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CHAPTER - 1

INTRODUCTION



INTRODUCTION

This research work pertaining to shallow seismic
refraction survey of 'MANTHAR' area in Rahim Yar Khan
District was carried out during the months of January and
February 1993. The objective of the present survey was
to delineate and determine thickness and velocities of
near surface weathered and subweathered layers as well as
to establish relationship between velocity variation and
lithology in such zones. This project was carried out in
collaboration with the 0il and Gas Development Corporation

of Pakistan.

These informations obtained during field work are
of great use in exploration seismology to correct deep
reflection data for low velocity effects of weathered

layer.

The project area is situated 60 Km SW of Rahim Yar
Khan near Manthar village and lies between latitudes

28° 15' N to 28° 05' N, longitudes 70° 20' E to 70° 30' E.

The measurements were taken over 31 refraction
spreads adopting reverse shooting techniques with a total
of 61 shot points along five profiles (3 parallel and two
cross profiles). Each refraction spread was 270 meter long
and the spacing between two spreads was variable. In this

way a total of 61 refraction seismograms were taken along



the five profiles. Thus having collected informations from
these seismograms, depth to first refractor and velocities

of weathered and subweathered layers are calculated.

j 2P ACCESSIBILITY

The project area lies in Rahim Yar Khan District in
Cholistan desert, at a distance of 60 kilometers (approxi-
mately) from the district headquarter. Base Camp of SP-4
was situated about 5 kilometer away from Rahim Yar Khan
along Abudhabi Road. Rahim Yar Khan is well connected with

other parts of country by both road and rail links.

Rahim Yar Khan is also linked with other big cities

of Pakistan by an air link as airport facility is also

present.

Y CLIMATE

The climate of the area is of arid-subtropical-
continental type and this region is very dry, characterized
by low and sporadic rainfall, high temperature, low relative
humidity, high rate of evaporation and strong summer winds.
There are two main wind movements in the area. During
summer the winds blow from south, southeast and southwest
and in winter season winds blow from north, northeast and

northwest.

Regarding high temperature it is one of the hottest

and driest areas in Pakistan. The temperature in summer



season ranges from 28.7°C to 42.3°C and in winter season
it ranges from 10.6°C to 24.1°C. The mean annual temperature

of the area is about 26.6°C.
1.3 RAINFALL

The mean annual rainfall in the Cholistan area is
low, variable and erratic. The area falls in the arid zcne
and rainfall limit for arid zone is upto 200 mm as suggested
by Agro-Climatology. Most of the rainfall occur in the
summer season and a little during winter. The mean annual

rainfall in the area is below 125mm.

It is observed that continuous drought often pre-
vails for two to five years at a stretch which could be
followed by an year of extreme wetness receiving 250mm to

375mm of rainfall.



TABLE NO.1

METEOROLOGICAL DATA OF KHANPUR AREA
(RAHIM YAR KHAN DISTRICT)

Mean annual rainfall 120 mm
Mean summer maximum temperature 42, 39¢C
Mean summer average temperature 33.6°9C
Mean summer minimum temperature 28.7°C
Mean winter maximum temperature 24.1°C
Mean winter average temperature 19.5°9C
Mean winter minimum temperature 10.6°9C
Mean annual temperature 26.6°C

Mean relative humidity summer
0800 P.S.T. 61%

Mean relative humidity summer
0500 P.S.T. 67%

Mean relative humidity winter
0800 P.S.T. 68%

Mean relative humidity winter
0500 P.S:T: 87%

This meteorological data was collected from

"Regional Meteorological Centre" 46-Gulberg Road, Lahore.



1.4 WELL OBSERVATIONS

Water table depth of many wells surrounding the

study area was measured regularly with one month time
interval. Data so acquired is presented in Table No.2,
which shows minor changes in water table depth. These
measurements were taken during the months of December and

January, 1985.

TABLE NO. 2

Month Month
Islamgarh 39.06 38.90
Islamgarh 37.81 3778
Islamgarh 39.09 38.96
Bhahi Khan Wala 31°.21 30021
Bhahi Khan Wala 30.39 30.30
Bhahi Khan Wala 30.63 30.90
Bhahi Khan Wala 30,39 30.48
Bhahi Khan Wala 31.03 30.90
Kalar Wala 35.66 35.48
Kalar Wala 34.66 34, 57

P.C.R.W.R.



1.5 GEOLOGY AND REGIONAL TECTONIC SETTING

The project area lies in the Cholistan desert S and
SE of Sulaiman range. The Sulaiman range which is part
of the fold and thrust system along the western margin of
the Indo-Pakistan plate, is conspicuous because of its
widespread extent over the foreland, primarily due to
effective decoupling of sedimentary sequence from the under-
lying basement (Seeber Armbruster, 1979). The 250 kilometer
Sulaiman lobe is bounded to the northwest and north by the
Zhob thrust and Katawaz flysch basin, to the northeast,
east and southeast by the Indus plain constituting the
Sulaiman foredeep, and to the southwest by the Sibi Syntaxis

as described in Fig.No.l (Humayon et al, 1990).

Sulaiman range like other fold and thrust belts of
Pakistan is a consequence of the convergence of Indo-Pakistan
and Eurasian plates that resulted in the ongoing Himalayan

Collision.

The Sulaiman range depicts a complex interaction of
strike-slip and thrust motion owing to oblique convergence
along the Chamman fault (Lawerence and Yeats, 1979, Lawerence
et al, 1981, Farah et al, 1984). On the undisturbed craton,
Mesozoic and younger sediments are about two kilometers thick
but have been interpreted to thicken to 715 km. in the wes-

tern part of Sulaiman range (Bi:anks and Warburton, 1986).

In Fig.No.2 the general stratigraphy of the Sulaiman



fold belt and foredeep region, based on surface geology,

well data and seismic reflection profiles (Humayon et al,
1991, Jadoon et al, 1991) is presented. Further data from
two wells from Sulaiman range and foredeep region is given
for description of different geological formations with

their respective thicknesses and depths.

In the foredeep area, no rocks are exposed anywhere
and a two kilometer thick Precambrian(?) to Recent sedi-
mentary sequence is encountered in the Marot Well (Humayon
et al 1991). In the project area sand-dunes and a very
little cultivation is encountered. Following types of sand-
dunes are present in the foredeep region, whale type, longi-
tudinal and geif type. Most of the geomorphic features of
Sulaiman foredeep are aligned in the north-south direction
and are dominately composed of unconsolidated sand, silt,
clay and gravel material (Siddiqui and Kazmi, 1964). Most of
the area is covered by a considerable thickness of unconsoli-
dated sands with minor amounts of clays and silts. Sand is
generally fine to medium grained i.e. (0.125 mm to 0.5 mm)
but a small amount of very fine sand (0.053 mm to 0.125 mm)
is also present. Clay is generally silty and sandy having
60% clay size material, silt generally contains intermixed
clay or sand and gravel is not of common occurence. It is
generally poorly sorted and occurs as a gravelly sand. Test
holes data shows that the sand horizons are locally compact

and sand grains are cemented in a matrix of silt and clay.
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A well drilled at Marot-1 in Upper Indus Basin
by Shell shows the stratigraphy of the area
299141,39"N, 72032',11"E

TABLE No.3

Geolog%cal Depth
formation

SIWALIKS 513.0 m
SAKESAR 513.0 = 625.0 m
NAMMAL 625.0 - 701.0 m
PATALA 701.0 - 728.0 m
AMB 728.0 - 740.0 m
SARDHATI 740.0 - 901.0 m
WARCHHA 901.0 - 1012.0 m
DANDOT 1012.,0 = 1075.0 m
TOBRA 1075.0 - 1087.0 m
JUTANA 1087.0 =~ 1099.0 m
KUSSAK 1099.0 - 1301.0 m
KHEWRA 1301.0 - 1400.0 m
SALT RANGE 1400.0 - 2453.0 m
BASEMENT TD 2453.0 - 2596.0 m

Hydrocarbon Development Institute



PPL Company conducted deep seismic reflection

survey and on the basis of seismic interpre-
tation they drilled a test-hole at Kandhkot

280:17'50“N, 69°920',40"E. Table show the strati-
graphy of the area

TABLE No.4

Geological Depth
Formation

ALLUVIUM 90.0 m
SIWALIKS 90.00 - 500.0 m
U. NARI 500.00 - 687.0 m
PIRKOH 687.00 - 887.0 m
HABIB RAHI 887.00 - 1208.0 m
SUIl U LMST 1208.00 - 12740 m
GHAZIJ 1274.00 - 131 5.0 m
SUI M LMST 1315, Q0" = 1652.0 m
RANIKOT 1652.00 - 1714.0 m
CRET QUARTZ SST 1714, 00 = 2056.0 m
CRET QUARTZ SST TD 2056.00 - 2079.0 m

Hydrocarbon Development Institute
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Another well drilled by 0.G.D.C.

in Sulaiman Range,

299,16",52"N,

Data is given below in the Table.

TABLE NO.5

at Kot Rum

70°9,9',28"E

Geological Depth
formation

RECENT/SIWALIKS 2073.0 m
GAJ 2073.0 - 2245,0 m
NARI 2245.0 - 2780.0 m
DRAZINDA 2780,0 = 3000.0 m
PIRKOH 3000.0 - 3015.0 m
DOMANDA 3015.0 - 3258.0 m
HABIB RAHI 3258.0 - 3306.0 m
GHAZIJ 3306,0 - 3808.0 m
DUNGHAN 3808.0 - 3826.0 m
U RANIKOT 3826.0 - 4245.0 m
L RANIKOT 4245.0 = 4425.0 m
PAB TD 4425.0 - 4798.0 m

Hydrocarbon Development Institute
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SEISMIC REFRACTION METHOD

2.1 INTRODUCTION

Seismic methods have been applied for the solution
of various geophysical and civil engineering problems for
many years. It is the most direct technique and gives least
ambiguous results. The importance of seismic method is due
to its

(i) High accuracy
(ii) High resolution and

(iii) Great penetration

The widespread use of seismic technique is princi-
pally in exploring for petroleum. Seismic methods are also
important in ground water searches and in civil engineering,
specially to measure the depth to bed rock in connection with
the construction of large buildings, dams, highways, airports
and harbour survey. Seismic methods are also useful in locat-
ing mineral features such as burried channels in which heavy

minerals can be found.

There are two types of seismic methods

(i) Seismic Refraction Method

(ii) Seismic Reflection Method

Earlier seismic refraction method was used for the

exploration of oil but now-a-days its use have become very
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much limited and seismic reflection method is used to
delineate the deep 0il bearing structures. Seismic ref-
raction method in o0il exploration is used for the evalu-
ation of time correction to the reflection data, which

is due to low velocity zone on the ground surface.

The basic technique of seismic exploration consist
of generating seismic waves and recording the time required
by these waves to travel from the source to a series of
geophones along a profile. From the knowledge of travel
times to the various geophones and the distance between
impact point and receiving stations, velocity of a wave in

particular layer can be determined.

All the seismic waves travel through different
media following the physical laws of optics, Snell's Law,
Fermat's Law and Huygen's Principle are the fundamental
laws upon which the refraction theory is based. For the
seismic refraction method there are some limitations and

it is valid only in between these limitations.

Zediad LOW SPEED LAYER

The depths of more than two layers are calculated
when the successive deeper layers have successive higher
velocities. If any bed in the sequence has a lower speed
than one above it, it will not detectable by refraction
shooting at all. The presence of such an undetectable low-

velocity layer will result in the computation of erroneous
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depths to all interfaces below it if only observed seg-

ments are used in calculations.

2,1 .2 BLIND ZONE

A similar kind of error may occur if the thickness
of a layer with a speed intermediate between that of the
layer overlying it and one below it is small and/or the
velocity contrast between it and the layer that underlies
it is inadequate. If only first arrivals can be observed
on the records, the refracted wave from the intermediate
layer will not be desirable because they will always reach
the surface at a later time than from either a shallower

or a deeper bed, depending on the shot detector distances.

2652 ELASTICITY

A body is said to be elastic if it alters in volume
and shape or in other words is deformed when subjected to
a force and returns to its original conditions when the
force applied ceases to act (Gurvich 1972). The seismic
waves causes deformation in the geological media, thus the
geological media can be regarded as elastic media, and those
waves which passes through this media are known as elastic

waves.

The relationship between applied forces and the
deformation are expressed in terms of the concept stress and

strain.
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2.2.1 STRESS

The stress is defined as the force/unit area. Thus,
when a force is applied to a body, the stress is the ratio

of the force for the area on which the force is applied.
2.2.2 STRAIN

When an elastic body is subjected to stresses, the
changes in shape and dimensions occur. These changes are
called deformations or strain. The strain observed when

seismic waves passes through the rocks.

2.2.3 HOOKE'S LAW

The relationship between stress and strain is des-
cribed by the Hooke's Law which states that the strain is
directly proportional to the stress producing it. It can be

expressed as follows:

Stress/Strain = Constant

2.3 PHYSICAL BASIS OF SEISMIC METHODS

The basis of seismic method is the theory of elasti-
city. Whenever a sudden stress is applied or is released,
a corresponding change in strain propagate in the form of
elastic weaves. The velocities with which these would
travel depend mainly upon the energy content of the waves

and the physical properties of the medium itself. At an
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interface where the elastic properties change abruptly,
energy pulse will be reflected and refracted obeying the
laws of optics. Some of the energy will return eventually
to the ground surface, where it can be picked up by a
series of sensitive instruments called geophones and is
recorded. Geophones convert ground vibrations into elec-
trical signals, which are amplified and recorded as a

seismogram.

2.4 TYPES OF ELASTIC WAVES

A wave is generally defined as "it is a progressive
disturbance propagated from point to point in a medium or

space without progress or advance by the points themselves".

Elastic waves which are often referred to as seismic

waves can be classified into two groups.

(1) Body Waves

(2) Surface Waves

2.4.1  BODY WAVES

These are the waves which can pass inside the elastic
material. Homogenous and isotropic medium can transmit two
types of body waves called

(a) Longitudinal or P-waves (compressional/primary waves)

(b) Transverse waves (Shear/Secondary waves)
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2.4.2 LONGITUDINAL OR P-WAVES

A type of wave in which particle motion is in the
direction of propagation. The path traversed by these waves
consist of alternating zones of compressions and rare
factions. Therefore, these waves are called compressional
waves. These waves are also recorded first and so also called
as primary waves. This type of wave results only in volume
strain and can propagate in any medium. Velocity of compress-

ional waves can be given by

Ny TN
VP = E_i_iiig PR 4 1
L

where
K is bulk modulus

p is shear modulus

and L is density of medium

2.4 3 TRANSVERSE OR SHEAR WAVES

These waves are characterized by particle vibration
perpendicular to ray path and are so called 'transverse waves'.
The velocity of these waves is

Vs & D/L ‘ et e u A2D)
I

Where
D is shear modulus

and L is density.
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These waves do not propagate through liquids because the
value of D = 0 for liquids. Typically ratios of
Vp to Vs is about 2 to 1. (0.G.T.I. 1988). Illustration

of two kinds of body waves by figure on the next page.

2.4.4 SURFACE WAVES

These waves propagate along the surface as a dis-
turbance whose amplitude dies out rapidly with depth, sur-

face waves are of two types

(i) Rayleigh waves

(idi) Love Waves

2.4.5 RAYLEIGH WAVES

Rayleigh surface waves cause an elliptical kind
of motion always in vertical plane. The speed of Rayleigh
waves is slower than the body waves. Ground roll is made
mainly of Rayleigh waves. The Rayleigh waves are charac-

terized by low velocity and low frequency.

2.4.6 LOVE WAVES

These waves are observed in a low velocity layer
overlying a high velocity layer. The wave motion is hori-
zontal and transverse. These waves propagate by multiple
reflections between the top and bottom surfaces of low

velocity layer. Because their particle motion is always
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horizontal, and are seldom recorded in the course of

seismic prospecting operations.

2.5 FUNDAMENTALS OF SEISMIC REFRACTION METHOD

Propagation and refraction of the seismic waves is
governed by the laws of Geometic optics i.e. Huygen's

Principle, Fermat's Law and Snell's Law.

2451 HUYGEN'S PRINCIPLE

It is stated as that each point on a wave front can
be regarded as a source of new wave front. By knowing the
location of a wave front at an instant we can find the
position of new wave fronts by considering each point on

the first wave front as a new source.

2.5.2 FERMAT'S PRINCIPLE

He gave a principle of least time defining an impor-
tant property of seismic rays, according to it time taken by
a ray reaching a given point from a given source is less than

the time it would take along other possible path.

PaBia 3 SNELL'S LAW

This law says that a wave traversing the boundry
between two media of velocities Vo and V1 is refracted in

such a way that

Sin0O4 59
EEHE; = Vo/V1 N (
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Where Oi and O, are the angles of incidence and
refraction respectively. This is also called law of ref-

raction.

When the wave is traversing along an interface then
angle of refraction becomes 90° and so
Sin ei

= Vo/vl - s = & (4}
Sin 90

) !
Or Sin @; = Vo/Vl or ©; = Sin (Vo/Vl) .... (5)

This ©; is then called critcal angle. If the incident

wave is travelling from denser to lighter medium then the
refracted wave will bend away from the normal. On the other
hand, if the incident wave is travelling from lighter to
denser medium then the refracted wave will bend towards the

normal.

2.6 SEISMIC NOISE

In the seismic prospecting the reliability of seismic
mapping depends upon the quality of record. However the
quality of seismic record varies. The term "Signal" means
the valuable information and noises have to be removed.
Various methods can be adopted for reducing noise. Seismic

noise can be of two types.

(i) Random noise

(ii) Coherent noise
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2.6l RANDOM NOISE

It is dissimilar on all traces i.e. does not allign
from trace to trace or record to record. This noise may bhe
due to surface irregularities and inhomogeneties such as
boulders, small scale faulting or due to external noise i.e.
due to walking person, Aeroplane or any other such activity

may cause this type of noise.

2,642 COHERENT NOISE

It is seismic energy which alligns from trace to
trace and record to record. It has a fairly narrow bandwidth
This noise may be due to fault, burried stream, channels,

multiples etc. In average their frequency is below 20Hz

(0.G.T.T. 1988).

2is7 FACTORS INFLUENCING SEISMIC VELOCITY IN ROCKS

Velocities of the seismic waves mainly depend on the

elastic properties of the mineral making up the rock material.
It is also dependent on degree of compaction, porosity nature
of fluid filled in pores age and depth of burial.

(Fraser,1935) found that velocity increases with decrease

in porosity. The velocity of the geological formations is

the complex function of the following factors;

(1) Porosity (2) Interstitial Fluid
(3) Age of formation (4) Compaction

(5) Geological time (6) Depth of burial and Lithology
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The most important aspect in which rocks differ from

homogenious solids is having structure with voids among the
grains, which are responsible for the porosity. The porosity

effects the seismic velocity greatly.

A simple relationship between fluids velocity and

velocity of the solid rock as found by Wyllie is(Wyllie, 1958)

1 Lo o =g sav e, 06)
v vVE Vm
Where
¢ is Fraction Porosity
VE 1is velocity of Fluid
Vm is velocity of Solid material making that rock
2.8 TIME DISTANCE RELATION FOR HORIZONTAL TWO LAYER

REFRACTION CASE

Consider a two layer case that has a boundary MN
between two media at a depth Z from the surface. The velocity
of the 1lst layer is Vo and that of 2nd is V1, such that
V1>Vo. The wave AB reaches the boundary and undergoes ref-
lection and refraction. The reflécted wave is not recorded
due to specific geophone and shot point geometary designed
to record refracted wave only. The reffaction takes place

according to Snell's Law i.e.

Sin ic . yo/vi vane D)
Sinjy
Where 'ic' and'ir' are the angles of critical incidence and

refraction respectively.
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In such a way path followed by the wave is ABCD.
This refraction path is called minimum time path or least
time path. A series of geophones located along a profile

at a distance xl’XZ'XB’ °e Xn from shot point. The first

wave travelling in the medium of upper layer with velocity
Vo reaches the geophone located at distance X in a time T,

so that
T = X/Vo i NG

T versus X called T-X graph is shown in the Fig.

After critical distance Xc¢, the waves refracted along surface

MN, reach the earth's surface first supersiding the direct

wave and therefore make the first arrivals.

Let T be the total time required for a refracted

ray path ABCD

T, = T(AB) + T(BC) + T(CD) aww &)
OR T =_AB , BC . €D
.o e &
& Vo V1 Vo (10)

By putting AB = CD = Z/Cosic

BC = X-2Z tan ic
Sintc = Vo/Vl
and Cos {(c = V% - Vg

V1



solving simultaneously, we get

T = X/V1 + 22 |vZ - v2 ce. (11)

Vi1Vo

Thus we see that this is an equation of straight line

having slope ( 1/V1 ).

In the above straight line equation intercept T-axis is

2 2
Ti = 22 |V1 - Vg (12)

VoVl

Where T; is called intercept time

- | CALCULATION OF DEPTH FROM INTERCEPT TIME

Intercept time can be obtained by putting X=0 in the

straight line equation

2 2
Ti = 22 'Vl - Vo ss C13)
VoVl
or z = Ti VoVl
oo (1Y)
2
2 |vf - v

Where Vo, V1 and Tj are calculated from T-X graph.

2.8.2 CALCULATION OF DEPTH FROM CROSS OVER DISTANCE

We know that time taken by ray is T, therefore

z D
e = KO+ 22 Wi = Vo

Vo Vi

ow  15)
VoVl
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XCV]_ = XaoVe + 272 V% - Vg
= 2 2
or Xc (V1-Vo) = 22 |[vZ - v
7z = XcVi= Vo) = xc [(VI- Vol/2 [Vi+ Vg
2|V - v2 coe {16}

DIPPING TWO LAYER STRUCTURE

Consider a boundary between two media dipping at
an angle and having respective velocity of Vo and V1. The
term Zu and Zd are up dip and down dip perpendicular depths

respectively.

c = 8in~1(vo/vl) ws 5 1)

Shooting down dip, the total time from shot to the
detector is

Td T(AB) + T(CB) + T(CD)

I

AB/Vo +-2C_ 4 _CD
vl Vo

By putting values from Fig

zd XCos®® -Zdtanic- (Zd+Sineo) tanic 2 Z2d+XS1inx

Td, 8 i=—=————m— i :
VoCos}c v VoCos\c

oo (18)
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solving we get

Td - Sin(ic+a ) i 2ZdCosic e (19)
| Vo
Similarly
Sin(ic-« 27,,Cosi
T, = ( ; u-oste L. (20)
Vi VO
solving for ic and we get
. - \Y . \Y/
ic = %4[sin™? © + sin : = ] (21)
V V -----
14 1lu
= . s Y, v
= kiEin™d( "2y ~ sin~) L0 gy ..., (22)
Viu Via

The slopes of the refractor velocity segments from equation
19 & 20 are Sin_llic+o<)/vl and Sin_l(ic-9<)/Vl- The corres-

ponding reciprocals are the apparent velocities designated

by Vld and Vi, respectively

When X = 0 in equation we get
2, = Vo T1y/2Cosic
7a = Vo T14/2Cosic

where 4, and Zq are the updip and downdip depths respectively.

The depth to the interface is then

D, = 2, Cos and Dg = %g/Cos

True velocities of V, and VvV, for first and 2nd layer respec-

tively can be obtained by the relations

Vl = Vg Sin ic

V2 2Cos Vlu Vld/vlu+vld
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SEISMIC REFRACTION INSTRUMENTS AND FIELD DATA ACQUISITION

3.1 SURVEYING AND SEISMIC REFRACTION RECORDING
INSTRUMENTS

During the seismic refraction data recording, field

work was carried out with the following instruments.

1. Surveying Instruments

2. Seismic Refraction Recording Instrument

3.2 SURVEYING INSTRUMENT

These instruments were employed to calculate the
orientation of the seismic profiles and also in order to
have a view of elevation for each shot point. The above
described operation is carried out by 'WILD TO' compass
Theodolite. This Theodolite was used with 'GSTOO' tripod
because the legs of the tripod permits easy and quick
setting on all types of ground surfaces. The 'WILDTO' compass

Theodolite is comprised of the following three parts.

1. Lower part
2. The Alidade

3. The compass circle and its reading system

32 1 Lower Part

The lower part which is firmly secured to base plate
contains compass circle with a jewel bearing and three foot

SCrews.
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3.2.2 The Alidade

The Alidade consist of two parts i.e. the upper and
lower part. Upper part contains the telescope standards,
the telescope and verticle circle reading microscope. The
lower part of alidade is fastened to the upper part by means
of three capton headed screws which are screwed into the

circular housing from below.

3.2.3 The Compass Circle and its Reading System

Below the horizontal circle there is a strong magnet
which brings the zero of freely-swinging circle to magnetic
north, so that the subsequent horizontal circle reading is a
magnetic bearing. depending on earth's magnetic field the
inclination of the compass arch will vary, but the incli-
nation from the horizontal can be counter balanced by moving

the balance weights along their slots.

3.3 SEISMIC REFRACTION RECORDING SYSTEM

Seismic refraction recording instrument performed the
desired work of our field work, including the recording of
seismic pulses refracted from different interfaces. The
seismic instruments give the final records in the form of

seismograms, instrument consist of the following units:

L RS5-44A Portable Refraction Recording
System.

2; PCD-49R Portable Cap Detonator
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35 SMT-100 geophone field tester

4. Geophones

5. Cables

3.3.1 RS-44A PORTABLE REFRACTION RECORDING SYSTEM

The RS-44A portable refraction recording instrument
manufactured by SIE, Inc. HOUSTON, TEXAS, U.S.A. This

recording unit consists of the following two parts:
a) RA-44 Portable amplified unit
b) R-6B refraction recording unit

These were checked and adjusted in the field according to

requirements. A brief account is described as under.

4.3 .9 RA-44A PORTABLE AMPLIFIER UNIT

The RA-44A amplified unit is intended for the stan-
dered seismic refraction recording upto 24 channels. Before
putting the amplifier into actual field operation, following

functions were thoroughly checked.

l. Amplifier gain set
2. High Cut filter selection
3. Test Oscillator stability adjustment

4, Test Oscillator amplitude.

These functions have been provided on the pannel,

which include testing and calibrating the amplifier channels
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and checking continuity of geophone lines. The amplifi-
cation of the signals were arranged for a particular
geophone channels or for a group of channels as required.
The amplifier gain was kept low for the geophones near
the shot point and increased with increasing distance.
Therefore, the amplifier was used for amplifying signals,

and also to compress the range of the signals.

333 R-6B RECORDING OSCILLOGRAPH UNIT

The R-6B recording oscillograph unit produces dry-
write or wet process seismic records in the field. A six
inch wide i.e. about 15 cm recording paper was used on the
instrument to record seismic output. In order to check

this unit the following adjustments and tests were made in

the field.
a) Time line check
b) Time line slant
c) Record speed and constancy
d) Focusing lens adjustments

All these adjustments were carefully checked by
observing the recording paper through the viewing window
in front of the galvo lamp. As the dry write record
emerges from the front of the recorder itself developes

in available light for immediate checking of results.
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3.3.4 PCD-49R PORTABLE CAP DETONATOR

The blasting unit (PCD-49R Portable Cap petonator)

operates an external 12V DC supply. It has front pannel

controls and has indicators for cap line discharge circuit
plus internal test circuiting for checking cap line conti-
nuity and status of battery supply. The working was checked
before implying in the field. Then the manual mode detonate

button was pressed to fire the shot.

3.3.5 GEOPHONES

The geophones are the most basic and primary elements
of the instrumental system used to record seismic ground
motions. It is a moving coil electromagnetic type seismic
signal detecting device which is sensitive to vertical and
horizontal ground motions. It converts the mechanical
energy into electrical energy which is then amplified and
recorded}%he form of seismograms. The output of geophones
is measured in volt/inch/sec. The geophone used in the
present survey has a 4.5 Hz frequency and was sensitive to
vertical ground motion. Thus firmly planted geophones give
the quality data. A total of 24 geophones were used for

recording vertical ground motion in the field.

3.3.6 SMT-100 GEOPHONE FIELD TESTER AND CABLES

The following parameters with the help of a geophone

tester SMT-100 were tested before use in the field.
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a) a) Resistance test
b) Polarity leakage test
c) Frequency damping and sensitivity test

The geophones signals produced by ground vibration is
transmitted to the recording system by means of seismic
cables. The cables used during the field work had provision

for plug in 24 geophones with the help of clips.

3.4 FIELD PLANNING AND DATA ACQUISITION

The purpose and scope of the present survey was to
demarcate the boundary between weathered and subseathered
layers. 1In order to do so seismic refraction data acquisit-
ion requires the consideration of the problem in hand and
the accuracy of the desired results so as to control the
quality of the obtained data. A good planning and selection
of appropriate refraction parameters were essential before
the initiation of the survey. Thus seismic refraction survey
was planned, and was carried out along five profiles ( 3 para-

llel and 2 cross profiles) with reverse shooting technique .

Appropriate details of each profile including length,
direction and number of shot points on each profile is given

in the following table.

3.4.1 PRE-FIELD ORGANISATIONAL PHASE

Before starting survey, all previous geological and

geophysical reports of the project area and its surroundings
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were studied carefully. The topography of the area was
studied from the topomaps and accordingly the parameters

of the shooting were decided.

3.4.2 LAYOUT OF REFRACTION PROFTLES

As the present refraction survey was carried out
as a partial program of reflection studies of the oil bear-
ing horizons in the area conducted by 0.G.D.C. So the
reflection profiles were taken as the basic network for
refraction studies and it was planned to shoot refraction

spreads along these profiles.

The location of the shot and geophone points of the
refraction profiles was established by 0.G.D.C. surveyers by

employing "Wild To" compass Theodolite and measuring tapes.

The shot points were made prominent by planting the pickets,

while laying the profiles. The surveyor also kept in mind

that the intersection of the profiles with each other and with

roads, ditches and tension transmission lines should be such
that it facilitates later in the data acquisition, particu-

larly when drilling point is to be selected.
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including length direction and number
of shot points on each profile is

given in the following Table.

TABLE NO.6

S.No. Profile Direction Length No. of
No. (Approximate) (Km) shot points
1. MTR-01 NW-SE 10.1 10
- MTR=-02 NW-SE 10.5 10
3. MTR-03 NE-SW 16.0 16
4. MTR-04 NE-SW 16.8 1.3
S MTR-05 NE-SW 13.75 14
3.5 PARAMETERS OF THE SURVEY

The refraction shooting parameters are

Shooting scheme

Spread length

No. of channels

No. of Geophones/channel
Gain control

Distance between two spreads

Source

-

Reverse shooting

270m (5m offset on
each side)

24
1

Variable
Variable

Dynamite
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Charge quantity 1 Kg (normally)
Shot hole depth About 1Im
Geophone spacing Variable (described

in a Fig.)

Geophone natural frequency 4.5 Hz

3.6 INSTRUMENT CHECKING

Before putting the refraction recording instrument

into operation it was properly checked to see whether or not

all components of instrument were working accurately.

3.7 RECORDING CREW

The recording crew was divided into three groups on

the basis of field functions.

a) The shooting crew was responsible for loading
the dynamite in the shot holes.
b) The Cableman laid the cable and geophones in

the proper locations and connected them to

recording cable.

c) The recording crew did the actual refraction

recording.

3.8 REFRACTION DATA RECORDING

Recording of the refraction data in the field was

consisted on the following main steps.

L. The geophones were planted along the refraction

profiles and connected with the recording cable.
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While planting the geophones they were planted
firmly so that they can pick even a weak

signal.

ii) Shot holes were loaded with dynamite. The
dynamite was dumped firmly so that lesser

energy may be wasted.

iii) The refraction recording cable was connected

with the recording camera.

iv) The cap detonator was charged and synchronizing

pulse was fed to the blaster.

v) Oscillograph was then switched on and dynamite
was blasted. The records were taken on the
recording paper as "Seismogram". Similarly

records were taken on all the lines.

vi) Quality of data was checked before disturbing
the geophones spreads. If there was any fault

or signal was weak then blasting was repeated

until satisfactory record was taken.

vii) Each "seismogram" was labled with shot point
number, quality of charge, depth of shot hole

and data of shooting.
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SEISMIC REFRACTION DATA PROCESSING

4.1 DATA PROCESSING

Once the seismic refraction data has

been acquired in

the field, which is in the form of wiggle traces, the next

step is its processing. This processing normally called data

processing is the transformation of field observation into a

suitable form for interpretation. The field data has to be

processed for the evaluation of velocity and depths of sub-

surface lithologies.

Refraction field data was processed manually by making

T-X graphs for the evaluation of velocity of each layer, dip and

depth under each shot point. As for as the
geophone is concerned, The above mentioned
T-X graphs for the evaluation of velocities
to determine the depth below each geophone.
purpose i.e. the depth below each geophone,

was also processed by "Hagedoorn Method".

depth below each
method of making
and depth, fails

However for this

the refraction data

The major steps involved for the processing of field

data are described below.

1. Picking of refracted arrival times from the seismogram

2. Plotting of travel time curves for identification of

layers at each shot point by least square fitting.
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3. Calculation of the true velocities, refractor depth
beneath each shot point and dip angle of the

refractor if any.

4. Additional field data processing using "HAGEDOORN'S

METHOD" .

4.1.1 PICKING OF FIRST ARRIVALS

The first recorded signal attributable to seismic

wave which travel from a known source is termed as first
arrival. Each refraction seismogram obtained in the field
was in the form of 24 horizontal wiggle traces printed on
thermal paper. Each trace was marked for its first refrac-
tion arrival time and then read with time reference line
(zero-time). The first arrival at each detector was indi-
cated on the corresponding trace by a pronounced rise in
amplitude above the background level after which the level
of ground motion decreases. These picked up times were

then used for the construction of travel time curves.

4.1.2 PLOTTING OF T-X CURVES

A travel time curve is a graph between the travel
times of refracted waves and distance of geophones along the

seismic spread (Sheriff, 1981).

After picking the first arrival times, this data was
plotted manually for the construction of T-X graph. This

T-X graph comprises different sections of straight lines,
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These number of lines represent the number of layers. Slope
for each section of straight line was calculated and reci-

procal of slope yielded the velocity of specific layer.

. V = 1/slope

X
Apparent velocity = ~p X 1000 m sec

Where
X defines the distance between two geophones

T defines the travel time between the same geophones.

By using the above relation, apparent velocities of
first and second layers i.e. Vo &vlwere determined for each
shot point. Afterwards, these apparent velocities were
used for the determination of true velocities, depth and

dip. Depth and dip for the first refractor were calculated

by the help of following formulae;

For up dip case
Hiu = Zu/cose
For down dip case

Hid = 2d/cosex

Zu and Zd are the thickness values for up dip and

down dip case respectively.

< is the dip angle determined as follows;
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= 1/2 [ Sin-l(VO/Vlu) - Sin"ltvO/vm)]
In the above relation Vo is true velocity of the lst
layer determined by the formula

vo = _2% Vou X Vod

(Vou + Voa)

Whereas Vjy and V)13 are up dip and down dip velocities for

2nd layer.

THE HAGEDOORN METHOD

4.2 PRINCIPLE OF THE HAGEDOORN METHOD

Hagedoorn suggested a less time consuming and accurate
method for the interpretation of seismic refraction sect-
ions. Figure shown on the following shows a section drawn
through two layers with constant velocities separated by
flat boundary. The two shot points A & B are located so
far away that the wavefronts refracted by the interface
are recorded as first arrivals at the surface. Each hori-
zontal line drawn above the refractor comprises of points
at which the sum of the travel times from the two shot
points is constant. These horizontal dashed lines are
called the plus lines; they are infact diagonals of series
of diamonds formed by the wavefronts at regular time inter-
vals. The interface is considered to be the zero plus line

if the lines are assigned the values of the sum of the
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Fig. 8 Hlustrating the Plus-Minus method. (After Hagedoorn, 1959.)
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arrival times to each point minus the reciprocal time.
Therefore each line above the interface has a certain plus

value, irrespective of where the shot points are located.

The diamond pattern that can be seen in the fiqure
is determined by the fact that the distance between
successive wave fronts is equal to the velocity of the top
layer which is considered to be constant, therefore their
distance is also constant. Also the horizontal diagonals
of the diamonds are all equal to the velocity of the lower
layer. From this figure the expression for the vertical

diagonal ZK can be derived in terms of velocities.

The distance between these horizontal dashed plus
lines is ZK and their difference in terms of plus values is
two time units, because the length of the vertical diagonal

corresponds to a difference of one time unit for both wave

fronts. Therefore it can be seen that K times its plus
value is actually the height of the point above the boundary.

In other words K times the plus value at a geophone at the

surface is the depth of the interface below that point. In
actually these plus values are exactly the same as the inter-
cept times, found in principle by explorating a time distance

curve from the refractor back to the shot point.

Therefore if the arrival times recorded for forward

and reverse shooting are added and then subtracted from the
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reciprocal time, and then multiplied with the factor K, it

will give the depth below the geophone.

4.3 PROCEDURE FOR MATHEMATICAL CALCULATIONS

The procedure for the application of the plus

method is very simple;

ty F tB - tAB plus value

Vl Vo
/2 2
Vo - Vh

Thus K times the plus value will give us the depth

K = 1/2

of the refractor below that particular geophone.
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TABLE NO.7

SHOWING TRAVEL TIME DATA
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone SRR il Spread 245
No. No. Shot A Shot B Shot A Shot B

MTR~-1 1 10 e » ot
2 20 225 18 208

3 30 221 24 205

4 40 220 34 200

5 62 216 55 190

6 75 210 77 180

7 97 201 90 170

8 115 191 100 158

9 123 181 110 140

10 130 175 113 135

t 142 168 = 130

12 150 157 132 120

13 165 148 148 118

14 172 140 158 108

15 182 130 167 100

16 188 121 173 90

17 201 116 = 75

L = 105 191 55

19 210 78 195 45

20 217 60 200 40

21 223 43 202 30

22 225 31 205 9%

23 228 22 208 20

24 232 15 211 12

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 280 Spread 316
No. No. Shot A Shot B Shot A  Shot B
MTR-1 1 J 296 - e

’ 19 — 20 196
3 23 220 29 193
! 37 217 40 190
5 58 211 57 185
6 79 208 61 180
7 90 201 70 171
i i 190 79 162
9 110 187 89 155
10 117 180 92 144
11 126 170 101 135
12 134 159 113 125
13 146 146 124 117
- A3t 136 135 107
s - = 141 97
16 172 121 145 a9
17 181 117 160 83
18 - N a )
19 198 92 175 -
20 206 71 182 .
21 210 50 187 10
22 215 40 190 30
23 220 28 191 59
24 252 17 196 7

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geoghone Spread 360 Spread
e i Shot A Shot B Shot A  Shot B
MTR-1 1 15 185

2 30 183
3 40 181
4 43 175
5 50 170
6 52 163
7 60 159
8 70 150
9 80 143
10 90 134
11 100 124
12 106 114
13 17 103
14 126 93
15 133 84
16 143 75
17 153 70
18 162 60
19 169 53
20 175 48
21 180 39
22 183 25
23 185 19
24 190 9

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 243 Spread 275
i B Shot A Shot B Shot A  Shot B
MTR-2 1 11 i ) —

é 20 215 22 195
3 30 212 32 o
. 40 210 45 190
2 55 205 &b T
2 L 197 69 177
! He 192 75 172
’ 0 Lo 85 163
9 100 180 93 158
10 108 167 101 147
i Sy 159 110 140
t A2 451 137 130
= 140 140 128 120
=5 130 132 140 1
. - = 146 100
16 169 117 i&s -
17 180 110 169 87
18 187 100 173 e
19 193 85 177 s
20 203 69 L85 25
21 208 48 190 s
22 211 37 _ 5
23 215 27 194 21
24 220 16 200 "

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Spread 312 Spread 349

Profile Geophone
No. No. Shot A Shot B Shot A Shot B

MTR-2 1 8 209 11 199
2 L7 206 19 197

3 28 200 28 192

4 40 198 32 189

5 54 196 41 186

6 66 190 47 182

7 71 187 52 174

8 86 1731 61 165

9 90 164 71 257

10 94 151 78 147

11 103 143 90 144

12 111 131 97 128

13 123 125 4 51 120

14 140 120 120 116

15 148 109 135 107

16 155 100 141 99

17 166 95 155 94

18 = - - 85

19 181 80 168 i id

20 191 72 177 74

21 198 51 182 51

22 201 40 186 39

23 205 30 190 28

24 209 12 194 15

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 405 Spread
No. No. Shot A Shot B Shot A  Shot B
MTR-2 1 16 192

2 30 188
3 39 184
4 44 180
5 50 178
6 59 183
7 65 168
8 74 157
9 84 150
10 92 140
11 100 132
12 111 125
13 126 116
14 138 110
15 144 100
16 154 90
17 165 85
18 2 &
19 180 70
20 188 60
21 195 38
22 198 30
23 200 17
24 203 8

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 300 Spread 486
No. No.
Shot A Shot B Shot A Shot B
MTR-3 1 11 210 i G5
2 21 202 N _
3 32 201 a1 228
4 43 198 50 225
5 62 190 78 219
6 68 182 98 214
7 75 172 104 209
8 82 164 1156 199
9 92 159 " =
10 102 150 131 181
1. 13 1 140 141 iy
L2 121 130 150 164
13 131 116 ~ &
14 145 i - i
15 151 99 181 133
16 162 92 188 129
37 170 83 201 118
18 179 80 209 108
19 182 70 216 91
20 190 42 220 67
21 198 385 - 54
22 200 29 229 35
23 203 12 231 28
24 207 - 235 9

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 512 Spread 540
No. No. Shot A Shot B Shot A Shot B
MTR-3 1 15 o 35 -

¢ B 5 s -

’ ik 238 33 212
. .y == 43 211
: i 223 63 205
2 42 284 82 200
7 111 218 88 197
8 125 209 92 188
9 134 199 113 178
10 143 189 118 165
t 151 180 120 160
12 157 168 131 152
13 171 153 147 140
14 183 146 - _

15 187 136 166 120
16 195 129 172 108
17 205 123 186 94
18 216 i ! 190 86
19 223 90 = 80
<0 233 79 202 69
“l r - 209 15
22 238 39 210 32
23 241 29 216 =

24 = 19 _ .

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 644 Spread 669
e i Shot A  Shot B Shot A  Shot B
ey ot ~ 2 218 16 225

z - K - -

’ 37 auli 35 221
: 47 207 45 219
2 - 202 71 211
6 83 199 91 207
7 100 191 98 301
8 110 183 107 192
9 118 175 117 181
£ s - 125 174
e St 159 130 161
12 144 148 145 Eves
13 155 139 154 142
14 " 2 N )

15 173 121 168 126
16 186 113 180 T
17 193 105 187 109
A& 201 98 202 100
19 209 89 208 93
29 217 69 211 69
e 222 44 214 48
22 227 36 216 38
24 228 26 218 27
24 = 18 221 17

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 705 Spread 749
Na. No. Shot A  Shot B Shot A  Shot B
MTR-3 1 16 221 18 222

2 25 218 29 -
3 35 214 43 221
4 49 211 55 218
5 7.2 206 81 211
6 94 201 86 208
7 100 194 94 200
8 110 188 102 194
9 119 178 112 182
10 127 168 119 172
11 135 156 - -
12 143 149 136 157
13 154 137 154 143
14 - = 162 1:3%
15 171 115 171 127
16 181 105 182 118
17 189 100 189 110
18 195 90 197 99
19 201 80 204 83
20 206 71 209 62
21 211 49 214 43
22 214 35 217 33
23 219 23 = 22
24 222 12 224 10

Read from seismograim
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Gpread. 320 Ipread 79
No. No. Shot A Shot B Shot A Shot B
MTR-4 ! 13 198 15 223

2 22 195 27 218
3 31 191 34 216
4 35 188 48 213
5 50 185 69 210
6 55 180 = =

7 61 168 94 201
8 1.3 163 103 193
9 85 155 112 187
10 91 146 118 168
11 100 138 126 154
12 110 130 135 140
13 120 115 146 135
14 129 105 15% 127
15 138 96 165 119
16 147 88 174 112
17 158 83 185 103
18 168 74 196 88
19 175 67 200 69
20 179 63 208 50
21 185 54 213 40
22 188 40 218 28
23 190 28 221 15
24 198 14 226 =

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Prggile Geoggone Spread 430 Spread 474
’ ‘ Shot A Shot B Shot A Shot B
MTR-4 1 12 215 10 203
. 20 211 19 199

3 27 209 30 197

4 36 205 44 193

o 57 200 61 190

6 5 - 68 184

7 80 190 75 165

8 89 182 85 161

9 102 174 93 s

10 108 168 102 144

11 118 157 110 131

12 125 150 119 124

13 137 145 133 113

14 153 132 145 104

15 158 125 151 98

16 167 115 159 91

17 174 108 168 85

18 185 100 178 81

19 191 95 180 67

20 197 69 189 46

21 203 49 194 37

22 206 40 198 27

23 209 25 200 28

24 213 18 203 11

Read from seismogram
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TRAVEL TIME DATA IN MILLISECOUNDS

Profile Geophone Spread 522 Spread 573
Bee o, Shot A Shot B Shot A  Shot B
MTR~-4 ! 216 12 199

2 212 20 196
3 209 - K
4 206 - N
5] 200 58 184
6 - 67 178
7 190 72 173
8 - - e
9 172 90 155
10 162 98 148
11 151 110 138
12 144 117 130
13 132 129 119
14 125 139 110
15 113 147 100
16 107 - -
17 98 166 85
18 89 175 76
19 80 180 69
20 60 186 62
21 40 190 42
22 30 192 33
23 19 194 25
24 9 197 17

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 140 Spread 180
Hos s Shot A  Shot B Shot A Shot B
MTR-5 1 7 207 11 234

2 20 205 20 231
3 30 201 29 229
4 41 198 40 225
5 51 193 61 221
6 58 187 80 216
7 63 180 100 209
8 72 179 120 201
9 82 166 131 192
10 90 160 137 182
11 102 150 146 175
12 110 142 153 153
13 127 133 165 X
14 138 126 172 152
15 145 120 179 141
16 155 112 187 121
17 - 107 197 11
18 168 - 2 -
19 180 87 211 91
20 187 67 220 71
21 190 25 225 50
22 194 34 230 40
23 197 22 232 25
24 201 11 236 13

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 220 Spread 260
No. No. Shot A Shot B Shot A Shot B
MTR-5 1 11 214 5 185

2 21 211 17 183
& 31 208 22 180
4 43 205 30 177
5 63 200 38 171
6 81 192 = -

7 87 188 50 169
8 96 179 61 152
9 106 170 72 147
10 113 161 80 136
11 = 150 90 127
12 130 142 - 115
13 140 130 107 102
14 151 124 118 95
1:5 160 115 124 86
16 170 105 133 80
17 179 97 146 72
18 = 86 152 -

19 191 81 156 54
20 198 70 169 52
21 203 50 172 46
22 207 39 176 38
23 210 28 180 24
24 213 15 183 11

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 297 Spread 334
No. No. Shot A  Shot B Shot A  Shot B
MTR-5 1 10 187 i )

2 25 178 22 166
3 30 172 33 188
4 32 170 46 186
5 40 167 82 180
. - 160 60 174
7 50 155 - _
2 60 - pak 160
9 71 139 82 150
k2 717 128 90 141
11 87 120 100 136
2 26 110 111 122
13 110 98 120 110
14 117 90 130 103
15 126 80 137 90
16 132 71 143 81
17 145 62 156 73
18 151 52 = .
19 160 46 170 60
20 166 41 178 55
21 172 42 182 49
22 178 27 = 37
23 178 22 190 24

24 182 10 193 12

Read from seismogram
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TRAVEL TIME DATA IN MILLISECONDS

Profile Geophone Spread 373 spread
No. No. Shot A Shot B Shot A Shot B
MTR-5 1 10 S35

2 20 226
3 30 223
4 42 222
5 63 217
6 83 210
7 101 203
8 108 198
9 120 190
10 127 179
11 136 172
12 143 161
13 156 152
14 166 141
15 172 130
16 = 122
17 193 117
18 200 106
19 206 87
20 211 67
21 219 -

22 221 31
23 223 &

24 230 11

Read from seismogram



CHAPTER - 5

PRESENTATION AND INTERPRETATION OF RESULTS
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PRESENTATION AND INTERPRETATION OF RESULTS

The refraction data of all the shots in the study
area reveal two layer case i.e. a low velocity weathered
layer overlying the subweathered layer. The time distance
curves for each geophone spread were processed manually
interpreted in terms of depth and compressional wave velo-
cities of the surface material. Depths under each geophone
were also calculated by using the "Hagedoorn's Plus Method".
The comparison of results obtained by plus method and by
conventional T-X graph method showed that the results are
almost similar. Results of both these methods are shown in

Table No. ¢ and Table No. q

Interpretation of the data is presented in the follow-

ing maps and illustrations:

i) The distribution of velocity Vg in the
weathered layer.
ii) The distribution of velocity vy in the sub-
weathered layer.
iii) Isopach map showing the distribution of thick-

ness of the weathered layer in the area.

Bk DISTRIBUTION OF VO

The isovelocity contour maps of V, and V3 prepared by

the average Vo and V, respectively for each shot point along
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the five profiles is presented in Fig.9.1 The observed

low velocity VO (400 to 510 m/sec) related with the surfi-

cial layer is a result of dry sand with very minute amounts

of silt and clay. It is observed that Vo varies anomalously

in the northeastern part of the project area decreases
with high gradient, and then increase in the velocity is
observed, but as we-move towards southwestern corner of the
project area velocity lowers down with minor fluctuations.
In the southeastern end of MTR-01 and 03 velocity fluctuate

with high gradient.

b2 DISTRIBUTION OF Vl

In Cholistan area many researchers have given the
thickness of alluvium between 90 to 200 meters. The present
work i.e. shallow seismic refraction is confined to the
shallow depths. Thus our refractor which is at an average

depth of 13m lies within the alluvium.

As for as velocity variation within the sedimentary
sequence is concerned Faust (1951) has given the reason of
velocity variation within the sedimentary rocks as the velo-
city of the seismic waves tends to increase with increasing
depth of burial and geologic age. But in the study area
depth of burial and geologic age may not be able to play a

significant role in the loose sediments.

Wyllie (1958) proposed that porosity affects the

seismic wave velocity greatly. The effect of moisture content
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on the velocity in the sedimentary rock is involved greatly.
In consolidated beds the moisture tends to decrease the
velocity and in the unconsolidated beds moisture increases
the velocity appreciably. Unfortunately water table depth

of the study area is unknown as there is no availability of
such data. Water table depth observations surrounding the
study area roughly in a circle of 30 Km suggests the water
table at a depth of about 40 meters. But the velocity change
in the project area have been observed at a depth of about
1345 meters, which cannot be correlated with the water table.
Furthermore, there is no any stream or river passing through
or near by the project area so as infiltration may contribute
to water table, also the area falls in the arid zone and

mean annual rainfall is below 125 mm.

It is also observed that velocity appears to inc-
rease with density. But change in density may not be so

remarkable in the alluvium to increase the velocity.

Thus the only factor effecting the velocity can be
a change in the lithology. The low velocity is attributed
to dry sand with minor amounts of silt and clay, but this
abrupt change in velocity may be due to change in composition
of the unconsolidated bed. As we know that the velocity of
P-waves in the silt and clay ranges between 1100 m/sec to
2500 m/sec. Thus this abrupt change in velocity may be due

to segregation of clay and silt with very minute sand.

The distribution of VElDCity V1 associated with
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the subweathered layer is shown in the Fig. |© . It is
observed that V, varies from 1660 m/sec to 1750 m/sec in

the project area, and this narrow range suggests that the
lithology of the subweathered layer is almost homogeneous.
Thus the subweathered layer can be represented by an average
velocity 1700+45 m/sec. The small magnitude of deviation
i.e. (*+45 m/sec) in the average velocity may be attributed
to an insignificant variation in the mixture of clay, silt

and sand.

b3 DISTRIBUTION OF ZO

The thickness of the weathered layer varies from
8 meters to 18 meters in the study area Fig..%Z , shows the
distribution of thickness of the weathered layer, in major
portion of the area it varies from 8 to 14 meter. Thus
this variation suggests that an estimate of 13m can be taken

as the generallized thickness of the weathered lavyer.
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CONCLUSTON

In order to interpret the exact nature of refractor.
the data provided is insufficient and the change in velo-

city may be attributed to an increase in clay and silt

with minor amounts sand.
The following conclusions can be made:

i) The velocity of weathered layer is 390 m/sec

to 510 m/sec, can be attributed to dry sand.

ii) The high velocity (1660 to 1750 m/sec) of the
subweathered layer is associated with clay in

excess.

ii1) The generallized thickness of weathered layer
is 13+5 meters and is related with the

lithology change.
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TABLE No.8

INTERPRETED RESULTS OF MTR-01,02 AND 03

Prgfile Spread Vo v, Critical agige Zou Zod Zo Ave.
0. No. m/sec  m/sec fbisﬁ%;j (hpﬁkmlfj (m) (m) (m)
MTR-01
214 487 1748 1610.19 0056.58 19,52 19.26 19.39
245 550 1660 2050.59 0050.44 18.39 11.65 15.02
280 462 1694 1549.26 0123.13 17576 13.92 15.84
316 510 1700 172727 0000.55 11.23 10.42 10.82
360 422 1719 1412.16 0010.07 6.96 6.74 6.85
MTR-02
243 465 1702 1550.59 0116.44 17.64 11:35 14.50
275 480 1760 1549.35 0000.00 1.1.97 11.97 11..97
312 445 1666 1529.31 0045.38 12.69 8.77 18073
349 444 1694 1512.40 0054.55 12.88 5.06 8.97
405 425 1693 1431.50 0052.24 10.97 7.24 9.11
MTR-03
400 448 1674 1531.01 0014.14 12.32 10.23 11,27
486 400 1711 1331.04 0019.21 17.10 15.43 16.60
512 404 1683 1352.53 0001.15 17.89 17.47 17.86
540 467 1654 1623.56 0003.03 14.84 14.11 14.50
644 434 1716 1438.55 0000.00 15.47 15.47 15.47
669 425 1694 1431.16 0002.37 15.36 | EL i 15525
705 420 1686 1425.09 0019.38 15.39 13.22 14.30

749 393 1672 1336.15 0026.06 14.75 12.93 13.38



INTERPRETED RESULTS OF MTR-04 AND 05
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Table No.8 (Cont'd)

Pr;iile Sp;ead Yo Vi Cr;;éigl agége ‘ou “od  *o Ave
: R m/sec  m/sec  DDMM.SS ppMM.Ss  (m)  (m) (m)

MTR-04
320 413 1727 1350.07 0034.15  9.78  7.02 8.40
370 415 1737 1348.56  0029.09 16.03 13.25 14.60
430 466 1711 1549.08 0048.14 17.43 11.86 14.60
474 421 1708 1416.06 0015.19 10.86  9.30 10.10
522 500 1700 12.50
573 497 1744 1633.04  0014.38 12.20 11.10 11.60

MTR-05
140 475 1696 1615.36  0135,07 16.10  7.40 11.70
180 468 1722 1546.00 0001.24 17.51 17.26 17.40
220 480 1700 1624.02 0000.00 14.26 14.26 14.26
260 494 1691 1658.57 0046.26  9.10  5.20 7.10
297 545 1709 1835.16  0013.31 8.62 6.89 7.76
334 423 1663 1443.50 0013.33  8.10  6.99 7.54
373 479 1717 1611.36  0023.11  19.70 17.45 18.57
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TABLE NO.9
MTR-01
Spread-214, Vo = 487 m/sec, Vi = 1748 m/sec, Zgy = 19.52m, Zyq = 19.26m
Gy G G G4 Gs Gy Gy Gg Cg G1o Gl G2 Gi1z3 G1s Gys Gig Gi7 Gig
?@us
line 73 71 72 78 75 80 79 79 76 83 76
value
Depth 18.5 18.0 18.3 19.7 19.0 20.3 20.0 20.0 19.3 21.00 15.3
Spread-245, Vg, = 550 m/sec, V; = 1660 m/sec, Zoy = 18.39, Zyq = 11.65
Gy G2 Gz G4 Gs Gg Gy Gg Gg C1o G11 G12 Gi3 G4 G615 Gy G17  Gig
Plus ’
1fna 44 42 34 32 36 47 50 51 47 39 30
values
Depth 13.5 12.8 10.4 9.8 11.1 14.4 15.3 15.6 1l4.4 11.95 9.2
Spread-280, V_ = 462 m/sec, V; = 1694 m/sec, Z,, = 1776m, Z,q = 13.9m
Gy G2 G3 G4 Gs Ge Gy Gg Gg Gl0 G11 Gi2 Gi3 Gis Gi15 Gie Gi7 Gis
Plus
line 65 62 71 70 67 66 67 67 62 64
value
Depth 15.6 14.9 17.02 16.7 16.1 15.8 16.1 16.1 14.9 15.3




TABLE NO.9 (Cont'd)

Spread-316, V4, = 510 m/sec, Vy = 1700 m/sec, Z,, = 11.23m, Z,q = 10.42m

G, G 63 64 G5 Gg G; Gg Gy Gjg G633 Gyp 613 G4 615 Gy

()]

Plus

line 42 41 41 41 44 36 36 38 41 42 38 43 40
value

Depth 11.2 10.9 10.9 10.9 11.7 9.6 9.6 10.2 10.9 112 10.2 I1.5 10.7

Spread-360, V_ = 422 m/sec, Vi= 1719 m/sec, Zgy, = 6.96m, Zyq = 6.74m

G, 6, 63 6 65 G Gy Gg Gg Gg G117 G612 613 G4 615 Cip
Plus
line 31 29 30 25 29 30 33 34 34 30 30 29 27 28 33 32
value
Depth 6.7 6.3 6.5 5.4 6.3 6.5 7.2 7.4 7.4 6.5 6.5 6.3 5.8 ‘Gl | 7.2 7.0 2

MTR-02
Spread-243, V_ = 465 m/sec, V| = 1702 m/sec, Z,, = 17.64m, Zyg= 11.35m

Gy G2 G3 Gy Gs Ge G7 Gg Gg G690 G611 G612 G113 G154 G5 G616
Plus
line 50 53 55 59 54 57 60 59 61 65 69 57
value

Depth 12.1 12.8 13.29 14.26 13.1 13.7 14.5 14.2 14.8 15.7 16.7 13.8




68

TABLE NO.9 (Cont'd)

Spread-275, Vg, = 480 m/sec, V; = 1760 m/sec, Zoy = 11.97m, Zgq = 11.97m
G Gy  Gj3 Gy Cs Gg Gy Cg  Cg Giop 611 G122 G13 G4 G5 G G17 Cig
Plus
line 41 A 45 46 49 46 48 45 46 49 A 54 54 47 45 46
value
Depth 107 109 1% 11.5 12:% Tl.5 .8 1.2 '11.% 19.2 108 18.518.8 117 1i48 1i.s
Spread-312, V = 445 m/sec, V] = 1666 m/sec, Zoy = 12.69m, Zgyq = 8.7m
&y Gy G3 Gy Gs Gg Gy Gg Gy Gio 611 ©G12 G613 G4 Gi1s5 G Gz  Gig
P}us
Line 40 46 48 41 B 45 46 b2 &3 50 47 45 &l /5L 53
value
Depth 9.9 10.6 111 9.5 10:3 8.1 B3 J4 9.7 115 10:9 104 118 Ii8 122
Spread-349, V_ = 444 m/sec, V) = 1694 m/sec, Zy, = 12.88m, Zgq = 5.lm
Gy Gy Gy Cy Cs Gg G7 Gg Gy Giop G117 Gi2 Gy3 Gi4 Gi5 G Gy7  Gig
Plus
line 22 23 29 31 28 28 30 27 36 i 38 43 42 51 50 47 52
value
Depth 5.0 5.3 69 74 6.4 6.4 6.9 6.2 8.3 B2 3.6, B30 9.8 9.7 11.7 11.5 10.8 11.9
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TABLE NO.9 (Cont'd)

Spread-4053, 425 m/sec, Vi = 1693 m/sec, Z,, = 10.97m, Zg4q T2
Gy Gy G3 Gy Gy Gg Cg Giop Gi1 G122 Gy3 Gi7 Gis
Plus
line 28 33 33 31 32 36 42 48 A 44 50
value
Depth 6.1 7.2 7.2 6.8 0 7.9 9.2 10.5 9.7 9.7 10.9 10.9
MTR-03
Spread-400, V = 448 m/sec, V; = 1674 m/sec, Z,, = 12.32m, Z,q = 10.23m
G Go G3 Gy Gy Gg Gg Gip G611 G2 G613 G4 G5 G G177 Gig
P}us
Line 50 47 47 A 51 51 51 51 52 51 52 52 53 50
value
Depth 11.6 10.9 10.9 10.2 118 11.9 11.9 1.9  E2.% 159 32,1 k- 19.8 11.6
Spread-486, = 400, V, = 1711 m/sec, Zy, = 17.1m, Zygq = 15.43m
G1 G2 G3 Gy Gg Gg Glo ©G11 G122 Gi3 Gig4 G5 Gig G17 Gy
Plus
line 75 76 77 77 80 82 80
value
Depth 15.4 15.6 15.8 15.4 15.8 16.4 16.9 16.4
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TABLE NO.9 (Cont'd)

Spread-512, V, = 404 m/sec,

Vi = 1683 m/sec,

Zoy = 17.89m, Zgq = 17.6

Gy G Gy Gy Cs Cg Gy Cg Gg Giop 611 G612 613 Gy G5 Gig G17 Gig
Plus
line 84 88 87 86 85 79 78 82 77 78 82 81
value
Depth 17.5 18.3 18.1 17.9 17.7 16.4 16.2 17.1 16.0 16.2 17.1 16.9
Spread-5340, V= 467 m/sec, V| = 1654 m/sec, Zgy = l4.8m, Zoq = l4.lm
G Gy G3 Gy  C3 Gg Gy Gg  Gg Giop G611 Gz Gi3 Gy Gjs G G17 Gig
Plus
line _ _
vatve 59 62 57 68 60 57 60 64 63 57 57 53 55
Depth  14.4 15.1 13.9 16.6 14.6 13.9 14.6 15.6 15.3 13.9 13.9 12.9 13.4
Spread-644, VO = 434 m/sec, V] = 1716 m/sec, Zy, = 15.47m, Vpg= 15.47m
& Gy  Gj Gy  Gs Cg Gy Cg  Gg G10 Gz €19 G613 G ©15 G Gy - Gag
Plus
line 61 63 63 86 63 62 64 64 68 69
value
Depth 14.4 14.4 15.3 15.5

13.7 1l4.1 14.1 14.8 14,1 13:9
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TABLE NO.9 (Cont'd)

Spread-669, V, 425 m/sec, V| = 1694 m/sec, Zouw = 15.36m, 2454 = 15.15m
% Gy Gj3 Gy Cs Cg Gy Cg Gg Gio Gi1 G12 Gi3 G4 Gy5 Gig Gy7  Gig
P%us
line 69 70 70 67 71 62 71 67 65 69 67 77 72
values
Depth 15.2 15.4 15.4 14.7 15.6 13.6 15.6 14.7 14.3 15.2 14.7 16.9 15.8
Spread-705, V. = 420 m/sec, V; = 1686 m/sec, Zg, = 15.39m, Zoq = 13.23m
G 6, 63 G G5  Gg G7 Gg G Gp Gy G2 Gz 614 G5 G Gz Gig
Plus
line 71 70 74 73 68 67 61 61 65 61 57
values
Depth 15.4 15.2 16 15.8 14.7 14.5 13.2 13.2 14.1 13.2 12.4
Spread-749, V, = 393 m/sec, V; = 1670 m/sec, Z,, = l4.75m, Z,q = 12.9m
6y Gy Gy G4 Cs Cg Gy Gg Gg Gijop G131 G2 Gi3 G4 615 616 G117 Gy
Plus
line 63 66 65 67 65 72 64 68 69 71 70 67
values
Depth 9.7 13.3 18:F 13.5 13.F 1456 12,95  13.7 140  MGJE . 18D 185
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TABLE NO.9 (Cont'd)
MTR-04
Spread-320, V, = 413 m/sec, Vi = 1727 m/sec, Zoy = 9.78m, Zyq = 7.02m
G, G & & 6 B & S Ly Gw % G G PFu %5 % S s

Plus
line 33 33 32 39 43 40 41 43 38 37 37 38 44 45 45
values
Depth 7.0 7.0 6.8 8.3 9.1 8.5 #7 9.0 8.l o 0 RRRR 7 SRR W | 9.4 9.6 9.6

Spread-370, Vo = 415 m/sec, Vi = 1737 m/sec, Zg, = 16.03, Zgq = 13.25m

Gy Go Gs3 A Cs Gg Gz Gg Gg Gio G611 G122 G613 G4 G5 G G17  Gyg
P}us
Line 62 64 60 63 62 60 66 66 67 71 73
values
Depth 139 13.7 12.8 13.5 15.2. ig.8 14i 14.1 143 452 15.6
Spread-430, V_ = 466 m/sec, V| = 1711 m/sec, Zg, = 17.43m, Zyq = 11.86m
Gy Gy C3 Gy  Cs Gg Gy Gg Gg Gjg Gy G2 Gz 614 G5 Gg G617 Gig

Plus
line 53 54 59 59 58 58 77 68 66 65 65 68 69
values
Depth 12.8 13.0 14.3 14.3 14.0 14.0 18.6 16.5 16.0 15.7 15.7 16.5 16.7
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TABLE NO.S(Cont'd)

Spread-474, Vo= 421 m/sec, V; = 1708 m/sec, Zgy = 10.86, Zgq = 9.34m
— ¢ G 63 G G Gg G Gg Gy Gg G613 G2 G13 G4 Gjs Gyg Gy Gig
Line
values 45 46 44 48 49 48 45 51 52 49 51 57 55 50
Depth 9.8 9.9 9.6 10.4 10.6 10.4 9.8 11.1 11.3 10.6 Il.1 12.4 11.9 10.9
Spread-573, V_ = 497 m/sec, V| =1744 m/sec, Zg, = 12.lm, Zuq = ll.lm
% Gy Csy Gy  Gs Gg Gy Cg Cg Gio ©C11 ©G12 613 G4 G5 Gig Gy7 Gy
Plus
line 45 45 45 46 48 47 48 49 47 51 51 49 48
values
Depth 11.6 11.6 L1L.6 119 124 12,2 Y26 12.7 12.2 142 13.2 2.7 124
MTR-05
Spread-140, Vo = 475 m/sec, V, = 1696 m/sec, Z,, = 16.1lm, Z,4 = 7.4m
G
1 %2 &M % 85 % &% % B G e Gy o3 Gg S5l G Gi7 B
Plus
line 35 36 34 42 39 41 43 44 51 55 56 58 66 65
values
Depth 8.7 8.9 8.4 10.4 9.6 10.1 10.6 10.9 12.6 13.6 13.9 14.3 16.3 16.1




Spread-180,

TABLE NO.9

= 468 m/sec, Vi = 1722 m/sec; Zgy = 17:5m; Zog = 17.2m

Plus
line
values

Depth

Spread-220, V_ = 480 m/sec, V) = 1700 m/sec, Z

ou

Plus
line
values

Depth

Gg Cg Gip Gy1 G2 Gz Gy G5  Gip

56 58 60 58 58 55

13.8 14.0 14.5 15.0 1l4.5 14.5 13.8

Spread-260,

Vo = 494 m/sec, Vi, = 1691 m/sec, Z,, = 9.lm, Zyq = 5.2m

Plus
line

values

Depth

Gy Gg Gg Gjp G313 Gj2 G613 G4 G5 G G17 G138

> 2 . R R - EARIS: QR s (SRt - SR ¢ S )

7.5 5.7 3.9 57 8.5 77 6.9 5.7 8.5 a7




Spread-297,

TABLE NO.9(Cont'd)

/sec, Vi = 1709 m/sec, Zgy = 8.6m, Zgyq = 6.8m

Plus
line

values

Depth

G7 Cg Gg G0 G113 G2 G613 Gy

27 28 29 26 29 27 26 25

78 8.1 8:3 745 8.3 7.8 1.5 7.2

Spread-335,

o = 423 m/sec, V; = 1663 m/sec, Z,, = 8.1m, Zyq = 6.9m

Plus
line
values

Depth

G7 Gg Gg Gjp G113 Gy2 Gz G4 Gys

39 45 43 43 36 40 38 41

8.5 9.8 9.4 9.4 7.9 8.7 83 8.9 8.7

Spread-373, V_ = 479 m/sec, V| = 1717 m/sec, Zy, = 19.7m, Zyq =

Plus
line
values

Depth

Gy Gg Gg Gip G113 G612 G13 Gi4 Gis

74 75 71 77 74

18.9 19.2 18.2 19.7 18.9
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