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A B S T RAe T 

A seismic refraction survey was carried out in 

Tar lai Khurd a village of Islamabad to map the weathered 

and subweathered layers 'and to establ ish their velocity­

li tho logy relationship. Six refraction profiles covering 

SfJo cj')'. -rn of area were laid in the area and cover ed by 

reverse shooting. The parameters such as true velocities, 

depth and dip angle of the refractor were obtained on 

Hewlett Packard Model-216 personal computer. The results 

have been presented in the form of Iso-velocities (Vo,V1) , 

Iso-dip and Iso-Pach (Ho) maps. 

The velocity in the mapped weathered layer ranges 

from 320- 540 mls and in subweathered layer from 1600- 2270 m/s . 

The depth of weathered and subweathered layers varies 

from 5.1-10 meteres and 11.5-21.4 meteres respectively. 

The weathered layer may comprise of clay, silt and shale 

while sub-weathered layer may comprise of friable sandstone 

with clayey and shaley intencalations and 'at places may 

be moisture impregnated. 
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C HAP T E R NO.1 

1.1 INTRODUCTION. 

A shallow seismic survey was carried out in 

village "Tarlai Khurd" near the · capital city of 

Islamabad as shown fig (1.1) . in tpe -month 'of 

h_~_ \; , -- lS81~ . The object was to map the weathered 

and sub-weathered layers in the context of thei r 

interpreted velocity-lithology relationship by s hallow 

seismic refraction in this area; For this purpos e six 

seismic refraction profiles were laid as shown in 

fig (1.2) . 

The description of the profiles is as under:-

Total spread 
ProfiTe No. Orientation l e ngt h (m) 

SP-l N-S 110 

SP-2 N-S 105 

SP-3 E-W 105 

SP-4 N-S 105 

SP-5 N-S 110 

SP-6 E-W 105 

Field work on these profiles was conducted 

using reverse seismic refraction shooting techniqu e , 

to record both the updip & downdip velocities in 

order to calculate the dip angle(s) of the refractin g 

hori z ons &then to eliminate their effect on velocity 

of the layer(s) because Vupdip 1 Vdowndip 1 Vtrue. 
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Hammer, weighing 10 Kg, was u se d as seismic source 

at each shot point : Inter-geophone distance and s hot 

point off set distance in all the six profiles we r e 

kept at 5 meters. With this profile geometry the 

max imum computed depth investi gate d in th e area is 

about 21 m. Veloci ty ranges in 1st layers ( Vo), 2nd 

layers (V1) and third layers (V2 ) ranged from 320 -

540 mis, 1600-2270 m/sec and 2650- 3740 m/se c. r espec tive l 

yielding depth ranges of 1st layers (~o) and 3nd l ayers 

varying from 5.4- 10.4 m and 11.5- 21.4 m respectively. 

However in two . . caSffi three layers c ould be mapped 

while in all the remaining cases only two l ayers cou ld 

be ,penatrated . When co-related with the exist in g 

geological environments of the area it appears from 

the velocity distribution that whereas the 1st l ayer 

in the area consists of weathered products as un conso lid a ' 

sediments comprising of clay, sand and s hale ; admixtures , 

the 2nd layer is likely to consist of clayey and s h a l ey 

friable sandstones underlain by well compacted hi g h 

velocity yielding sandstones. The ranges of velocity 

(320- 540 m/sec) within the 1st l ayer of un co nso lidate d 

sediments may reflect their assorted admixture of c l ay , 

shale & Silt. In the 2nd layer the, veloci ty ran ge 

(1600- 2270 m/sec) may characterise the varied perce ntage 

of clay & shale in the sandstone which at places may 

be moisture or water saturated resulting in its f i ab l e 

nature. In high velocity third layer, with thickness 

in~eterminate, the velocity ranges from 2650- 3740 m/s e c . 
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be due to the well but variable comp a ction within 

rather clean sandstone. 

1. 2 LOCAT I ON AND EXTENT . 

The project area is bounde d b y Lon g itude 

73 0 9'10"E ' to 73 0 9'20"E and 33 0 36'30"N to 33°36' 4 5" N 

Latitude with r eference to the Sur v ey o f P aki s t a n 

Toposheet No. 43 Gj2, Scale: 1: 50,000 . 

The main boundaries of the proj e ct are a a r e 

Kurng River and Gumrah Kas River . on the Wes t e rn s id e 

and Eastern Side respectively. 

1 . 3 ACCESSIBILITY. 

The project area is easily accessible from 

Islamabad by a metalled road calle d the Nation a l 

Park Road to reach "Tarlai Kalan" village 
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C HAP T E R NO.2. 

GENERAL GEOLOGY OF THE AREA: -

The geological set up of an areas, its 

lithological characteristics of various rock 

formations and weathering products forming 

surficial deposits have important bearing on the 

respective layers seismic velocity values. In 

sedimentry rock §Dvironments as it exists in this 

project area, the specific rock composition, it 

compaction, fluid saturation or absence of saturation 

in its pore spaces as effect their seismic velocity 

values. Thus variations in these characteristics 

& environments produce corresponding variation in 

their seismic velocities. 

The project are being part of the village 

Tarlai Kalan near Islamabad lies on the North Eastern 

boundary of the central potwar Plateau (Elahi & Martin) 

which forms the part of the geosynclinal trough known 

as Indo-Gangtic Synclinorium filled with tertiary and 

pre-tertiary sediments as shown in fig. (2.1). Thi s 

part of synclinorium lies between the Salt - Range 

and the foothills of the Himalyas and includes the 

whole of Soan River Basin. 

- ' 
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2.2 PHYSIOGRAPHY AND STRATIGRAPHY OF THE AREA . 

Physiographically the project area i s 

characterized by uneven topography. Two perennial 

streams flow in this area from NE to SW direction. 

Influent or afluent character of these streams has 

not been studied. However the distribution of different 

lithologies suggest that the possibility of surface 

recharge of ground water exists. 

Because of the Himalayan uplift during the 

deposition of Siwalik the area is folded, faulted a nd 

overthrusted . The rocks in the Potwar area are mainl y 

over lain by unconsolidated pleis~ocene and rece nt 

alluvium and loose deposits consisting of clay, s il t , 

sand, shale and gravel. The thickn ess of these a lluvial 

deposits varies from a thin mantle to more than 20 meter~ 

The rocks exposed in the Potwar Plateau mainly belonvs 

to Rawalpindi Group of Hiocene to Lower Ple istocene age. The 

rocks of these groups mainly consists of sandstone, shales, 

conglomerates and clay which were formed as a result of dis integrati 

of pre-existing rock transported by water wind and 

deposited over the land (Shah 1977). 

The rocks exposed in this project area are Quaternary 

shale compriSing of silt and caly with lenses of sand and gTavel . 

On the Eastern side of the project area Potwar clay of Quate rnary 

age is exposed which contains clay, siltstone and mudstone int rbede 

with sandstone. Stratigraphic succession of Rawalpindi and Siwalik 
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Group is given in the table. 



GROU P 

SHIAL IK 
GRO UP 

fORH ATION 

Soan 
Form a tion 

Dhok Puthan 
Forma t ion 

Nag ri 
formation 

Chingi 
· Formatio n 

RANALPINDI 
GROUP 

Kamf1.lia l 
Formation 

t1urr ee 
Formation 

IABLE NQ.2a 

LITHOLOG Y · 

Conglomerates wiih vari ­
coloured sand~ston e, 
silt_stone, clay_ston e 

M~E 

Lat e 
P 1. ioc l:') n e 
Lo ear l y 

Pliostocene 

Alternatiohof S~nd stone 
and clay. Sand-ston e is 
eit he r greY , lig htgre y, 
white, reddish. brown. 
Clay is orange brown, 
dull red or reddish brown 

Predominantly sandston e 
s ubordin ate c l ay_stone 
and conglomerate. , 

Early to 
H idd h~ 

Pli oc e n e 

Early 
Pliocen e 
t o late 
Hi ocene 

Red · clay and,subordinate Hiddle 
brown grey sand ~s tone to Late 

Hi oce n e 

Purple and brick- r e d 
Sand - s t one ,som e purpl e 
shale and congtomerate 

Dark red and pu~ple 
clay stone, grey .and 
green grey sa~d _ ston~ 

Hiddl e to 
l n te 
~j i oce n e 

Early 
l1io ce n o 

- - - - - - - - - - -- - .- - - - - - - _ .. - - - -- - -
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C HAP T ERN O. 3. 

SEISMIC METHOD 

3.1 INTRODUCTION. 

Seismic prospecting is one of the most 

important branch of geophysical exploration. This 

is due to ·i t capability of high accuracy by virtue 

of its high resolution and capability of deep pe netratio 

Its feild methodology depends upon the refraction 8~ 

reflection of elastic waves produced by on artificial 

source called the shot point. These elastic waves 

propagate radially in all directions from a source 

located within the shallow or deep crust and undergo 

reflection as well as refraction at di ffere nt e lastic 

discontinuities encountered by these propagating wave s . 

These reflected or refracted waves bouncing back to 

t h e s u rface can be detected by specially designed 

receivers called geophones, which infact are electro­

mechanical devices capable of converting the up & down 

mechanical motion of the ground into electrical s i g nal s. 

Basically the signal so received is very weak and requir , 

amplification. Thus the system amplifies and also di sp l a 

these signals in the form of a photographic trace of a 

moving spot and can also be taped on the systems magnet i l 

tape or be registered by a digital recorde r . Thi s final 

Qut put of the seismic instrument is called th e r ef r act i < 

or reflection seismogram as the case may be. Th e process 
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of these refraction seismograms, as is the ca~e in 

this project, leads to in determining the velociti es 

of propagation of the refracted seismic waves from 

which data the depth (s) of the refracting interface ( s ) 

can be computed . Such depth(s) computed below each s hot 

point distributed in the proj ec t area eventua ll y l e ad 

towards the mapping of geological boundaries of the 

refracting horegous in the project area. 

3.2 PRINCIPLES GOVERNING REFLECTION AND REFRACTION OF 
SEISMIC WAVES. 

3.2 . 1 

The elastic waves propagation in the earths 

crust is governed by laws Of geome tri cal optics of 

wa ves propagation within an isofropic medium & the n 

at an interface of another medium. The following laws 

of optics are applicable in seismic exploration:-

1) Huygen's Principle. 

2) Fermat's Principle. 

3) Snell's Law 

HUYGEN'SPRICIPLE. 

It describes the propagation of a wave 

and its forms in a medium and states that each point 

on an advancing wave front in an i so tropic, homoge ne o us 

medium may be considered as a new source of seco ndar y 

sph er ical wavelet s which so that the posit ion of t h i s 

advancing wave front at any time "t" i s g iven b y t he 

tangential envelops of these secondary wave l e t s . 



T - T+6T 

8' 

~ PI P7 
. A 8 

fig 3. 2. 1 H q ~ 9 ens Prj nc i pie to I ex ate new \II a v e f ron t . 



3.2~2 . 

3.2.3 

- 9 -

Thus the geomatrical shapes of the propagating waves 

at any point of time and their associated ray paths 

can be plotted to help interpret eventually the time­

distance relations (Fig. 3 .2. 1) 

FERMAT'S PRINCIPLE. 

It describes the ray path geometry for a 

propagat ng wave and states that a ray which is 

perpendicular to the wave front, reaching a given point 

from a given source reaches that point through a 

"minimum time" path between the source and that point. 

SENELL'S LAW. 

Snell's law describes the relationship 

between the incident and the refracted raypath at an 

elastic bourdary (also called the e lastic di scontinui ty) 

at which the change from one medium to another medium 

takes place. When seismic wave strikes such an e l astic 

discontinuity it encounters an abrupt change of e lastic 

properties and in its propagating ray path resultin g in 

the incident energy partitioning so that a part of the 

incident energy is reflected back and thus remain s in 

the same medium as the incident e nergy while some part 

of this e nergy i s refracted into the ot her medi um &t hu s 

undergoi ng a sudden change in direction of i ts propagati c 

Th e remaining part of the incident e nergy i s scattered 

and lost as heat. The refracted part now propagat es into 

the second medium obeying snell's law. Thi s law states 
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that a wave incident at an elastic discontinuity 

characterized by the boundary between two media 

having different velocities Vi & V2 is partly 

reflected and partly refracted such that for 

reflection the angle of reflection is equal to th e 

angle of incidence . i.e. 

and for refraction the following relation 

i) Sin i Vi 
Sin rl = V2 

Where b =f L.i 
See fig (3.2.3) 

1 = angle of incidence 

r = angle of reflection 

r/ = angle of refraction 

ii) But when i = i = critical angle 

and Vi <- V2 

then r' = 90 

Sin rl = Sin 90 = 1 

Therefore Snell's law is modified for this 

situation as follows:-
, 

Sin t,' Vi = V2 Sin 90 

But Sin 90 = 1 .. . 
Vi/V2 Sin tc = 

iC = Sin - 1 (Vl/V2) 
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Actually for critical angle of incidence i 

the refracted ray bends away from the normal at 90 

angle & thus travels along the interface. This is 

called total internal refraction. This inhere nt 

property of the incident waves is used in seismic 

refraction as shown in fig (3.2.2) 

For any angle of incidence greater or less 

than i e ' there will be no refracted ray along the 

intergace and all the energy incident at such angles 

will be reflected or refracted and will not be useful 

to us in our seismic refraction methodology. 

3 ; 3 SEISMIC REFRACTION METHOD 

Seismic refraction method is generally used 

as a shallow seismic prospecting method and is emp loyed 

to resolve a wide range of geological and geophisical 
,/ 

problems pertaining to the shallow depth, i.e. depths 

ranging upto about 500 meters. The geophysical aspect 

of seismic refraction is based on the fact that the 

elastic waves travel at characteristics velocities 

through different geological formations and thus there 

exists a "velocity cum lithological" relationship which 

is u se d as a basis in the interpret~tion of refraction 

date into a lithological even section. In se i s mi c r e fr ~c ti 

refraction prospecting linear refraction profil e is s e t 

up with a predetermined geometry of its s hot point and 
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a number of geophones (12, 24 or 48). Such typical 

geometries can be optimized to cater for specific 

requirements of the project objectives in the area. 

The depth of investigation being the major factor to 

be considered. This optimization is achieved after 

a few experimental refraction profile geometries are 

shot and results studied. Experimental, to short with, 

based on the rule of thumb that the len~th of a 

refraction profile should be 3 times the maximum 

depth to be investig~ted. This in no way is a definit e 

rule but only a basis for a short model for experimenta 

work. Here, during the experimental phase, other 

important element of the seismic refraction. 

Viz: The source (shott point) strength (amount of charg 

or impact) and the depth of the short point is also 

determined. Thus best workable values of shot point 

strength & its depth, shot point off set distance, 

and geophone to geophone interval to be used in the 

project area are determined. Thus when a seismic 

refraction profil~ has been shot, the time between the 

initiation of seismic wave at the shot point called 

the shot 1n:3"tan't ·. 'and the times of arrival of the 

refracted waves at the surface are detected by. The 

series of geophones forming the refraction profile . Th e 

waves so picked by the geophones are the refracted 

P-waves. Their arrival times at the geophones are 

recorded as first refracted arrivals on the refraction 
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seismogram. These first arrival times are then 

utilized in constructing a time - distance graph 

) by plotting the co-ordinates 

of distance From shot point to the r ecording geophon e 

and the arrival time read from the seismogram along 

X-axis and Y-axis respectively. Th ese plotted points 

are then linearly ' joined to form s traight line segments 

of varying slopes. The number of such linear segments 

will then represent the number of subsurface layers 

mapped, and the respective slopes of these lines will 

respectively represent. The layer velocity which can 

be calculated from the following formulae:-

Slope of a line joining 
two points (Xl,Yl) 

and (X2, Y2) 
Y2- Yl t2 - t1 

= 
X2-X1 S2 - S l 

Time taken 
distance travell e d 

= 1 / Apparent velocit y 
of the layer. 

v = 1 / slope of the segment 

Hence the above experimental single s hot 

refraction profile will yield some import a nt 

subsurface parameters:-

i) No of layers mapped by the above geometry 

of the refraction profile . 

ii) The characteristic apparent v e locity of each 

layer 
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At this stage distinction has to be made 

between an apparent layer velocity as determined 

from the time-distance graph~and its TRUE LAYER 

VELOCITY that is yet to be calculated. Actually 

the velocity calculated from a single shot refraction 

profile data, because of the general possibility of 

dipping nature of the subsurface layers, is generally 

a function of the layers dip below that single shot 

point. This velocity calculated a refraction profile 

dipping downward from shot towards the geophone lin e 

will be different from velocity calculated for the same 

profile when shot from the opposite i. e . say the 

downdip side. The down dip shooting will result in 

down dip velocity value which will be different from 

the up- dip velocity value previously loalculated. 

V updip f V downdip f V true 

Because V true is not a fUnction of dip 

whereas both V up & V down are functions of dip. 

Thus to qrrive at true velocity value of a layer 

its removed from the apparent velocity value 

obtained from a single shot . For this purpose we can 

proceed as follows:-

1) A/ refraction profile must be shot from its 

both ends so as to obtain APPARENT UP-DIP & 

DOWN-DIP VELOCITIES for each single lay e r. 

That is END-TO-END Refr~ction shooting must be 

done. This W(AS done for this pro.i ect. 
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2) The refraction profile must be as closely 

as possible and as allowed by existing f~eld 

.Conditions be oriented along the General 

ge0 logical dip prevailing in the project area. 

This was done for this project. 

Theoratical aspects of refraction in two lay e rs 

and three layers dipping beds with discrete velociti es 

Vo, Vi, V2. 

Two layer dipping case: -

The formulae for true velocities , updip and 

downdi p depths to first refractor are as fo llows:-

True Velocity = Vo 

True Velocity = Vi 

Perpendicular depth from 
shot point at side'·d' to 
the first refractor. 

Perpendicular depth from 
shot point at side 'u' to 
the first refractor. 

2 Vou Vod 
= 

Vou + Vod 

2 Vlu Vld = Vlu + Vld 

= 
Vo Tid 
2 Cos ic Zld 

= Ziu Vo Tiu 
= 

2 Co s ic 

Wher e Vou, Vod and Vlu, Vld are the updip a nd downdip 

velo c ities of the fir st and second l awer respectively. 

Zld is. downdip prependicular depth to first refractor 

from dwon dip s hot pt. Zlu is updip prependicular 

" 
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depth to 1st refractor from up dip shot point, Tid 

and Tiu are the intercept time for downdip and updi p 

cases respectively, ic is the critical angle and eo 

is the angle of dip of the first refractor. Ic a nd eo 

can be calculated by following formulaes:-

Ic 

eo 

_ 1 (s· - l Vo 
- 2 ln Vld 

= 1 (Sl' -n l Vo 
2 Vld 

+ Sinl Vo ) 
Vlu 

- 1 Vo 
- Sin Vlu) 

For v ~rtic~le depth of refractor below each 

shot point we use the following formula: -

Hlu = 
Zlu 
Cos eo 

Where Hlu and 

Hid Zld 
Cos eo 

Hid are vertica l depths from 

respective shot points to the first refractor for 

tlpdip and downdip cases respectively. 

Up dip and downdip depths of the 2nd refractor 

are given the following formulae: -

Z2u - . Vi ... [T2U ··- Ziu · Cos ( X+B) +lJ 
VO Cos OCol 

2 Cos ici 

Zed = Vi· . [Ted - Z1.d Cos (X+B) +1 ] 
Vo Cos Bl 

2 Cos ici 

Where Vo and Vi are the true velocities, Zlu 

and Zld are the updip and downdip depth s to 1st 

refractor respectively, T2u a nd T2d updi p and downdi p 
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intercept time respectively, Xl is the angle of incidence 

for 1st refractor, and ,Ic is the critical angle for 2nd 

refractor as shown in Fig. (3.4.2) 

Ic1 = 

(Xl 

B1 = 

01 = 

Where eo 

01 

= 

= 

on = B2 = ;'1 + B1 
2 

S .-l ( Vo) ln _.-
V2d eo 

S· -l ln ( Vo ) 
V2d +80 

~1 - 81 +eo 2 

= dip of 1st refractor 

= dip of 2nd refractor 

S .- 1 (V1 S ' /V1 ) ln Vo ln \.A 

S ·- 1(V1 ln -­Vo Sin B1 ) 

" 2V2u V2d 
True velocity = V2 = V2u + V2d 

From fig (3.4.2) 

Z2d 
H2u H2d = ---

Cos 01 

Where H2u and H2d are vertical depths from s hot point 

to 2nd refractor for updip and downdip respectively. 
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TYPICAL EXAMPLE OF VELOCITY- LITHOLOGY RELATIONSHIP . 

An idea of how velocity distribution of 

seismic waves in various rocks in a project area 

can pattern itself vis-a-vis the subsurface lithology 

pattern is of great importance in the interpretation 

of seismic data. The following table indicates an 

example of range of the propagation velocities (Vp) 

of compressional waves (P-waves) for some typical 

media lithologies. These values and ranges may change 

from one area to another for the same lithoiogies 

because of various other factors besides the media 

composition. Hence the necessity of pre-field 

experimental shooting in the project area to asses 

its velocity- cum- lithological pattern is essential. 

However, the following table does give a starting 

model of this pattern:-

TABLE No.- SHOWING TYPICAL VELOCITY­
CUM-LITHOLOGICAL PATTERN. 

Variouslethological 
VeTOcity 

Alluviam 

Sand(wet) 

Clays 

Chalk 

Shale 

Water(depending on 
temperature). 

Limestone 

Anhydrite 

Rock salt 

Granite 

Velocity in m/ sec . 

350-650 

600-1850 

1100-2500 

2100-4200 

2700-4800 

1430-1580 

3400-7000 

3500-5500 

4200-500 

4750-6000 
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APPLICATIONS OF SEISMIC REFRACTION METHOD. 

Generally seismic refraction me thod i s 

applied for the: -

1) Delineation of geological boundaries 

at greater depths. 

2) Mapping of basement top and to determine 

thickness of different layers . 

3) To have accurate depth control. 

4) Mapping of surface and subsurface low 

velocity zone to be omitted from 

reflection results. 

5) Foundation studies for civil engineering 

project. 

6) Applied in structural geology to find 

t h e str ike a nd dip of geological formation s . 

7) Saltdomes and similar in s t r u c tions whi c h 

may be of interest in oil exploration can 

be delineated. 

8) Ore bodies, may be delineated if they 

transmit seismic waves at a velocity which 

is appreciably higher or lower than surroundin g 

rocks. 

9) Placer deposits may be located. 

10> The extent of gravel deposits both on shor e , 

and off shore, particularly in latter environme nt 

are readily determined. 

11) Acombinatibn of longitudinal and shear wave 

velocities determined by refraction t e achinqu e 

can also be useful in classification of mat e rial s . 

12) Setsmic refraction method can b e u sed in g r o un d 

water exploratton for the demarcation of pot e nt i al 

aquif er s boundaries . 
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C HAP T E R 

INSTRUMENTATION 

NO . 4 

SEISMIC REFRACTION RECORDING INSTRUMENTS. 

In this project, feild work was oarried out 

U~ ing Japaoos e MC-SEIS: 1500 model computerized 

shallow seismic refraction instrument of the 

Department of E~rth Sciences Quaid-i-Azam Universit y, 

manufactured by OYO corporation. This instrument h as 

the recording capacity of 24 channels with the 

distinction of computerized floppy disk recording 

~s well as playback. This Mc SEIS-1500 system consists 

of four separ&tely·pertable units: -

1) Amplifier Unit CModel -n82) 

2) Sign~l Enhance Unit ( Model - 1197 -B ) 

3) Display Unit CModel- 1216 A) 

4) Processing Disk Computer UnitCMosel-5744) 

Working functions of e~ch unit ~re described 

below: -

AMPLIFIER UNIT : -

This unit h as 24 ~mplifier i.e. one amplifier for 

each geophone channel this ~mplifier unit ~mplifi ers 

the input seisnil signals receive d from the fie ld 

geophones. Its component . ch annels are of multi-stage typ e 

and can h~ve variab l e gain upto a maxi mum of 140 db 

(decibels) . An amplifiers v~ri~ble gain h~s to be kep t 

low for its input from the geophone nearest to the shot 



signa l enhance modul es 

. contro l module 
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point and it is steadily kept higher for input from 

geophones loc a ted a t increasingly ~igHer Distances from 

the shot point. General rule is that amplification 

is kept lower for signals from near to shot point 

geophones and higher for signals from dist a nt to shot 

point geophons this unit is .' t~et-connected to the 

signal enhance unit. 

SIGNAL ENHANCE UNIT. 

Signal Enhance Unit like amplifier unit has followin g mai . 

functional features: -

i) It may be connected to any seismic 

prospecting ampl ifier. 

ii) It has seven "record length" ranges that 

can run from 50 to 5000 milliseconds . 

iii) Trigger delay upto 9.99 secon d can be set 

if required. 

iv) Triggering may be done by h ammer,switch 

or a shot mark from blaster or by 

GEOPHONE. 

V) Da t a may be displ ayed in wiggle trace which 

helps in the identification of first refret±on 

arrivals or in variable area traces which , 

is convenient for judging phase continuity. 

vi) It also has a print record length selector 

Record length is approximately 2 3 cm for 

short print which was used for print refr act i on 

work and 42 cm for long print. 

DISPLAY UNIT 

ThJs uni t giyes a visual displ ay of dat a ouiput fr om 

e nh a ncement unit or the processing disk unit thus , 
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permitting inst~nt checking of d~t~ qu a lity 

~t the shooting site in the field.Addition~lly 

this unit h~s ~n in-built high resolution thermal 

prineer th~t provides exceptionally good qu~ lity 

seismogram hardcopy. 

FEATURES OF DISPLAY UNIT. 

Following are important fe atures of display Unit:-

i) It has a wilfie b and and a. highly stable CRT 

screen which provides good wave form di spl ~y 

ii) The high reso lution (60dot/minut e) of 

iii) 

ultr a high speed thermal print e r g ives 

sharp, clear a nd h ard copy of the recorded 

seismogram. 

For ease of data processing, parameter 

values such as the measurin g conditions. 

including record lengths. delav time. 

timing line and number of stacking are 

printed at the top of head COpy. 

iv) This unit with all these f eatures is sti ll 

low in power consumption. 

v ) It is small, light and portable and easy to 

op~rat~ in t~e field. 

PROCESSING DISK UNIT. 

Thi s unit i~ a digital unit u sed to writ e and 
data 

proces s the recorded f i eldj opt ion programmes soft-I\' '' r ( ' 

for data processing, stocki ng a nd f il tering are 
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available for this unit. Thus in conjunction with 

sign a l e nhance unit and display unit not o nl y can 

undertake digital recording, but also a variety of 

other data processing operations at the field s hooting t 

site can be performed permitting evaluatio n of the 

recorded field data imme diat e l y at the site. 

FEATURES OF DISK · UNIT. 

i) Data is recorded on easy to use 5.25 m data 

can be instantly recalled at the s hootin g 

field site using the display unit and 

e nhance unit . 

ii) An e ighty character LCD (Monitor) provides 

message at every step of operations that give s 

clear directions fo r the ne x t s t e P . 

iii) Standard interface (GP-IB) connector p e rmit s 

later readout of data recorded . on f l oppy disk 

by external computer and thus computer d ata 

processing aft~~the field work can b e und e rt a k e n . 

iv) It s small size and light weight e ns ure easy 

handling and portability in the field. 

GEOPHONE. 

It is a n electromechanical device which convert s 

mechanical energy mnto electrical cUfTen't>. Thus a. 

geo phon e converts the vertical ground vibrations 

(incoming ref):::a::tion signaills) to electrical s i g n a. l s . 

Geophones, however, are c haracterized by their 

frequ ency respo nses. In ge nera l the natufal frequ e nc y 
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of various geophones are usually in the range from 

1 to 45 Hz. For seismic refraction prospec ting geophone, 

however, this frequency response should be from 1 to 10 

Hz . He nce a refraction geophone and a reflection 

geophones distribution is ma de on the basis of it s 

frequ e ncy response characteristics Mo der n geophon es 

have high sensitivity, yielding an out put of 0.5 to 

0.7 volts per 10 m/ sec velocity of the ground moti o n. 

Nearly all the geophones used for the present 

refraction work were of the " Moving-Coil Electromag netic" 

type . In this type there is a permanent magnet in the 

form of cylinder into which a circular slot has been _ _ 

cut in such a way that the slot separates the central 

south pole from the outer annu l ar north pole. 

Geophon e is planted in vertical position on the 

ground so that when the ground moves vertically, t h e 

ma gnet moves with it in e~act copy and the s tatic coi l 

interacts with the moving magnetic field to ge nerate 

a voltage between the terminal of th e co il. Th e out 

put voltage of geophone · is then direct ly proportion al 

to the strength of the input signal. 

SETSMIC 'CABLE. 

Th e input signal from a geoph o ne is transmitt e d 

to .the recording sys t em by means of a specially de s i g ned 

se i s mi c cabl e. Two sets of s u c h cab l es Mod e l - 1 4 17 

man~f actured by 0 Y 0 Corporat i o n Japan were u sed durin g 

the present seismic field work. Each cable has 1 2 
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"take-outs" at 7 meter distance from each other. 

Each geophone enplaced on the seismic field profile 

is connected to one of these take- outs in a planned 

manner. 

ENERGY SOURCE. 

Because of the non-availability of a "gelegint e -

detonator" source, 10 Kgm. hammer was used as the 

energy source. This hammer has a sensor transducer 

connected to it so that when we strike the hammer 

vertically on a metalic plate placed horizontally at 

the shot point location on the ground the mechanical 

energy of the hammer impact is converted to an electric 

pulse, by this sensor transducer which is connected 

to the amplifier unit. Thus the shot instant is recorded 

by the refraction recording system as the hammer impact 

time. 
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C HAP T E R NO.5. 

FIELD PROCEDURE. 

FIELD PLANNING. 

The object of the present survey being to map 

the velocity distribution in weathered and s ub - weathered 

zones and correlate it with the subsurface lighology 

of the project area. 

To achieve this objective of the survey six 

crossed refraction profiles were laid. Revers e d r efraction 

shooting at each of the six profiles was undertake n . Based 

on initial experimental work using varied shooting 

parameters such as off set distance and geophone to 

geophon e di stance. The following (5.1) refraction 

profile geometry was adopted to complete field work: -

REFRACTION SHOOTING PARAMETERS. 

1) Project area 

2) Location map used 

3) Scale of the map 

4) Geological method used 

5) Instrument used 

6) Shooting scheme 

7) Spread l ength 

8) Off-set distance. 

9) No. of geophones used 

10J / Inter-geophone di's tance 

11) Energy source 

Tarlai Khurd 

Islamabad & surrounding 

1:50,000 

Seismic Refraction method 

Mc Seis - ~500 

Reversed shooting 

110 m 

5 m 

22 

5m 

. ~O Kg Hamner 

nnpact through a st e1 plate 
placed l'ldlrizantally at the s hot 

Point. ' 
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REFRACI'ION SPREAD LAYOUT · SCHEME . 

To achieve the objectives as outlined above six cross 

refraction profiles (spreads) were laid. Out of these four were 

parallel to each other and two were perpendicular to them i.e. 

crossing them (fig 5.2) Relevant details of these profiles are 

as under: -

Profile No. Orientation Total spread length(m) 

SP.1 N.S. 110 

SP.2 N-S 105 

SP.3 E-W 105 

SP.L.l N- S 105 

SP.5 N-S 110 

SP.6 E- W 105 

Total spread length is the distance b etwee n the 

s hot point and last geophone on the spread line. 

SEISMIC REFRACTI!SJN DATA RECORDING PROCEDURE. 

Seismic refraction field data recording on 

Mc Seis-1500 seismic prospecting was conducted as follows~­

All the four units of Mc Seis - 1500 system were 

connected and all the initial controls were adjusted 

following the procedure described in the manufacturer's 

manual. 

Thus on power to dispaly unit, enh ance unit and 

seismic amplifier respectively and then on power to 

ptocessing disk unit in the last. When the heavey hamm e r 
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s troke on the metal plate at a shot ipoint po s ition. 

Th e tr i gger sign al was received from t h e h a mmer switch 

and deep tone sound was produced by the system. 

Th e g round vibrations de t ecte d b y t he geopho nes 

we r e r e corde d in the memory o f signal Enha nc e Unit a nd 

di s playe d on the CRT scre en of di s play uni t in wi gg l e 

fo r m. 

The quality of recorded data displaye d on th e CRT 

screen was checke d, whei:her the first br e aks ar e vi s ibl e 

for each trace or not. If not then the sho t was r e pe ate d 

f or the s ame s p re ad . Th e dat a d ispl aye d o n t h e CRT screen 

was recorde d on the floppy disk in the process in g di s k 

unit (Th e di s k must be initializ ed in thi s unit b efor e 

recording) for further analysis by a simple key board 

operation . 

The hard copy of waveform data with p a r a me t e r s 

such as ID.NO . , Range (m sec) Delay time and timin g lin e 

may be print e d out when we press th e print out switch 

of the Signal Enhance Unit. Printing stops when th e s wi tch 

i s pressed s econd time. 

Af ter reconding data on di s k, cl e ar th e me mo r y of 

th e unit by press in g t es t and c l ear s wi tches simul ta n eousl~ 

for next s h o t point. 

PRECAUTIONS. 

Whil e r e cord~n g a se i s mi c dat a it is essen t i a l 

t o o bse rv e cert a in f i e ld precaut io ns to e ns u re max imu m 

SIN rat i ml . 
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1) There must be no movement of persons, 

animals or vehicals in the vicinity while 

taking a seismic record. 

2) Geophones must be planted vertically in the 

field and properly tamped. 

3) Geophones must be located on compact ground 

to ensure scattering of the increasing signal, 

before reaching the geophone, in the loose 

ground. 

4) Metal plate must be fully and harizontally 

in-contact with the carefully prepared at the 

shot point. 

5) Sensor trigger switch must be proDerly attached 

to the hammer so that the shot instant is 

correctly picked by the sensor. 

6) All the connections of the instruments and 

power supply unit must be tight and clear . 

7) All the 'component units of th~ instrument 

must be properly connected using correct and 

designated cables as laid down in the manual. 

8) In case of bushy or grassy field conditions of 

the shooting should be avoided on a windy da y. 

As this would increase the noise component of 

the geophone pick up and its relative S IN rati o 

will deteriorate. 
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C HAP T E R NO . 6. 

REFRACTION FIELD DATA PROCESSING 

INTRODUCTION. 

Se i s mi c Refraction data in the field was 

r ecorded in the form of Refraction "S e i s mo grams ". 

Seismo grams are ge nerally the wigg ly traces lin e d 

parallel to each other on the r ecording paper(fig.G.~) 

Each trace represents the recorded arrival time for 

its respective refracted wave. To convert thi s travel 

time data in conjunction with the shot point & geophon e 

s pread geometry into the number of l ayers investigated 

and their characteristic velocities which in turn are 

corre l ate d into their characteristic s ub s ur face lithologiml 

set u p is the main objective of seismic refraction data 

processing. 

First the processing of field data was don e 

manually and then on the Hewlett Packard (Mo~e l-216) 

personal computer of the Department of Earth Sciences, 

Quaid- i-Azam University, Islamab a d, so as to achieve 

comparable max imum accuracy. Th e major steps involve d 

in the process ing of seismic refraction data are 

briefly described as below: -

} ) Pickin g of 1st arrival from th e "S e i s mo grams" . 

ii) Plotting of these picke d r ef ractio n 

travel times vers u s th e di stance. 

from the s hot point to respect iv e 

geophones so as to obtain "Travel 

Time Curus" usi ng l east Squ are line 

f itting. 
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Manua} as well as computer processin g 

of the travel time curves was meant to 

eventua lly yield (i) no of layers picked, 

(ii) updip and downdip velocitie s of each 

refractor from which (iii) to calculate 

depth below shot point and (iv) the dip 

angle of the refractor . This dual (Annual 

and Computer) processing, thus yielded the 

interpreted plot of the velocity model along 

with its travel time curve ( T-X graph) which 

generated it. From these dually processed 

data results were tabulated for comparative 

study showing computer results besides the 

manual results (Table.?! ) . Also following 

maps were prepared (a) Iso-velocity map of Vo. 

(b) Iso-velocity map of Vi. (c) I so-Pach map 

of ~o (d) Iso-dip map of eo. 

PICKING OF FIRST ARRIVAL. 

Refraction arrivals were identified as first 

breaks on the seismogram as illustrated in fig. 6.1. 

Seismic refraction record (seismogram) actually 

comprised of 24 wiggle traces. Each trace is sca l e d 

by a time line perpendicular to ~ the trace at 10 millisecords 

regular interval. Thus refraction first breaks were read at 

23 traces corresponding to 23 geophones respectively. The first 

bre~~ at the 24thjll trace located at the bottom of the 

seismogram s hows the recorded the harrmer instant as the s hot 

instant. This was taken as zero time for reference in calliberating 

the time bre~~ read outs of the 23 refraction first bre~~s. 

(Fi g 6.1). Thus atl the refraction travel-times on the 
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seismogram were scaled for total travel times with 

respect to this time bTeal~ .. 

PLOTI'ING OF REFRACI'ION TRAVEL TIME CURVES. 

After having picked the 1st arrival time at 

each geophone on the refraction profil e a plot of 

thes e (Travel ~ times) ve~sus distance from shot point 

to each corresponding geophone was drawn. For these 

T-X graphs travel times were respectively plotted 

along Y-axis and the distances of respective geophones 

from the shot ·point along X- axis. The plotted points 

clearly exhibited linear alignments each of differing 

slopes. The number of such linear alignments with 

differing slopes constituted the no. of layers mapp e d. 

Thus a T-X curve eventually sl.opes itse l f as comprisin g 

of a no. of straight line section with each stra i ght 

line-represent~ng a lay~r. 

The T-X graphs for each refraction spread 

reversed shooting data were plotted manual Iv as well 

as on the computer. The time scale was plotted in 

milliseconds on Y-axis whereas the distanc e scale 

was plotted in meters on X-axis. 

CALCULATIONS OF REFRACTION VELOCITIES. 

For each straight line section of th e trave l 

time curves the reciprocal of its s lope gives the ' 

appare n t velocity of the layer it repres e nts: -

Thus the apparent velocity of a refractor = 

l/slope of "its T-X graph line. 
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As reverse refraction shooting technique 

was adopted in the fi e ld so for a single s hot point 

geophon e spread layout two trave l time curves ( one 

for forward shooting and the other for reverse 

shooting) were obtained . Thus for each sint l e layer 

updip and downdip velocities were obtain e d. Using these 

two velocities true velocity of the layer was comput ed 

using the following formula:-

True velocity 
of nthlayer. 

= Vn = 
2 Vnu Vnd 

Vnu + Vnd 

/ Where Vnu = Updip velocity of nth layer 

Vnd = Downdip velocity of nth layer. 

From these velocities th e dip ang l e of t h e 

first refractor was calculated:-

Dip angle 
. - 1 V -. 1 V 

= eo = ! (Sin v~u - sift V~d) 

Where Vo = True velocity of 1st layer 

Viu & V1d are the updip and downdip velocity of the 

2nd layer respectively. For preparation of Ido-ve locit y 

maps, true layer velocities were used. 

CALCULATION DF REFRACTOR DEPTH. 

Two types of refractor depths are computab l e 
refractor 

viz. Th e depth from shot point to the/in p e rpendicular 

direction Zlu & Zld and the vertical dept h from 

SP to refractor in vertical direction H1u & H1d. 

These depths were calculated wing the following formulae. 



6.6 

- 34 -

Zu Vo Tu 
Hu Zu 

= = 
Cos 2 Cosic eo 

Zd Vo Td Hd 
Zd 

= 2 Cosic Cos e 

ic .1. s·-l Vo Sin1 Vo 
2 In V1u + V1d 

Where Zu & Zd aTe P updip and downdip perpendi cul a r 

depths respectively and Hu and Hd are vertical updip 

I.and downdipdepths respectively. Tu & Td are updip and 

downdip intercept time respectively. Vo and V1 are 

velocities of 1st and 2nd laver respectively. A strai~ht 

line of a travel time curve segment when proj ec t e d 

backward so that it cut Y-axis then the intercept so 

made on Y-axis represents the "Intercept- time" value 

for that refractor. 

DATA PROCESSING PROCEDURE BY HEWELT PACKARD MODEL-216P.C: 

The refraction data was processed on Hewlett 

Pacl{ard model-216 personal computer using "Mc- seis 

soft ware" entitled "HPS-13, simple Refractor". 

This computer programme is designed to process the 

refraction seismogram travel time data and produce 

the reverse shot travel time curve. At the same time 

it eventually produces the velocity depth section . 

Thi s software works as under:-

After booting the system, the programme is 
I 

inserted in the disk driv e and i s lo a d ed into 

the main memory of ~he computer. After programme 

activation series of r e levent informative 
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question are serially asked viz:-

1) Curve type (one way OR reciprocal i.e 

reverse shot). 

2) Maximum no of geophones used in the spread. 
3) Off-set distance. 
4) Is geophone spacing (Y/N). 

5) Intergeophone distance. 

6) Travel time (milliseconds) for each geophone. 

Onoe all these questions are properly answered 

as input data. the computer then undet;takes the plot 

of ( distance. travel times) co-ordinates on theCRT 

in the shane of crosses. The computer then draws a 

"Best fit" straight line through these crosses. A 

similar procedure was adopted for the data of the 

reverse shooting. After completion of this stage the 

computer is instructed to run the programme and after 

compiling it provided the foll~wing results:-

1) Velocity of layers in Km / sec. 

2 ) Depth to the refractor in meters. 

3) Dip angle of the refractor, if any, If the 

above parameters and the plotted travel time 

graph". are found satisfactory then the computer 

is commanded to :plot the model alongwith the 

results on a plotter. connected to the comnuter. 

ACCURACY OF THE RESULTS. 
up 

A number of errors may crop/ at both recording 

as well as the processing stage which may effect the 

overall occuracy of the computed results error discuss e d 

below. 
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Recording Errors. 

During the field work the following errors 

may yield on erroneous seismic record:-

a) Location Error. 

When geophones are not vertically planted a nd 

properly tamped, then the incoming signals e ne rgH . in 

the vertical direction resolves itself in two direct j ons, 

one along the inclined geophone axis & the other in a 

vertical direction to it and ~~ Ipst. Thus the qualit y 

of acquired data is affected. Also improper tampin g 

mean s loose ground and geophone contact and the 

scattering loss of the incoming signal. Thi s error was 

minimized by carefully planting the geophones verticall y 

and firmly into the ground and tamping it subsequentl y . 

b) Traffic noise. 

When the shooting points are locate d near th e 

road or imhabited or industrially active areas th e n SIN 

ratio depletes considerably because of incre as e in input 

Doise component. This can be avoided however by 

relocating Sp ' s to less or no noise areas or s hoo ti ng at 

a time when Noise is the least. 

Processing Errors. 

During data processing also a numb e r of e rrors 

can creep i nth e d a taw hi c h by car e f u 1 han d 1 in g c a 11 !J e 

avo ided or may be eliminated. 
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a) Observational Error. 

While picking the s hot instant and the first 

arrivals from various traces of the "Seismogram" 
r 

errors may ¢reep in their wrong estimation, especially 

from traces wh e re the preaks are not s h arp. Thi s causes 

serious erro~in furth er computation of interface depth s 

and layer velocities. To minimize these observation a l 

errors first of all proper gain control of amplifiers 

and proper impact energy of the source was e ns ure d so 

result in sharp time breaks. 

b) E~ro~Sdue to ~~b~g in put at the comput e r 
Key board. 

During data processing by computer, it was 

noted that wrongly typed/input data figures causes a 

major error in the interpreted results. So before 

t~s execution of of any section of t h e software 

programme all data stored in computer memory was 

doubly checked. 
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C HAP T E R NO.7 

INTERPRETATION, DISCUSSION OF RESULTS. 

7.1 INTRODUCTION 

Interpretation of the processed seismic refraction 

data is based on the individual and intergrated study of 

the following maps and illustrations:-

1) Iso-velocity contour map (Vo), showing 

distribu tion of velocity (Vo) map No.7.1 

2) Iso-velocity contour map (V1 ) , showing 

the velocity distribution of velocity (V1) 

(map 7.2 ) . 

3; Iso-Pach contour map (HO), showing the 

distribution of Ho (map No.7.3). 

4) Iso-dip contour map (-eo), showing 

the distribution of the dip (80), 

(map No.7.4). 

The interpreted velocities of 1st, 2nd and 3rd 

refactors ranges from 320-540 m/ sec. 1600-2270 m/sec 

and 2650-3740 m/ sec. respectively. These ranges of 

velocities have been correlatetiwith the existing 

subsurface litho l ogical set up in the project area as 

under:-

Velocity ratig~(m/ sec) 

320-540 

1600-2270 

2650-3740 

Correlat e d Lithology 

Weathered layer / Quaternar y 
clay, silt & s h a l e. 

Friable sandstones with clayey 
and shaley intercalation and 
moisture impregnation. 

Differentially compacted 
sandsto ne. 
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7.2 INTERPRETATION OF ISO- VELOCITY MAP(Vo): 

The velocity distribution in the first lay e r 

is mapped and illustrated in the form of Iso-Velocit i eVo) 

contour map with the contour interval of 15 m/ sec . The 
in 

velocity(Vo)~he first layer ranges from 320-54 0 m/sec. 

It increases steeply towards the northern portion of 

the map forming two dipolar peaks. Its lithological 

correeation thus yields dominance of sandy unconsolidat e d 

sedime nts in the north which changes to silty, shaly 

and R Ve~tually to clayey nature as we move toward s the 

south. Thus wheyeas a dominent portion of the Southern 

half of the area is covered by clayey 

The northern portion has predominance of Sand. 

7.3 INTERPREATION OF ISO-VELOCITY (Vi) MAP. 

The Iso-velocity (Vi) contour map shows th e 

distribution of velocity in the 2nd layer which is th e 

subweathered layer. The contour interval of this map 

is 20 m/ sec. The velocity range is 1600-22 70 m/s ec . 

This is i n terpreted as characteristic of friable 
in 

Sandshone with clayey and shaley intercalations /whi c h 

at places moisture or water saturation may be prese nt. 

The contour map shows distinctly high er velocity formjn g 

in the left half of the map which gradually tapers to ~h -

lower velocity zone in the right half. within the ve lucit v 

range of 1600-2270 m/ sP,C',. in this sllhvreathed lay er. 

Particularly we have velocity maximum e2 260 m/sec) 
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pitching in the South Western corner of the map and 

its minimum (164 0 m/sec ) pitching in the North Eastern 

corner. Thus ge~mlly the velocity in this 2nd layer 

varces from 2240 m/ sec to 1640 m/sec a l ong t he NW-SE 

diago nal. Litholog ically thi s may represent hi g her 

s layey and shaley in and ercalation within sandsto ne 

in the NE portion which become s mor e c l eane r as we 

reach its SW portion. 

7.4 INTERPRETATI ON OF ISO-PACR CONTOUR MAP(Ho). 

The Iso- Pach contour map for Ho (The vertical 

depth of the first layer) shows the variation in th e 

thickness of the weathered first layer. The contour 

i nterval of this map is 0 .1 m . . Thi s depth Ho varies 

from 5 . 4 to 10.4 m. The weathered layer thickness 

therefore is increasing towards the North and mor e 

prominently in the North- West p0rtion of the map whi ch 

is characterijed by two dipolar type maximum at A' &B '. 

In the southern portion of the areas the weat hered 

layer is thi~er which forms a circular peak with 

lowes t value at pt. p. 

7.5 INTERPRETATION OF ISO-DIP CONTOUR MAP (00). 

The map shows variation s in dip of first and 

2nd l ayer interface s howing hi gh e r dip patt e rn in t he 

norther n and the central middl e porti o n of th map, wh i c h 

means thickening of the weathere d Layer in these porti o ns . 

Thi s co n c lus ion conforms ge neral ly with t he jn terpret e d 

results of the first l ayer I so-pach map as it s h ould . 
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7.6 RESULTS. 

Th e integrated study of the I so-velocity , I s opac h 

and Iso-dip maps in the context of velocity-cum-lithology 

cor r e l ation used for this interpretatio~ it is ca nc l ud e d 

that:...:. 

1) The restricted natur e of energy ge n e rat e d by 

the seismic source (Howe ver weighting 10 Kgm) 

used only two layers could b e ge nera lly mapped. 

Only at top places vi z profiles SP1 & SP2 t he 

third layer could be observed. 

2) Th e general pattern of velocity and lithology 

interpreted for the project area is:-

3) 

320-540 m/sec 

1600-2270 m/sec. 

265 0-374 0 m/sec. 

The first layer 

Weathered uncon so lidat ed 
qua t e :n;1ery d e p 0 sit s 0 f c I a y , 
s il t , s hale. 

,=, i(\bk ~·-, (\'w. l ;lc I \.? l . \ 

c.k~j tj l ' I I.' \-c: )cq t l\ -Ie ) \ 

J>fft'c'{c\J ((),Il LJ CC:V'l'{ JC\C\ ( t \. 

S c· ·)'\C.\S tt;\ \e? 
is the weathered layer with 

velocity ranging from 320-540 m/sec a nd thi c kn ess 

r a n g ing from 5.4 to 10.4 m whi c h ge nerall y attain 

higher values of both v e locit y a nd thickness in 

northern portion of the project area : .. 

4) On the basis of only one 3 layer s hot point d ata 

the thickness of th e 2nd layer i s est imate d to b e 

21 meters) and velocity of th e 3rd l ayer to b e 

4097 m/sec. This 3rd layer being high v e lo c it y -

layer i s int e rpreted to represent compact c l ean 

sand s ton e . 
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5) In the 2nd layer the velocity ranges from 

1600-2270 m/se c. which may represent friabl e 

sandstone with clavev intercelation in the 

l ower velocity zone of this range of silty 

intercalation in their maxi mum velocity zo ne . 

6) Although data processing has been don e b v hand 

as well as on the computer. however. only the 

computer processed resul ts have been di scu ssed . 



COA'lPARISION OF MANUALLY AND COMPurERIZED CALCULATIONS ._ 

Profile 
No. 

SP. I 

SP. 2 

SP. 3 

SP-.4 

SP . 5 

SP .6 

I 

Vo. (m/ s) 

Computer Manually 
ized 

410 410.0 

400 405.3 

380 377.4 

390 393.5 

320 317.4 

540 582.3 

VI(m/ s) V2 (m/s) 

error Computer Manually error Comp Manually 
ized uter 

i zed 

- 0 .9 1600 1570.3 29.7 3740 4097.5 

- 5.3 1690 1848.8 158.6 2650 2715.9 

2.6 2080 2189 109 

I 3.5 2270 2372.7 102.7 i 
3.6 2040 2038 2 

42.3 1960 1909.7 50.3 

TABLE . 7 . 1 

error 

357.5 

65 .9 

, 



. , 
m.MPARISON OF HANUAllX AND mMPUTERlZED CALCULATION . 
--------------.--- -.-------~--.-.--

Profile Ho(m) H1(m) eo en 
No. Computerized Manually Error Comput erized Manually Error tamp:. Man . Err Compi ~lan . Error 

H(;m Hod Hod Hou Hou Hod H1u H1d H1u H1d H1u H1d 

SP.I. 9 7.6 '1.87 8.9 0.1 0.27 20.2 21.4 ' I i049' 
-' J , 

J 

19.8 23 .4 1.6 54 5 ~ 7 18 - c - 1 1£' 
SI) .2 fi ~ . 5.8 5.8 7.9 1.2 3 .~ 58

1 / J . J / :. ( 0 11.5 15.1 14 . 7 17.7 2.6 1)'- =58 ~E 48 614 26' 
SP.3 5.4 5.;; f). (j 5 .!:? O. b 0.::3 12' 12 ' 0' 

SP.4 7.2 4.6 4.~33- 7.4 0.2 0.38 ' 24' 16' - 42' 

SP.5 9.5 4.2 5.1 7 . 7 1.8 0.9 l' i 14' - 14' 
3 

SP.6 0.4 8.4 7.42 11 0.6 0.98 1 42' 1 57' - 15' 

I , 

TABLE 7.2 
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PLOTTING BY 

HEWLETT PACKARD 
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