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A B S T RAe T 

A project of shallow seismic refraction was carried 

out in PETARO-HYDERABAD ( SINDl for the completion of d isserta tion 

requirements. The DurDose of the survey was to e s tabli s h 

v e locity-lithology re lationship,to determine the thicknes s of 

different subsurface layers and to trace the nature of r ef ract o r 

boundar ies. 

To achieve this , true velocities , depths and dip 

angles were obtain ed from TX-graph. Thes e graphs and calculations 

were prepared manually as well as on the computer by using 

FORTRAN-7 7 data processing programme besides using HP-seisrnic 

r ef racti on softwar e . The nature of refractor b0undary was mapped 

b y HAWKIN ' S METHOD. The interpretation of seismic data shows two 

lavers having; velocities Vo and VI respectively. 
I 

Velocity of first layer r a nges from 380 m/sec to 

540 m/s e~ wher e as, thickness of this layer ranges from 8.2 m to 

12.3 m. Th e ve l ocity range of this layer indicates a lithology of 

Alluvium. Th e v e l oc ity of second layer ranges from 1620 m/sec to 

17 8 0 m/sec. Th e velocity range of this l ayer is indicati.ve of 

subweathered sailor wea ther e d sandstone. 
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1.1 ) .TNTROlJUCTION 

This Dissertation is bas e d on the se~sm ...... c 

. refrac tion survey carried out in II Petaro·-Hyde",- ;dJad " for the 

part ial f ul fil lment of M.Sc. ( Geophysics ) of De partme nt of Ear th 

Sciences ,Quaid- i - Azam University , Islamabad. 

Seismic prospecting is one of t.he most :1.lnI)O r tant 

methods of geophys ical prospecting . It is vlidely employed in 

'Jar i o u s branches of mining and particula.rly in exp l oration and 

p ro specting of oil and gas fields . It is also us ed to r es olve 

var i ous crobl ems of engineering geology i. e t o delineate th e low 

ve loci tv l ayer , in mappl ng the bed rock. to detect s urf ace faul t 

covered by soil ,and to search water table etc. 

Th e seismic methods of geophysical exploration 

utiliz e f a c t that e lastic wave s t ravel with different 

?e lo c ities in different roc ){s . The . . 1 prlnclp .... e is to initiate such 

Hav e at a point and to d e termine at a no. of other points the 

time of th e arriva l of the energy i .e refracted or reflected by 

th e f orma tions.This then enables th e position o f the 

d iscontinuitj.e s to be reduced ( Pa r as ins,1982 ) . 

The objective of the present d i ss e rtation V.JaS t o 

map the sect ion a l profile of the weathered and su bweath e r ed 
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lavers and a lso to find out the n a ture of the ref ractor 

boundarY ,weathe r und~lating or otherwise b " A , cCilcu l atir!g its depth 

be l ow each g aophone . 

To achieve these objctives t e n seismic ref ra ction 

s nreads wer e laid in a p rofi le i. e there were ten fonvard side 

shot points and ten reverse slde shot points. In gene r al ,the 

field data comprised of t~vo layer refraction problem for each 

spread , having a l ength of 280 meters b e t~", een its f orHard and 

reverse shot point location. The energy detectors of each spread 

comprised of 24 g eophones with variable inter-g'eophone spacing. 

Energy source used to obtained this data was an explosive. 

Th e f i eld data was proc e ssed manually as we l l as on 

the computer using a Fortran-77 programme written for two layer 

dipping cases. Additional computerized processing was undertaken 

on " H e~;,lett Packard" personal computer (pc ) , using BPS-13 se i smic 

refraction processing s of t~vare. Both processing operations 

yielded seismic cross-section for each seismic refraction spread 

with computed informations about 

i) Their corr e sponding t rave l time T-X graphs yielding a 

numb er of l ayers f ound. 

iiI La ye r v eloc ities ,both apparent and true. 

iii) Refractor depths be16w each shot point. The seismic \ ~l o c itv 
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cross-sections so obta i ned were then interpreted for their 

corresponding lithological sections b y u sing a pest u lated t ab l e 

of velocity-cum-lithological correlation. 

iv ) The n.ture of the r e frator boundary was mapped by calcu l ating 

its depth below each geophone ,using Hawkin's method. 

The resul ts ,based on the above obj ec tives ,are 

presented as maps 
. S . . 

, lllutratJ.ons and graphs whlch are given in the 

" APPENDICES " 

1. 2) L OCATIOl"! AND EXTENT 

Th e project area forms part. of the Eastren 

Va ll ey of lower Indus Basin ,which lies South of Distt. Hyderaba d 

o J 

and East of Indus river. It is bounded by l atitudes 25 20 North 

o I 0 I 0 / 

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

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

Dublished by the " Survey of Pakistan " 
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2.1 ) INTRODUCTION 

The proj e ct a r ea i s loca t e d in t h e eastern p ar t of 

the Sind prov inc e of Pakistan (bounded by latitude s 25 20 to 25 0 

north and longitudes 68 15 to 68 30 east ) This province is a 

part of lower Indus Basin which itself is part of a b r oad fore­

land Basin in front of growin~ Himalayas. This fore-land basin 

extends vlestward from Bengal through th e flood plains of the 

Ganges and to the plains of Indus towards west . 

2.2) GEOLOGY OF THE PROJECT AREA 

No geological map, of the area is availabl e except 

the tectonic map of Pakistan (Kazim and Rana,1982 ) . This map 

ind i c a t es tha t s u rface i s g e n erally covered by unc onso l i d ate d 

rn a t e rial i.e allu"Jitlm. HO\~le'.ler!tA]ell data !1987 b y Muzaffar and 

'l. Ranke ,"Pak-German Technical Co-operation" report of 

Hydrocarbon Development Institute of Pakistan,locate d in the 

proj e ct area suggests that follm·1ing formations a r e present in 

the subsurface of the area. 

i) Laki formation 

ii) Bara formation 

ii i ) Lakhara formation 

iv) Khadro formati on 
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Description of these form a tions according to the 

stratigraphy of Pakistan(Sha h,1977) is brief ly given as 

i) L.EiKI FORl1.ii'I'T ON 

The term " Laki series " vias proposed by Noetling 

for the lower part of Blandford's "Kirthar series". Later Hunting 

Survey Corporation (1961) re-defined the uni ts a.s " LaJd group ". 

The formation consists mainly of cream coloured to 

gr e y limestone . However, marl,calcareous shale ,sandstone and 

la teri tic clay are also present locally. The shalev'" is grey 

, greenish yellow , weathering dark rus tay brmvn a nd gypsi f erous. 

The limestone is thin bedded and arenaceous where as sandstone is 

commona l y ferruginous. 
, . 

Th e formation contains fossils including 

gastropods,bivalves,foraminifers and algae. The fossils indicate 

an early Eocene age. The formation is correlated with the Kharan 

formation and parts of the Chharat group of the Kohat-PotHar 

Province. According to the log data of Well#21 near the project 

area, formation is found at the depth ranging from 0 - 984.4 m. 

The formation is named after Bara Nai ,Laki range. 

It consists of dominant sandstone with lesser shale and minor 

5 



volcanic debris. Th e sandstone is varicoloured, fine to c oar se 

grained,soft and crumbly . Massive 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 tha t of sandstone. Some carbonaceous material is als o preset 

both in shale and sandstone ,however ,shale is some times highly 

carbonaceous. 

No fossils have been found in the formation except 

some oysters and reptile remains. The formation is correlated 

\'lith the Hangu formation of the Kohat-Potw'ar Province and \vith 

the lower p art of Rakhshani formation of Baluchist an Bas in. Since 

the formation overlies the Khadro formation of Danian age and 

und erlies Upper paleocene Lakhra formation ,i t is regarded as 

Middle paleocene. 

iii ) LAKHARA FORMATION 

The La khara formation represents the upper "Raniko t 

formation " and upper parts of Bedkachu, Ra thore and Tha r 

formations. The formatrion dominantly composed of l imes tone on 

weathered surfa~e limes tone shows brown,buff and at o t h er places 

orange brm·m and pinkish brmm co l ours . The limes tone is some 

time s sandy. Sandstone is mainly present in the lower part of the 

formatio n ~'lhile few interbeds o f sandstone and sha l e are also 
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T ABLE If 2 .1 

WELL LOG DATA OF SUNBAK WELL 

Name Sunbak 

A r ea Lower Indus 

Company Hunt 

Nor-th(DD MM.SS) 

East(DDMM.SS) 

GrcundelevCm) 

KB/ DFCm) 

T D(m) 

Formation at TD 

Status 

Remarks 

Spud-Abd 

Laki/Ghazij 

Bara/I~ 3.1-{ra 

Khadro Tn 

2524.400 

6754.450 

108.2 

112.8 

1932 

Khadro 

P & A 

Oil shows in Ghazij 

9.9.57-14.10.57 

- 98 4 .4 m 

984-1737.2 m 

1737.2-1932 m 



present in the upper part. The sands tone is c alcareous a nd in 

places grades into arenaceous limestone. It is gre y ! fine to 

coarse grained ! thin to thick bedde d and c ross-s t .. ~ " l. i f ied. The 

shale present is grey on fresh surfaces and yellow-ish brown on 

\·Jea thered · surface. 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 \\' e ll log data of Sunbak near the project are a bot.h " Ba ra and 

Lakh ar a formations II are found at the depth ranging from 984.4 -

1737.2 m. 

KHilDRO FORl-JATION 

The Kh adro formation includes the basal parts of 

the " Karch, Gidar dhor and Jakker " g r oup of the Hunting Survey 

Corporation (19 61 ) . 

The formation consis t s of sandstone and shale with 

some limestone. The sandstone is soft and medium grained and show 

different colours like brown, grey and gre en. The shale is olive, 

pale blui s h grey and contain limes tone and sandstone interbeds. 

At the type locality the b asal part of the un:i.. t consists of 

dark limes tone b ed with reptil e bones. Top of the unit i s usually 

mar k e d by a volcanic fIoH. At k a rkh and Jakker the formation 
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consists dominantly of interbedded soft and brm·m shale and 

soft! gre~T to green Hell bedded sandstone. The age the 

formation lS recorded as Early paleocene which in places ! oxt e nds 

down into Late Cretaceous. According to the well log data! this 

formation was encountered at depth ranging from 1337.2 -1933 . 0 ~. 
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:3. 1 ) IN'l'RODIlC'l'ION---.----------

Seismic method is one of the most important method 

in the in ves tiga tion of geological structures of the 

Eal'th.S(:iornic pl'os pecting 1s one of the mos t important oraneh of 

geophysical exploration.Thls Is due to ltl' capaolli ly of high 

accuracy by virtue of its high resolution and capu.1Jility of deep 

p enetration.Its field methodology d epends upon th e refractio n and 

reflection of elastic waves produced by artificial sou!'co,callecl 

the shot-point. These elastic waves propagate radially in all 

directions from the source and undergo ref l ~cti() n as well as 

refraction at di1'1'e rent elastic discontinuities ell Coulltere d by 

these propagation wlwes:rhese fflfleeted or r efracted waves 

bouncing bacle to the sur;ice can be detected by specially designed 

receivers called geophones, which in-fact are electromechanIcal 

devices capable of converting the up and d OVJn mechanical motion 

of the ground into electrical slgnals.Basieally the signal 80 

received is very weak and requires amplifica tion .Thus the system 

amplifies and also displays these signals in the form of a 

photographic ttace of a moving spot and can also be taped on t.h e 

systems magnetic tap e or be r e g-i:3tereJ by a digital re corder. 

This fin a l ou t put of the scifHni c instl"Llmen!: is ca ll e d the 

(q) 



refraction or reflection seismogram as the case may be. The 

processing of these refraction seismogr ams leads to in 

determining the velocities of propagation of the refracted 

seismic waves along a geological layer in which the velocity of 

propagation of elastic ~'Vav e is greater than in the overlying 

strata ,from which d ata the depth/s of the refracting interface Is 

can be computed. Such depth/s computed belm" each shot-point 

distributed in the project area eventually le ad~towards the 

mapping of geological boundaries so that the subsurface tectonic 

setup of different rocks could be studied ( Gurvich ,1972 ) . 

Seismic methods ,both refraction and reflection 

are nmv v e ry commonly used in the ~vorld in exploration of oil 

,gas , ~vater . 1 
,mJ.nera~s etc. The method has special advantages in 

the location of structural traps ,in petroleum prospecting 

Seismic methods are also useful for many engineering projects. 

Modern digital recording equipment ,mechanical energy source and 

tendency to replace manual treatment of seismic data by computer 

processing increase the accuracy and reliability of the seismic 

results Sjogren ,1984 ) . 

For the seismic refraction method to be applicable 

the fol lowing two conditions must 
<; 

exit 

" 
in the subsurface horizon : 

( A ) The velocity must increase with depth. If it does not ,the 
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cr-z7 
selsmlC ~~ave ~~ill not be refracted at the cri tical angle;, the 

I 

interface between two transm'tting media. 

B The various layers through which the refracted waves 

propagate horizontally mus t have a minimum thickness which 

permits transmission of the refracted wav e .If a l ayer is t h inner 

than a narticul ar thickness ;the refracted wave will not be 

transmitted hori zonta lly throu gh t hat layer and therefore " 

refraction signature wil l not be recorded. Thus we will have a 

blind zone problem. 

Structural information is derived principally from 

ray paths which fall into two main categories .-

3 . 1 . 1) REFRIl C'l'ED fil TIl 

In wh ich the major portion of the path is along the 

interface between t~'l0 rock layers and hence is approximately 

horizontal ( fig.3.1 ) . 

3.1.2 ) REFLECTED P .• ~ TH 

In ~~hich wave travel dm~mvards initially and at 

some point is reflected back to the surface ,the overall path 

b e ing essenti a l ly vertical fig.3 .2 ) . 

3.2 SEIS!1Ir: THE'OR Y 

In order to understand the theoretical background 
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of s e ismic method ,it is importan t to ment i on properties of the 

rocks and their nature and propagation of seismic t·/aves in the 

rocks. For this purpose ,theory of elastici ty apr'1 o'")ptics are 

3 . 2 .1 EL1STICTTY -------

The property or quali ty of being elastic i. e the 

size and shape of a solid body can be change d by applying forces 

to the external surface of the body. These ext e rnal forc es are 

op~osed by the j :. t ernal f orces ! wh i ch resist the chang'e in size 

and shape. As a resul t body tends to return to its o r iginal 

position when e x ternal forces are removed. This property of the 

resisting change in size o r shape and o f re turning to un formed 

condition when external forces are removed is called elasti ci ty. 

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 cal l ed the "Shearing 

stresses II 

Stress is a vector quantity .Let " F " b e the force 
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acting at a point " P " in small area " />. " ! t he stress at po i nt 

" P " will be vector quantity (Jiven by limits 

Limit Fl/>. 

P. --->0 

This orientation of the areeis given by the unit no rmal v ecto r 

., n I I 

Strain is defined as " Defo r mation resulting from 

aDDlied fofce ~'lithin elastic limits " 

When the elastic body is subjected to stress 

changes in shape and dimensions occure .These changes are called 

strain . Strain is also a vector quanti ty . If deforma tions takes 

place along norma l stress vector t h e strain is called "Normal 

Str a in II and if deformation is along the she aring stre~s vector , 

then it is called flShearing Strain " .The changes in the 

dimensions by the normal stra ins result i n volume changes when a 

body lS strained .The change in volume per unit volume is called 

the " Dilatation " . The permanent strain developed in a material 

stressed beyond its elastic limits is called "Plastic Strain " 

3.2.3 ) " HOOK'S LAf'l 

Ii 
.7>.ccording to hook I slaw! " Strain is proportional to 

strain, up to a limi t value of stress! d epending upon tl e nature 

of the b ody " 
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i.e StreB s 0( Str a i n 

Stres s / Strain = Elastic Constant 

3.3 SEISMIC WAVES AND THEIR STJBSURF'_?;.CE PROPAGATTON 

Seismic waves propagate out from the source 

f ollovling the principles of optics. In seimic prospecting I we 

have two type of wa v es in accordance with the physical proper ties 

and dimensions of the medi um. 

3.3. 1 ) BODY Tv}!. VES 

" Those \-lBves .... hich are t::"- cmsmi tted in the inter ior 

of an elastic solid or fluid material are called the body waves " 

Body wa ves ar e further divided into two types 

3 . 3 .1 a ) LONGITUDINA L WAVES 

This type 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 medi~um is parallel to the direction of 

propagation of waves like sound waves. 

The travelling disturbance in this c ase is the 

cubical dilatation or " Volume deformation " . Thus the l ... ave path 

traversed by a P'- wave consists of a usequence of al ternating 

zones of compressions and rarefactions~ Fig. ( 3.3a ) shows wave 

fronts of a plane P-wave which are drawn at half-wavelength 
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intervals. The particles of the medium oscillate about their zero 

- positions in a direction coincident with the raypath at those 

poei tions. P - ~va.ve is the fastest ~vav e for a give11 medium and 

therefore ,it i s the earliest phase ~ormal ly detected on 

earthquke seismograms. 

Thi s is the type ·of wave which is commonly employed 

in se ismic reflection and refraction prospec ting Hamid N. Al 

Sadi ,1980 ). 

3.3.1b ) TRANSVERSE riAVES (S) 

"An e lastic ~'lave in which the direct ion of p artic l e 

mot ion ~vi thin the transmi t ting media is at righ'c angle to the 

direction of propagation of the wave " 

These waves are als o called secondary waves, shear 

waves in general s- ~\'av e . 'rlhe travelling disturba nce in this 

case is the shearing strain or " s hape deformation" .The medium 

whi c h is trave rsed by an S-WBve expe r i ences no volume changes . 

As S-wave moving in a horizontal direction ,which 

i s so polarized that the particle motion is confined to the 

horizontal plane ,i s known as SH-Wave (fi g. 3.3b). 

When the polarization plane is vertical ,it is 

called SV-W ave ( fig.3.3c ). 

In a solid medium , the P-wave 1S about 1.7 times as 
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fast as the S-wave. ln liquid, where A o S - 1tlBVeS do not 

propagate ( Hamid N. Al- Sadi, 1 98 0 

3. J . 2 ) SUPFACE W~3. VES 

At the contact surface b etween two media ,there are 

also other Haves . Those 'Vlaves ·which are moving along t he free 

boundary or surface of the medium so the y are c a lled as surface 

waves .Surface wav e s may be classif ied into: 

3.3.2a ) R1iYIsEIGH WAVES 

This type of wave develops at the free surface of a 

s emi-infinite me dium .The wave amp litude d e cays rapidly with the 

increasing depth . 

Th e travelling deformation is a sort of combination 

of both dilatation and shear strains .The part ic l e motion takes 

place in a vertical plane parallel to the di recti on of 

propagation and h as a n elliptical retrograde orbit (fig.3.3d ) .The 

minor axis of the ellips (which is parallel to the propagation 

direction is about two-thirds of the ma jor vertical 

axis.Rayl eigh waves trave l with a veloc i~y Vr given by 

Vr = 0 . 92 Vs 

Where Vs is the S-wave velocity in the same me dium . The ve l ocity 

in t1-1e sa~t'e mediul11 . The T.le loci ty of Rayleigh 'l'~'dve is l ess than 
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the velocity of the shear waves . 

3 . 3 . 2b ) LOTtE Wi!. VE'S 

These are the surface seismic waves in which the 

particles of an elasti c medium vibrate transverse to the 

direction of the waves travel,with no vertical component .These 

waves develops in a low-velocity surface layer which overli es a 

semi-infini te medium (fig. 3. 3e ) . The vibration amplitude decays 

rapidly with increasing depth in lower medium and the velocity of 

these waves depends upon the wavelength. 

The particle motion i~ transverse and in the 

horizontal plane .This type of w=- ve travels by multiple 

r e fl e ctions between the top and bottom boundaries of the s urfac e 

layer . 

Since it possesses no vertic~l component ,Love 

'daves are not detec ted by the geophone or by another vertical-

component instrument ( Hamid N.AI-Sadi,19BO ). 

3.4 VELOCITIES OF PROP.~GATION OF SE.IS1-tIC WAVES .TN Vj\R.TOUS 

ROCKS AND MEDL1. 

Velocities of seismic waves in different rocks 

depends upon various elastic properties of the earth materials 

and rocks through t~hich they travel . Seismologically there are 

five major cateaories 
- I 

in which earth ma terials can be 
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characterized : 

( . 
, 1 ). JI.lluvium soi l , drift ,unconsolidate surf ici a l deposits 

that are generally r ecent in age 

ii ) .S a ndstone and s h a l e . 

iii ) . Limestone , dolomite and other deposits. 

iv ). Crystalline rocks (both i g neous &metamorphic ) 

l,l }. Evapori t es. 

In general igneous rocks have seismic veloci ties 

which ShON a narrmver range of variation then sedimentary o r 

metamorphic rocks and average velor':' t y for them is higher than 

that for oth er types .The following t ' b l e indicates the range of 

values for v e loci ties for different t ype s of r ocks : 

SEISMIC VELOCITIES 

I1ATERI JI.L : VELOCITY (m/ se c) 

Anhydrite CS ) 3500-5500 

Basalt (SH l 550 0-6300 

CementedConglomerate (SJ ) 1200- 3500 

Clay (D) 1100- 2500 

Coars e sand (SJ ) 1000-2 000 

Dolomite ( S ) 3500-6900 

Dunite (SH) 7500-8100 
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Gabbro (S ) 6450 -6 700 

Gneiss (S ) 6400 - 7500 

Granite (SJ ) 4200-60 00 

Gypsum ( S ) 2 0 00-35 00 

Grave l ,Dry Sand (SJ ) 1000-2000 

Ice (G) 3100- ~::! 0 0 

Limest one (p ) 3500-6500 

Rock Salt (p ) 4000 - 55 0 0 

Sandstone (D) 140 0-4300 

Shale (G) 2000 - 4300 

Hater (G) 1 4 00 - 1590 

Weathered soi l (G) 1000-2000 

e 
Refrences used in compiling this table are the 

fo l lowing : 

(P ) Parasnis (1982 ) , (G ) GURVICH (1972 ) , (SH) Sharma (1976 ) , (SJ ) 

Sjogren (1984 ) , (D) Dobrin (1984 ) , (S ) Sadi (198 G) . 

3.5 ) FACTOR I NFLUENC.ING SEISMIC VELOCITTES 

Seismologically rocks show marked differences in 

• elasticity depending on petrologic compos.tion .Elastic sediments 

such as sand sandstone and shale are l ess elastic than 

sediments composed of crystalline matter , such as limestone and 

dolomi te . In addi tion to the r ock type there are seve ral othe r 
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factors which play an important role in determining seismi c wave 

velocities . 

Fl'.UST (1951 ) , showed remar kably that veloci ty of 

p ropagation of seismi c waves through sediment a ry rocks is a 

complex function of depth of burial geological time since 

deposition and many other variabl es like porosity ,density & the 

d eg r ee of saturation etc.Following is the brief account of these 

factors : 

(1 ) . In sedimentary rocks, the veloci ty of seismic \Vaves t e nd to 

increase \·li th d e pth of burial and g - .. L 'lgic age . Many empirical 

attempts have been made to represent this increase . For sha l e and 

sandstone conclude d : 
1/6 

V = 46.5 ( T Z ) m Isec. 

\vhere " Z " ~s the depth in meters and "T " the age in years. Thus 

wi th depth of burial material becomes more compact and hence 

velocity will increase . 

(2 ) .The velocity is invers e ly propor tional to the square of 

density .It is common observation that velocity appears to 

increase \'lith d e nsity i.e elasticity increases \'lith more dense 

material and the velocity too . 

(3) .The ef fect of porosity and decomposition decreas e the modulus 
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of elasticity ,that is why the velocity of porous mater'al is 

considerably small . The effect of porosi t:!T on ~';,ave VG oc' ty is 

much pronounced in the near surface layer i.e weather l ayer 

(T e lford etal 1985 

(4) . The effect of moisture of ~'later content on the veloci ty in 

sedimentary rocks is involved·. In consolidated b e d the moist.ure 

appears t.o decrease the v e locity and in unconsolida ted beds 

mois t ure increase the velocity appreciably . 

- (5) .In an isotropic medium the recorde d velocities are gene r ally 

higher ~'lhen measured along the stri}- ~ of structure, than when 

measured perpendicularly to the struc ture .The di ffer e nce may be 

of the order of 5 --) 15 % (Sj ogren,1 9 84 ). 

3.6 ) ELAS'J'IC CONST~U-IT 

The b ase of all the seismic waves is on the elastic 

constants .In case of homogeneous ,isotropic med ium a few 

constants ,called as elastic moduli or elastic constant,describe 

the stress-strain linear relation representing the elastic 

response of t he medium. For historical reason more elastic 

constants are in use when are actually needed (Robinson,1983 ) .So 

the various constants are not independent of each other.The most 

common elastic moduli are the following : 

1- YOUHG' S HODULUS ( E 
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2- BULK MODULUS 

3- RIGIDITY MODULUS 

4- POISSON'S RATIO 

5- LAHE' S CONST}~NT 

K 

,U 

() 

( ).. } 

Anyone of these five constants may be expressed in 

terms of any two o f the remaining ones.Therefore , any two of the 

constants c an be us ed to define the elastic proper ti e s of a 

homogeneous and isotropic body ( Robinson ,1983 ) . 

3.6.1 } YOUNG'S 110DULUS (E) 

According to hook's law' , " Stress is proportional to 

stra in ". This defini tion is for small strains only. If a body 

offe r s maximum resistance to the applied stress, then there is no 

change in the body and strain is . almost zero. In this case the 

Young ' s modulus has maximum value e. g in solids. So we can say 

that Young's modulus measures the resistance of fere d by a body to 

the applied stress .The relation between longitudinal stress and 

strain is : 

LlL / L = F / A / E 

OR E = ( F / A ) / ( 6. L / I.J ) 

which is the stress per unit area divided by the relative 

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

3.6.2 ) BULK MODULUS ( K ) 

"Under increasing force per unit area , a body \-Jill 

decrease in size but increase in density ".OR. The stress divided 

by relative change in volume is called as the Bulk modulus 

Nathematically 

K = ( !:' I A )/( ~ V I V) 

3.6.3 ) RIGIDITY (SHEilR ) NODULUS ( -U ) 

The measure of the materia l ' s resistance to shear-

stra in is called Rigidity (Shear ) modulus . 

Mathe matically, 

u. = ( F 1,11. )/cp 

~·;,here (1' ) == Shearing strain . The value of ",li" is zero for the 

liquid media . 

3.6.4 ) POISSoN'S R~~TIO ( O-) 

Poisson ' s ratio is the relation between the 

elongation and the contraction of a body and the reduction in 

thickness of the body. 

Mathematically, 

(J = (6 H I Ttl ) I ( 6L I .L ) 

The value of Poisson ' s ratio for different materials is given 

be 1 O~'J 
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Solids 0 .25 

Liquids == 0.50 

Hard r igid rocks = 0.05 

Soft materials 0.45 

3.6.5 ) LitHE'S COllSTANT () ) 

The Lame 's constant is valid for iosotropic medium 

and lS eXDressed in terms of " E" and " l)" a e;, • 
~ . 

>, = ( IJE )/( 1 + rF ) *(l - 2 (J ) 

3.7 ) LliWS OF' OPTICS FOR SEISHIC WAVES 

The geometry of the refracted or re flect ed ray path 

along whi ch elastic waves are propagated in a medium is governed 

by certain simple rules which are as fo llows 

3.7.1 HUYGEN'S PRINCIPLE 

According to this principle Haves in a medium 

s pread out from a point source as expanding spheres so that every 

point on the advancing wave front is the source of a secondary 

that also travels out fr om its ,in spherical shell as 

shown in Fig. (3.4), (AI sadi,1984 ) .This law helps us in 

underst andi ng the geometrical shapes of the prc~agation of waves 

and its ass ociated ray path help to interpret the time distance 

re l ations. 
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3.7 .2 ) FERH1iT' S PR I NCIPLE 

The French math ema t i cian "Pierre de Fermat" has 

poin ted out tha t the time required for light to tra v e l from one 

po int to another along a given ray is l ess than t h e time taken to 

do this j ourney by another route . 

iUter applying this principle to seismic rays ,tve 

can say that a wave propagates along the ray path for whi ch the 

t ravel time is minimum (Hamid N. AI -Sadi , 19 80 ) . 

3 .. 7.3 SJIIELL 'SO LA fl 

Snell's Latv describe the relationship between the 

incident a nd refracted ray path at an elastic boundary .This law 

states, " ]>. ~'l ave incident on the boundary bet~'1een tHO media having 

v e lociti e s VI and V2 i s partly reflected or r efracted such that 

for refl~ction the angle of incident is equa l to the angle of 

refraction " .i.e 

Sin 1 Sin r 

and for refraction 

; 

Sin i I Sin l' = VI I V2 

OR Sin i I VI = Sin r I V2 

where i Angle of incidence 

r = ]I.ng1e of reflec tion 
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/ 

r =Angle of refraction 

Th e Snell'a Law for a particular ray path is expresse d as : 

sin i / Velocity of ray path Constant 

In seismic refraction method , we consider the caEe when 

(i). i = ic Critica l angle 

(i i ) . Wh en V2 ) Vi 

Wh en angle of inc i dence becomes the critical angle 

sin ic I Sin ( ~ = 95 ) = Vi / V2 

o 
since Sin 9 0 = 1 

o 

Therefore , Sin ic = Vi / V2 i=ic 
/ 

,when r = 9 0 

ic Arc Sin ( Vi / V2 ) 

,then 

For a critical angle of incidence the refracted ray travels along 

o 

the interface, i, e the angle of incidence for which r = 90 is 

called critical angle ic . 

For any angle of incidence greater than ic ,no ray 

will be refracted in the second medium and all the energy 

incident at such an angle is reflected . 

Let u s consider a wave that strikes the interface 

at critic~l anele of incidence .This wave then propagates as the 

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

to the surface, as shown in the Fig. (3.7) where its arrival time 
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can be picked up and recorded in the form of seismogram . These 

arrival times are used to draw time-distance graph . 

The graph will be in the form of straight line 

segments repre senting different l ayers of subsurface .Each 

straight l i ne segment of time-distance curve genera es a slope 

value from whi c h v e locity of that segmen t can be calcul ated 

Ve locity = 1 / Slope of segment. 

3 . 8 ) MllTHEMATIC~L EXPRESSIONS FOR THE SEIS!.fIC REFRAC2"'ION 

PAR1iMETERS 

(1 'l54 ) 

a '" . .... . 

L . I10TA A deve loped mathemati cal expressions for 

s e ismic ~refraction for a number of homogeneous velocity layers 

having plane dipping interfaces .The foll owing assumptions are 

involved in the mathematical expressions: 

(i) .The true velocities o f the lithologica l wave propagation 

within the l ayers is constant 

(ii) .The refrac tor along which the energy is supposed to travel 

and r e turn to the surface v i a a cri tical angle ! is c onsidered 

plane and continuous from one end of the profile to the othe r . 

(iii) .Angles from the horizont a l upward a nd to the left a re taken 

as posi tive a nd those of upward and to the right are negative . 

The formulae which are used to c alcu l a t e the 

velocities ln the two layer and three layer cases are as 

2 7 
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J. 8 .1) Tf!O L"1.YER DIPPING C}lSE 

The formulae for true velocities up dip and dOHn 

dip, the depth to the first refractor are given below 

Tr u e velocity ,Vo = 2 (Vou ) * (Vod )/( Vou + Vod) 

True v e locity ,VI 2 (Vlu l * (Vld)/(Vlu + Vld ) 

Depth,Zlu Va Tlu /2 Cos ici 

Simi l arly ! Depth.Zld = Vo TId /2Cos i c l 

where Vau, Vod, Viu and Vld are the velocities of the first and 

second layers for up and down dip cases respectively.Also Zlu and 

Zid are depths of first layer for up and down dip cases 

respectively .Tlu and Tid are the intercept times for up dip and 

down dip cases respectively .The critical angle i c l and the angle 

of dip 01 of the refractor are given by f o rmul ae : 

ici 1/2 (Ar c Sin Vo/V1d + Ar c Sin Vo /Vlu ) 

And 91 =1 / 2 (Arc Sin Vo / Vld - Arc Sin Vo/Vlu) 

J. 8 . 2 ) THREE LAYER DIPPING CASE 

Up dip and down dip depths of second refractor are 

given by the following formulae : 

Z2u VI [T2u-Zlu r COS ( 0(, + 13} ) +1 1 /Vo Cos 0(, J / 2C05 ic1 

and Z2d VI rT2d -Zld r Cos ( 0<, + Ii ) +1 1 /VoCos B. 1 /2Cos icl - r; 1) -

where VA and VI f o r the true ve locities .Zlu and Zld are up and 
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down dip depths to first r e fractor , T2u and T2d are up and down 

dip intercept times respectively. Also Cl(,) is the angle of 

incidence f or first refractor, a nd ( ,13 ) 
I 

is the angle of emergence 

for first refractor while ic is the critical angle for second 

refractor as shown in Fig. (3.9) 

Hher e , 

}\lso 

i c 1 = (~, + b ) / 2 
I 

0.< I ~~rc Sin Vo /V2 d ) - eo 

P, = Arc Sin ( Vo / V2d ) + 60 

81 = ( " , - &, ) /2 + eo 

Dip ang le of second refractor is e2 is given as 

,,,h ere 

e2 = ( .." - 0, ) / 2 + e l 

eo Dip of first refractor 

el Dip of second refractor 

'{I Arc Sin VI/Vo * Sin Q(, ) 

Arc Sin ( Vl/Vo * Sin~ ) 
I 

3.9 ) ANOTHER NET/JOD FOR THREE LAYER n.I PPING C~SE 

Travel times for three layer dipping case are 

d e rived in the same manner as for the two laye~ dipping case and 

the d oubl e horizontal l ayer. Th i ckness o f t he laye rs be l ow t h e 
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shot-points are designated as Z1u and Z2d for up dip shooting and 

Zld and Z2d for down dip s hoo ting as shown in Fig. (3.10) .For the 

sake of simplicity,it is assumed that 

(a l .The dip of the two boundaries is in the same general 

direction, however the dip angles may change. 

(b ) .The laver velocities increase with depth such that 

V2 ) Vl ) VA 

Computations proceed in the following steps 

( i ) .Compute l ic1 - 80 ) and I ic1 + 80 from the formulae 

where 

Vo / V1u = Sin (ic1 - 80 ) 

Vo/Vld = Sin (icl + Bo ) 

Va True velocity of firs t layer 

Go = Dip ang'e of first layer 

ic1= Critical angle of first layer 

V1 u and V1d are the velocities of first layer in up and down dip 

cases respectively. 

(ii) .Compute Bo and ic1 from the formulae 

80 = 1 / 2 [ l ic1 + 90 ) - l ic1 - 80 ) ] 

ic1= 1/2 [(i c1 + Bo )+licl - 60)] 

(iii) .Determine ! V1 = Va/S in ic 

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

Zou = X12 u [1 - Sin(icl - Bo )]/ 2Cosic1*Cos60 
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and Zod X12d [1 - sin (icl + 8o )J/ 2Cosic1*Cos90 

Hhere Zou Depth of first refractor ln up dip case 

Zod Depth of first refractor in down dip case 

X12u Crossover distance in up dip prof ile 

X12d Crossover distance in down dip profile 

(v ) . Find ( P - 80 ) and «)( + 80 ) from the relations 

Vo !V2u Sin (13 - 80 

Vo!V2d = Sin ( t>( + 80 

Then calculate ang l es ( 0( ) and ( f3 ) . 

(vi ) .Calculate 

relations: 

and 

ic2 + ( 81 -80 ) and ic2 - 81 - eo ) from the 

Sin 0{ I Sin ic1 

Sin f3! Sin icl 

Sin [ i c2 + (81 - 90)J 

Sin [ic2 - (e1 - 80)J 

(vii ) . Determine ic2 as : 

(viii) .Calculate 

ic2 = 1 / 2 [fic2 + (e1 - 90 ) l+fic2 - (81 - 80 ) I ] 

81 - 80 ) as : 

91-90 = 1 / 2 [fic2 + (81 - 80 ) l - f ic2 - (81 -80 ) I ] 

From this relation calculate the value of 81 , which is the dip 

angle of second layer and ic2 is critical angle of second layer 

( ix ) . Determine V2 = VI I Sin ic1 

( ~ ) . Calculate Ziu and Zid from the formulae: 

Zlu= [X13u f l-Sin (P -8o ) l -Zou f Cos(~+80 ) +Cos ( f-80 ) I J/2Sinic1 * Cosic2' 
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'* Cosel 

Zld=[X13d!1-Sin ( ~+90 ) I-ZodfCo s ( ~ +eo)+cos(~-eo ) IJ /2Sinicl * Cos1c2 

* Cosel 

"lhere Zlu Depth of second re fr a ctor in up di p case . 

Zld = Depth of s econd ref r actor in downdip case 

X13u= Cross over distance in up dip c a se. 

X13d= Crossover dist a nce in down dip c &s e . 

For the computation of Zlu and Zld the use of the 

crossove r distances is ma de ,that is the first and third parts 

of t h e tr a vel time c urve may be extende d to the intermediate 

crossover distances 

3.1 0 ) SE'IS}JIC NOIS.'? 

I n seismic p rospect ing t h e concept of signal to 

no ise is of paramount importa nce . Whereas the reflected and 

refracted e nergy i s classed as sig nal , their re corded version on 

the seismic record is not a pure or unbias e d r e cord of the 

required signal .but it is to a l esser or greater extent 

modulated by the unwant e d compon e nts of energy which are called 

n oise component.This means ' that the geophones not on ly pick 

s i a nals but the noise components also . Thus it distorts our 

obs e rve d data , from Hhich these disturbing ei..=e c ts h ave to b e 

determined a nd removed so 
t\ 

that certient undertaken, therefore 
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c l assifica tion !determination and attenuation of noise is very 

important for improved SIN ratio of our reduc ed data .The problem 

of SIN improvement is very critical in seismic reflection but not 

so in seismic refraction work. 

There are two types of se ismic noises: 

3.10.1 COHERENT ,'A!DISE 

Coherent nois e is due to the unwanted sources such 

as surface waves ! mul tiples ! 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 

repea table. Noise due to vehicular traffic is not repeatable. In 

seismic refraction work the vehicular disturbance is great source 

of noise . 

3 . 10 . 2 ) INCOHERENT NO.rSE 

Incoherent noise is random noise and is also 

repea tab l e and. is g e nerally due t o near sufface irregulari ties 

such as boulders ,cracKs ,small scale faulting etc. 

Incoherent noise is characterized by its dissimilarity 

on all seismic traces.Non repeatable random noise may be induced 

by the 

(i ) Artificial traffic such as rail roads aircraft. 
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(ii) .Wind swaying trees ,bushes and grass 

(iii).A pers on walking near a geophone. 

(i'l). Stone ejected 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 ) liTTENU]iTION OF NOISE 

Various methods can be applied for reduci~g noise 

so that ultimately SIN ratio of the record is improved. 

i) .Spatial Filtering. 

ii) .Electrical Filtering. 

3.10.4 ) SPATIAL FILTERING 

The most effect technique for handling random noise 

are to at tenua te certain ~'Vavelengths of horizontally propagated 

noise is to spread out arrays of geophones or shot-points 

constitute spatial or wavelength filter s .The simplest array 

consist of a line of geophones or shot holes or librators.Since 

Velocity = Distance travelled/Time taken . 

Thereforeidepth of refracting interface = Velocity * Time 

So that slope of the line = l/Velocity of refractor. 

3.11 ) APPLICATIONS OF SEISMIC REFRACTION SURVEY 

The refraction method can be used in any types of 
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structural problems ,most successfully vlhen applied to shallo't'1 

depth problems.This method gives r eliable results for the 

following problems: 

( i ) . Shallow structural features can be mapped such as fault 

whlch may disappear under overburden,shear zones and contact 

zones may be deline a ted. 

(ii ) .Strikes and ri O 
~J. ps of g e ological f' -to' ~orma,-lons and location of 

bed rocks 

(iii ) .Non me tallic mineral deposits s uch as gypsum,limeston e,and 

ore bodies. 

(iv ) . Igneous intrusions,salt dome s and other similar intrusions 

can be delineated. 

(v) .Bed rocks lithology can be d e termined on the basis of seismic 

"Cleloci t'v 

(vi ) .The location o f ancient burried r iver,channels . 

(vii ) .1'1ea sure of thickness of over burden for p r oposed 

road,pipe line etc. 

(v iii ) . To det ermine the composition and hardness of the rocks. 

(x i). Bridges ,dames and resevoir location. 

(x ) .To determine the weather ing layer thickness and sub-

weathering velocity. ! I 
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(xi ) .The water table and areal extent for some aquifers 

3 .1 2 ) LIMITA~IONS OF SEISMIC REFRACTION SURVEY 

There a re certain conditions which must f ulfil to 

ensure the recording of refracted events : 

~ (a ) .The velocity of seismic wave must increase with depth i.e 

Vo < Vi < V2 ............ < Vn-l< Vn . 

(b) .Thickness of each subsurface layer should be greater than the 

half wavelength of the wave. 

(c ) .Geophone spread must be three times the d epth of interest . 

(d ) .Wave s critically refracted from each of the boundaries 

produce the first arrivals along some interval of distance from 

the .source. 
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4 . 1) FIELD PLANNTNG 

Field planning demands the consideration of the 

problem in hand and selection of appropriate geophysical 

parameters .The main objective of the survey Has to map t 

sectional profile of the Heathered and subHeathered layers 

also find out the n ature of ref rac tor '~'lhether undulating or 

o t hen-lise by calculat ing its depth belmv e ach geophone ,using 

Hatv-kin I S Method. 

To achi eve these objectives ,ten seismic r e fraction 

spreads Here laid out in a straight line along the profile ,in the 

area of investigat ion .Reverse shooting technique was applied to 

obtain the precise r ef raction field data . 

Before starting the survey ,phys iographic and 

g eo logical set up of the proj e ct area and it s surrounding Here 

studied in order to have some knowledge of its lithologic a l and 

geological set up . 'l'hen some experimental refraction profiles 

'ili th e nd-to- er. shooting 'ilere shot to obtained optimised 

refrac tion geome try parameters. 

4. . 2 ) ' P]lRAMETljlRS {F
O

, TlIL 1 .t::PRA1C'l'ION SURVEY 

The seismic refraction data ~vas obtained in the 
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field by using t he following parameters . 

(i). Project area 

(ii) .Topo sheet No. 

(iii) Location of the area 

(iv) Sca le of map 

(v). Geophysical Method 

(vi) Shooting S c heme 

(vi i) Spread Length 

(viii ) No.of geophones 

(i x ) . Off-s e t Distance 

(x ). II te rgeophone Spacing 

(x i) . Ene rgy Sou rce Us e d 

Petaro Distt. Hydere.bad 

40 CIS 

Latitudes 25 20 to 25 0 Norh & 

Longitudes 68 15 to 68 30 East. 

1:50,000 

Seismic Refr a ction Method , 

Reverse shooting. 

280 meters each . 

24 I each . 

10 meters on ea c h ( forward & reverse ) 

side of each spread . 

Variable . 

Explosive. 

4 • 3) REFR11CT .TON FTELD PR OCEDURE 

Refraction field procedure depends ma inlv upon 

(a ) .Refra ction spread layout scheme . 

(b) .Seismic refriction data recording procedure 

The refraction spread l ay out scheme for the 

collection of d a ta in the project area is explained b e low : 

4. J . 1 ) REF'RAa.C'1~TON SPREJ-1D L~'lY OUT SCHENE 

Th e geophone g eome try for reverse shooting was 
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Geophone and Shot point Geometry 

! ~1't.SWZ--'it--..!'_ ::t so • ,J: ,. ~ ~_ - fit =~ '? ~~~!'-

~·1 
I I' I 
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.~ 

~ 
~. 

1 
\ 

280 meters --. -- ~ 
Sho t point 

7} Geophone 

Off-set d ist ance = 10 met ers 

Inte~-geophone d istance Variable 

Ii' i g. ( ~.1) 
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carried o u t in the manner a s shown in Fi g . (4.1 ) . 

The two shot- point Sl and S2 wer e l ai d 280 meters 

apart from each other so that 24 geophones could be planted i n 

between Sl and S2 according to the following pattern 

Sl to G1 = Off-s e t distance = 10 me t ers 

G1G2 

G4G5 

G7 G8 

G12G13 

G1 3G14 

G2GJ G3G4 5 meters 

G5G6 ~ ~6G7 = 10 meters 

G8G9 G9G10 = G10G11 = G11G12 = 15 meters 

20 me t ers 

G1 4G15 = G15G16 = G16G17 =G17G18 = 15 me t ers 

G:L 8G19 =: G19G20 G20G21 

17 ~ 3G24 

10 meters 

G2.lG22 G22G23 5 meters 

G24 to 92 = Off-s e t di s t ance = 10 meters . 

Each geophone was planted essentia l ly vertical and 

buried into the thin but firm soil cover to avoid wind 

di sturbance and to ensure better elastic co p Iing bet~"1e~m the 

ground and geophones .The geophones were connected t o the 

re fra c t ion cable having ta .es out at fixod points by means o f 

clips BO that 24 geophones could be connected to it . 
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5.1) IN1'RODUCT1"ON 

Once the se i smic refraction data h as been acquired 

in the field ,~1hich is in the form of ~ .. iggly traces ,the next 

step is its processing .This processing , normally called as data 

processing ,is the transformation of these field obs ervation into 

a form which help s in subsurf a ce geological interpretation . 

The fi eld data obtained from the seismic ref raction 

surve y consists of me asurements of the time t a !{en by seismic 

waves to travel in the subsur face from a shot-point . These wa ves 

are refracted from elastic discontinuities and then arriv e bac k 

to tl1B surf a ce to be d e tected by geophones placed according to 

pred£ termined geom& ~ry .The d a ta obtained in the fiel d is 

processed and converted into a s ubsurface geologic - I model. 

Refraction field data processing was d~ne manually 

as vlell as on the "HE'lLETT PACKARD" model 2 6 persona l c0mputer 

using a compatible software.Results obtaine d fr om both thes e 

proces sing operations are c ompared and discussed .Both these 

manual and computerized data procesQing operations are based on 

o b taining true v e locities of subs u r face l ayers a n d their verti ca l 

d e pth bel m·, each sho t-ooin t . As for as . the d ept h h el m.. each 

11 
geoph one lS c oncercled , the above metho i fails to deter~, inc .... ,he y; 

40 



depth below each geophone . Hm'78Ver ,for this purpolJe i. e the 

depth b elow each g e ophone , t he refraction data was also processed 

by "HAHKIN ' S HETHOD". 

The major steps involved in the processing of 

seismic refraction data are briefly descr i bed below: 

( i ) . Picking of first arrival from "S eismogram". 

( i i ) . Plotting of the refraction travel-times along Y-axix 

versus the distance from the shot-point t o the respective 

geophone along X-axi~ by using least square fitting 

(iii) .Manual and computer processing of the data and getting 

the results in the f orm o f true velocity v a lues fr om up dip and 

d own dip layer vel~ .~ ~~dS and to compute refractor depth beneath 

each shot-point besides the dip angle of the refractor . 

( iv ) . Additional field data processing ' sing "HAt-lKnr 's 

METHOD" . 

5.2 ) PICKI'lG OF FIRST ARRXVAI, FRO}! THE SEI,'J.~!OGRAM 

The first recorded signal attributable to seismic 

wave which trave l f r om a known source ( shot-point ) is termed as 

first arrival ( Sheriff,1981 ) .RGfraction arrival times were 

picl-:ed from each seismic refraction record (se ismogram) 

,compr ising of 24 wigg l e tr aces aligned horizontal l y on a 
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seismogram .The refraction first breakes were read at the traces 

corresponding to geophones respectively . The first arrivnl of the 

nearest geophone from the shot-poin·t is recorded much earlier 

than the first arrival corresponding to last geophone .Thus ,the 

last geophone trace will record maximum travel-t ime . 

5 • 3 ) LEAST $qWiRE FITT.rNG OF TR..'! VEL-TIHX? CURVES 

One way of fitting is t e rmed as visual fitting ,in 

which the travel-time curves for refraction data were plotted on 

the graph paper .. "". travel-time curve is a graph between the 

arrival times of refr a ct ed waves and distance of g e ophones along 

the refraction spread . The ordinate shows the time in 

milliseconds and ~bcissa represent the di_tance in meters . 'The 

main object of this was to identify the number of layers under 

each shot-point 

Bu t in order to avoid the huma n 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 l e a st square straight line fitting was under taken as : 

The equation of straight line u sed f or least square 

fittin£[ is 

Yl ::= Al + Bl 7 
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2 2 
Xi~Yi - ~ xi Yi 

2 2 
n ~ Xi ( .}!: Xi 

Int e rcept on Y- a xis 

Interc ep t time . 

,a.lso 
n~Xi v~ ~J.. - z: Xi Yi 

B1 
2 2 

n.:E Xi ( :£ Xi 

Slope of l ine. 

Reciprocal of refractor's apparental v elocity. 

In t 1!e above formu ~ ''''! 

n = Total No. of point s occupied by the re s pective layer. 

Xi = Distance o f recording geo p hone i from the shot-~ oint 

Yi= Obs e rved t rav e l-time. 

Yl = Least square fitted values of Yi . 

5.4 ) PLOTTING OF REFRACTION TR.4 VEL-TIHE CURVES 

A trave l - time curve i s a graph betwe e n the travel-

time s of refract e d Naves and dista nce o f geophones al ong the 

se ismic spread ( Sh2ri ff,1981 ) . 

Aft er picking the first Bl-rival tiwe s of each 
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profile ,a plot of the s e travel-times versus distances from 

shot-point to each geophone was made .The TX-graphs were prepa T ~d 

by plotting the arrival time in millisecond a long Y-a::ds and 

distanc e of each geophone in me t ers from shot-point along X-axis 

The TX-graphs were prepared manua lly as we ll as on 

the computer .The time scale was plotted in milliseconds ,where 

as the distance scale in meters. These curves are plotted as a 

least square straight fit to the X,t po int s .Thus straight 

, . 
~lnes havlng different slopes ~'Jere obtained and each such line 

represen t a layer 

5.6 ) COMPU'l'ER PROCESSING AND ANALYSIS PR.OCEDUR~ 

Th e computer i zed refrac tion data was carried out on 

the " HEHLETT PACKARD " computer mode l 216 us i ng MC - SEIS soft ~·lare 

pack "HPS-13 Simple Re fraction " .This computer programme is 

d es igned to p roc e ss and interpret seismic refraction data on the 

assumpt ion that layers have no rregularities .Using key board of 

the compute r , the results were plotted on a plo tter. 

After booting the s ystem ,the programme software 

disk vIaS inserted into the disk drive and the p eogr amme vI a s 

loaded on the main me mory of 
I 

the cornputel'" .On programme 

activation a ser i es of mess o.ges appeared on the bottom of the 

TIloni tor SCr" eE:11 CI~T one after the other . T~e informations 
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asked by the computer were 

(i) . Curve type one way or resiprocal ) . 

(ii ) . Maximum no. of geophones used in the spread. 

(iii). Off-set distance in meters. 

( iv ) . Is geophone spacing equ a l yiN ). 

(V) . Travel-time for each geophone in milliseconds. 

After receiving all these informations the data is 

automatically plotted on the monitor screen (CRT ) in the shape of 

small crosses .The computer was instructed to draw a least square 

straight line fi t by using these crosses A similar procedure 

'das adopt e d for the d a ta of the reverse shootin g . The'n all the 

segmental curve waB _ '-'f..!he cked , "OK" key was pressed computer 

did the processing and the TX-graph with subsurface seismic 

section was appeared on the screen . Moreover the following 

parameters wer a also listed on the TX-graph for each layer 

( i ) .True velocity V ( Km / sec. ) 

( ii ) .Apparent velocity on 

forward side VI (Km/sec. ) 

( iii ) . Thickness of layer 

below first shot-point Zl (meters ) 

(iv). Thickness of layer 
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below second shot-point Zr (meters ) 

(v). Apparent velocity on 

reverse side Vr (Km / sec. ) 

(vi) .Slope 0 f layer Dip ( Degree 

If the graph and these para me ters for each l ayer are 

found satisfactory ! the c ompute r is asked to plot the TX-grB.p h 

a long with seismic s ection and the above parameters .The out put 

g raph wi th these parame ters a re shovm in Ip.PPEND IX". 
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6.1 ) L"'ITRODUCTION 

The interpretation of geophysical data involves the 

conversion of the process geophys ical data into true geoldgic a .. 

character within the area by using some standared informations. 

bone. 
The i nterpretation may be regarded as the back ) of disser t at ion 

After data processing, the next step was to 

in t e rpre t the data in order to achieve the obj ecti v a of the 

survev. The interpretation has been carried out in order to map 

the shot point to shot point and geophone to geophone refractor 

profile b e tv;'een dL .. ... .. ~ ..::nt subsurface velocity layers, along the 

9.7 K.m. seismic line. Tr avel time curves indicat e the presence 

of two subsurface layers having velocities Vo and VI and 

thickness Ho respectively. Some idea a b out the latera l 

d istribution of velocity and thickness at a given depth may be 

inf e r ed from the maps. Hp.HKIN ' S METHOD, ~'Jhich us es delay time, 

was also employed for processing and it s results arG in agr eemen t 

with othe r me thods. Tables, a lso repre s : ~ t the result of 

differen t techniques us ed in the processing o f this data. 
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TABLE .# 6. 1 

=======~============================================= 

SP NO. VeCKIn/ sec ) VHkm/ sec} Dip ( .:iO) 

compo man. comp o ffi:-l .. n . compo mao. 

===~==~~====~=~=====~==~======~====================~= 

Il / ., / 

1 O.4~ 0.43 1.78 1.76 023 039 

.. ; .. I 

2 0.38 0.39 1.77 1.60 06 07 

• I 0 I 

3 0.4~-l 0.42 1.()5 1.59 048 030 

0 , tl I 

4 o. 'f) 0.41 1.72 1.6.2 036 013 

0 I 0 

5 0 .47 0.48 1.66 1.68 036 058 

0 ; 1) I 

6 0.50 0.49 1.76 1.70 -·018 -07 

(I I 0 , 
7 0.39 0.38 1. 71 1.69 -06 -07 

0 I '" I 

8 0 .43 0.43 1.72 1.70 012 02 

0 I {) / 
~) 0 .54 0 .53 1.62 1.64 04.8 033 

0 0 I 
10 0.46 0.46 1.74 1.70 -1 -110 

=====================================================: 

,\There; 

Vo == 'rru.e velocity of first ·! ' ~"!er 

VI True velocity of 2nd layer' 

6 Dip angle L degree 



TABLE It 6 .2 

==================================================== 
SP NO. Zf(n) 

C(rmp. bran .. T-1 lr · .L..I.3.W.u.ln COInp. Mar.. Hawkin 

==================================================== 

] 2.3 1') f: 
~ .v 13.5 10 .4 9~5 10. 9 

2 !) .7 9 9.5 8 .7 8.2 9 

3 9.1 8.5 10.5 6 .0 6 " ') o . ~ 

4 9 .3 9 10.5 8 8 8.9 

5 9.9 11.7 12.4 7.9 7 8.5 

6 9 11 12.7 13.5 9 .5 11.2 

7 8.3 8 I; 
.~ 9.4 9.1 8 9.8 

8 8 .) 8.5 9 .7 8 .6 8 .2 9.5 

9 10.6 11.2 9 .5 8 .3 10.9 9.5 

10 10.9 9.3 10 9.8 10.7 11 

Where 

Zf = For\vard s ide depth in Inatcrs 

Zr = Revel's~ side depth in meters 



The proj e ct area, PETARO- HYDERABAD lies in the 

snm p:covince o f Pa k is t a n . No r o cks are e x posed in the pro j ec t 

a r ea and s ur f a ce is gen erally cove red by uncons o l i d ated ma t e rial 

i.e Alluvium. 

The interpretation of the processed seismic 

refraction data pertains the integrated study of geology o f 

project area and the following maps and illustrations. 

i l . Velocity distribution maps (Vo and Vi ) s howing t h e veloci t y 

variations in different subsurface l ayers in the project area. 

ii ) . Vertical depth belm'! shot points only ) distribut·ion map 

(Ho ) showing the thi ckness variation of the we athere d layer. 

ii i ) . Int e rpre ted s e ct'on below each refr ac ti o n profi l e by 

HAWKIN ' S METHOD showing the ma pped undulation of the refra ctor. 

6.3) I1"!TERPRETATION OF VELOC.:rrpy nTS TRIBUT.rON MAP (Vol 

The first lave r is characte rised by its velocity 

(Vo ) and it is pres e nted in t he form of map shown in Fig(6.1 ) .The 

over all variation in the mapped velocity patter n is in the ran g e 

of 380 m/ s ec to 540 m/ sec. The depth of thi s la :~:ter ran ~Je s from 

8.2 meters to 12.3 meters. Study o f the map of velocity 

distribution (Vo ) shows that, the seq' e nc e of vari a tion 0f 

velocitv may be discussed as follo ws: 

On t he l e ft of the curve, v e loc i t y h a s a v a lue o f 
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430 m/s e c. The velocity decreases with the distance and attains a 

value of 380 m/sec , li1hich is a l s o the minimum value for this 

velocity range. It can be said safely that this value of velocity 

showlng the presence of loose material. Afterwards veloc i ty 

starts increasing and continues to increase unti ll a value of 540 

m/sec is reached at the right o f a map. THi s value of velocity is 

also maximum shmving that the most co .. 1pact material may be 

present, here, in the first layer. Then after this, velocity 

again starts decreasing untill the end o f the curve, showing the 

loose material due to decreas ing velocity value. 

From the range of veloci y , geology of the projec t 

area and the well l og data o f SUNBAK we can s av that the 

litholoav of this l ayer may be thought as unconsolidated material 

i.e Alluvium. 

6.4) TNTERPRg T'A TION OF VeLOCITY DISTRIB[.TTION MAP ( Vi ) 

The second l ayer is designated by the ve locity (VI ) 

and it is presented in the form of velocity map Fig (6.2). It can 

be said that the materia l of this layer is rel at ive l y more 

compact as compa r e d with the material of first l ayer . The 

velocity of second laye r ranges from 1620 m/s ec to 1780 m/ sec . 

The sequence of this vari a tion may b e de s er"be d as follo ws : 
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At the start of the curve velocity has a v a lue of 

1780 m/sec ~\'hi c h is also the maximum v e locity in the seca ne. 

layer. It can be said said that this maximum value of velocity is 

showing the presence of most compact material in the second 

layer. Afterwards just after the beginning of curve, there is a 

linear undulation up to extreme right to the p rofile . This 

undulation ranges from velocity 1770 m/ sec to 1740 m/sec . This 

undulated trend of curve shows that in this range of velocity, 

the mate r ial present may be loose or compact because at some 

points velocity values i s low and at other points it is high. 

From the range of velocity , geology of the projQct 

area and the well log da t a o f SUBARK , we can say that this lay~r 

may be composed of subweathered s oil and wea the red sand stone. 

6 . 5) Lr.lTERPRE TATIOJll OF VFRTIC1J.L DEPTH !1]i,P ( Ho ) 

This map of distribution of vertical depth in the 

project area is d es ignated by Ho and it is presented in the fo r m 

of depth map Fig(6.J). This map indicates the thickness pattern 

of the first layer below e ach shot point only and ShO,\,;5 the 

increase in depth from B.2 to 12.3 meters. 

The distribution of d ip angl e map in tLe prciect 

ar ea 1S also attached he rewith, for seeing the tr e nd o f di pping 

sub surfac e layer 
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6.6 ) CONCLlJSIONS liND RESULTS 

On the basis of interpreted seismic refraction d a ta 

the following conclusions and results have been obtained. 

i). The field data represents two layers through out the 

project area. 

ii l . Vel ocity within the first layer varies from 380 m/sec to 

540 m/sec and its thickne ss varies from 8.2 to 12.3 meters. 

iii) The first layer consists o f Alluvium. 

i v) Velocity of second layer varies from 1620 m/sec to 1780 

m/ s ec . 

v). This layer ~Lvwing the presence of sub\,7eathered soil or 

weathered sandstone. 
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Zod = 10.7 m 
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""' / Dip 12 = - 110 I 
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r.r.l / ~ ic = 1544 ::r: 0 -Eo-

~ / ~ V = 1637.4 mfsec. ~ 1ll ~ 
< p:: 

/ "" V1d = 1761 mJsec. Eo< 

Vl = 1696.8 m/s ec. 
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