( V1/Vo * Sineq)

§, = Arc Sin ( V1/Vo * Sin/)

3.9 )_ANOTHER METHOD FOR THREE LAYER DTPPING CASE

Travel times for three laver dipping case are
derived in the same manner ag for the two laver dipping case and

the double horizontal laver.Thickness of the lavers belew the



shot-points are designated as Zlu and Z2d for up dip shooting and
71d and 724 for down dip shooting as shown in Fig. (3.10) .For the
sake of simplicity,it is assumed that
(a) .The dip of the two boundaries 1s in the same ¢general
direction, however the dip angles may change.
(b) .The laver velocities increase with depth such that

v2 > V1 » Vo
Conmputations proceed in the following steps

(i) .Compute (icl - €o ) and ( icl + €o ) from the formulae

Vo/Vlu = Sin (icl - o)
Vo/Vld = Sin (icl + ©o)
where Vo = True velocity of first laver

60 = Dip angle of first layver

icl= Critical angle of first layer
Viu and V1ld are the wvelccities of first laver in up and down dip

cases respectively.

(ii) .Compute €0 and icl from the formulae

1l

80 1/2 [(icl + €o)—{icl - @0}l
icl= 1/2 [(icl + eo)+(icl - eo)]

Vo/8in ic

i

(iii) .Determine . vi
(iv) . Calculate,Zou and Zod from the formulae :

Zou = ¥12u [1 - Sin(icl - 80)]1/2Cosicl*Ceoséo
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and Zod = X124 [1 - sinl(icl + ©0)]1/2Cosicl*Co=80
Where Zou = Depth of first refractor in up dip case
Zed = Depth of first refractor in down dip case
X12u = Crossover distance in up dip profile
¥12d = Crossover distance in down dip profile
{(v).Find (B - €0 ) and (% + 00 ) from the relations

Vo/V2u

Sin (B - eo )

Vo/V2d4d

Il

Sin (x'+ €0 )
Then calculate angles (&) and (B).

(vi).Calculate ic2 + ( €1 -80 ) and ie¢2 - ( 81 - 9o ) from the

Il

relations: Sin &/ Sin icl Sin [ic2 + (81 - eo)]
and Sin B/ 8in iecl = Sin [ic¢2 ~ (€1 - @o)]
(vii) . Determine ic2 as :
ie2 = 1/2 [fic2 + (81 — eo)!l+{ic2 -(01 - eo}l]

(viii) .Calculate ( €1 - 60 ) as

@1-60 = 1/2 [fic2 + (81 - @0)l-fic2 —(81 -80) 1]
From this relation calculate the value of 61 .which is the dip
angle of second laver and ic2 is critical angle of second laver
(ix). Determine |, V2 = V1/ S8in icl

(x). Calculate Zlu and Z1d from the formulae:

Zilu=[¥13ufl1l-Sin(P-e0) | -ZoufCos (¥ +80)+Cos (P-60) 11/28inicl * Cosic2
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k Cosel

721d=[X13d{1-Sin (X+80) | -Zod [ Cos (x+€0) +Cos (F~80) 11/28inicl * Cosic2
* Coes@l
where Zlu = Depth of second refractor in up dip case
71d = Depth of second refractor in downdip case

¥13u= Crossover distance in up dip case.
¥13d= Crossover distance in down dip case.

For the computation of Zlu and Zld the use cof the
crossovery distances is made ,that i1s the first and third parts
of the travel time curve mavy be extended to the intermediate
crossover distances .

3.10 )_SEISMIC NOISE

In seismic bprogpecting the concent of signal to
noise 1ig o©of paramount importance.Whereas the reflected and
refracted energyv 1is classed as signal,their recorded version on
the seismic record is not a pure or unbiased record of the
reguired eignal ,but it 1is to a 1lesser or dgreater extent
meodulated by the unwanted components of energvy which are called
noige component.This means that the gecophones not only pick
esignals but the noise components also .Thus it distorts our
chserved data .,from which these disturbinag ei.ects have Lo be

. ;
ent undertaken,therefore

-

determined and removed so that perti



classification,determination and attenuation of noise 1is very
important for improved S/N ratio of our reduced data .The problem
of §/MN improvement is very critical in seismic reflection but not
€0 1in seismic refraction work.

There are two tyvpes of seismic noises:

3.10.1 )_COHERENT NOISE

Cocherent noise is due to the unwanted sources such
as surface waves ,multiples ,diffraction from sharp edges like
fault etc.and also due to vehicular traffic .The characteristic
of such noise is that its effect in most cases is
repeatable.Noise due to vehicular traffic is not repeatable.In
seismic refraction work the vehicular disturbance is great source
of noise

3.10.2 ) _INCOHERENT NOISE

Incoherent noise 1is random noise and is also
repeatable and. is generally due to near sufface irregularities
such as boulders ,cracks ,small scale faulting etc.

Incoherent noise is characterized by its dissimilarity
on all seismic traces.Non repeatable random noise mav be induced
by the

(i} . Artificial traffiec such as réil roads , aircraft.
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(ii) .Wind swaving trees ,bushes and grass

(iii) .A person walking near a geophone.

{iv). Stone eijected by the shot and falling back near to the
geophone.
(v). Fluctuating pressure in the air caused by wind variation due

to topography.

3.10.3 ) _ATTENUATION OF NOISE

Various methods can be applied for reducing noise
so that ultimately S/N ratio of the record is improved.
i).Spatial Filtering.
ii) .Electrical Filtering.

3.10.4 ) SPATIAL FILTERING

The most effect technigue for handling random noise
are to attenuate certain wavelenaths of horizontally propagated
noise is to spread out arrays of geophones or shot-points
conetitute gpatial or wavelength filters.The simplest array
consist of a line of geophones or shot holes or librators.Since

Velocity = Distance travelled/Time taken
Therefore,;depth of refracting interface = Velocity * Time
So that slope of the line = 1/Velocity of refractor.

3.11 ) APPLICATIONS OF SEISMIC REFRACTION SURVEY

The refraction method can be used in anv types of
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structural problems ,most successfully when applied to shallow
depth problems.This method gives reliable results for the
following problems:

(i) . Shallow structural features can be mapped such as fault
which may disappear under overburden,shear zones and contact
zones mav be delineated.

(ii) .Strikees and dips of geological formations and location of
bed rocks

(iii) .Non metallic mineral deposits such as gvpsun,limestone,and
ore bodies.

(iv) . Igneoue intrusions,salt domes and other similar intrusions
can be delineated.

(v).Bed rocks lithology can be determined on the basis of seismic
velocity .

(vi) .The location of ancient burried river,channels

(vii) .Measure of thickness of over burden for ©proposed
road.pire line etc. }
(viii). To determine the composition and hardness of the rocks.
(xi). Bridges ,dames and resevoir location.

(%) .To determine the weathering laver thickness and sub-

weathering velocity.
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(xi) .The water table and areal extent for some aguifers

3.12 ) LIMITATIONS OF SEISMIC REFRACTION SURVEY

There are certain conditions which must fulfil to
ensure the recording of refracted events :
_ {a).The velocity of seismic wave must increase with depth i.e
Vo ¢ V1 < VBI .......... woCVR=1E VR .
(b) .Thickness of each subsurface laver should be greater than the
half wavelength of the wave.
(c) .Geophone spread must be three times the depth of interest.
(d) .Waves c¢ritically vrefracted from each of the boundaries
produce the first arrivals along some interval of distance from

the source.
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4.1) FIELD PLANNING

Field planning demands the consideration of the
problem in hand and selection of appropriate geophysical
parameters .The main objective of the survey was to map th=
sectional profile of the weathered and subweathered lavers a3
also find out the nature of refractor ,whether undulating or
otherwise by calculating its depth below each geophone ,using
Hawkin's Method.

To achieve these objectives ,ten seismic refraction
spreads were laid out in a straight line along the profile.in the
area of investigation .Reverse cshooting technique was applied to
obtain the precise refraction field data .

Before starting the ’“survey .[physiographic and
geological set up of the project area and its surrounding were
studied in order to have some knowledge of its lithological and
geological set up .Then some exnerimental refraction profiles
with end-to-end shooting were shot to obtained optimised
refraction geometrv parameters.

4.2) PARAMETERS OV THL (LFRACTION SURVEY

The seismic refraction data was obtained in the
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field bv using the following parameters

(i) . Proiect area : Petaro ( Distt. Hyderabad )

(ii) .Tope sheet No. : 40 C/8

(iii) Location of the area : Latitudes 25 20 to 25 0 Norh &
Leongitudes 68 15 to 68 30 East.

(1v) Scale of map : 1:50,000

(v). Gecprhysical Method Seismic Refraction Method .,

(vi) Sheoeoting Scheme Reverse shooting.

(vii) Spread Lencgth : 280 meters each
(viii) Nec.of geocphones : 24 / each .
{(ix). Off-set Distance : 10 meters on each (forward & reverse)

side of each spread .
(). Iutergeophone Spacing : Variable .
{(%xi) .Eneray Source Used : Explosive.

4.3) REFRACTTON FIELD PROCEDURE

Refraction field procedure depends mainly upon :
(a) .Refraction spread lav out scheme .
(b) .Seismic refraction data recording procedure

The refraction spread lay out scheme £for the
collection of data in the project area is explained below :

4.3.1) REFRACTION SPREAD LAY OUT SCHEME

The geophone geometry for reverse shooting was
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Geophone and Shot point Geometry

@___g-:b@#v-!o 2 - ® < 2
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i L 2 ki = 2. 2.2 ﬂ“gf._?

28C meters

| @ Shot point

v Geophone

Offeset distance = 1C meters

et

Intep-geophone distance = Variable

ik -




carried out in the manner as shown in Fig. (4.1).

The two shot-point S1 and S2 were laid 280 meters
apvart from each other so that 24 geophones could be planted in
between S1 and £2 according to the fellowing pattern :

81 to G1 = Off-set distance = 10 meters

I
Il

G1G2 = G2G3 G3G4 5 meters

I
I

GAGS5 = G5G6 CEG7 10 meters
G7G8 = G8CY9 = G9G10 = G1l0G611l = G11G1l2 = 15 meters

G12G13 = 20 meters

1l
il

G13G14 = G14G15 Gl5G1l6 Gl6G1l7 =G1l7G18 = 15 meters

G18G19 = G19G20 G20G621 = 10 meters

il

G21G232

I

G22G23 = w23c24 5 meters
G24 to 82 = Off-set distance = 10 meters .

Each gecphone was planted egsentially vertical and
buried into the thin but firm soil cover to avoid wind
disturbance and to ensure better elastic coupling between the
aground and geopheones .The geophones were connected to the

refraction cable having takes out at fixed voints by means of

clips so that 24 geophones could be connected to it .
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5.1) INTRODUCTION

Once the seismic refraction data has been acquired
in the field ,which ig din the form of wiggly traces ,the next
step 1s its processing .This processing ,normally called as data
processing ,is the transformation of these field obserwvation into
a form which helps in subsurface geolodgical interpretation .

The field data obtained from the seismic refraction
gurveyv congists of measurements of the time taken by seismic
waves to travel in the subsurface freom a shot—-point .These waves
are refracted from elastic discontinuities and then arrive back
to the surface to be detected by geophones placed according to
predctermined geomecry .The data obtained in the field is
processed and converted into a subsurface geological model.

Refraction field data procegsing was done manually
as well as on the "HEWLETT PACKARD" model 216 personal computer
using a compatible software.Results obtained frem both these
processing operaticns are compared and discussed .Both these
manual and computerized data processing operations are bkased on
obtaining true velccities of sgubsurface lavers and their vertical
depth below each shot-point .As for as the depth below each

1
geophone 1s concerded ,the above method fails to determine the
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depth below each geophone .However ,for this purpose i.e the
depth below cach geophone ,the refracticn data was also processed
by "HAWKIN'S METHOD".

The maior steps inveolved in tﬁe processing of
seismic refraction data are briefly described bhelow:

(i) . Picking of first arrivél from "Seismogranm".

(ii). Plotting of the refraction travel-times along Y-axix
vgrsus the distance from the shot-point to the respective
geophone along X-axig by using least square fitting .

(iii) .Manual and computer processing of the data and gstting
the results in the form of true velocity values from up dip and
down dip laver velce. _.._.es and to compute refractor depth beneath
each shot-point besides the dip angle of the refractor

(iv). Additicenal field data processing using "HAWKIN'S
METHOD" .

1

5.2) PICKING OF FIRST ARRIVAIL FROM THE SETISMOGRAM

The first recorded signal attributable to seisnmic
wave which travel from a known source ( shot-point ) is termed as
first arrival( Sheriff.,1981 ) .Refraction arrival times were
picked from each seismic refraction record (seismogran)

,comprising of 24 wiggle traces aligned herizontally on a
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seismogram .The refraction first breakes were read at the traces
corresponding to geophones respectively .The £first arrival of the
nearest geophone from the shot-point is recorded much earlier
than the first arrival corresponding to last geophone .Thus ,the
last geophone trace will record maximum travel-time

5.3) LEAST SQUARE FITTING OF TRAVEL-TIME CURVES

One way of fitting is termed as visual fitting ,in
which the travel-time curves for refraction data were plotted on
the graph paper .A travel-time curve 1is a graph between the
arrival times of refracted waves and distance of gecorhones along
the refraction spread .The ordinate shows the time in
milliseconds and ~becissa represent the distance in meters . The
main obiect of this wag to identify the number of lavers under
each shot-point .

But in order to avoid the human personal error
which is inherent in any visual fitting of the straight line in a
refraction segment of any travel-time plot ,the statistical
method of least sqguare straight line fitting was undertaken as :

The equation of straight line used for least square
fitting is :

¥l = + B1X

b
Y
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Where 2 )

XixXvi - = Xi vi
Al =
2 2
n=xi - (ZX4 )
= Intercept on Y- axis .
= Intercept time
Also
nEXi ¥yi - Z Xi Yi
Bl =
' 2 2,
nx=Xi - (EZ¥i)

Slope of line.

I}

Reciprocal of refractor's apparental velocity.

In tle above formu_tq ¥
n = Total No. of points occupied by the respective layer.
Xi= Distance of recording geophone i from the shot-roint
Yi= Obesarved travel-time.
Y1l= Least square fitted wvalues of Yi .

5.4) PLOTTING OF REFRACTION TRAVEL-TIME CURVES

A travel-time curve is a graph between the travel-
times of refracted waves and distance of geophones along the
cseismic spread ( Sheriff,1981 ).

After picking the first arrival times of =2ach
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proefile .a plot of these ( travel-times ) versus distances fron
shot—-point to each geophone was made .The TX-graphs were prepar .4
by plotting the arrival time in millisecond alcng Y-axis and
distance of each dgeophone in meters from shot-point along X-—axis

The TX-agraphs were prepared manually as well as on
the computer .The time scale was plotted in milliseconds ,where
ag the distance scale in meters.These curves are plotted as a
least square straight f£fit to the ( ¥X,t ) points.Thug straight
lines having different slopes were obtained and each such line
represent a laver .

5.6) COMPUTER PROCESSING AND ANALYSIS PROCEDURE

The computerized refraction data was carried out on
the " HEWLETT PACKARD " computer model 216 using MC-SEIS scftware
vack "HPS-13 Simple Refraction".This computer programme is
designed to process and interpret seismic refraction data on the
assumption that lavers have no rregularities .Using kev beard of
the computer ,the results were plotted on a plotter .

After booting the syvstem ,the programme software
disk was dinserted into the disk drive and the pecgramme was
loaded on the main memory of the computer .On Dprogramme

|

activation a series of messages appeared on the bottom of the

monitor scereen ( CRT ) one after the other .The informations



asked by the computer were :
(i) . Curve type ( one ﬁay or resiprocal ).
(ii) . Maximum no. of geophones used in the sgpread
(iii). Off-set distance in meters .
(iv). Is geophone spacing egual ( Y/N }.
(V). Travel—time for each géophone in milliseconds.

After receiving all these informations the data is
autematically plotted on the monitor screen (CRT) in the shape of
small crosses .The computer was instructed to draw a least sguare
straight line fit by using these crosses . A similar bprocedure
was adopted for the data of the reverse shcooting .Then all the
segmental curve was .cchecked ,"OK" kev was pressed , computer
did the procesesing and the TX-graph with subsurface seisnic
section was appeared on the screen .Moreover the following
parameters were also listed on the TX-graph for each layer

(i) .True velocity V (Em/sec.)
(ii) .Apparent velocity on

forward side V1l (Km/sec.)
(iii) .Thickness of laver

below first shot-point %1 (meters)

{(iv). Thickness of layer



heleow gecond shot-peint Zr (meters)
(v). Apparent velocityv on
reverse side Vr (Km/sec.)
(vi) .Slope of laver Dip ( Degree ).
If the graph and these parameters for each laver are
found satisfactory ,the computer is asked to vlot the TX-grenh
along with cseismic section and the above parameters.The cut put

graph with these parametere are shown in "APPENDIX",.
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6.1) _INTRODUCTTON

The interpretation of geophyvsical data involwves the
conversicn of the procesgs dgeophvsical data into true geological
character within the area by using some standared informations.

bone

The interpretation may be regarded as the back [of dissertation

work.
After data processing. the next step was to

interpret the data in order to achieve the cbjective of the
survey. The interpretation has been carried out in order to map
the shot point to shot point and geophone to geophone refractor
profile between di.  .aent subsurface velocity lavers, along the
9.7 K.m. seisnmic line. Tfavel time curves indicate the presence
of two subsurface Jlavers having velocities Vo and V1 and
thickness Ho respectively. Some idea about the lateral
digtribution of wvelocity and thickness at a given depnth mav be
infered from the maps. HAWKIN'S METHOD, which uses delay time,
was also emploved for processing and its results ars in agreement
with other methods. Tables, also represcat the result of
different technigues used in the processing of this data.

6.2) STUDY OF SURFICIAL GEOLOGY
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TABLE # 6.1

SP NO Vo(Km/sec) Vil{km/sec) Din(&o)
comp man comD, man comp man
/ ® 7 4
1 0.43 0.43 1.78 1.76 023 039
- o /
2 (.38 0.39 1.77 1.60 06 Q7
) L] / o '
3 0.48 0.42 1.65 1.59 048 030
a v N s
4 0.0 0.141 1.72 1.62 036 013
L] r o I
b 0.47 0.48 1.66 1.68 036 58
(<] s ® 2
6 0.50 ‘ 0.49 1.76 ) =) -018 -07
o ¢ o ¢
4 0.39 0.38 3 s | 1.69 -6 =T
a s a0 g
8 0.43 0.43 12 L. 78 012 02
s a ¢
Q9 0.54 0.53 1.62 1.64 048 033
o & F
10 0.46 0.486 1.74 1.70 -1 -110
Where

Vo = True velocity of first "mver
V1l = True velocity of 2nd laver

6 = Dip angle in degree



TABLE # 6.2

swo.  aw  maw
Comp.  Man. Hawkin Comp.  Man, Hawkin

1 12.3 12.6 13.5 10.4 9.8 10.9

2 9.7 9 9.5 8.7 8.2 9

3 9.1 8.6 10.5 4.6 6 8.2

4 9.3 ) 10.5 8 8 8.9

5 9.9 197 12.4 7.9 7 8.5

6 8 11 12.7 13.5 2.5 11.2

7 8.3 8.5 9.4 9.1 8 9.8

8 8.2 8.5 9.7 8.6 8.2 9.5

9 10.6 11.2 9.6 8.3 16.9 9.5

10 10.9 9.3 10 9.8 10.7 11

Where

Zf = PForward side depth In meters

i

Zr Reverse side depth in meters



The proiect area, PETARO- HYDERABAD lies in the
SIND province of Pakistan. No rocks are expocsed in the proiect
area and surface is generally covered by unconsolidated material
i.e Alluvium.

The interpretation of the ©processed seisnic
refraction data pertains the integrated study of geclogy of
proiect area and the fellowing maps and illustrations.

i). Velccity distribution maps {Vo-and V1) showing the velocity
variations in different subsurface lavers in the proiect area.
ii). Vertical depth ( below shot points only ) distribution map
(Ho) showing the thickness variaticn of the weathered laver.
iii). Interpreted section below each refraction profile by
HAWKIN'S METHOD showing the mapped undulation of the refractor.

€.3) _INTERPRETATION OF VELOCITY DISTRIBUTION MAP (Vo)

The first laver is characterised by its velocity
(Vo) and it is presented in the form of map shown in Fig(6.1).The
over all variation in the mapped velocity pattern is in tbhe range
of 380 m/sec to 540 m/sec. The depth of this laver randges from
8.2 meters to 12.3 meters. Studv of the man of velocity
distributien (Vo) shows that, the secuence ofl variation of
velocity may be discussed as follows:

Cn the left of the curve, velocity has a wvalue of
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430 m/sec. The velocity decreases with the distance and attains a
value of 380 m/sec, which is also the minimum value for this
velocity range. It can be said safely that this value of velocity
showing the obpresence of loose material. Afterwards velocity
starts increasing and continues to increase untill a value of 540
m/sec is reached at the right of a map. THis value of velcocity is
also maxinum showing that the most compact material mav be
vresent, here, in the first laver. Then after this, velocity
again starts decreasing untill the end of the curve, showing the
loose material due to decreasing velocity wvalue.

From the range cf velocitv, aeologv of the proiect
area and the well 'og data of SUNBAK we can say that the
lithology of this laver mayv be thought as unconsolidated material
i.e Alluviun.

6.4) _INTERPRETATION OF VELOCITY DISTRIBUTION MAP (V1)

The second laver is designated bv the velocity (V1)
and it is presented in the form of velocity map Fig (6.2). It can
be said that the material of this laver i1g relatively mnore

compact as compared with the wmaterial of fi

H

st laver. The
velocity of second laver ranges from 1620 m/sec to 1780 nm/sec.

The sequence of this variation mayv be described as follows :
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At the start of the curve velocity has a value of
1780 m/sec which dig also the maximum velocity in the second
laver. It can be said said that this maximum value of velocity is
showing the presence cf most compact material in the sescond
laver. Afterwards djust after the beginning of curve, there is a
linear undulaticn up to extrene right to the prefile. This
undulation ranges from velocity 1770 m/sgec to 1740 m/sgsec .This
undulated trend of curve shows that in this range of velocity,
the material present may be loose or compact because at some
points velocity values ies low and at other points it is high.

From the range of velocity , geolegy ¢f the proiect
area and the well log data of SUBARK , we can say that this laver
may be composed of subweathered soil and weathered sgand stone.

6.5) _INTERPRETATTON OF VERTICAL DEPTH MAP ( Ho )

This map of distribution of vertical depth in the
proiect area is designated by Ho and it ig presented in the forn
of depth map Figl(6.3). This map indicates the thickness pattern
of the first laver below each shot point onlvy and showe the
increase in depth from 8.2 to 12.3 meters .

The distribution of dip angle map in the proiect
arza is also attached herewith, for seeing the trend cof dipping

subsurface layver
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6.6) CONCLUSTONS AND RESULTS

On the basis of interpreted seismic refraction data
the following conclusions and_results have been obtained.
i). The field data revresents two lavers throuch out the
proiject area.
ii). Velocity within the first laver varies from 380 m/sec to
540 m/sec and its thickness varies from 8.2 to 12.3 meters.
1ii) The first laver consists of Alluvium.
iv} Velocity of second laver varies from 1620 m/sec to 1780
m/sec .
v). This laver si.uwing the presence of subweathered scil or

weathered sandstone.
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