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A seismic reflection line 845-KBR-28 KABEER WALA(PUNJAB)a rea was 
provided by the department of Earth Sciences, Quaid-e-Azam University for 
interpretation. The given line is oriented in N-S direction. The section comprised of a 
total of short points from 420 to 690 were used in the interpretation. The section is a 
final stacked migrated section. The interval velocities at different time were given, using 
these velocities the average velocities can be ca lcul ated .. 

Total ten reflectors named as RI, R2, R3, R4, R5 ,R6, R7, R8, R9and RIO were 
marked and then interpreted. The reflectors were horizontal .Two diffe rent methods were 
employed for the estimation of depths of the reflectors. The resulting depth sections 
showed similarly patterns with the seismic section. 

Time and depth section are prepared to examine the general trend of reflectors. 
Lithology characterization was also done usi ng the va lues of reflection coeffic ient to 
determine the changes in the lithology with respect to depth. 



Chapter 1 Introduction 

INTRODUCTION 

1.1 Introduction to the Area 
The given Project is to interpret the Seismic Section along the seismic Line 

845-KBR-28 of Kabir wala area,of central Indus basin. The Seismic Section was 
provided by the department of carth science CQ.A.U). This section was prepared by 
OGDCL in JUN 13-18,1984. The project area li es in central Indus basin, which has a 
number of oil and gas discoveries. Fig 1.1 shows the area under observation. 

Location of the area 

Latitude 30°34' 00" N 
Longitude 72°00'00" E 

Location of the area of in terest 

The project area is located in Kab ir Wala area of central Indus basin as 
shown in Fig.l.l. 

1.2 Objectives: 
. ~ To know the procedures Itechniques involves in acquisition and under 

standing the processing phenomenon in order to assess the quality of data. 
~ Identification and Marking of Reflectors 
~ Velocity Analysis as a parameter. 
~ Preparation of time section . 
~ Preparation of depth section. 
~ Structural interpretation of the subsurface using seismic data. 
~ Stratigraphic setting of the area 
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Fig.I.l Map showing the location of area of interest 

1.3 Seismic section 
The seismic section of line845-KBR-28 of Kabir Wala begins with first 

shot point 100 and lost shot point 950.the length of the line is about the direction of 
the line is Notth to South. The different and suitable field and processing parameters 
are given on seismic time section along the seismic velocities. 
1.4 Survey parameters: 

The seismic line line845-KBR-28 was recorded with the following parameters. 

1.4.1 Field parameters 

AREA Kabir Wala 

RECORDING AUTHORITY OGDC 
CREW SP-5 
DIRECTlON OF SHOT N-S 
COVERAdE 3000% 

DATE OF SHOT hm 13,1984 
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1.4.2 Source parameters 

ENERGY SOURCE DYNAMITE 
S.P. INTERVAL 100 M 
DEPTH 2M 
CHARGE 0.5 KG 

PATTERN 7 HOLES IN LINE 

1.4.3 Receiver parameters 

SPREAD 3100-150-0-150-3100 

GEOPHONE TYPE SM-4; 10 HZ 

GEOPHONE INTERVAL 4.89M 

GROUP WIDTH 20M 

GROUP BASE 103 M 

1.4.4 Instruments 

SYSTEM SN 348/34 
FORMAT SEG-B 
NOTCH FILTER IN 
FIELD SAMPLING INTERVAL 2 MILLI SECOND 

RECORDING LENGTH 6 SECONDS 

ALIAS FILTER 125 HZ 

1.4.5 Filtring parameters 

PERCENT GAIN 141 
HORIZONT AL SCALE 16 TRACES/INCH. 
VERTICAL SCALE 2.5 INCH/SEC 
POLARITY BLACK= POSITIVE 

3 



Chapter # 2 Geo logy A nd Tectonics 

. GEOLOGY AND TECTONICS 
2.1 Regional Geological Settings 
Pakistan has been divided into two broad geological zones, which are 

• Gondwanaland Domain 
• Tethyan Domain 

Pakistan is unique in as much as it is located at the junction of these two diverse domains. 
The southern part of Pakistan belongs to Gondwanian Domain and is sustained by the 
Indo-Pakistan Crustal Plate. The nor-them most and western region of Pakistan fall in 
Tethyan Domain and present a compli cated geo logy. 

2.2 Tectonic Zones: 
On the basis of plate tectonic feature s, geo logical structure, orogenic hi story (nge and 
nature of deformation, magmatism and metamorphism) and lithofacies, Pakistan may be 
divided into the following broad tectonic zones (sec Map 2. 1). 

>- Indus Platfol111 and fore deep. 
>- East Balocl1istan fold-and-thrust belt. 
>- Northwest Himalayan fold -and-tlu-ust belt. 
>- Kohistan-Ladakh magmatic arc . 
>- Karakoram block 
>- Kakar Khorasan flysch bas in and Makran accretionary zone. 
>- Chagai magmatic arc. 
>- Pakistan offshore. 

With in these broad tectonic zones there are subtle differences in tectonic and changes in 
structure style to merit further subdivision into smaller subdivision. Here we are not 
concern about those we are going to discuss the relevant that is the Indus PlatefOlm and 
Foredeep which is our area of interest as fron'! all above mentioned tectonic zones OU1~ 
seismic line belongs to this area. (Kazmi A.H, et al. 1977) 

>- Indus Plateform and Foredeep 
This zone extends over an area exceeding 250,000 square Im1, in southern Pakistan and 
includes the Indus plain and Thar-Cholistan Deserts. It hosts 80% of Pakistan population, 
extensive coal deposits, valuable oil and gas fields , potential for geothermal energy and 
vast groundwater reservoir. 

4 
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accumulation of sediments resting on the basement, is call ed a Sedimentary cover. The 
gradual settling of the basin is called Subsidence. The point of maximw11 sedimentary 
accumulation is call ed the Depocenter. The. depocenter may not conespond to the zone 
ofmaximul11 subsidence (Duval, 1999). 

Sediments originate at a certain place . These sediments may be deposited at 
the same place 0 r may bet ran sported to some 0 ther p lace by transporting agents. The 
sediments deposited at the same place are called molasses deposits. The transported 
sediments rest on the basement of a basin and form the sedimentary cover. 

2.4 Basins of Pakistan: 
Pakistan is comprised of following major Basins these includes 

1. Indus Basin. 
2. Balochistan· Basin. 
3. Kakar Khorasan Bas in 

Indus basin is further subdivided into tlu'ee parts which are given below 

2.4.1 Indus Basin: 
The geological history 0 f t he Indus Basin goes back toP re-Cambrian 

age. The depositional features mark the limit of the basin and it's divisions . Following is 
the classification of Indus Basin. . 

A. Upper Indus Basin 
B. Middle Indus Basin 
C. Lower Indus Basin (Kadri, 1995). · 

G 
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Figure 2.2: Basin Architecture of Pakistan 

The project lies in central Indus basin therefore description of central Indus basin is given 
below. 
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>- Central Indus Basin: 
BOUNDARIES OF CENTRAL INDUS BASIN: 
Directions Boundari es 

East Indian Shield 

West Marginal Zone Of Indian Plate 

North Sargodha High 

South Sukkur Rift 

This basin is located just south pf the Sukkur Rift. The oldest rocks encountered in the 
area are 0 f Triassic age. K hairp lr-Jacobabad High became a p rOl11inent feature, this is 
mdlcated by homogeneous lIthologIes of Chtltan Llll1estone whIch IS of JuraSSIC age and 
Sembar FOlmation which is of lower cretaceous age and lie across the high. This part of 
the Indus Basin comprises the following main Lmits are 

(a) Punjab Platform 
(b) Suliman Depress ion 
(c) Suliman Fold Belt 

2.5 General Geology Of The Area: 
The central Indus basin is a major gas province containing some 70% of Pakistan known gas 
reserves. The area (Kabil' wala) is generally coniigurated in simpl e terms of geology and 
geomorphology. Main features of significance are water bodies of the Indus river, sand dunes of 
ThaI and several creeks passing through the area of the district longitudinally in extreme west. 
Sand dunes are quite rampant in thaI portion of the district which vary in size, height, texture, 
composition and nature of movements . 
Generally speaking the area is plain devoid of any conspicuous features such as hills , montains 
and big depressions. . 

Stratigraphy of the Area 
Source Rocks: 
Potential source rocks are Sembar Shies , Shies of Mughalkot Formation, Ranikot 
Fom1ation and Sirki are also considered lor their so urce potential. 

Reservoir Rocks: 
Sui Main Limestone and Sui Upper Limestone are the main producer where as limestone 
of Habib Rah i is considered as seco ncbry reservoir. 
Cap Rock: ' 
The Ghazij Shales act as cap for Sui Main Limestone and Sui Upper Limestone and also 
Sirki Shales over Habib Rahi Limestone act as a cap rock. 
Detailed stratigraphy of the area is gi ven as below: 
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Pctrolcum Prospects of Central I ndus Basin 

Centr° .. 1 Indus Basin: 
This basin is comprised of duplex structures characterized by large 

anticlines and domes in the passive roof' s clIucllce 0 r t he S ulaimiln Fold h elt ('ollowed 
eastward by genteelly dipping strata or Punjab monocline which has lew tectonic folds 
and faults. Tl1e basin contains a sedimentary seq uence ranging from Pre Cambrian to 
Recent. It is essentially a natural gas bearing zone and contains 9 gas fields including one 
giant field Sui with 8.6 TCF recoverable reserves and one large field Pirkoh with 2.6 TCF 
recoverable reserves. The main producing strata range in age from Cretaceous to Eocene. 
This basin is characterized by wide variation in geothennal gradient. Low geo thel111al 
gradient 0 CCllr i 11 the e astem p art. It has been 0 bserved that there is zone 0 f very low 
thermal gradient a round the S argodha S hahpur buried ridges which may bed ue to the 
high thermal conductivity of the shield, however in the central part of this basin, in the 
sulaiman depression there is a zone with high geothel111al gradient. The main gas field of 
Mari, Khandkot, Sui, uch, Loti, Zin, Pirkoh and Jandran are concentrated in this region 
and it is likely that the heat flow from this hot spot has contributed to development of 
these fields. It is view that in this region Oil window may be below the gas producing 
horizon with the possibility of oil occurrence in Cretaceous sediments below the gas 
horizon 

(Khan and Raza) 

Source Rocks of Central Indus Basin: 
Kirthar lime stone, laki/ghazij lime stone or shale of Eocene age. 
Dunghan or ranikot shale of Paleocene age . . 
Mughalkot limestone or marl chichale or sembar shale of cretaceous age. 

Reservoir Rocks Central Indus Basin: 
Kirthar lime stone, laki/ghazij lime stone and SU I l11all1 limestone of 

Eocene age. 
Dunghan or ranikot sandstone of Paleocene age. 
Pab sandstone, chichale, Goru sandstone, sembar sandstone or limestone of 

cretaceous age. 
Khewra sandstone of Cambrian age . . 

Cap Rocks of Central Indus Basin: 
Kirthar laki/ghazij shale of Eocene age. 
Dunghan or ranikot shale of Paleocene age. 
Mughalkot chichale sembar shales or cretaceous age. 
Kussak shale of ~ambrian age. 

206 General Geology of area: 
l)Alluvium: 
Age: Recent 
Lithology: Sandstone, Siltstone and Clay deposit by the River Indus. 
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Sandstone: offwhite, li ght gray, fine to medium grain , subangular 
to subrounded friable . 
Siltstone: Earthy light grey, medium hard. 
Clay: Khaki , earthy, soft and stickly. 

Contact: Contact with underlying Si'vvaliks is unconfim1able. 
1) SiwaIiks: 

Age: Pliocene 
Lithology: Sandstone with interclation of clay. 

Sandstone: Offwhite, Yellowishwhite, friable to medium hard, tine 
to medium grained, subangular to subrounded, moderately sOlied, 
slightly calcareous. 
Clay: ldlakj,sofr. 

Contact: Contact with underlyingNari Formation is unconformable. 
2) Nari Formation: 

Age: Oligocene 
Lithology: Sandstone with streaks of clay. 

Sandstone: 0 ff whi te ,transparent, quartoze, medi um to coarse 
grain, subangular to subrollndcd, loose, moderately sorted, 11011-

calcarious. 
Clay: Brown, soft. 

Contacts: contract with underlying Kirther Fornmation is unconfirmable. 
3) Kirther Formation: 

I(jrther Formation is divided into four members: 
a) Drazinda Member: 
b) Pirkoh Limestone Member 
c) Sirkj Member 

. d) Habib Rahi Limestone Member 

a) Drazinda Member: 
Age: Middle Eocene 

Lithology: Shale with interclation of marl . 
Shale: Greeni sh grcy,sort,ial11inatcd,moderately indurated . 
Marl: greenish grey, offwhite,sof't. 

Contact: Upper contact is lInconlorlnable with Nari larm~ltion and lower 
contact with Pirkoh Limestone is eonlarlnable. 

b) 'Pirkoh Limestone Member: 
Age: Middle Eocene 
Lithology: Limestone with thin marl 

Limestone: Dirty white, white, creamy,mediamgrained,hard 
and fossiliferrous. 
Marl: Grey, soft to mediam hard,grading to limestone. 

Contact: Upper contact with Darzinda Member and lower contact with 
Sirki Shale Member is conformable. 

c) Sirki Member: 
Age: Middle Eocene 
Lithology: Shale with thin bands of limestone. 

1 1 
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Shale: B luesh green, so ft , sli ghtl y calcarious. 
Limestone: OLTwhite, hard , fosilliferous . 

Contacts: Upper contact with Pirkoh Limstone and lower contact with 
Habib Rahi Limestone is confinnable. 

d) Habib Rahi Limestone Me mber: 
Age: Middle Eocene 
Lithology: Limestone with thin bands of Marl. 

4) Ghazij Formation: 
. Age: Lower Eocene. 

Limestone: Offwhite, white, creamy, fossi lliferous. 
Marl: Greenish grey, soft, sticky. 

Lithology: Shale with thin beds of limestone. 
Shale: Greenish grey, pyreti c, calca reo us with occas ional foss il s. 

Limestone: White, medi lim hard havi ng thickness 8 to 10m. 
Contact: Upper contact with Habib Rahi Limes tone and lower contac t w ith Sui 

Upper Limestone is conformable. 
5) Sui Ma in Limestone: 

Age: Lower Eocene. 
It has fo llowing three units. 

a. Sui Upper Limestone. 
b . Sui Shale. 
e. Sui Main Limestone. 
a. Sui Upper Limestone: 

Age: Lower Eocene. 
L ithology: Limestone 100%. 
Limestone: White, off-white, medium hard, fossi leferous. 
Contact: Upper contact with Ghazij Shale and lower with Sui Shale 

member is conformable. 
b. Sui Shale: 

Age: Lower Eocene. 
L ithology: Shale wi th thin bands o r limestone. 

Sha le : Greenish grey, pyretic , ca lcareo us wit h occas iona l 
fo ss il s. 
Limes ton e: Whil e, medium hard ha ving thi ckn ess 8 to 10m. 

Contact : Upper contact Wilh Sui Upper Limestone and lower with Sui 
Main Limestone is conformable. 

c. Sui Main L imestone: 
Age: Lower Eocene. 
Lithology: Limestone with traces of shale. 

Limestone: Off-white, creamy, Medium to hard, calciti c 
veins, marly and highly foss ilferous. 
Shale: Light greeni sh grey, li ght grey, laminated 
fossileferous. 

Contact: Upper w ith Sui Shale and lower with Dunghan Formation is 
confon11able. 

6) Dunghan Formation: 

12 
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Age: Upper Paleocene. 
Lithology: Off-white, creamy grey, medium to coarse grained limestone. 
Contact: Upper contact with Sui Main Limestone and lower contact with 

Ranikot Formation is confol111able. 

7) Ranikot Formation: 
Age: Upper to Middle Paleocene. 
Lithology: Nodular limestone with sandstone and argarrigileous sha le. 
Contact: Upper contact with Dllnghan Formation and lower contact with 

Pab Sandstone is d isconformable. 
8) Pab Sandstone: 

Age: Lower Cretaceous. 
Lithology: White to brown colour sandstone with subordinate shale. 
Contact: Upper contact with Ranikot Fomlation is disconfomlable and 

lower contact with Fort Mlll1JO Formation is conformable. 
9) Fort Munro Formation: 

Age: Lower Cretaceous. 
Lithology: Limestone, marl and shale. 
Contact: Upper contact with Pab Sandstone is conformable and lower 

contact with Parh Limestone is conformable. 
10) Parh Limestone: 

Age: Lower Cretaceous. 
Lithology: Light grey micritic limestone and marl. 
Contact: Upper contact with Fort MUl1TO Fomlation is conformable and 

lower contact with Goru Formation is conformable. 
11) Goru Formation: 

Age: Middle to Upper Cretaceous. 
Lithology: Sand, light grey shale and some gluconitic beds of sandstone. 

It has following two units . 
a. Upper Goru 
b. Lower Goru 

• Upper shale 
• Middle sand 
• Lower shale 
• Basal sand 
• Talhar shale 
• Massive sand 

Contact: Upper contact with Parh Limestone and lower Sembar Formation IS 

conformable. 
12) Scmbar Formation: 

Age: Upper,cretaceous. 
Lithology: Green to greenish grey shale + thin bands of sandstone and si ltstone . 

Shale is highly fossileferous. 
Contact: Upper contact with Goru Formation is conformable and lower 

contact with Chiltan Limestone is disconformable. 

13 
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13) Chiltan Limestone: 
Age: Middle to Late Jurassic. 
Lithology: Dark grey to black, oolitic to pisolitic limestone. 
Contact: Upper contact with Scmbar Formation is disconformable and lower 

contact with Shrinab Formation is confo1TI1able. 

14 
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Chapter 3 seismic mthods 
3.1 Introduction 

Seismic Methods deal with the use of artificially generated elastic waves to 
locate hydrocarbon deposits, geothel111al reservo irs, groundwater, archaeological sites, 
and to obtain geological infol111ation for engineering. It provides data that, when used in 
conjunction with other geophysical, borehole and geological data, and with concepts of 
physics and geology, can provide information about the structure and distribution of rock 
types. 

Exploration seismic methods invol vy measuring seism.ic waves traveling through 
the Earth. Explosives and other energy sources are used to generate the seismic waves, 
and arrays of seismometers or geophones are used to detect the resulting motion of the 
Earth. The data are usually recorded in di gital form on magnetic tape so that computer 
processing can be used to enhance the signals with respect to the noise, extract the 
significant information, and display the data in such a f01111 that a geological 
interpretation can be carried out read ily. 

(Kearey et aI, 2002) 

3.2 Seismic Reflection Method 

The basic technique of seism.ic exploration consists of generating seismic waves 
and measuring the time required for the waves to travel from the source to a series of 
geophones, usually disposed along a straight line directed toward the source. From a 
knowledge of travel times to the various geophones, and the velocity of the waves, one 
attempts to reconstruct the paths of the seismic waves. 
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Seismic Reflection Geometry 
Geophones Shot Point Geophones 
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Figure 3 . .1 (Seismic Reflection Geometry) 

Structura l information is derived principally from paths that fall into two 
main categories: refracted paths in which the principal portion of the path is along the 
interface between two rock layers and hence is app roximately hori zontal ; and refl ected 
paths in which the wave travels downward initially and at some point is reflected back to 
the surface, the overall path being essentiall y vert ica l. For both types of path , the travel 
times depend on the phys ical properties of the rocks and the att itudes of the beds. 

hone 1 

Depth 

Reflector 

Horizontal d istance ... 

Figure 3.2 (Basic layout for Seismic Reflection Acqu isition) 

Reflections of acoustic waves frol11 the subsurface arr ive at the geophones some 
measurable time after the source pulse. If'vve know the speed of sound in the earth and 
the geometry of the wave path, we can convert th at se ismic travel time to depth. By 
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measuring the arrival time at successive surface locations we can produce a prof1le, or 
cross-section, of se ismic travel times. 

The objective of seismic explorat ion method is to deduce information 
about the rocks from the observed arriva l times together with variations in amp litude, 
frequency and waveform. (Telford, et a!. 1990) 

3.3 Fundamental Law of Reflection 

This law states that "the angle of incident (betl·veen the ray and the 
normal to the interface) is equal to the angle of re./lection (bet'vveen the reflected ray and 
the interface) ". 

Mathematically: 

Where () is angle of incidence. 
1. e is anale of reflection. r . 1:> 

rwrma l to 
'S urf~K€ 
y 
I 

Figure 3.3 (Fundamcntal Law of !'ctlcction) 

3.4 Seismic Refraction Mcthod 

Lavv' of 
Refl e·cti on 

8 j = 8r 

Refraction method is based on the study of elastic waves refracted along 
geological layer. This method is genera lly used for determining low velocity zone 
(weathered layer). There is one type of refraction, which gives rise to a phase that can 
travel back to the surface. This corresponds to the case of critical incidence. Seismic 
refraction method is hel pfu lin the interpretation of se ism ic data. 

(Al-Sadi , 1980) 

The waves which retllm /i'0I1I the lop oj'il/lei/ace are re./i·ucled 1I'(fVeS, nnc.! for 
geophones at a distance from the shot point, always represent the first arrival of seism ic 
energy. (Tell'orc! ,2004) 
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Source 

I~ 
Figure 3.4 (Fundamental concept of refraction) 

When . an incidence wave crosses an interface between layers of two different 
velocities, the wave is refracted. That is, the angle of the wave leaving the interface wi ll 
be altered from the incident angle, depending on the relative velocities. Going from a 
low-velocity layer to a high-velocity layer, a wave at a particular incident angle (the 
"critical angle") will be refracted along the upper surface of the lower layer. As it 
travels, the refracted wave spa~ns up go ing waves in the upper layer, which impinge on 

. the surface geophones . 
Sound moves faster in the lower layer than the upper, so at some point, 

the wave refracted along that surface will overiake the direct wave. Tllis refracted wave 
is then the first an-ivaI at all subsequent geophones, at least until it is in tum overtaken by 
a deeper, faster refraction. The difference in travel time of this wave arrival between 
geophones depends on the velocity of the lower layer. If that layer is plane and level, the 
refraction arrivals fom1 a straight line whose slope corresponds directly to that velocity. 
The point at which the refraction overtakes the direct alTival is known as the "crossover 
distance", and can be used to estimate the depth to the refracting surface. 
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Seismic Refraction Geometry 

Figure 3.5 (Seismic Refraction Geometry) 
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Seismic refraction is generall y app licable only where the se ism ic 
velocities of layers increase with depth. Therefore, where higher velocity (e.g. clay) 
layers may. overlie lower velocity (e.g. sand or gravel) layers, seismic refraction may 
yield incorrect results . In addition , since se ismic refraction requires geophone arrays with 
lengths of approximate ly 4 to 5 times the depth to the density contrast of interest, seismic 

. refraction is common ly limited to mapping layers only where they occLlr at depths less 
than 100 feet. 

(Dobrin, 1988) 

3.5 Fundamental Law of Refraction 

A wave traversing a boundary between two media of velocity V I and V2 is such that 

Sin i/V I =Sin rIY2 
Where: 

i = incident angle. 
r = refraction angle. 

>- Critical Refraction 
Every wave from a source in the upper layer when reaches the boundary at 

different angles of incidence then it conti nues in the lower layer acco rding to Sne ll 's 
Law. Now a certain angle of incidence for which angle o f' re li'action is 90° is 
called as critical angle and refraction at thi s stage is ca ll ed as critical re fraction as shown 
in fig.3.6 
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Source 

Figure 3.6 (Critical refraction between two Mediums) 

For critical refraction, Snell's Law atta ins the form as follow: 

Sin ic=VI/V2 
Where 

ic= Critical angle . 

. ~ Diffraction 
Laws of reflection and refraction app ly till that the interface is continuous 

and approximate ly planar. At abrupt discontinuities in interfaces, or structures whose 
radius of curvature is shorter than the wave length of incident wave, the laws of reflection 
and refraction no longer apply. These discontinuities give rise to a radial scattering of 
incident se ism ic energy. This radial sca tter ing is ca ll ed as dirrraction. 

"Diffraction is the bending or a wave :ll"O und objects or the spreadi ng a lter 
passing through a gap. It is due to any wave's abi lity to spread in circ les or spheres in 20 
or 3D space n. 

OR 

"A type of event produced by the radial scattering of a wave into new wave fronts 
after the wave meets a discontinuity such as a fault surface, an unconform ity or an abrupt 
change in tock type". 

Diffracted phases are commonly observed in se ismi c recording and sometime are 
difficult to discriminate rrOI11 reOected ancl refrac ted phases. 

(Kearey et aI , 2002) 
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3.6 Seismic 'Wave Theory 

» Elastic Properties of Solids 

The seismic method utilizes the proljagation ofwaves tlu'ough the earth, since 
tllls propagation depends upon the elastic properties of the rock so it is necessary to know 
the elastic properties of the subsmface material. 

. The size of a solid body can be changed by applying forces to the extemal 
surface of the body. These extemal forces are opposed by intemal forces, which resist the 
changes in size and shape. As a result, the body tends to retum to its original condition 
when the extemal forces are removed . Similarly, a fluid resist changes in size (volume) 
but not changes in shape. This property of resisting changes in size or shape and of 
returning to the undeformed condition when the external forces are removed is called 
elasticity. 
(Dobrin, 1988) 

Stress: "Stress is the force (F) (applied) per unit area (A) of the body". 

Its unit in SI system is Pascal and one Pascal is equal to one Newton per square meter. 
Mathematical! y; 
Stress = F/A 

Mainly there are two types of stress: 

1. Normal Stress 
2. Tangential Stress 

(Heiland,I968) 

Sh'nin: "Change in size and shape 01 ' the body whell external forces ~Ire applied 011 th~lt 

body". 

Strains can be divided into fom types. 

» Longitudinal Strain 
» Transverse Strain 
» Shear Strain 
» Dilation 

» Hooke's Law: 
According to this law, 

"Stress is the directly proportional to strain provided the elastic 
linllt of the body is not exceeded. This limiting value depends 
upon the nature of rock body". 

Mathematically: Stress u Strain 
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).- Elastic Modu les l 

The linear relationship between stress and strain in the elasti c filed is spec ified for 
any material by its various elastic modules, each of which expresses the ratio of a 
particular type of stress to the stra in and provides a measure of rigidity. There are certain 
types of elastic modules as given below; 

• Bulk modulus 

• Shear modulus 

• Young's modulus 

• Poisson's ratio 

>- Bulk Modulus (K) 

"It is the ratio of stress to the volumetric strain" 
Given by the relation as: 

Bu lk modulus K = Vo lume Stress P 
Vo lume Strain 6. V/V 

Mathematically it can be represented as, 

X !/p 
• R' /·V 

... : 

Bulk modulus: 

i1P 
B = 6.V/V 

P = pressure 
V = volume 

Figure 3.7 (Bulk Modulus) 
Where 'k' is the compress ibili ty coeffic ient. 

>- Shear Modulus (Il) 

The shear modulus is defined as "the ratio of shea ring stress " 1: " to 
the resulted shear strain "tan e ". It is denoted by " ~L". 

Mathematically: 

Shear Modulus J.1 = Shearing Stress (T) 

Shearing Strain (tan 8) 

It is also call ed as rigidity modulus. 
For liquids and gases, shear modulus (~l) =0 
(Robinson &Coruh, 1988) 

I Kearey,2002 

(Kearey et ai, 2002) 
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}- You ng' s Mod ulus (£) 

It is defined as the" ratio betwecn longi tudinal strcss ane! longitudinal 
strain". It is also call ed stretch modulus. It is denoted by "E". 

Mathematically: Young's Modulus E == Longitudinal Stress F/A 
Longitudinal Strain 6L1L 

Strain I ~ L 'I 
Young's modulus 

D.L/L F/A ( D E 
Stress = = Strain t-.L/L 

Stress 

( C: D F/A • I F/A 

Figure: 3.8 (Young's Modulus) l<-tl 
t-.L 

~ Poisson's Ratio (0') 

"The ratio of Transverse stra in to longitudinal stra in" IS known as 
Po isson 's Ratio . It is denoted by "0''' . 

Mathemati:cally: 

Poisson 's Ratio 0' == Transverse Stra in 
Longitudinal Strain 

~ . Relationship between Elastic Module 

The all four module can be interrelated in the followin g way 

K=E / 3(1-20') 
11 ==E / 2(1 + 0') (Dobrin, 1988) 

3.7 Seismic Waves 

Wave is a progress ive disturbance propagated from point to point in a medium or 
space without progress or advance by the points themselves . Seismic waves are generally 
referred to as elastic vvaves because they propagated like that in an elastic band when it is 
stretched. 

The theory of elasticity reveals that the energy propagated through th e earth in the 
different form of seismic waves. Seismic waves are parcels of elastic strain energy that 
propagate outwards from a se ism ic source such as an earthquake or an explosion. 
(Kearey, 2002) 
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~ Laws Govern in g Seismic Waves ' 

There are three fundamental laws that govern the seismic wave propagation. 
• Huygen's principle 
• Fermat's principle 
• Snell 's law 

.~ Huygens's Principle 

Accord ing to this principal, 
"Every point on a wave front is a source of new wave that 

travels away from it in all directions" Figure 3.9 sho ws the generation of wave 
fronts by succeeding waves 

"A wave front is the Ii Figure 3.9 (Huygens's Principle)ne or curve of crest and 
troughs." 

"Each individual point is the centre of its own circular wave 
front. The combined circles create the new wave fronts." 

~ Fermat's Principle 

I t states that 
"Elastic waves travel between two points along the paths 
requ iring the least time." See fig . '"1 . 10. 

w;.iv-:front al 
t.im.: l 

Figure 3.9 (Huygens's Principle) 

(Robinson & Crouch) 

\\' ,lVCrro llt at 
li ll1L'1 + .~( 
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Figure 3.10 (Fermat's Principle) 

Seism ic Methods 

This reduces to x (d ~ x) . . . £J 

r ; '1 = I ' ' .- ' :2 which is Sin 8i = S1I1 or 
~a~ +x- -Vh-+(d -x) 

This shows that: 

----- --,- '--~'~~"~'--~I' IQ La\N of 
~ = 8r Refl ~ct ion I 

The path length L frolll A to 8 is 

-J ') ) ,j ') ,) 
L =U- + .r- +h- + (d - xt 
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Since the speed is constant, the minimum time path is simply the minimum distance path . 
This may be found by sett ing the deri vat ive of' L with respect to x eq ual to zero. 

Robinson & Coruh, 1988) 

~ Snell's law 
According to this law 

"Direction of refra cted of reflected waves ,raveling away from 
a boundary depends lIpon the direction 
of the incident waves and the ,<,peed althe waves " 

Mathematically, sin(a1) 

V 
1 

sin(a) ) 

V ) 

Where VI and V2 are velociti es in the upper and lower layers, al is the angle 
of the incident ray-path with respect to the vertical , and a 2 is the angle of transmi ss ion of 
the refracted ray-path with respect to the vertical. Figure 3. 11 shows the reflection of 
incident waves fOlln a surface. 

Figure 3.11(Refraction and reflection of an incident wave) 
(Robinson & Coruh, 1988) 

~ Reflection- and transmission-coefficients 
To derive the refl ection and transm ission coeffici ents for elastic waves, 

the boundary conditions at the interface are needed and are described by the Zoeppritz
Equations. These reflections coefficients depend on 

• Difference in density 

• . Difference in velocity 

• Angle of incident of the wave 
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The ReO ecti on- and Tra nsmi ss io ll coe l'li c icnt give thc ratio between th e incident 
amplitude (Au) and the reil ec ted (Alz) unu trul1sll1ilteu (AI') ampliLuue, respectively. In the 
special case of an incident wave perpendicular at an interface for a P-wave, a s imple 
expressions Cor the refl cc tion ulllltra l1 Slllissio ll Clll.: l'Iicicllt is obta incd. 

~ Reflection coefficient 

These coefficients compare the amplitUde of incident wave and 
reflected wave. Value of reflection coeffic ient varies from -1 to +1. For R=O, there w ill 
be no reflection, wave will be transmitted. It can be mathematically represented as; 

R 
V2 f)~ _ 1.": Pl 

V2 P2+ V I PI 

. ~ Transmission coefficient 

Transmission coefficient$ are those which compare the amplitude · 
of incident wave and refracted wave. Value oftransmission coefficient varies from ° t02. 
If Ai is the amplitude of incident wave and At is the amplitude of transmitted wave, then 
transmission coefficient T is given as follow; 

AT "'1' P 'Z 
T 

..::. . 11 ~ 1 

AI) ·v ~ P 2 .... ~.: 1 P : Z" - Zl 

The produCt Z = v p is known as the acoustic impedance. 
(Khan, 1988) 

~ Types of Seismic Waves 

Seismic waves are messengers that convey infOlmation about the 
earth's interior. Basically these waves tes t the extent to which earth materi als can be 
stretched or squeezed some what as we can squeeze a sponge. They cause the particles of 
materials to vibrate, which means that passing seismic waves temporarily deforms these 
particles cim be described by its. properties of elasticity. These physical properties can be 
used to distinguish different materials. They influence the speeds of seismic waves 

. through those materials. (Robinson & Coruh, 
1988) 

There are mainly two types of Seismic Waves: 

• Body waves 

• Surface waves 

~ Body Waves 
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Theses are those waves which can travel though the earth interior and provide 
vital information about the structure of the ea rth . The body waves can be furth er divided 
into the following; 

.:. P- waves (Primary waves) 

.:. S- waves (Secondary waves) 

~ p- Waves (Primary 'Waves) 

The particular kinds of waves or most interest to seismologi sts are the 
compressional or P-waves also called as compressional waves, longitudinal waves, 
primary waves, pressure waves, and dilatation waves (sec Fig. 3.12). In this case the 
vibrating particles move back and forth in the same direction as the direction of 
propagation of waves. P-waves can pass through any kind of material - solid liquid or 
gas. The P-waves velocity depends upon density and elastic constants. 
(Dobrin, 1976) 

The seismic velocity of a medium is a function of its elasticity and can be 
expressed in terms of its elastic constants . For a homogeneous, isotropic medium, the 
seismic P-wave velocity Vp is given by; 

Vp = 

Where: 

(4/3)j.1+k 

P 

J.1 is the shear modulus. 
k is the bulk modulus. 
p is the density of the medium. 

-----_ .. ' ~ ----

Figure 3.12 (The propagation of P-waves in an Elastic Medium) 

~ S- Waves (Secondary waves) 

In shear »,aves, the particles vibrate 111 a direction perpendicular to the 
direction of propagation of waves (see Figure 3.13). 

Figure 3.13 (The propagation of S-waves in an Elastic Medium) 
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They ,are also cal lcd us Shcar wuvcs , trunsvcrse waves, and converted waves. For 
ideal gases and liquid j.l=O. 

S-waves CalIDOt pass through fluids . The velocity of S-waves is given by (using 
the same' notation as ofVp) ; (Dobrin, 1976) 

VI = I* 
~ Characteristics of Body \Vaves 

• These waves travel with low speed through layers close to the earth 's surface, 
as well in weathered layers. (Robinson & Coruh,) 

• Frequency of body waves in , exp loration vary from 15Hz to 100 Hz. 
(Parasnis, 1997) 

~ Surface Waves 

A part from body waves more compli cated patterns of vibration are observed as 
well. These kinds of vibrations can be measured only at locations close to the surface. 
Such vibrations must result from vaves that follow paths close to the earth 's surface, 
hence known as surface waves . 
In a bounded elastic solid, surface waves can propagate along the boundary of the solid. 
Frequency of surface waves is less than 15Hz. 

(Parasnis, 1997) 
Surface waves are also of two types; 

• Raleigh waves 

• ,Love waves 
, ~ Raleigh Waves 

Type of sur face waves having a retrograde, elli ptica l 
motion at the free surf~ce of a solid and it is always vertical plane. Raleigh waves are 
principal component of ground roll. The Fig ure 3.14 shows the propagation of Raleigh 
waves in an elastic medium. 

(Kearey, 2002) 

RiI'lltign wa ite 
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Figure 3.14 (Propagation of Raleigh waves in an Elastic Medium) 

» Love Waves 

A type of surface waves having a ho rizontal motion i.e. 
transverse to the direction of propagation. The velocity of these waves depends on the 
density and modulus of rigidity and not depends upon the bulk modulus (k) . The Figure 
3.15 shows the propagation of Love-waves in an elastic medium. 

(Kearey, 2002) 

LO'.~ wave 

-: • ..., to· '~'" -?l.;:;:=;:' 
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Figure 3.15 (Propagati?n of Love waves in an Elastic Medium) 

» Attenuation of Seismic Waves 
Attenuation is simply the fall of energy of a wave with increase in 

distance from source. The energy of a wave ill a given medium is directly proportional to 
the square of its amplitude. (Dobrin, 1976) 

Fall of energy can be due to 
1. Spherical Divergence 
2. Absorption 

1. Spherical Divergence 
Spherical divergence is spread out of a wave from its source. As the 

source wavelet travels farther and farther from the source, its amplitude of vibration 
grows smaller. It is because of the fact that th e continuously expandi ng spherical wave as 
expands, the same amount of' cnergy, once rccei'veu f'rol11 source at lime of' onset of' wave, 
has to be distributed over the larger area . 
Change in amplitude of a wave with distance due to spherical divergence is given as: 

Where: 

H=Hg 
X 

H: amplitude at distance x. 
H o: initial amplitude of the wave as it left the source. 

X: distance from source. 
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2. Absorption 
Absorption is simply the capture of energy of the wavc by 

particles of the medium tlu'ough which it propagates. It h appens w hen particles 0 f the 
medium start to vibrate, due to wave propagation, part icles start to collide and so to rub 
each other. Due to this friction , some of the wave energy is converted into the heat 
energy. In this way, energy of wave propagating through the medium is decreased and 
amplitude decreases. Change in amplitude due to this absorption is given as : 

Where: 
a: absorption coefficient. 
x: distance from source. 

>- 'Wave Conversion 

(Robinson &Coruh, 1988) 

When a wave reaches the boundary between two substances having velocities, it 
divides up into waves that reflect from the boundary or refract across the boundary. So an 
incident wave is converted into reflected and refracted waves. An incident wave can be 
P-wave, Sv- wave or Swwave. 

(Robinson & Coruh, 1988) 

• When incident wave is P-wave then it is refl ected and refracted as P-wave and 
S-wave (see Figure 3. 16 a) 

• When incident wave is Sv-wave then it is refl ected and refracted as P-wave 
and Sv-wave (see Figure 3.16 b) 

• When incident wave is Swwave then it is reflected and refracted as Swwave 
(Figure 3.16 c) 
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Ci' J P 
~ 

______ ~~~ ________ ~v~ 

p 

Figure 3.16 a (\tVave conversion of P-wave into various waves 
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Figure 3.16 b (Wave conversion of Sv-wave into various waves) 
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Chapter 4 Se ismic Velocitics 

Seismic Velocities 

4.1 Introduction 

Velocity is the bridge between time and depth, between milliseconds and feet, 
between timing lines and drill stem. Routinely veloc ities are used to stack se ismic data, to 
migrate seismic data, and to convert time-recorded seismic sections to depth sections and 
time maps to depth maps. Velocities are also used more sophisticated ways, such as iii 
attempts to predict porosity, geologic age, lithology, fracturing, fluid content, 
geopressme, and even drill-bit wear. Velocity data contain an enormous amount of 
infomlation. 

(Dobrin, 1988) 
.:. The Nature of Velocity Data 

Seismic velocities vary largely in sedimentmy rocks as compared to igneous and 
metamorphic rocks . Metamorphic and igneous rocks have littl e or 110 poros ity and, the 
seismic wave velocity depend upon the elas tic properties of the material making up the 
rock material itself. In terms of lithology, whenever there is a change in grain size and 
mineralogtcal composition of the rock, velocity behavior changes. An increase in grain 
size will result in the increase in velocity. In many areas, seismic velocity data can be 
used to identify li thology in discrete formations wi thin the geologic section. 

(Dobrin, 1988) 

.:. Effects of Physical properties of Rocks 011 Seismic Velocities 

The Seismic velocities in rocks are affected by following physical properties of rock. 
These properties vary greatly in sedimentary rocks than in metamorphic rocks. 

1. Porosity of rock 

2. · Consolidation of rock 

3. Lithology of rock 

4. Pore fluid type 

5. The geologic age and depth of burial 

I._Porosity: 
Porosity decreases the velocity of propagating waves. The relation between porosity «J») 
and velocity (V) has been defined by the followin g relation 

IN = <I}Nf+ (1- <1»/ Vrn 

Where 
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Vf = Velocity ofi1uids in pore spaces. 
Vm = Velocity of solid material making up the rock matri x. 

V =Velocity in saturated rock. 
<D =Fractional porosity . 

Now porosity is dependent upon consolidation of rock body. Also porosity 
decrease with depth as the result velocity increases. 

1. Consolidation of Rock 

Wave velocity increases w ith the consolidation ofrocks. 

2. Lithology of Rocks 

Lithology also has control over the ve locity of waves. It is because of the fact that 
every material has its 0 wn d e!1si ty. A Iso i tis well known that v eloci ty decreases w ith 
density increase. Lesser is the density, more is the velocity. However effect of density on 
velocity is also encountered by the elastic modul e. Shale content in rock tends to have 
lower seismic velocity and more in sand content. 

3. Pore Fluid Type 

Velocity is also dependent on fluid type because it is dependent on k(Bulk 
modulus),which is measure of incompressibility and it is dependent upon porosity, 
compressibility of fluid, dry rock and grains. Higher the incompressibility, higher the 
wave velocity e.g. sand containing water in pore space has higher seismic velocity then 
containing the oil and if containing gas has lower velocity. 

4. Geologic Age and Depth of BUlTial 

The relationship between velocity and depth and geologic age of rock is given as fo ll ows 

Vp =K* (Z*T)"6 

Where 

Vp = velocity of fluids in porous medium (feet or meter /sec.) 
Z = Depth of burial (meters/feet) 
T = Geologic age of formation (years) 

K= Constant.It is equal to 125.3 when Z is in feet and is equal to 46.5 
when Z is in meters. 

(Dobrin, 1976) ,(Al-Sadi, 1980) 
• Average Velocity 
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For a given age, velocity increases as depth ll1creases, and for a given depth, velocity . . 
mcreases as age Increases. 

4.2 Velocity Estimation 

Velocity as a seismic parameter plays an important role in almost the whole range 
of activities involved in seismic prospecting. The accuracy of data reduction, processing 
and interpretation of seismic data depends mainly on the correction of velocity 
measurements . 
Since, in seismic prospecting, we require velocity values as a function of depth , all 
velocity determination methods aim at computing velocity depth- or time- function. 
Velocity estimation can be done by; 
(Robinson & Coruh, 1988) 

• By use of an exploration-well 

• Velocity can be obtained by using well shooting 

• The can be obtain from continuous velocity survey 

• By the use of reflection travel times 

• By the use of refraction travel times 

4.2.1 Variations in Seismic Velocities 

There are two types of variations in seismic velocities; 

1. Lateral variation in seismic velocity 

2. Vertical variation in seismic veloci ty 

4.2.2 Lateral variatiolts ill Seismic Velocities 

These variations are supposed because of slow changes in density and elastic 
properties due to changes in lithology or physical properties . Lateral variations make 
events appear to move up or down on time sec tions. 

(Robinson & Coruh , 19S5) 

4.2.3 Ver'tica) variations in Seismic Velocities 

These . variations arc due to lithological changes or layering and increas ing 
pressure due to increasing depth. Normally seismic velocities increase with the increase 
in depth. Vertical variation in velocity cause diffe rences in the two way travel times of 
layers of equal thickness. 

(Robinson & Coruh, 1988) 

4.3 Types of Velocities used in Seismic Exploration 
The different types of velocities used in seismic exploration are; 
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• Interval Velocity 

• Root-Mean-Square Veloci ty 

• Normal-Move out Velocity 

• Instantaneous Velocity 

• Stacking Velocity 

4.3.1 Average Velocity 
Average velocity is simply the total distance traveled divided by the total time 

traveled. The average seismic velocity is the distance traveled by a seismic wave from the 
source location to some point on or within the earth divided by the recorded travel time 
(Al. Sadi, 1980). The Figure 6.1 shows a two-layer case by which the average velocity is 
calculated. 

I~·---- x ----~l 

Va01 = 2 a/T01 

Va02 = (2 a 1 + 2f1Z2)/(T 01 + T 02) 

Val = (2 a l/cos 01 2)T1 

Va2 = {(2 Al1/cOS 82) + (2 b.Zicos 03)}I(T 01 + T 02) 
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Figure 4.1: (A two-layer case by which the average velocity is calculated 
If concerned with the distance and time from the surface of the earth to a point at depth, 
then the one-way distance and !ime is used (Dobrin, 1988). The average velocity in this 
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Nevertheless, if considering with the distance from the surface of the eatth to a point at 
depth and back to the surface, then two-way distance and travel time is used, and average 
velocity equals 2ZfT. So, average velocity can be expressed as 

Where, 
t is : One:...way travel time. 
T is: Two-way travel time. 

4.3.2Interval Velocity 

Interval veloci ty, V, is deii ned as the thickness of a particul ar layer d ivided by the 
time ittakes to travel from the top of the layer to its base. The interval velocity is 6Z (the 
thickness of a stratigraphic layer) divided by 6t (the time it takes to travel from the top of 
the layer to its base). The equation for interval velocity is: 

4 ., 

V 
Zm -:- Z11 Zm- Zn I = I 
tn-tn T j 

(Dobrin, 1988) 
The thickness 6.Z ::= Zm -ZI1 is also equal to th e isopach value of the interva l. A typi ca l 
interval-velocity-versus-time curve compareu to th e average velocity is shown in Figure 
6.2. The discrete boundari es in the interva l-veloci ty curve indicate strati graphic and 
velocity differences between two contiguous layers. The average veloc ity can be 
determined by averaging the weighted summation orthe interval velociti es. ff we sum th e 
interval velocities for a series of rock laye rs, and weight them according to th e two-way 
travel time within eaeh layer, 6.T, the averagl! va lue would be cqual to the avcrage 
velocity. The equation fo r average velocity, VA, in terms or interva l ve locity is: 
(Yilmaz, 2001) 

Where 

6Z is the interval thickness or isopach thickness . 
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4.3.3 Root-Mean-Squarc (RMS) Velocity 

I Vi l1T 
Il1T 

Seismic Velocities 

The root-mean-square (RMS) velocity is a weighted average. It is used as weighting 
process where the amount of we ighting is determined by the va lue of the interval 
velocities. The weighting is accomp li shed by squaring the interval ve locity va lues. So, in 
this approach, greater weight is given to the greater interval velocities. The equation for 
RMS velocity is given below: 

'1 

4 

5 

-
c ! ~ . : 

Velocity. V (fl.lsec x 1000) 

8 12 16 20 

In~e.-val Velocity. Vi 

- Average ·Velocit:y .• Va 

Figure 4.2: (Interval-Velocity vs. Time Curve compared to the Average Velocity) 

38 



Chapter 4 Seismic Velocities 

By comparing the equations it is clear that the RMS velocity is always greater than the 
average velocity. RMS veloc ity is strictly a mathematical weighted average and has no 
intrinsic meaning (Robinson & Coruh, 1988). Figure 6.3 shows a graphical comparison 
between the root mean square velocity and the average velocity. 
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Figure 4.3: (Comparison b/w Root Mean Square Velocity and Average Velocity) 

4.3.4 Normal":Move out Velocity 

The normal-move out (NMO) velocity, or stacking velocity, V lIlIIo , has 
a horizontal component (X). Therefore, it is dependent on the offset, 
depth, and spread length. Seismic 

Records with source-to-receiver distances wi ll yield different NMO velocity 
values. The NMO velocity increases as the va lue of X increases (Rehman, 1989). The 
equation for NMO velocity is : 

x X 
V rim 0 = -;::===== - ~====7=.:::===-

~ X X 
dT. 2 - T 2 ,,/2 TO LlT nmo 

Where, X = the offset distance from so ul'ce to receiver, Tx = the two-wi y travel time of a 
seismic wave reflected off a particular interface and recorded at the receiver location, and 
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To = the two-way travel time of the sc ism ic wave refl ected off the parti cu lar interface at 
the zero-offset location. 
We can calcu late the NMO correction, L'-.T l1lHo , · from the average velocity (by Figure 22) . 
From the Pythagorean Theorcm, \ -\lC know that 

If we know the normal-movement velocity, it can be related to the average velocity using 
the equation T = To + L1Tnmo (Telford , 2004). Then approx imate the NMO correction as a 
function of average velocity: . 

The NMO correction can also be approx imated from the RMS velocity. [n this case, 

4.3.5 Instantaneous Velocity 

If the velocity varies continuously with depth, its value at a particular 

depth 'Z' is obtained from interval ve locity by contracting the interval Zl-Z2 to an 
infinitesimally thin layer having a thickness dZ (Telford , 2004).The interval ve locity then 
becomes the derivative of Z with respect to "t", which is the instantaneous velocity, 
defined as follows: 

dz 
Vinst =--

dt 
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4.3.6 Stacking Velocity 

It is the velocity obtained from normal move out (NMO) measurements, used to 
maximize events in stacking process. It is approximate ly but not exactly same the RMS 
velocity. · Stacking ve locity IS almost always greater than the average ve locity. 
(Dobrin , 1976) 

Stacking veloc ity 'Vst' is based on the relat ion 

Where, 

x = Source-rece iver offset for a CM P sequence of shots. 

T = Travel time of the reflection at X. 

Tn = Travel time at the zero offset/vertical travel time. 

CONCLUSION: 
Vav < Vrms < Vst 

(Dobrin 1976) 

4.4 Correlation between Velocity Types 

In seismic prospecting we are dea ling with a med ium which is made up of a 
sequence of layers of different velocities. In dealing with this kind of situat ion, it is 
necessary to specify the kind of ve locity we are Llsing. When ve locity is measured for a 
defined depth interval, it is called as interval ve locity and when it is determined for 
several layers it is called as average ve locity . . 

Relationship between interval ve locity, root mean square velocity and 
average velocity is given by "Oix Formu la". ff root mean square ve locit ies 
(V mls) is given then interval velocities (Vinl) can be determine by usi ng the 
followin g form of Dix form ul a 

AI-Sadi, 1980) 

If, on the other hand ,if given the Average Ve locity (Va), Interval Ve loc ity (Vinl) can be 
determined by another form of Dix- lormula . . 

(Al-Sadi ,1980) 

V int = Va, n * 111 - Va, n - 1 * f n - 1 
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Now, if we are given with interval velocities (Villi) and we have to determine average 
velocities (Va), (AI-Sadi, 1980), then Dix formula attains the form as given below. So if 
we are given with any of the interval, root mean square velocity or average velocity, the 

Va,)) = (Vint,lI * Tn-Tn -1 ) + (Va, n - 1 * Tn - 1) 

Til 
remaining two by using the corresponding form of Dix-fon11Llla. 

4.5 Factors Affecting Velocity 

Different factors affect the seismic velocities, by which we infer the rock type 
or rock condition from an observed seismic velocity. The porosity, mineral composition, 
inter-granular elastic hehavior and fluid propeI1ies are the primary factors which affect 
seismic velocities and these factors are dependent upon overburden pressure, fluid 
pressure, micro cracks, age and depth of burial. The overburden pressure is usually 
defined as the vertical stress caused by all the material, both solid and fluid above the 
formation when a rock is buried, it is influenced by the overburden, wh ich increases with 
time. 

The increase of overburden causes the squeezing out of water from the rocks . But 
an impem1eable layer is overlain by the compacting layer, in such case it will shut off the 
path for water to squeeze out. Therefore water is locked in the pores. Its stiffness then 
resists the defOlmation of rock grains into voids; therefore, it tends to maintain the 
porosity at great depth . Such rocks are said to be over pressure. The usual increase of 
velocity with depth can be reduced dramatically both by the maintenance of porosity and 
by the reduction of cementation by circulating water. (Dobrin, 1988) 
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Processing 

5.1 Introduction: 

Data Processing is sequence of operations which is carried out according 
to a pre-define program to extract useful infonnation from a set of raw data. It can be said 
"as an approach by which the raw data recoi'ded in the fie ld is enhanced to the extent that 
it can b e u sed for the geo logical interpretation" (see f igure S .1). D ata processing is to 
convert the information recorded in the lield into a form that mostly facilitates geo logica l 
interpretation . (AI. Sad i, 1980) 
Seismic data processing strategies and result s ~ lI'(; strongl y affected by field ~l c qui s iti on 

parameters. Add itional ly, surface conditions have a significant impact on the quality of 
data collected in the field . Lack of seismic reOcc tcd events on se ismi c section is not the 
result oCa subsurface void of reOectors . Rather it is caused by low s ignal-to-noise ratio 
(SIN) resulting from energy scattering and absorption in the med ium or propagation. 

Surface conditions have an influence on how much energy from a source 
can penetrate into the subsurface. Besides surface conditions, envirolU11ental conditions 
and demographic restrictions can have significant impact on field data quality. Other 
factors that can influence the quality of data are weather condition and condition of 
recording equipment. In addition to field acquisition parameters, seismic data processing 
results also depend on the technique used in processing. Processing algorithms are 
designed for and applied to either single channel time series, individually, or multi
channel time series. 

(Dobrin,1988) 

5.2 Processing in General 
Data Processing is a sequence of operation, which are carried out according 

to the pre-defined program to extract useful information from a set of raw data as an 
input-output system (AI. Sadi , 1980). Processing may be schematicall y shown as. 

Observational Data ~Oc) Processing System ~Oc) Useful Information 

5.3 Processing Sequence 
The seismic data processll1g sequence can be broadly defined 111 five 

categories. 
» Data Reduction 
~ Geometric Corrections 
» Data Analysis and Parameter Optimization 
» Data Refinement 
» Data Presentation 
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5.3.1Dafa Reduction 
Data reduction is done by certa in processing operations as discussed below. 

• Demultiplex ing 
• Geometry Definition 
• Correlation 
• Header Generation 
• Display 
• Editing and Muting 

. • Amplitude Adjustment 

Il Deconvolution I 
I" CMP~rting ·1 

.~' 1 

! Measurements! . 
Na~gation . 

I 

-------; ---------. 

Poststack 

Figure 5.1 (Detailed Processi ng Seq uence Flow Chart) 

Demultiplexing 

Data recorded on digital magnetic tape is not suitab le for analys is 
therefore it is assem bled from the digital tape by a sort ing process. Thus "the process of 
sorting data from the magnetic tape into individual channel sequence is called 
Demultiplexing. Suppose there are four geophone arrays. Instantaneous vo ltage reco rded 
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by each geophone yields an array of sampl es. If each sample is identified by its geophone 
group source CA, B, C, D) and by its chronological sequence in that group (1 , 2, 3, and 4). 
Then the output 

;~~~2~~m~ .. .•. •... Am A~1 ,rn .... ...... . Arm 

This scrambled sequence is called Multiplexed data, and the unscrambling 
multiplexed array into TraGe Sequential Array is called Demultiplexing. The digital 
seismic data is recorded on magnetic tape by the recorder in the following way (Robinson 
& Comh, 1988). 

After that data has been Demultiplexed, it is stored on tape in a convenient 
format in the foHowing way, which is used in further processing. 
Definition 

The layout of receivers for each shot record the location of all shots 
along the line, and all such field infonnation must be described in detail to the computer 
for the geometry-specification step. Most geometry programs can access the digiti zed 
base-map file. 

Computer access is particularly necessary fOf processing crooked lines in 
which sources and receivers are not unifol111ly distributed along a straight traverse. The 
geometry program must calculate a source-rece iver mid-point based on the two ground 
locations . All relevant geometric information is retained in the trace headers on the tape 
so that each trace is uniquely and accurately located. Later programs will time shift or 
filter as a function of ground location , offset, and/or other spatial coord inate(s) and time. 

Correlation 

Correlation is simply the measurement of similarity or time alignment of two 
traces. Since correlation is a convolution without reversing the moving alTay, a similar 
frequency domain 0 peration a Iso applies to c on'elation. (Yilmaz, 2 001). T here are two 
types of correlation; 

1. Cross COlTelation 
2. Auto COlTelation 

1. Cross Correlation 
Cross correlation measures how much two time senes resemble each 

other. It is not commutative; output depends upon which array is fi xed and which array is 
moved. As a measure of simi larity, cross correlation is widely used at various stages of 
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data processing (Yilmaz, 200 1). For instance traces in a CMP gather are cross cOlTelated 
with a pilot trace to compute residual static's shift. It is the fundamental basis for 
computing velocity spectra. 

2. Auto Correlation 

Cross correlation of a time series with itself is !mown as auto cOlTelation. It is a 
symmetric 
computed. 

function. Therefore only one side of the auto correlation needs to be 
(Yi lmaz, 2001 ) 

Vibroseis Correlation 

The signal generated by a vibroseis is not a short pulse but rather a sweep lasting 
some seven to ten seconds. The sweep is transmitted through earth and reflected signal. 
Each reflection is a near duplicate of a sweep itse lf, so the reflections in vibroseis record 
overlap act are indistinguishable. To make it useable reflections are compressed into 
wavelets through cross-correlation of duta with original input sweep. After correlation 
each reflection on record looks similar to impulsive source data. This involves cross 
cOlTelat ion of a sweep signal (input) w ith the reco rded vibroseis trace. The sweep is a 
frequency-modul ated vibroseis source signal input to the ground (Yilmaz, 2001). There 
are two types of sweep; 

1. Up Sweep (When frequency of the vibroseis source signal increases with time) 
2. Down Sweep (When frequency of the vibroseis source signal decreases with time) 
3. 

Importance of Vibroseis Correlation 

For Vibroseis source, we have a sweep (a train of waves) rather than a 
short p'ulse/source wavelet whereas most seismic impulsive sources generate a very short 
pulse which can be used directly to examil1 e subsurface structure Vibroseis sweep lasts 
for several seconds depending upon the sweep time. So in case of vibroseis source all 
reflected and refracted signals on a vibrose is seismogram overl ap one another 
extensively. Even after d emultiplex ing of the vibroseis seismogram it is, impossib le to 
recogni ze the reflections. So vibrose is corre lation procedure is applied. 

(Robinson. & Coruh, 1988) 
Vibroseis correlat ion enables us to ex tract fro l11 each of the long overlappi ng 

sweep signal s 011 vibrosl: is se ismogram, a short wavelet Illuch like th OSl: obtainl:d 'witll 
seismic impUlsive source 

Editing and Muting 

Raw seismic data contains unwanted noise and sometime dead 
traces due to instrumental reasons . Thus the quality of data recorded is first observed by 
visual examination of raw field traces. Data may be affected by following reasons 

• Polarity reversals in data 
• Poor traces as well as poor bits 

To remove polarity reversal, trace with reverse polarity is multiplied w ith it that becomes 
a trace with the polarity. Therefore editing is a process of removing or cOlTecting traces, 
which in their original recorded taken, may cause stack deterioration (Rehman, 
1989).After doing this all the contributing traces per each CDP are gathered together. 
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Each trace in one CDP is identified by it s shot point and receiver numbers .The CDP
gathers may be displayed as such for direct inspection and checking of edited data. 

Muting 

Trace- muting is a special type of data editing. This term is applied for process of 
zeroing the undesired part of a trace. In order to avoid stacking non-reflection 

events ( such as first arrivals and refraction arrivals) with reflection, the first part 
of the trace is normally muted before carrying out the stacking process .This · is 
occasionally referred to as first break suppression. 

(AI-Sadi,1980) 

Muting is useful to remove useless information from the processing stream in a way that 
first identifies the information to be removed and then blanked. Muting is categorized as 
Initial Muting, to remove first arrivals; usually done later in processing, and Surgical 
Muting, to remove air waves or ground roll energies. 

Amplitude Adjustment 

Amplitudes of the seismic wavelet is adjusted because it dies out as the 
input wave travels down to the earth and losses it energy due to the spatial spreading of 
the wave or absorption. Besides, spherical ' spreading and energy dissipation in earth, 
there are other reasons for the observable decay in seismic amplitude with time, Under 
the knowledge of such reasons amplitude of the seismic wavelet is adjusted: 

a . . Trace Nom1alization 

b . . Trace Balancing 

a. Trace Normalization 
Trace Nonnalization is an ampl,itude adjustment applied to the entire trace. 

It is directly applicable to the case of a weak shot or a poor geophone plant. All absolute 
values of a trace are summed and compared with a reference value. A scaling factor is 
detennined from the difference between the summation and the reference value, which is 
used to multiply all data with. Other possibilities of trace nom1alization could be Average 
value (Arithmetic or RMS), Media n, Maximum Value to compensate the difference in 
amplitude which occurs due to the increasing distance between the source and receiver 
and the lateral differences in amplitudes. But the loss of amplitude with increasing depth 
is not taken into account. 

b. Trace Balancing-AGC 

The AGC function does not employ a gain to the whole trace, but 
employs a gain to a certain time sample within a time gate. First, the mean absolute va lue 
of trace amplitudes is computed within a specified time gate. Second, the ratio 0 f t he 
desired 'RMS' level to this mean vulue is assigned as the value of the gai n function. This 
gain function is then applied to any desired timc sa mpl e within the time gate; say thc nih 
sample of the trace. The next step is to move the time gate one sample down the trace and 
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compute the value of the gain fUllction 1'0 1' tile (n+ 1)111 time sample anu so on (Iig. 5.2). 
The time gate is very important. Very small time gates can cause a signifi cant loss of 
signal character by boosting zones that contain small amplitudes. In the other extreme, iC 
a large time gate is selected, then the effectiveness of the AGC process is lessened. 256-
to 1 024-ms AGC time gates are common ly chosen. 

A disadvantage is that when the AGC gain is applied, it is not possible to 
reconstruct the original signal again. Therefore, the AGe is only lI sed for display and 
printing purposes. 

Display 
The data so processed is general ly displayed in varioLi s modes (fig. 5.3) 

to summarize the information gathered . At any point of processing sequence the seismic 
analyst can display the data in wiggle trace or other modes. The cho ice of display is a 
matter of the client taste, but is not affected by company dictum. Currently, the data 
provided by OGDCL is the variab le area with wiggles plot. 
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Automatic Gain Control 

A grain recovery function is applied on the data to correct for the 
amplitude effects of wave front (spherical) divergence (Yilmaz, 2001). This amounts to 
applying a geometric spreading function, which depend upon travel time, and an average 
primary velocity function, which is associated with primary reflections in a particular 
survey area. Gain is applied to seismic data for spherical spreading correction. 

Often AGC (automatic gain control) is applied to raise the level of the weak 
signals. AGC attempts to make amplitudes similar for all off sets, for all time and forall 
mid points (Dobrin, 1988). A typical method of calculating the median or average 
amplitude with in sliding windows down the trace, then to calculate the mUltiples needed 
to equalize the median value in all the window. 

In interpretation of seismic section, variations in amplitudes of reflections can 
be the important factors .Lateral amplitude variations, from trace to trace, within a 
reflection event (bright spots) may be the direct indications of the presence of 
hydrocarbons . Vertical amplitude variations, from event to event, may be helpful in 
identifying and conelating reflecting horizons. 

5.3.2 Geometric Corrections 

In order to compensate for the geomeh-ic effects, we have to apply certain 
corrections 0 n the recorded data. These corrections arc called as geometric corrections 
(Dobrin, 1988). These corrections are applied on the traces gathered during trace editing 
and muting .The geometric conections are 

1. Static conection 
2. Dynamic cOITection 

1. Static Correction 

Static conection compensates the effect of weathered layer and elevation 
effect due to unleveled surface .So static correction is of two types 

• Elevation correction 
• Weathering correction 

For land data, elevation corrections are applied at the stage of 
development of field geometry to reduce the travel times to a common dahlm level 
(Yilmaz, 2001).This level may be flat or floating along the line. 

3. Dynamic Correction 

Dynamic conection compensates the effect of offset of receiver from the 
source.It is also related to the shape of the subsurface interfaces .It is also of two types . 

• Normal move out correction (NMO). 

• Dip move out correction. 

Normal move out correction is related more to the non-dipping interfaces. 
On the other hand dip move out correction is related to the dipping reflectors. It accounts 
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for the effect of dip of the subsurface interface along with the effect of offset distance of 
receivers (Robinson & Coruh, 1988). 

Dip-move out correction is applied to data following the normal-move out 
correction using flat-event velocities (Yilmaz, 200 1). Figure 5.4 is the diagrammatical 
representation of the concept of static and dynamic corrections. 

AIC.fiver ol(nt 

r----X----l./ 

h . 

Ground 
lu rface 

Vw 
Aefer.nco . 

plln. 

v 
SubiurflC' r. fllc to r 

• I 

I 
Z 

Reflector 1 . 
DOPlkModtl Aft ~r St; tlc Corroctlonl 

Fig. 5.4: Diagrammatic representation of static and dynamic corrections. 

T race Gathering 

Traces are routinely gathered into gro ups having some common elements. 

b Conmlon Source Point Gather. 

o Common Depth Point Gather. 

o Common Receiver Point Gather. 

o Conunon Offset Gather. 

o Common Mid Point Gather. 

o 

The concept of various types of Trace Gathers is shown in the Figure 5.5 as fallow 
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Common-offset 

Common -receiver 

CMP Gathers 

FigS.S: Diagrammatic representation of . different trace gathers 

The classical shooting pattern involves the procedure of a fixed shape spread, 
which moves along a linear profil e at a regular move up rate. Such a spread is made up of 
equal inter-trace distances and a defin ed offset (Yi lmaz, 2001) . This tecl11lique ensures 
CDP coverage of a fold, wh ich incrcascs as the move up rate decreases . Multirold 
coverage can be calculated in terms of number of recording channels N, the geophone 
interval eX) and (S) , and source interval as; 

Fold number = N XJ2 S 
The ability to combine seismogram traces to obtain multifold reflection vastly 

improve signal to noise ratio. CDP technique is most common for data acquisition now 
days. 

5.3.3 Data Analysis and Parameter Optimization 

Three steps involved in this procedure. These three are: 
1. Filtering 
2. Deconvolution 
3. Velocity Analysis 

1. Filtering 

51 



ChapterS Data Processing 

A tilter is a system, whi ch di scriminates against some of its input. Seismic data 
always contain some signal information, which we want to preserve. Everything else is 
called noise, and we wa nt to remove it. Dif'f'crent trace configuration and increase in 
nwnber of geophones at a point may decrease the noi se but all the noise is not cut , so 
filters are used for further enhancement of signal. Thus filtering 

"ls a process of spectrulIl II/odificat ion which involves suppression of 
certain frequenci es" (Robinson & CorL/h, J 988) 

Digital Filters 
It is numeric operator, which is convolved with a given digital function to 

filter 0 ut certain frequency components. It is also called time domain iiltcr. Frequency 
filtering is avoided because weak reflection in the same frequency range that may be 
filtered out (Al-Sadi, 1980).The systems, which are generally called filters work either by 
convolution in the time domain or by spectral shaping in the frequency domain to remove 
the undesired information (Yilmaz,2001). The most C0I1U110n types of filters used are as 
follows 

1. Low pass frequency filter 
2. High pass frequency filter 
3. Band Pass frequency filter 
4 . Notch filter 
5. Velocity filter 
6. F-K filter 
7. 

F-K Filters 

. Events that dip in the (t,x) plane can be separated in the (f, k) plane by their 
dips. This allows the elimination of certain types of unwanted energy from the data. In 
particular, coherent linear noise (in the form of ground roll), guided '-\laves , and side
scattered energy commonly obscure the genuine reflections that may be present in 
recorded data. These types of noise usually are isolated from the reflection energy in the 
(f, k) space. 

Deconvolution 
It is the process by which the wavelet associated with tIle significant 

reflections is compressed and reverberatory energy that trails behind each reflection is 
largely attenuated .It is a filtering process designed to improve resolution and suppress 
mUltiple reflections. Deconvolution can be considered either in the time domain or in the 
frequency domain. fu the time domain the object is to convert each wavelet with its 
reverberations and multiples, into a single spike . If we know the shape of the wavelet, we 
can design an operator which, when convolved with the seismic trace, with convert each 
wavelet into a single spike (Dobrin, 1988) 

It is a class of operations developed as a mean of partially reversing the 
effect of earth filter. When dynamite is blasted, spike is produced that is visible in the 
seismogram. Spike has very high frequency and short wavelength. WIlen it travels 
through earth its amplitude decreases and it becomes a waveform, with lower frequency 
and greater wavelength. Thus earth is absorbing higher frequencies wi th time and depth. 
This behavior of earth is tell1led as hi -cut filter. 
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Thus Decon volution wi th a reverse process by w hi ch th ese higher 
frequencies are reproduced , ca lleJ reverse liltering. Sometime- thcre arc fake reJl ec tors 
produced due to multiples which can cut by Deconvolution and deeper reflections 
become identifiable . 

. (Yilmaz, 2001) 

Velocity Analysis 

Velocity in seismic processing is an important parameter, which controls the 
stacking quality. Thus the proper velocity value gives the optimum dynamic conection 
which leads to efficient stacking process. The seismic traces of a common depth point 
gather are basis for each velocity analysis. Before velocity Analysis suitable static 
conection and data enhancement procedures are applied to the data (Yilmaz, 2001). 

A series of n01l11al moveout corrections, each based on arbitrary constant 
velocity are then applied to each trace of data set. Then NMO conected traces are stacked 
to produce a single output trace. This calculation is repeated for each constant velocity 
until the range of velocities app li ed extends from the minimum to maximum to be 
encolllltered in the area. The velocity increments may not be unifom1 but may be rather 
small for application of slower velocities,which yield large nOlmalmoveout and large for 
higher velocities. A plot of velocities against record time for each analysis location 
represents the velocity function for that location. 

Velocity analysis is perfol1ned on selected CMP or CDP gathers. The out put 
from one type of velocity analysis is a table of numbers as a function of velocity vs . Two
way zero off set time also called as velocity spectrum. Numbers present in the tabl e 
represent some measure of signal coherency along the hyperbolic trajectories governed 
by velocity, off set, and travel time. 

The curve in each spectrum represents the velocity function based on picked 
maximum coherency values assoc iated with the primary reflections . The pairs of numbers 
along each curve denote the time_ velocity values for each pick. These velocity time 
pairs are picked from these spectTa based on maximum coherency peaks to form velocity 
functions at analysis locations. 

n areas with. complex structures, velocity spectra (defined above) often 
fail to provide sufficient accuracy in velocity picks. In that case, the data on staked with a 
range of constant velocities (ca lled as constant velocity analysis) , and the constant 
velocity stacks themselves are used in picking velocities. (Yilmaz, 200 I) 

5.3.4 Data Refinement 

The processes described tIll now are used to make data free of the 
factors that decreases its quality. Also these processes are used to reformat the c1ata and to 
diagnose its characteristics (Rehman, 1989). Data refinement consists 0 f the following 
two main stages. 

1. Stacking 
2. Migration 

Along with these two processes, there is another procedure occasionally used in data 
refinement and is called as Residual Statics. 
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1. Stacking 
Stacking is si mpl y the process of add ing up together the traces present in 

certain gathers, obtained during the se ismic data acq ui sition .It is app li ed only when the 
all necessary corrections have been applied. The result of stacking is the co rrected gather. 
In the "corrected gather" the traces have been gathered into the depth order. Both the 
static and dynamics corrections have been applied to it and the traces have been muted 
(Dobrin, 1988). All that remains is to stack the data. Stacking result in a single stacked 
trace as an out put for each depth point present in gathers. 
One or other of two considerations is the basi s for selecting the seismogram traces that 
will be stacked. Common offset stacking is don e with traces that have the same source-
receiver offsets, all of which are centered on the same point. (Dobrin , 1988) 
Scheme of Residual Static Corrections 

CMP-sorte-d D a ta 

~ 
1 . Velocity ana lysis 

~ 
NMO-Correction 

j 
Residua l correction 

'J 
inverse NMO-Correction 

J 
2. Velocity analysis 

J 
NMO- corTektion with new Velo cities 

Stackin g 

Stacking is a data compress ion or one to two orders of magnitude. The signal-to-random 
noise ratio is increased through an N fold stack by N. After stacking, the data are 
displayed at the surface locat ion of the micii)oint between source ancl receiver. When all 
adjustn1ents to the data have transformed the offset data into time and phase coincidence 
with the zero offset traces, the common inidpoint CMP and COP are both widely often 
interchangeably. With dipping reflectors, the CMP after conventional process ing is not 
the COP. The correct positioning of refl ectiQIl point will be by migration. 

(Dobrin, 1988) 
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Migration 
The process of shifting the refl ect ion points to the posItIons that correctly 

image the reflector and remove di ITraction . images, so that we may get an accurate picture 
of underground layers. 
If the reflector is flat , the renection point will be located directly beneath the 
shot/receiver stat ion, and the record secti on disp lays the event in its true position , plotted 
in time rather than depth (Rob inson & Coruh , 1988). 
However, if the reflector is not flat , the renection po in t will not li e direct ly beneath the 
shot/receiver pos ition, and the true position of the reflector will differ from its apparent 
position (Yilmaz, 200 1). Figure 5.6 sho'vvs the subsurface dipping reflector's response. 

refloctor 
.urtace 

I •. 
I I I', 

recOtd 
.urface 

....... ~,! 
'" 0( 

Figure 5.6: (Seismic response form a dipping reflector, the recorded surface 
gives the apparent dip of the reflector surface) 

Therefore, migrat ion is a tool used in seismic process ing to get an accurate 
picture of the ~ubsurface layer. It involves geometric repositioning of recorded signals to 
show a boundary or other structure, where it is being hit by the seismic wave rather than 
where it is picked up Now, not only the position but the dip angle can incorrectly imaged 
by vertically plotting (Rehman, 1989). 

Important features of Migration 

Following are the important features 01' mi gr8t ion (Rehm an, 1989); 

I . Migration steepens the rell ecto rs, as the dip angle of the re ll ector in the 
geo logic sect ion is greater than in thc timc section. 

2. Migration shortens the re ll ectors, as the lengt h 01' the re ll ector on the geo logic 
section is shorter than in the time section ; thus, migration moves reflectors in 
the up dip direction 

3. When migration is app lied in case of the undulating, reflector the crests 
become narrower and troughs become broad. 
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Types of Migration 

With respect to the stage w hen migration is applied 0 n the seismic data 
during processing, there are two important types of migration. 

1) Pre-Stack Migration . 
2) Pos t-Stack Migration 
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INTERPRETATION 

6.1 Introduction 

To create a subsurface model on an area and estimate about its hydrocarbon 
potential, it is necessary that a number of seismic lines should be provided besides 
having a good grip our the geology of the area it is very difficult to construct a useful 
subsurface geological model with the help of single line. However, the interpretation 
that was possible with the available data has been done in this dissertation. 
The interpretation of reflection data involves its expression in geologic temlS. It is 
quite different from both seismic data acquisition and data processing. There is 
experience required to be effective in both these areas. However, standard 
interpretation techniques are almost more of an art than a science. When carefully 
carried out, it requires the fitting together of all pertinent geological and geophysical 
information into an integrated picture that is more complete and more reliable than 
either source is likely to give alone. Ideally, this integration would be accomplished 
most efficiently if a single person highly competent both in geophysics and in 
geology did it. In actual practice, individ'uals with adequate training and experienced 
in both fields are very few and it is usually necessary for a geophysicist and a 
geologist to collaborate at !his stage of the interpretation. 

Geophysicist deals with the seismic section. In seism.ic methods physical 
measurements are made at the surface, which are then interpreted in tem1S of what 
might be in the subsurface. The position and behavior of the interfaces, which gives 
rise to each reflection event is then calculated from arrival times. Resulting 
information is then combined into c ross section, which represents t he structure 0 f 
geologic interfaces responsible for the reflection events. 

Coordination of geological infomlation with the reflection data is two-way process. 
Using geological data, the geophysicist can generally decrease the number of 
unknowns with which he must work and thus should have a better chance of arriving 
at a unique solution of those that remain. 

According to Dobrin and S avit, interpretation is the transformation of t he seismic 
reflection data into a structural picture by the application of corrections, migration 
and time depth conversion. 

The seismic reflection interpretation usually consists of calculating the positions ot', 
and identifying geologically, concealed intert'aces or sharp transition zones from 
seism.ie pulses returned to the ground surface by renection. The inL1uence of varying 
geological conditions is elim.inated along the profiles to transfonn the ilTegular 
recorded travel times into acceptable subsurface models. 
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According to badley reflection seismic uses sound waves to investigate the 
subsurface. The Acoustic Impedance governs reflections, which is one of the rock 
proper1ies. 
Acoustic Impedance = Interval Velocity * Density. 

Reflection arises at boundaries across which acoustic impedance changes. No 
reilection 0 ccurs i r t he acoustic impedance docs not c hange, even if l,he lithology 
changes. The greater the diiTerence in the acoust ic impedance is, the stringer the 
reflection. The size of change is defined by the reflection coeffici ent. 

TIle major aim of seismic rellection survey in g is to reveal as clea rl y as possible the 
structure of the subsurface. The geological meaning of seismic rell ec tion is simpl y 
an indication of an acoustic boundary where we want to know that whether this 
boundary marks a fault or a stratigraphic contact with any other boundary. We want 
to distinguish the features that are not marked by the sharp boundaries 

A sequence of sedimentary rocks is grouped into units called formations . These 
fom1ations can be described in terms of age, thickness and lithology of the consistent 
layers. To distinguish different formations by means of seismic rel1ection is an 
important question in interpretation of data, which may be structural, lithological , or 
stratigraphic. 

There are two main approaches to the interpretation of the seismic sections: 

• Structural Analysis 
• Stratigraphic Analysis 

6.1.1 Structural Analysis 

It is the study of reflector geometry on the basis of reflection time. The main 
application of the structural analysis of seismic section is in the search for structural 
traps containing hydrocarbons. Most structllral interpretation use two-way reflection 
times rather depth and time structural maps are constructed to display the geometry 
of selected reflection events. Some seismic sections contain images that can be 
interpreted without difficulty. Discontinuous reflections clearly indicate faults and 
undulating reflections reveal folded beds. 
According to badley the cross section is representative of the structure being 
studied. Much structural information is based on the interpatation of seismic section 
.Usually it is difficult to make a certain structural interpatation on the basis of only 
one seismic section, Grids of seismi c data are required to detem1ine the 3-D 
geometry 
In structural analysis the main obj ective is to search out stTUctural traps containing 
hydrocarbons .In such analys is interpretation usuall y take place against background 
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of continuing exp loration activity and associ~ltcd increase in amount o r inrormation 
referred to subsurface geology. The most common structural features associated w ith 
the Oil are anticlines and faul ts . 

Faults are mainly of three types 
Nonnal faults 
Reverse faults 
Thrust faults 
Nomi.al faults are the faults in which hanging wall has gone down with respect to the 
footwall , or these may be defined ilS th e fault s in which die area is gained while 
movement of the hanging wall ilnd footwall. So it is believed that mainly the tensile 
forces are responsible {or the normal rault s. 
A reverse faults is a dip-slip 1~\lIlt, either high or low angle, on which th e hanging 
wall has moved up relatives to the lootwa ll . Low angle reverse { ~\lIlt s arc co mmonly 
te rmed thrust and the term reverse 1 ~lltlt is lIsed only {or high angle raults (Bad ly, 
1990). 
Thrust develop 0 nly un der a compression stress sys tem and to develop to require 
high pore pressure beneath the thrust plane ,.the complex array or structure 
commonly associated with a thrust ,a lthough observe in out crop are difficult to see 
in the seismic section (Badley, 1990). 

6.1.2 Stratigraphic Analysis 

Seismic stratigraphy is used to find out depositional processes and environmental 
settings, because genetically related sedimentary sequences normally consist of 
concordant strata that show discordance with sequence above and below it. It also 
helps to identify formations, stratigraphic traps and unconfonruty. 
The success of the seismic retlection method in finding Stratagraphic type varies 
with the type of trap involved most such entrapment features are reef, unconformity, 
disconformity's , pinch-outs . 

6.2 Interpretation Of Given Data 

Given seismic section is compi led from CDP stacked traces that have been mi grated 
and deconvolved to remove false images that arc artifacts of processing. This seismic 
section displays refl ection arrival times . A var iation along a profile is called Time 
Scanning. 
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6.2.1 Retlectol' Selection 

It is better to se lec t the re llectiol1 , whi ch is re;t1 and shows good character and 
continuity and can be lallowed throughout the area, (Badley, 1985) ancl on thi s basis 
the relleetors are marked as R 1, R2, R3 , R4, R5, RG, R7, R8,R9 a ndRtOin the 
given se ismi c seetio ll. 

6.2.2 Velocity Variations 

Velocity variation is basically concerned with the infonnation of the velocities given 
in the upper pali of the seismic section. In the velocity windows of the given seismic 
section, the RMS velocities with respect to time are given. With the help of RMS 
velocities we are able to calculate the Interval velocities. 
VEL WINDOW KBR·28·8 AT SP 430 VEL WINDOW KBR·28·9 AT SP 480 
time vrms vint vave time vrms vint vave 

0 1500 1500 1500 0 1500 1500 1500 
600 1800 1800 1800 730 1900 1900 1900 
860 2050 2534.493 2022 .056 930 2000 2328.841 1992.224 

1260 2200 2492.113 2171 .28 1275 2200 2665.398 2174.377 
1380 2400 3926.831 2323.937 1460 2400 3478.583 2339.636 
1500 2500 3447.463 2413.819 1565 2500 3614.323 2425.158 
1700 2600 3253.46 2512 .6 1840 2650 3379. 161 2567.74 
1830 2675 3511.294 2583.546 2150 2900 4079.888 2785.771 
2380 2900 3547.344 2806.272 2400 3050 4120.437 2924.798 
2770 3100 4114.982 2990.531 2990 3300 4165.048 3169.53 
3375 3350 4313.392 3227.666 3875 3500 4104.242 3383.006 
4600 3800 4827.478 3653.703 6000 4400 5685.534 4198.485 
6000 4400 5960.345 4191 .919 
VEL WINDOW KBR·28·10 AT SP 520 VEL WINDOW KBR·28·11 AT SP 565 
time vrms vint vave time vrms vint vave 

0 1500 1500 1500 0 1500 1500 1500 
800 1900 1900 1900 870 2000 2000 2000 

1280 2100 2396.525 2086. 197 1130 2200 2766.002 2176.248 
1400 2375 4332.123 2278.705 1240 2300 3148.448 2262.492 
1720 2500 2985.97 24 10.289 1420 2400 2999.63 2355.932 
1975 2750 4051.597 2622.205 1730 2500 2914.535 2456.028 
2300 2950 3953.504 . 2810.323 1975 2700 3825.398 2625.9 
2600 3200 4693.346 3027.595 2430 2900 3643.012 2816.347 
4300 3600 4137.632 3466.447 2840 3100 4089.278 3000 .1 15 
6000 4400 5962.234 4173.587 6000 4400 5303.08 4213.01 
VEL WINDOW KBR·28·12 AT SP 610 VEL WINDOW KBR·28·13 AT SP 655 
time vrms vint vave time vrms vint vave 

0 1500 1500 1500 ' 0 1500 1500 1500 
760 1900 1900 1900 800 2000 2000 2000 
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1085 2100 
1240 2200 
1750 2600 
1990 2800 
2440 3100 
2850 3250 
4120 3600 
6000 4400 

2506.146 
2801 .785 
3380.567 
3964.215 
4175.803 
4028.776 
4282.548 
5778.021 

Iso velocity graph 

2081.565 1240 2200 
2171 .592 1440 2500 
2523 .922 1630 2700 
2697.626 2375 3000 

2970.24 3730 3500 
31 22.521 6000 4400 
3480.102 
4200.117 

Interpretation 

2523.346 
3871.95 

3895 .1 39 
3569.502 

4236.33 
5571.62 

2185. 703 
2419.904 
2591.864 
2898.534 
3384.516 

4211 .97 

With the help of velocity information, the ve locity contours are drawn which show 
both the vertical and lateral variat ions in the velocities . The vertical variation is 
mainly due to the formational changes, overburden pressure and age factor etc, 
however lateral variations in velociti es maybe due to folding and dipping of stratThe 
graph, which shows the velocity contours, is ca lled the "Isovelocity Map". 

DATA FOR ISO VELOCITY GRAPH 
SP I SP 2 SP 3 SP 4 SP 5 SP 6 

· 1500 1500 
1600 1609.589 
1700 1719.178 
1800 1828.767 

1970.812 1932.278 

1500 1500 1500 
1600 1614.943 1605.263 
1700 1729.885 1710.526 
1800 1844 .828 1815.789 
1900 1959.77 1922.346 

1500 
1625 
1750 
1875 
2000 

2103.332 2029. 182 1977.582 2088 .1 24 2034.078 2084.411 
2219.44 2134.778 2055.1 64 2231 .131 2148.359 2168.821 

2338.917 2286.038 2278.705 2345.55 2282 .1 27 2373.064 
2463.21 2443.305 2360.945 2414 .052 2420.296 2564.713 

2555.787 2547.001 2476.772 2504.563 2560.1 1 2661.936 
2642.161 2680.272 2636.675 2636.364 2703 .684 2744.374 
2728.535 2813 .576 2752.441 2720.077 ' 2824.846 2826.812 
2815.721 2924,7982882.747 2803 .79 2946.0082907.852 
2910.213 3007.758 3027.595 2892. 543 3029.667 2979.531 

3002.29 3090.718 3079.225 2982 .1 86 3103.95 3051.209 
3080.681 3171 .942 3130.854 3061.527 3164.755 3122.888 
3159.073 3220.185 3182.484 3138.293 3221.067 3194.567 
3236.361 3268.429 3234. 11 4 3215.058 3277.379 3236.246 
3305.918 33 16.672 3285.743 3291.824 3333 .691 3337.925 
3375.475 3364.915 3337.373 3368.589 3390.003 3410.032 
3445.032 3430.975 3389.003 3445.355 3446.315 3482.936 
3514.589 3507.726 3440.632 3522.12 3510.74 1 3555.839 
3584.146 3584.477 3508.043 3598.886 3587.338 3628.743 
3653.703 3661.228 3591.236 3675.65 1 3663.936 3701.646 
3730.59 1 3737.979 3674.429 3752.417 3740.533 3774.55 
3807.479 3814.73 3757.622 3829. 182. 3817.13 3847.453 
3884.367 3891.481 3840.815 3905.948 3893.728 3920.357 
3961 .255 3968.232 3924.008 3982. 71 3 3970.325 3993.26 
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4038.143 4044.983 4007.201 4059.479 . 4046.922 4066.163 
4115.031 4121.734 4090.394 4136.244 4123.52 4139.067 
4191:919 4198.485 4173.587 4213 .01 4200.117 4211.97 

ISO VELOCITY GRAPH 

SHORTS POINTS 

SP I SP 2 SP 3 SP 4 SP 5 SP 6 

0 

500 

6.3 Tiine Section 

Time Section is actually the reproduction of seismic section. The time section 
actually consists of two scales. One is horizontal scale, which consists of "S hot 
Points" while the vertical scale consists of "time". The reflectors in the given time 
section are marked on the basis of dominant reflection-coefficients. The time for 
each reflector is read from the seismic section and the times of marked reflectors 
prepared the time section. 

DATA FOR TIME SECTION 
SPs R1 R2 R3 R4 R5 R6 R7 R8 R9 

420 0.8 1.2 1.55 1.75 2.1 2.2 2.39 2.5€ 
430 0.8 1.2 1.55 1.76 2.1 2.2 2.39 2.5€ 
440 0.8 1.2 1.55- 1.77 2.1 2.2 2.38 2.5e 
450 0.8 1.21 1.55 1.75 2.1 2.22 2.38 2.5e 
460 0.8 1.21 1.56 1.78 2.1 2.22 2.39 2.6 
470 0.8 1.22 1.55 1.75 2.13 2.22 2.39 2.6 
480 0.8 1.2 1.56 1.75 2.14 2.21 2.4 2.59 
490 0.8 1.22 1.58 1.6 1.79 2. 14 2.2 2.4 2.SE 
500 0.8 1.21 1.58 1.62 1.8 2.15 2.28 2.4 2.SE 
510 0.8 1.21 1.6 1.63 1.85 2.1S 2.28 2.39 2.SE 
520 0.8 1.21 1.61 1.67 1.88 2.1S 2.29 2.4 2 . S~ 

530 0.8 1.21 1.61 1.67 1.88 2.17 2.29 2.4 2.S~ 
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540 0.8 1.22 1.6 1.67 1.86 2.14 2.28 2.41 2.6 
550 0.8 1.23 1.61 1.67 1.88 2. 14 2.28 2.42 2.63 
560 0.8 1.23 1.62 1.68 1.9 2.14 2.28 2.42 2.63 
570 0.81 1.25 1.62 1.68 1.9 2.13 2.28 2.42 2 .62 
580 0.81 1.25 1.64 1.69 1.91 2.15 2.28 2.42 2.63 
590 0.8 1.25 1.64 1.68 1.9 2.15 2.28 2.42 2.62 
600 0.8 1.25 1.64 1.68 1.9 2. 13 2.28 2.42 2.63 
610 0.8 1.24 1.63 1.68 1.9 2.11 2.28 2.42 2 .62 
620 0.81 1.24 1.63 1.66 1.88 2.1 2.28 2.42 2.61 
630 0.81 1.23 1.6 1.66 1.86 2.1 2.27 2.42 2.61 
640 0.8 1.23 1.59 1.62 1.86 2.1 2.25 2.42 2.63 
650 0.81 1.23 1.57 1.62 1.fs5 2.08 2.26 2.41 2.645 
660 0.8 1.23 1.57 1.61 1.84 2.08 2.25 2.41 2.673 
670 0.8 1.23 1.58 1.61 1.85 2.08 2.25 2.41 2.67 
680 0.8 1.22 1.57 1.63 1.83 2.08 2.25 2.41 2.69 
690 0.8 1.22 1.57 1.63 1.85 2.08 2.28 2.42 2.73 

TIME SEC GRAPH 

SHORT POINTS 
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6.4 Depth Section 

Generally the depth section gives the configuration of reflectors in the same way as it 
is in the Time Section. To determine the depth, the first step is to read times of each 
reflector from seismic section. Using the appropriate velocity values and time, the 
depth of each reflector is calculated by the formulae i.e. 
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Depth = V * T/2 
Where: 
V = the velocity of respective refl ector (m/sec) . 
T = Two way travel time of each reflector (sec). 

DATA FOR DEPTH SECTION 
Depth Depth Depth Depth Depth Depth Depth Depth D 

SPs R1 R2 R3 R4 R5 R6 R7 R8 R 
420 779.014 1295.77 1872.266 2205.822 2862 .753 3055.487 3435.538 3' 
430 779.014 1295.77 1872.266 2223.722 2862.753 3055.487 3435.538 3 
440 779.014 1295.77 1872.266 2241.683 2862.753 3055.487 3414.944 3: 
450 779 .01 4 1309.878 1872.266 2205.822 2862.753 3094.376 3414.944 3: 
460 779 .014 1309.878 1889.075 2259.704 2862.753 3094.376 3435.538 3: 
470 779 .014 1324.042 1872 .266 2205.822 2920.426 3094.376 3435.538 3: 
480 779.0 14 1295.77 1889.075 2205.822 2939.755 3074.906 3456. 184 3: 

490 779.014 1324.042 1922 .29 1955.536 2277.785 2939 .755 3055.487 3456.184 3: 
500 779 .014 1309.878 1922.29 1989.004 2295.925 2959.137 32 12.246 3456.184 3: 
51 0 779.014 1309.878 1955.536 2005.823 2387.819 2959. 137 3212.246 3435.538 3: 
520 779.014 1309.878 1972.243 2070.908 2444.379 2959. 137 3232.066 3456.184 3: 
530 779.01 4 1309.878 1972.243 2070.908 2444.379 2997.527 3232.066 3456.184 3: 
540 779.014 1324.042 1955.536 2070.908 2406.609 2939.756 3212.246 3476.597 3: 
550 779.014 1338.26 1972.243 2070.908 2444.379 2939.756 32 12.246 3498.874 3! 
560 779.014 1338.26 1989.004 2087.298 2482.402 2939 .756 32 12.246 3498 .874 3! 
570 790.9508 1367.479 1989.004 2087.298 2482.402 2920.426 3212.246 3498.874 3! 
580 790.9508 1367.479 2022.022 2103.735 2501 .509 2959.137 3212.246 3498.874 3! 
590 779.014 1367.479 2022.022 2087.298 2482.402 2959.138 3212.246 3498.874 3! 
600 779.014 1367.479 2022.022 2087.298 2482.402 2920.426 3212.246 3498.874 3! 
61 0 779.01 4 1352.532 2005.823 2087.298 2482.402 2881.925 32 12.246 3498.874 3! 
620 790.9508 1352 .532 2005.823 . 2054.565 2444.379 2862.754 3212.246 3498.874 3: 
630 790.9508 1338.26 1955.536 2054 .565 2406.609 2862.754 3192.476 3498.874 3: 
640 779.014 1338.26 1938.885 1989.004 2406.609 2862.754 3153 .086 3498.874 3! 
650 790. 9508 1338.26 1905.751 1989.004 2387.816 2824.567 3172.755 3476.597 3! 
660 779.014 1338.26 1905.751 . 1972.243 2369.092 2824 .567 3153.086 3476.597 
670 779.014 1338.26 1922.29 1972.243 2387.816 2824.567 3153 .086 3476.597 41 
680 779.01 4 1327.38 1905.751 2005.823 2442.2 1 2824.567 3153.086 3476.597 4' 
690 779.01 4 1327.38 1905.751 2005.823 2387.819 2824.567 32 12.246 3498.874 4: 

64 



Chapter # 6 Interpretation 

DEPTH GRAPH 

SHORTS POINTS 
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6.5 Method Used To Prepare the Depth Section 

Depth of each reflector in given seismic section is calculated 

• By Using Mean Line Of Average Velocities 
• By Iso Velocity contour Map 
• CONCLUSIONS. 

From the time section and depth section it is interpreted that R4 pinch out into 
the R3 and depressions are present in reflectors R5 R6 and R7. 

6.6.1 Average Velocities 

This method employs the plotting of mean average velocity line by averaging all the 
average velocity-VS-time plot of each CDP window. This average velocity line is 
then used for the estimation of velocities under each shot point at their respective 
times corresponding to each particular reflector. These velocities are used in the 
depth estimation by putting them in the depth formula and then plotting depth of 
reflectors under their respective shot points generates the depth section. Data used in 
depth calculation for each reflector 
time SP I SP 2 SP 3 SP 4 SP 5 SP 6 

o 
200 

1500 1500 
1600 1609.589 

1500 1500 1500 
1600 1614.943 1605.263 

1500 
1625 
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400 1700 1719.178 1700 1729.885 1710.526 1750 
600 1800 1828.767 1800 1844 .828 1815.789 1875 
800 1970.812 1932.278 1900 1959.77 1922.346 2000 

1000 2103.332 2029.182 1977.582 2088 .1 24 2034.078 2084.4 11 
1200 22 19.44 2134.778 2055.164 2231.131 2148.359 2168.821 
1400 2338.917 2286.038 2278.705 2345.55 2282.127 2373.064 
1600 2463.21 2443.305 2360.945 2414.052 2420.296 2564.713 
1800 2555.787 2547.001 2476.772 2504.563 2560.11 2661.936 
2000 2642.161 2680.272 2636.675 2636.364 2703.684 2744.374 
2200 2728.535 2813.576 2752.441 2720.077 2824.846 2826.812 
2400 2815.721 2924.798 2882.747 2803.79 29~6.008 2907.852 
2600 2910.213 3007.758 3027.595 2892.543 3029.667 2979.531 
2800 3002.29 3090.718 3079.225 2982.186 3103.95 3051.209 
3000 3080.681 3171.942 3130.854 3061.527 3164.755 3122.888 
3200 3159.073 3220 .1 85 3182.484 3138.293 3221.067 3194.567 
3400 3236.361 3268.429 3234.114 3215.058 3277.379 3266.246 
3600 3305.918 3316.672 3285.743 3291.824 3333.691 3337.925 
3800 3375.475 3364.915 3337.373 3368.589 3390.003 3410.032 
4000 3445.032 3430.975 3389.003 . 3445.355 3446.315 3482.936 
4200 3514.589 3507.726 3440.632 · 3522.12 3510.741 3555.839 
4400 3584 .1 46 3584.477 3508.043 3598.886 3587.338 3628.743 
4600 3653.703 3661.228 3591.236 36"15.651 3663.936 3701.646 
4800 3730.591 3737.979 3674.429 3752.417 3740.533 3774.55 
5000 3807.479 3814.73 3757.622 3829.182 3817.13 3847.453 
5200 3884.367 3891.481 3840.815 3905.948 3893.728 3920.357 
5400 3961 .255 3968.232 3924.008 3982.713 3970.325 3993.26 
5600 4038.143 4044.983 4007.201 4059.479 4046.922 4066.163 
5800 4115.031 412 1.734 4090.394 4136.244 4123.52 4139.067 
6000 4191.919 4198.485 4173.587 42 13.01 4200.117 4211 .97 
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6.6 Comparison of Depths of Reflectors 

REFLECTOR 1: . 
For Rl we get maximum depth 790.9508m at shot point 570 and minimum 

depth 779.014m at Shot Point420. 
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REFLECTOR 2: 
For IU we get minimum depth 1295.77m at shot point 420 and maximum 

depth 1367.449m at shot point570. 
REFLECTOR 3: 

For R3 we get minimum depth 1872.266m at ot point 42 0 and aximum 
depth2022.022m at shot point 580. 

REFLECTOR 4: 
For R4 we get minimum depth 1955.536 a t shot point 490 and maximum depth 

2103.735 at shot point 580. 
REFLECTOR 5: 

For R5 we get minimum depth 22 05.822at shot point 420 and maximum depth 
2501.509 at shot point 580. 
REFLECTOR 6: 
For R6 we get minimum depth 2824.567 at shot point 650 and maximum depth 

at 2997.527 at shot point 530. 
REFLECTOR 7: 

For R7 we get minimum depth 3055.487 shot point 420 and maximum depth 
3232.066 at shot point 520. 

REFLECTOR 8: 
For R8 we get minimum depth 3414.944 at shot point 440 and maximum depth 

3498.874 at shot point 550. 
REFLECTOR 9: 
For R9 we get minimum depth 3783.621m at shot point 420 and maximum 

depth 4231.327mat shot point 690. 

Bascmcnt 
we get rrunlITIUm depth 4210.929m at shot point 420 and maximum depth 

4477111 at shot point 680. 

ROCK PHYSICS 

6.7 Castagna 's Relationship 

The most common method of shear velocity prediction is defined by Castagna et a!. 
(198 5). Thcy dcrivcd an cmpiri ca l rela ti onship bctwccn P- Wavc anu S-Wavc 
velocity, which can be written as; 

Vp(Km/Sec)= I .16Vs+ 1.36 
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The parameter of the linear relationship between Vp and Vs were derived from 
worldwide data. This empirical relationship became known as mudrock equation or 
the" ARCO mudrock line". If regional shear- wave velocity is available, a local 
muclrock relationship can be derived. 

(Castagna et al. 1985) 

6.8 P-Wave Impedence 

P-Wave impedence is calculated by the formula using P-wave velocity and density at 
regular intervals of depth. The L1ni t of impedence is RAYLE. 

lRayle=pV 

6.9 Calculation Of Bulk Modulus :( K) 

Blilk lIIodulus call be calclllat ed IIs ing tlie eqllotion, 

K=p(Vp2_4/3 VS2) 
Where 'k' is the compressibility coefficient. 

Graph of Bulk Modulus vs depth. 

AVG DEPTH VS BULK MODULUS FOR R9 
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(Lars Gommesen , 2003) 
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6.10 Shear Modulus (11): 
Shear Modulus can be calculated by density and velocity of shear wave .' 

It is also called as rigidi ty modu lus. 
(Dobrin, 1976) 

For liquids and gases, shear modulus Ul) =0 
(Robinson &Coruh , 1988) 

Theshear modulus for the thesi s wo rk is calculated by using the formula 

~l=p (Vs) 2 

(Lars Gommesen , 2003) 

Graph of Shear Modulus vs depth. 
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6.11 Poisson 's Ratio (cr) 

For the dissertation the Poisson's ratio is calculated by using the formula 

(Lars G ommesen, 2003) 
---- ~- - -~ - -- - -----

DEPTH VS P RATIO FOR R3 

DEPTH 

6.12 Lame's Constant (A.) 

The values for the Lame's Constant at regul ar depth are ca lcul ated by using the 
relation, 

( Lars Gommcsen, 2003) 
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6.13Reflection Coefficient. 
By Reflection Coefficient the lithology of forl1l~1t i ons can be interpreted by using the 
equation from vilocity windows by calculating the interval velocity and density 

R.Coefficient=(p2v2-p 1 V l/p2v2+p 1 v I) 
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R.C VS TIME(M SEC) 

0.3 

0.25. 

0.2 

0.15 

0.1 

U 
Ii 0.05 

0 
I:) 

.0.05 
'01:)1:) 

.0.1 

.0.1 5 

.0.2 

TllvIE(M SEC) 

73 



Chapter # 6 Interpretation 
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6.14 CONCLUSION 

I .The Seismic Section shoes' the 5.4k111 thick sedimentary cover. Also basement has 
been discovered 
2.Reflector R4 pinch out in R3. 
3.All reflectors are approximately hori zo ntal.Some reflectors show small 
depression. 
4. RIO is basement. 
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DATA FOR ROCK PHYSICS 

R1 
Mean Mean 

S.P Up.Time(Sec) Vel. (m/sec) Up .Oepth( m) O.Time(Sec) Vel.(m/sec) 
420 0.8 1947.535 779.0138 0.85 1974.689 
430 0.8 1947.535 779.0138 0.85 1974.689 
440 0.8 1947.535 779.0138 0.85 1974.689 
450 0.8 1947.535 779.0138 0.84 1969.258 
460 0.8 1947.535 779.01 38 0.85 1974.689 
470 0.8 1947.535 779.0138 0.85 1974.689 
480 0.8 1947.535 . 779.0138 0.85 1974.689 
490 0.8 1947.535 779.0138 0.86 1980.12 
500 0.8 1947.535 779.0138 0.85 1974.689 
510 0.8 1947.535 779. 0138 0.85 1974.689 
520 0.8 1947.535 779.0138 0.85 1974.689 
530 0.8 1947.535 779.0138 0.85 1974.689 
540 0.8 1947.535 779.0138 0.86 1980.12 
550 0.8 1947.535 779.0138 0.86 1980.12 
560 0.8 1947.535 779.0138 0.86 1980.1 2 
570 0.81 1952.965 790.951 0.87 1985.095 
580 0.81 1952.965 790.951 0.87 1985.095 
590 0.8 1947.535 779.0138 0.89 1995.389 
600 0.8 1947.535 779.0138 0.88 1990.242 
610 0.8 1947.535 779.0138 0.87 1985.095 
620 0.81 1952.965 790 .951 0.88 1990.242 
630 0.81 1952.965 790.951 0.88 1990.242 
640 0.8 1947.535 779.0138 0.88 1990.242 
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O.Oepth (m) I 

839.2428 , 

839 .2428 , 

839.2428 
827.0883 
839 .2428 
839.2428 
839.2428 
851.4515 
839.2428 
839.2428 
839.2428 
839.2428 
851.451 5 
851.4515 
851.4515 
863.5162 
863.5162 
887.9479 , 

875.7063 , 

863 .5162 
875.7063 , 

875.7063 
875.7063 
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650 0. 81 1952 .965 790.951 0.87 1985.095 863.5162 
660 0. 8 1947.535 779 .01 38 0. 85 1974.689 839.2428 , 

670 0. 8 1947.535 779. 0138 0. 85 1974.689 839.2428 
680 0.8 1947.535 779.0138 0.85 1974.689 839.2428 
690 0.8 1947.535 779.0138 0.85 1974.689 839 .2428 

AVG A.lmp . 
VEL Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) Vs(Km/sec) (Pwave) A.lmp(Swav 

1961 .1:12 2409.158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1961.112 2409 .1 58 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1961.112 2409. 158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1958.396 2403.727 2.403727 2.170616 899.7645 0.899765 5.217568 1.9530· 
1961 .. 112 2409.158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1961 .112 2409.158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1961 .112 2409.158 2.409158 2. 171 841 904.4463 0.904446 5.232307 1.9643 
1963.827 2414.589 2.414589 2. 173064 909.1281 0.909128 5.247055 1.9755! 
1961 .11 2 2409.158 2.409158 2.1 71841 904.4463 0.904446 5.232307 1.9643 
1961 .112 2409.158 2.409158 2.171 841 904.4463 0.904446 5.232307 1.9643 
1961 .112 2409. 158 2.4'09158 2.1 71841 904.4463 0.904446 5.232307 1.9643 
1961 .112 2409. 158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1963.827 2414.58!;l 2.414589 2.173064 909 .1 281 0.909128 5.247055 1.9755! 
1963.827 2414.589 2.414589 2.1 73064 909.1281 0.909128 5.247055 1.9755! 
1963.827 2414.589 2.414589 2. 173064 909 .1281 0.909128 5.247055 . 1.9755! 

1969.03 2418.84 2.4 1884 2. 17402 912. 7933 0.912793 5.258606 1.9844: 
1969.03 2418.84 2.41884 2. 17402 912.7933 0.912793 5.258606 1.9844: 

1971.462 2420.758 2.420758 2.17445 914.4463 0.914446 5.263818 1.9884 
1968.888 2417.31 3 2.41731 3 2.173676 911 .4764 0.911476 5.254455 1.9812! 
1966.315 2414.354 2.414354 2.1 73011 908. 9256 0.908926 5.246417 1.975 11 
1971.604 2421.581 2.421581 2.174635 915.1559 0.915156 5.266055 1.990 
1971.604 242 1.581 2.421581 2.174635 915.1559 0.915156 5.266055 1.990 
1968.888 2417.313 2.417313 2 .. 173676 911.4764 0.911476 5.254455 1.9812! 

1969.03 2418.84 2.41884 2.17402 912.7933 0.912793 5.258606 1.9844: 
1961.112 2409.158 2.409 158 2. 171841 904.4463 0.904446 5.232307 1.9643 
1961.112 2409.158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1961.112 2409.158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 
1961.1 12 2409.158 2.409158 2.171841 904.4463 0.904446 5.232307 1.9643 

Shear Y 
P.Ratib Mod Bulk Mod MODULUS 
0.417968 1.776616 10.23663 9.0522212 
0.417968 1.776616 10.23663 9.0522212 
0.417968 1. 776616 10.23663 9.05222 12 
0.418526 1.757279 10.1 9857 9.027049586 
0.417968 1.776616 10.23663 9.0522212 
0.417968 1.776616 10.23663 9.0522212 
0.417968 1.776616 10.23663 9.0522212 
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0.41741 
0.417968 
0.417968 
0.417968 
0.417968 

0.41741 
0.41741 
0.41741 

0.416973 
0.416973 
0.416776 

0.41713 
0.417434 
0.416691 
0.416691 

0.41713 
0.416973 
0.417968 
0.417968 
0.417968 
0.417968 

S.P 

1.796067 10.27472 9.077344478 
1.776616 10.23663 9.0522212 
1.776616 10.23663 9.0522212 
1.776616 10.23663 9.05222 12 
1.776616 10.23663 9.0522212 
1.796067 10.27472 9.077344478 
1.796067 10.27472 9.077344478 
1.796067 10.27472 9.077344478 
1.811375 10.30456 9.09697877 
1.811375 10.30456 9.09697877 
1.818302 10.31803 9.105824155 
1.805867 10.29384 9.089927417 
1.795224 10.27307 9.076258659 

1.82128 10.32381 9.10961964 
1.82128 10.32381 9.1 0961964 

1.805867 10.29384 9.089927417 
1.811375 10.30456 9.09697877 
1.776616 10.23663 9.0522212 
1.776616 10.23663 9.0522212 
1.776616 10.23663 9.0522212 
1.776616 10.23663 9.0522212 

AVG DEPTH VS Vp(M/S EC ) FOR R1 

Vp(M/SEC) 

AVG DEPTH VS DENSITY R1 

,=, 
................ _ ........................................................................... ; ..................... j I 

~~ I 
,..., ,..., ,..., 

~ ~ ~ 

N N N N N 

R2 
Mean 

Up.Time(Sec) Vel.(m/sec) 

--
~ ~ 
N N 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
N N N N N N N N N N 

DENSITY 

Mean 
Up.Oepth(m) O.Time(Sec) Vel. (m/sec) 
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420 1.2 2159.616 1295.769 1.25 2187.967 1367.479 
430 1.2 2159.616 1295.769 1.25 2187.967 1367.479 
440 1.2 2159.616 . 1295.769 1.25 2187.967 1367.479 
450 1.21 2165. 088 1309.878 1.26 2194.429 1382.49 
460 1.21 2165.088 1309.878 1.27 2200.891 1397.566 
470 1.22 2170. 56 1324.042 1.27 2200.891 1397.566 
480 1.2 2159.616 . 1295.769 1.27 2200.89 1 1397.566 
490 1.22 2170.56 1324. 042 1.27 2200.891 1397.566 
500 1.21 2165.088 1309.878 1.27 2200.89 1 1397.566 
510 1.21 2165.088 1309.878 1.27 2200.891 1397.566 
520 1.21 2165.088 1309. 878 1.26 2194.429 1382.49 
530 1.21 2165. 088 1309.878 1.25 2187.967 1367.479 
540 1.22 2170.56 1324.042 1.26 2194.429 1382.49 
550 1.23 2176.032 1338.26 1.28 2207.658 141 2.901 
560 1.23 2176.032 1338.26 1.28 2207.658 1412.90 1 
570 1.25 2187.967 1367.479 1.28 2207.658 1412.901 
580 1.25 2187.967 1367.479 1.3 2225.855 1446.806 
590 1.25 2187.967 1367.479 1.31 2234.953 1463.894 
600 1.25 2187.967 1367.479 1.3 2225.855 1446.806 
610 1.24 2181.504 1352.533 1.3 2225.855 1446.806 
620 1.24 2181 .504 1352.533 1.3 2225.855 1446.806 
630 1.23 2176.032 1338.26 1.3 2225.855 1446.806 
640 1.23 2176.012 1338.26 1.3 2225.855 1446.806 
650 1.23 21 76 .032 1338.26 1.3 2225.855 1446.806 
660 1.23 2176.032 1338.26 1.3 2225.855 1446.806 
670 1.23 2176.032 1338.26 1.3 2225.855 1446.806 
680 1.22 2170.56 1324.042 1.3 2225.855 1446.806 

690 1.22 2170.56 1324.042 1.3 2225.855 1446.806 

A. lmp 
Avg VEL Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) Vs(Km/sec) (Pwave) A.lmp(Swav 

2173.791 2868.397 2.868397 2.268671 1300.342 1.300342 6.507448 2.9500· 

2173.791 2868.397 2.868397 2.268671 1300.342 1.300342 6.507448 2.9500· 

2173.791 2868.397 2.868397 2.268671 1300.342 1.300342 6.507448 2.9500· 

2179.758 2904.489 2.904489 2.275774 1331.456 1.331456 6.609961 3. 0300! 

2182.99 2922.931 2.922931 2.279378 1347.355 1.347355 6.662466 . 3.0711: 

2185.726 2940.978 2.940978 2.282888 1362.912 1.362912 6.713923 3. 1113" 

2180.253 2908.478 2.908478 2.276555 1334.895 1.334895 6.621309 3. 03891 

2185:726 2940.978 2.940978 2.282888 1362.912 1.362912 6.713923 3.1113' 

2182.99 2922.931 2.922931 2.279378 1347.355 1.347355 6.662466 3.0711: 

2182.99 2922.931 2.922931 2.279378 1347.355 1.347355 6.662466 3.0711: 
2179.758 2904.489 2.904489 2.275774 1331.456 1.331456 6.609961 3.0300! 
2176.527 2880.057 2.880057 2.270973 1310.394 1.310394 6.540531 2.97581 
2182.495 2922.436 2.922436 2.279281 1346.928 1.346928 6.66 1055 3.0700: 
2191 .845 2985.656 2.985656 2.29 1509 1401.427 1.401427 6.841658 3.2 11 3: 
219 1.845 2985.656 2.985656 2.291509 1401 .427 1.401427 6.841658 3.2113: 
2197.812 3028.132 3.028132 2.299616 1438.045 1.438045 6.963542 3.3069! 
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2206.911 3173.058 3.173058 2.326651 1562.981 1.562981 7.382597 3.6365 
2211.46 3213.839 3.213839 2. 334091 1598.137 1.598137 7.50139 3.7301! 

2206.911 3173.058 3.173058 2.326651 1562.981 1.562981 7.382597 3.6365 
2203.68 3142.431 3.142431 2.321016 1536.578 1.536578 7.293631 3.5664: 
2203.68 3142.431 3.142431 2.321016 1536.578 1.536578 7.293631 3.5664: 

2200.944 3101.31 3.10131 2.313385 1501.13 1.50113 7.174526 3.4726! 
2200.944 3101.31 3.10131 2.313385 1501.13 1.50113 7.174526 3.4726! 
2200.944 3101 .31 3.10131 2.313385 1501.13 1.50113 7.174526 3.4726! 
2200.944 3101.31 3.10131 2.313385 1501.13 1.50113 7.174526 ·3.4 726' 
2200.944 3101.31 3.10131 2.313385 1501 .13 1.50113 7.174526 3.4726! 
2198.207 3069.102 3.069102 2.307356 1473.364 1.473364 7.08151 3.3995· 
2198.207 3069.102 3.069102 2.307356 1473.364 1.4 73364 7.08151 3.3995' 

Shear Y 
P.Ratio Mod Bu lk Mod MODULUS 
0.370664 3.83607 13.55118 10.9937994 
0.370664 3.83607 13.55118 10.9937994 
0.370664 3.83607 13.55118 10.9937994 
0.366974 4.034436 13.81931 11 .1296868 
0.365092 4.137902 13.95673 11.1981258 
0.363253 4.24053 14.09146 11 .2644383 
0.366567 4.056693 13.84901 11.1445458 
0.363253 4.24053 14.09146 11 .2644383 
0.365092 4.137902 13.95673 11.1 981 258 
0.365092 4.137902 13.95673 11 .1981258 
0.366974 4.034436 13.81931 11.1296868 
0.369471 3.89956 13.63769 11.0379807 
0.365143 4.135106 13.95304 11.1962976 
0.358708 4.500521 14.42614 11 .425793 
0.358708 4.500521 14.42614 11.425793 
0.354401 4.755545 14.7458 11 .5754356 
0.339817 5.683797 15.84701 12.0578152 
0.335747 5.961363 16.15977 12.185532 
0.339817 5.683797 15.84701 12.0578152 
0.342884 5.480086 15.61295 11.9595579 
0.342884 5.480086 15.61295 11 .9595579 
0.347015 5.21296 15.29982 11 .8245127 
0.347015 5.21296 15.29982 11 .8245127 
0.347015 5.21296 15.29982 11.8245127 
0.347015 5.21296 15.29982 11.8245127 
0.347015 5.21296 15.29982 11.8245127 

0.35026 5.00881 15.05546 11 .7162566 
0.35026 5.00881 15.05546 11.7162566 
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1------- ---AV-G ~~PTH VS V-P(M/SEC);=OR-R2 -

I ji~t~, -,- ,- ~ - , -,--J 

S.P 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

. 530 
540 
550 
560 
570 
580 
590 
600 

rororo~M~ro~MM~ONillillroM~MNN~~~~~mm 
illillillON~O~NNOroNroroN~~~~~OOOOOillill 
rororommmmmmmmrommmo~N~~~~~~~~OO 
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VP(M/SEC) 

AVG DEPTH VS VP(M/SEC) FOR R2 

AVG DEPTH 

R3 
Mean Mean 

Up.Time(Sec) Vel.(m/sec) Up.Oepth(m) O.Time(Sec) Vel.(m/sec) 
1.55 2415.827 1872.266 1.64 2465.881 
1.55 2415.827 1872.266 1.63 2461.132 
1.55 2415.827 1872.266 1.63 2461.132 
1.55 2415.827 1872.266 1.63 2461.132 
1.56 2421 .891 1889.075 1.63 2461 .132 
1.55 2415.827 1872.266 1.63 2461 .132 
1.56 2421.891 1889.075 1.63 2461 .132 
1.58 2433.279 1922_29 1.61 2449.991 
1.58 2433.279 1922.29 1.62 2455.561 

1.6 2444.42 1955.536 1.63 2461 .132 
1.61 2449.991 1972.242 1.65 2470.63 
1.6 1 2449.991 1972 .242 1.65 2470.63 

1.6 2444.42 1955.536 1.65 2470.63 
1.61 2449.991 1972 .242 1.65 2470.63 
1.62 2455.561 1989.005 1.65 2470.63 
1.62 2455.561 1989.005 1.65 2470.63 
1.64 2465.881 2022.022 1.67 2480.129 
1.64 2465.881 2022.022 1.68 2484.878 
1.64 2465.881 2022.022 1.68 2484.878 
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O.Oepth(m) 
2022.022 
2005 .822 
2005.822 
2005.822 
2005.822 
2005 _822 
2005 .822 
1972.242 
1989 _005 
2005.822 

2038.27 
2038.27 
2038.27 
2038.27 
2038.27 
2038.27 

2070.907 
2087.297 
2087.297 
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610 1.63 2461 .132 2005.822 1.68 2484.878 2087.297 
620 1.63 2461.132 2005.822 1.68 2484.878 2087.297 
630 1.6 2444.42 1955.536 1.68 2484.878 2087.297 
640 1.59 2438.849 1938.885 1.68 2484.878 2087.297 
650 1.57 2427.708 1905.751 1.68 2484.878 2087.297 
660 1.57 2427.708 1905.751 1.65 2470.63 2038.27 
67.0 1.58 2433.279 1922.29 1.65 2470.63 2038.27 
680 1.57 2427.708 1905.751 1.62 2455.561 1989.005 
690 1.57 2427.708 1905.751 1.62 2455.561 1989.005 

A. lmp 
Avg Vel Vp(m/sec) Vp(km/sec) Density(g/cc) Vs(m/sec) Vs(Km/sec) (Pwave) A.lmp(Swa 
2440.854 3327.926 3.327926 2.354534733 1696.488 1.696488 7.835717 3.994' 
2438.479 3338.917 3.338917 2.35647637 1705.963 1.705963 7.868078 4.020( 
2438.479 3338.917 3.338917 2.35647637 1705.963 1.705963 7.868078 4020( 
2438.479 3338.917 3.338917 2.35647637 1705.963 1.705963 7.868078 4.020( 
2441.511 3335.646 3.335646 2.355899156 1703. 143 1.703143 7.858447 401 2' 
2438.479 3338.917 3.338917 2.35647637 1705.963 1.705963 7.868078 4.020( 
2441.511 3335.646 3.335646 2.355899 156 1703.143 1.703143 7.858447 4.012' 
2441 .635 3330.149 3.330149 2.354927869 1698.404 1.698404 7.842261 3.99~ 

2444.42 3335.72 3.33572 2.355912074 1703.207 1.703207 7.858662 4.01 2E 
2452.776 3352.431 3.352431 2.35885731 1 1717.613 1.717613 7.907907 4.05H 

2460.31 3301.375 3.301375 2.349824371 1673.599 1.673599 7.757651 3.932E 
2460.31 3301.375 3.301375 2.349824371 1673.599 1.673599 7.757651 3.932E 

2457.525 3309.358 3.309358 2.351243615 1680.481 1.680481 7.781107 3.95' 
2460 .31 3301.375 3.301375 2.34982437 1 1673.599 1.673599 7.757651 3.932( 

2463.096 3284.356 3.284356 2.346790112 1658.928 1.658928 7.707694 3.893 ' 
2463.096 3284.356 3.284356 2.346790112 1658.928 1.658928 7.707694 3.893' 
2473.005 3258.995 3.258995 2.342246634 1637.065 1.637065 7.633371 3.83' 
2475.379 3263.744 3.263744 2.343099481 1641.159 1.641159 7.647278 3.845: 
2475.379 3263.744 3.263744 2.343099481 1641.159 1.641159 7.647278 3.845: 
2473.005 3258.995 3.258995 2.342246634 1637.065 1.637065 7.633371 3.83' 
2473.005 32.58.995 3.258995 2.342246634 1637.065 1.637065 7.633371 3.83' 
2464.649 3294.034 3.294034 2.34851699 1667.271 1.667271 7.736094 3.915E 
2461.864 3298.047 3.298047 2.349231905 1670.73 1.67073 7.747876 3 . 924~ 

2456.293 3300.845 3.300845 2.349730057 1673.142 1.673142 7.756094 3.931' 
2449.169 3312.977 3.312977 2.351886104 1683.601 1.683601 7.791744 3.959E 
2451 .955 3313.707 3.313707 2.352015653 1684.23 1.68423 7.79389 3.961: 
2441.635 3330.149 3.330149 2.354927869 1698.404 1.698404 7.842261 3.99~ 

2441.635 3330.149 3.330149 2.354927869 1698.404 1.698404 7.842261 3 . 99~ 

Shear Y 
P.Ratio Mod Bu lk Mod MODULUS 
0.324444 6.776517 17.04133 12.5236494 
0.323302 .6.858073 17.12676 12.5547 109 
0.323362 6.858073 17.12676 12.5547109 
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0.323362 6.858073 17. 12676 12.5547 109 
0.323684 6.833751 , 17.10133 12.5454969 
0.323362 6.858073 17.12676 12 .5547109 
0.323684 6.833751 17. 101 33 12.5454969 
0.324225 6.792971 17.0586 12.5299541 
0.323677 6.8342S5 17.1019 12.5457033 
0.322033 6.95909 17.23193 12. 592 5371 
0.327063 6.581702 16.83531 
0.327063 6.581702 16.83531 
0.326275 6.63995 16.8972 
0.327063 6.581702 16.83531 

12.4475099 
12.4475099 
12.4705666 
12.4475099 

0.328746 6.458462 16.70353 12.3978876 
0.328746 6.458462 16.70353 12.3978876 
0.331258 6.277177 16.50755 12.3227638 
0.330787 6.31091 16.54421 12.3369389 
0.330787 6.31091 16.54421 12.3369389 
0.331258 6.277177 16.50755 12.3227638 
0.331258 6.277177 16.50755 12.3227638 
0.327789 6.528386 16.77844 12.426 1836 
0.327392 6.557501 16.80952 12.4378557 
0.327116 6.577845 16.8312 12.4459742 
0.325918 6.666446 16.92527 12.4809717 
0.325846 6.671799 16.93093 12.4830672 
0.324225 6.792971 17.0586 12.5299541 
0.324225 6.792971 17.0586 12.5299541 

AVG DEPTH VS VP(M/S EC) FOR R3 

~~6gg :t : ~I w 2000 · 
o 1950 =====:= ~ 
(!) 1900: 
~ 1 850 -I-~-l--ll---"--+--'---"--..l..-..l..-..l..-.l-' -,--,-'-11---'--+-+--1-' --+1 --+--+, -+--+--l--+-'-+-~ 

VP(M/SEC) 
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AVG DEPTH VS P RATIO R3 

i 'i!~ L , , ; ; ~~~u':~:~~ _1 -,--,S 

S.P 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 

.670 
680 
690 

AVG 
VEL 

NNNNNNNNNN~~~~~~~~~~~~~~~~NN 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0000000000000000000000000000 

Mean 
Up.Time(Sec) Vel.(m/sec) 

1.6 
1.62 
1.63 
1.67 
1.67 
1.67 
1.67 
1.68 
1.68 
1.69 
1.68 
1.68 
1.68 
1.66 
1.66 
1.62 
1.62 
1.61 
1.61 
1.63 
1.63 

2444.42 
2455.561 
2461.132 
2480.129 
2480.129 
2480.129 
2480.129 
2484.878 
2484.878 
2489.627 
2484 .878 
2484.878 
2484.878 
2475.379 
2475.379 
2455.561 
2455.561 
2449.991 
2449.991 
2461.132 
2461.132 

P RATIO 

R4 
Mean 

Up.Oepth(m) O.Time(Sec) Vel.(m/sec) 

1955.536 
1989.005 
2005.822 
2070.907 
2070.907 
2070.907 
2070.907 
2087.297 
2087.297 
2103.735 
2087.297 
2087.297 
2087.297 

. 2054.565 
2054.565 
1989.005 
1989.005 
1972.242 
1972.242 
2005.822 
2005.822 

1.61 
1.64 
1.65 

1.7 
1.7 
1.7 

1.71 
1.71 
1.71 
1.72 
1.73 
1.74 
1.75 
1.72 
1.71 
1.68 
1.68 
1.69 
1.68 
1.68 
1.68 

2449.991 
2465.881 

2470.63 
2494.376 
2494.376 
2494.376 
2499.022 
2499.022 
2499.022 
2503.668 
2509.013 
2514.976 
2520.939 
2503.668 
2499.022 
2484.878 
2484.878 
2489.627 
2484.878 
2484.878 
2484.878 

A.lmp 
Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) Vs(Km/sec) (Pwave) 
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AI 
O.OEPTH 01 

1972.242 1 ~ 
2022.022 2C 

2038.27 2C 
2120.22 2C 
2120.22 2C 
2120.22 2C 

2136.664 2' 
2136.664 2' 
2136.664 2' 
2153 .154 2' 
2170.297 2' 
2188.029 2' 
2205.822 
2153.154 
2136.664 2C 
2087.297 2C 
2087.297 2C 
2103.735 2C 
2087.297 
2087.297 
2087.297 

A.lmp(~ 
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2447.205 3341.29022 3.34129022 2.356895047 1708.00881 1.708009 7.87507037 4.( 

2460.721 3301.78558 3.30178558 2.349897452 1673.95308 1.673953 7.758857509 3 . ~ 

2465.881 3244.74763 3.24474763 2.339682489 1624.78244 1.624782 7.591679206 3.1 
2487.252 3287.4903 3.2874903 2.347349808 1661.62957 1.66163 7.716889734 3 . ~ 

2487.252 3287.4903 3.2874903 2.347349808 1661.62957 1.66163 7.716889734 3~ 

2487.252 3287.4903 3.2874903 2.347349808 1661 .62957 1.661 63 7.716889734 3. ~ 
2489.575 3287.81943 3.28781943 2.347408557 1661.9133 1.661913 7.717855469 3 

2491.95 3291.09527 3.29109527 2.347993051 1664.7373 1.664737 7.727468815 3.~ 

2491.95 3291.09527 3.29109527 2.347993051 1664.7373 1.664737 7.727468815 3.~ 

2496.647 3294.6313 3.2946313 2.348623482 1667.7856 1.667786 7.737848434 
2496.946 3319.96571 3.31996571 2.353125517 1689.62561 1.689626 7.81229602 3 . ~ 

2499.927 3357.73288 3.35773288 2.359789311 1722.18351 1.722184 7.923542149 4 
2502.909 3386.41313 3.38641313 2.364812316 1746.90787 1.746908 8.008231475 4: 

2489.524 3286.31162 3.28631162 2.347139376 1660.61346 1.660613 7.713431394 3.1 
2487.201 3283.95426 3.28395426 2.346718346 1658.58126 1.658581 7.706515706 3.£ 

2470.22 3276.42477 3.27642477 2.345372043 1652.09032 1.65209 7.684435066 3.1 
2470 :22 3276.42477 3.27642477 2.345372043 1652.09032 1.65209 7.684435066 3.1 

2469.809 3287.3088 3.2873088 2.347317407 1661.4731 1.661473 7.716357173 3. ~ 
2467.434 3287.28287 3.28728287 2.347312779 1661.45075 1.661451 7.716281094 3.1 
2473.005 3258.99519 3.25899519 2.342246634 1637.06482 1.637065 7.633370507 3 
2473.005 3258.99519 3.25899519 2.342246634 1637.06482 1.637065 7.633370507 3 

Shear Y 
P.Ratio Mod Bulk Mod MODULUS 

0.323128 6.875756 17.14522 12.5613836 
0.327023 6.584692 16.83849 12.44869958 
0.332672 6.17657 16.39766 12.2799434 
0.328436 6.481063 16.72778 12.40707428 
0.328436 6.481063 16.72778 12.40707428 
0.328436 6.481063 16.72778 12.40707428 
0.328403 6.483439 16.73033 12.40803769 
0.328079 6.507111 16.75569 12.41761367 
0.328079 6.507111 16.75569 12.41761367 

0.32773 6.532717 16.78307 12.42792379 
0.325229 6.717784 16.97951 12.50098612 
0.321512 6.998937 17.27322 12.60726396 

0.3187 7.216667 17.49696 12.6858457 
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0.328552 6.472559 16.71866 12.40362209 
0.328785 6.455568 16.70042 12.39670862 
0.329531 6.401464 16.64219 12.3745451 
0.329531 6.401464 16.64219 12.3745451 
0.328454 6.479753 16.72638 12.40654288 
0.328456 6.479566 16.72618 12.40646696 
0.331258 6.277177 16.50755 12.32276379 
0.331258 6.277177 16.50755 12.32276379 

-- ~- - ------ --~-- - ---

AVG DEPTH VS VP(M/SEC) FOR R4 

VP(M/SEC) 

,----_._----_. - - - - - --

AVG DEPTH VS DENSITY FOR R4 

~ ~~~~ .t:=:===;:========-===::::=====----- j 
~ 2000 :JIll 
(!) 1900 - SS 
~ 1800 ~~-+~~~~~-~~~-~~-+I-~~-~!-~~~-~ 

~ ~ ;Ji ~ ~ 
N N N N N 

Ii) Ii) 
(") (") 

N N 

'-----------_.- ---

R5 
Mean 

S.P Up.Time(Sec) Ve l. (m/sec) 
420 1.75 2520.939 
430 1.76 2526.957 
440 1.77 2532.975 
450 1.75 2520.939 . 
460 1.78 2538.993 
470 1.75 2520.939 
480 1.75 2520 .939 
490 1.79 2545.011 
500 1.8 2551.028 
510 1.85 2581.426 
520 1.88 2600.403 
530 1.88 2600.403 

Ii) Ii) <D Ii) Ii) 
(") (") (") (") (") 

N N N N N 
DENS ITY 

Up.Depth(m) D.Time(Sec) Mean Vel.(m/sec) 
2205.822 1.81 2557.046 2314. 127 
2223.722 1.82 2563.064 2332.388 
2241.683 1.82 2563.064 2332.388 
2205.822 1.83 2569.082 2350.71 
2259 .704 1.83 2569.082 2350.71 
2205.822 1.83 2569.082 2350.7 1 
2205.822 1.84 2575.1 2369.092 
2277 .784 1.86 2587.752 2406.609 
2295 .926 1.88 2600.403 2444.379 
2387.819 1.92 2625.707 2520.679 
2444 .379 1.95 2644.685 2578.568 
2444.379 1.97 2657.337 2617.476 
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Avg 
DEPTH 
2259.97 
2278.05 
2287.03 
2278.26 
2305.20 
2278.26 
2287.45 
2342.19 
2370.15 
2454 .24 
2511.47 
2530.92 



Chapter # 6 Interpretation 

540 1.86 2587.752 2406.609 1.95 2644.685 2578.568 2492.58 

550 1.88 2600.403 2444.379 1.97 2657.337 2617.476 2530.92 

560 1.9 2613.055 2482.402 1.97 2657.337 2617.476 2549.93 

570 1.9 2613.055 2482.402 1.98 2663.223 2636.591 2559.49 

580 1.91 2619.381 2501 .509 1.98 2663.223 2636.591 2569.0 

590 1.9 2613.055 2482.402 2 2673.922 2673.922 2578.16 

600 1.9 2613.055 2482.402 2 2673.922 2673.922 2578.16 
610 1.9 2613.055 2482.402 2 2673.922 2673 .922 2578.16 
620 1.88 2600.403 2444.379 1.99 2668.671 2655.327 2549.85 
630 1.86 2587.752 2406.609 1.97 2657.337 2617.476 2512.04 
640 1.86 2587.752 2406.609 1.95 2644.685 2578.568 2492.58 
650 1.85 2581.426 2387.819 1.9 2613.055 2482.402 2435. 11 
660 1.84 2575.1 2369 .092 1.95 2644.685 2578.568 2473.8 
670 1.85 2581.426 2387.819 1.95 2644.685 2578 .568 2483.19 
680 1.83 2569.082 2350.71 1.95 2644.685 2578.568 2464.63 

690 1.85 2581.426 . 2387.819 1.95 2644.685 2578.568 2483.19 

A.lmp 
Avg VEL Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) Vs(Km/sec) (Pwave) A.lmp(~ 

2538.993 3610.16694 3.61016694 2.402943255 1939.79909 1.939799 8.67502631 4.E 
2545.011 3622.20261 3.62220261 2.404943504 1950.17466 1.950175 8.711192639 4 
2548.019 3628.22044 3.62822044 2.40594176 1955.36245 1.955362 8.729287079 4. ~ 
2545.011 3622.20261 3.62220261 2.404943504 1950.17466 1.950175 8.711192639 4 
2554.037 3640.25611 3.64025611 2.407934553 1965.73802 1.965738 8.765498463 4.~ 

2545.011 3622.20261 3.62220261 2.404943504 1950.17466 1.950175 8.711192639 4 
2548.019 3628.22044 3.62822044 2.40594176 1955.36245 1.955362 8.729287079 4. ~ 
2566.381 3680.69941 3.68069941 2.414594915 2000.60294 2.000603 8.887398077 4.1 
2575.716 3711.33996 3.71133996 2.41960447 2027.01721 2.027017 8.979974757 4 
2603.566 3795.99985 3.79599985 2.433286465 2099.99987 2.1 9.236755056 5.' 
2622.544 3833.95529 3.83395529 2.439346277 2132.72008 2.13272 9.352344574 5; 

2628 .. 87 3846.60711 3.84660711 2.4413562 15 2143.62682 2. 143627 9.39093817 5; 

2616.218 3821 .30348 3.82130348 2.43733 1359 2121.81334 2. 121813 9.313782803 5: 
2628.87 3846.60711 3.84660711 2.441356215 2143.62682 2. 143627 9.39093817 5.: 

2635.196 3859.25892 3.85925892 2.4433612 2154.53355 2. 154534 9.429563514 5.: 
2638.139 3854.71538 3.85471538 2.442641734 2150.61671 2. 150617 9.415688666 5.: 
2641.302 3839.48851 3.85948851 2.443397538 2154.73148 2.154731 9.430264727 5.: 
2643.488 3830.38786 3.83038786 2.438778635 2129.6447 2.129645 9.341468066 5: 
2643.488 3830.38786 3.83038786 2.438778635 2129.6447 2.129645 9.341468066 5: 
2643.488 3830.38786 3.83038786 2.438778635 2129.6447 2.129645 9.341468066 5: 
2634.537 3835.42399 3.83542399 2.439579857 2133.9862 2. 133986 9.356823108 5 
2622.544 3833.95529 3.83395529 2.439346277 2132.72008 2.13272 9.352344574 5.: 
2616.218 3821.30348 3.82130348 2.437331359 2121.81334 2.121813 9.313782803 5.' 

2597.24 3783.34803 3.78334803 2.431256431 2089.09313 2.089093 9.19828924 5( 
2609.892 3808.65166 3.80865166 2.435311432 2110.90661 2.110907 9.275252938 5.' 
2613.055 3814.97757 3.81497757 2.436322024 21 16.35998 2.11636 9.294513877 5 .. 

2606.883 3797.62762 3.79762762 2.433547279 2101.40312 2.101403 9.24 1706355 5.' 
2613.055 3814.97757 3.81497757 2.436322024 2116.35998 2.1 1636 9.294513877 5.' 
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Shear Y 
P.Ratio Mod Bulk Mod MODULUS 
0.297054 9.041844 19.2625 13.2346049 
0.295905 9.146436 19.35846 13.26083277 
0.295331 9.1989819.4064713.2738 1877 
0.295905 9.146436 19.35846 13.26083277 
0.294184 9.304562 19.50258 13.2995344 
0.295905 9.146436 19.35846 13.26083277 
0.295331 9.19898 19.40647 13.27381877 
0.290343 9.664204 19.82624 13.38343295 
0.287445 9.941668 20.07218 13.44440348 
0.279492 10.73079 20.755 13.60113683 
0.275952 11.09535 21.06267 13.66576257 
0.274776 11.21836 21.16543 13.68652218 

0.27713 10.97309 20.96 13.64461125 
0.274776 11.21836 21.16543 13.68652218 
0.27360111.34212 21.268313.70688925 
0.274023 11.29759 21.23135 13.69962022 

0.27358 11 .34437 21 .27017 13.70725521 
0.276284 11 .0608 21.03371 13.65983814 
0.276284 11.0608 21.03371 13.65983814 
0.276284 11.0608 21.03371 13.65983814 
0.275815 11.1096 21.07459 13.66819258 
0.275952 11 .09535 21.06267 13.66576257 

0.27713 10.973Q9 20.96 13.64461 125 
0.280675 10.61076 20.65265 13.57881543 

0.27831 10.85157 20.85745 13.62306905 
0.27772 10.91224 20.90871 13.63388896 

0.279339 10.74629 20.76817 13.60398044 
0.27772 10.9 1224 20.90871 13.63388896 

,------------ - - - -----

Interpretation 

AVG DEPTH VS VP(M/SEC) FOR R5 

:I: 
- I

a. 
w 
Cl 
t!) 

~ 

• VP(M/S EC) 

'--------------- - ---- --
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AVG DEPTH VS P RATIO FOR R5 

• ~ 1 1 I 
t ! ! 1 ! 

P RATIO 

-_.-.- .------

R6 
Avg 

S.P 
Mean 

Up.Time(Sec) Vel.(m/sec) Up.Oepth(m) O.Time(Sec) Mean Vel.(m/sec) DEPTH 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 

2.1 2726.432 2862.753 2.21 2782.72 3074.906 2968 . 8~ 

2.1 2726.432 2862 .753 2.2 2777.7 15 3055.486 2959. ' 

. 540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 

2.1 
2.1 
2.1 

2. 13 
2.1 4 
2.14 
2.1 5 
2.15 
2.15 
2.17 
2.14 
2.14 
2.14 
2.13 
2.15 
2.15 
2. 13 
2.11 

2.1 
2.1 
2.1 

2.08 
2.08 
2.08 
2.08 
2.08 

2726.432 
2726.432 
2726.432 
2742.184 
2747.435 
2747.435 
2752 .686 
2752. 686 
2752 .686 
2762.698 
2747.435 
2747.435 
2747.435 
2742. 184 
2752.686 
2752.686 
2742 .1 84 
2731.683 
2726.432 
2726.432 
2726.432 . 

2715.93 
2715.93 
2715.93 
2715.93 
2715.93 

2862.753 
2862.753 
2862.753 
2920.426 
2939.756 
2939.756 
2959 .1 38 
2959.138 
2959.138 
2997.527 
2939 .756 
2939.756 
2939.756 
2920.426 
2959.138 
2959.138 
2920.426 
2881.925 
2862.753 
2862.753 
2862.753 
2824.567 
2824.567 
2824.567 
2824.567 
2824.567 

Avg VEL Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) 
2754.576 3857.3209 3.8573209 2.443054393 2152.86284 
2752.073 3854.65731 3.85465731 2.442632535 2150.56665 
2752 .073 3854.65731 3.85465731 2.442632535 2150.56665 

2.2 2777.715 3055.486 2959. 1 
2.21 2782 .72 3074.906 2968 .8L 
2.22 2787.726 3094. 376 2978 .5E 
2.22 2787.726 3094.376 3007.4C 
2.22 2787.726 3094.376 3017.0E 

2.2 2787.726 3066.498 3003.12 
2.2 2787.726 3066.498 3012 .81 
2.2 2787.726 3066.498 3012.81 

2.21 2731 .683 3018.509 2988.82 
2.2 2777.715 3055.486 3026.50 
2.2 2777.715 3055.486 2997.62 
2.2 2777.715 3055.486 2997.62 
2.2 2777.715 3055.486 2997.62 
2.2 2777.715 3055.486 2987.95 

2.21 2731.683 3018.509 2988.82 
2.2 1 2731 .683 3018.509 2988.82 

2.2 2777.715 3055.486 2987.95 
2.2 2777.715 3055.486 2968.70 

2.19 2772.709 3036.1 16 2949.43 
2.19 2772. 709 3036.116 2949.43 
2. 19 2772.709 3036.116 2949.43 
2. 18 2715.93 2960.363 2892.46 
2.15 2752.686 2959.138 2891.85 
2.15 2752.686 2959.138 2891.85 
2. 15 2752.686 2959 .1 38 2891.85 
2.15 2752.686 2959. 138 2891.85 

A. lmp 
Vs(Km/sec) (Pwave) A. l mp(~ 

2.152863 9.423644768 5; 
2.150567 9.415511361 5; 
2. 150567 9.4 15511361 5 ; 
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2754.576 3857.3209 3.8573209 2.443054393 2152.86284 2.152863 9.423644768 5. 
2757.079 3860.37482 3.86037482 2.443537805 2155.49554 2.155496 9.432971824 5. 

. 2764.955 3865.53656 3.86553656 2.444354213 2159.94531 2.159945 9.448740565 5. 
2767.581 3865.49193 3.86549193 2.444347159 2159.90684 2.159907 9.448604223 . 5. 
2767.581 4224.74731 4.22474731 2.499262532 2469.60975 2.46961 10.55875266 6. 
2770.206 4294.41768 4.29441768 2.50950326 2529.67041 2.52967 10.77685516 6 .. 
2770.206 4294.41768 4.29441768 2.50950326 2529.67041 2.52967 10.77685516 6 
2742.184 1979.04253 1.97904253 2.067642621 533 .657355 0.533657 4.091952687 1. 
2770.206 3863.93428 3.86393428 2.444 100876 2158.56404 2.158564 9.443845162 5.: 
2762.575 3857.66845 3.85766845 2.443 109422 2153.16246 2.153162 9.424706134 5.: 

2762.575 3857.66845 3.85766845 2.443 109422 2153.16246 2.153162 9.424706134 5.: 
2762.575 3857.66845 3.85766845 2.443109422 2153.16246 2. 153162 9.424706134 5.: 

2759.95 3858.84346 3.85884346 2.443295438 2154.1754 2.154175 9.428294626 5.: 
2742.184 1979.04253 1.97904253 2.067642621 533.657355 0.533657 4.091952687 1 .. 

2742.184 1979.04253 1.97904253 2.067642621 533.657355 0.533657 4.091952687 1.-
2759.95 3858.84346 3.85884346 2.443295438 2154.1754 2.154175 9.428294626 5.: 

2754.699 3856.90949 3.85690949 2.442989249 2152.50818 2. 152508 9.422388429 5.: 
2749.57 3852.51418 3.85251418 2.442292947 2148.71912 2. 148719 9.408968203 5.: 
2749.57 3852.51418 3.85251418 2.442292947 2148.71912 2. 148719 9.408968203 5.: 
2749.57 3852.51418 3.85251418 2.442292947 2148.71912 2. 148719 9.408968203 5.: 
2715.93 2715.92961 2.71592961 2.237903324 1168.90484 1.168905 6.07798791 2.E 

2734.308 3844.88963 3.84488963 2.441083658 2142.14623 2.142146 9.385697243 5.: 
2734.308 3844.88963 3.84488963 2.44 1083658 2142. 14623 2.142146 9.385697243 5.: 
2734.308 3844.88963 3.84488963 2.441083658 2142.14623 2.142146 9.385697243 5.: 
2734.308 3844.88963 3.84488963 2.441083658 21 42.14623 2.142146 9.385697243 5.: 

Shear Y 
P.Ratio Mod Bulk Mod MODULUS 
0.273781 11 .3231 1 21.25254 13.70379488 
0.274028 11 .29702 21.23087 13.69952698 
0.274028 11 .29702 21.23087 13.69952698 
0.273781 11.32311 21.25254 13.70379488 
0.273498 11 .35307 21.27738 13.70866677 
0.273019 11.4038 21.3 1938 13.71684909 
0.273024 11.40336 21.31902 13.71677864 
0.240459 15.24293 24.28415 14.1221959 
0.234313 16.05889 24.86846 14.16252822 
0.234313 16.05889 24.86846 14.16252822 
0.460792 0.588844 7.313023 6.920459808 
0.273168 11.38804 21.30634 13.7143162 
0.273749 11 .32652 21.25536 13.70435048 
0.273749 11 .32652 21.25536 13.70435048 
0.273749 11 .32652 21.25536 13.70435048 

0.27364 11.33804 21.26492 13.70622667 
0.460792 0.588844 7.313023 6.920459808 
0.460792 0.588844 7.313023 6.920459808 

0.27364 11.33804 21.26492 13.70622667 
0.273819 11.31908 21.24919 13.70313682 
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0.274227 11.27605 21.2 1345 13.69608037 
0.274227 11 .27605 21.21345 13.69608037 
0.274227 11 .27605 21.21345 13.69608037 
0.386327 3.057734 12.43041 10.39 192031 
0.274935 11 .20162 21 .15147 13.68372708 
0.274935 11 .20162 21.15147 13.68372708 
0.274935 11.20162 21.15147 13.68372708 
0.274935 11 .20162 21 .15147 13.68372708 

.-.- -- -

AVG DEPTH VS VP(M/SEC ) FOR R6 

VP(M/SEC) 

--------- ------

,--------------- -- - --- ------

S.P 
420 
430 
440 
450 
460 

.470 
480 
490 
500 
51 0 
520 

AVG DEPTH VS A IMP (PIW) FOR R6 

----~ I 
I ! ===::~---;! I I· 

NNNNM~~~rorom~NNNMmmMN~~~rommmm 
~ ~ ~ ~ ~ ~ ~ ci ci ci 0 ~ ~ ~ ~ ~ 0 0 ~ ~ ~ ~ ~ 0 M M M M 
~~~~~~~ ~ ~ ~ ~~~~~ ~ ~~~~~w~~~~ , 

A IMP(P/W) 

R7 
Mean 

Up.Time(Sec) Vel. (m/sec) Up.Depth(m) D.Time(Sec) Mean Vel.(m/sec) _ 
2.2 2777 .715 3055.487 2.3 2827.771 3251.936 

2.2 2777.715 3055.487 2.3 2827.771 3251.936 
2.2 2777. 71 5 3055.487 2.3 2827.771 3251.936 

2.22 2787.726 3094.376 2.31 2833.01 9 3272. 137 
2.22 2787.726 3094.376 2.32 2838.267 3292 .389 
2.22 2787.726 3094.376 2.31 2833.019 3272.137 
2.21 2782 .72 3074.906 2.32 2838.267 3292.389 

2.2 2777.715 3055.487 2.31 2833.019 3272.137 
2.28 2817.76 3212.246 2.33 2843.515 3312.695 
2.28 2817.76 3212.246 2.33 2843.515 3312.695 
2.29 2822 .765 3232.066 2.35 2854.011 3353.463 
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Avg 
DEPTt-l 
3153. 71 
3153 .7 1 
3153 .7 1 
3183 .25 
3193 .38 
3183.25 
3183 _64 
3163 _81 
3262.47 
3262.47 
3292 .76 
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530 
540 
550 
560 
570 
580 
590 
600 

. 610 

620 
630 
640 
650 
660 
670 
680 
690 

2.29 
2.28 
2.28 
2.28 
2.28 
2.28 
2.28 
2.28 
2.28 
2.28 
2.27 
2.25 
2.26 
2.25 
2.25 
2.25 

, 2.28 

2822.765 
2817.76 
2817.76 
2817.76 
2817.76 
2817.76 
2817.76 
2817.76 
2817.76 
2817.76 

2812.754 
2802.743 
2807.748 
2802.743 
2802.743 
2802.743 

2817.76 

3232.066 
3212.246 
3212 .246 
3212.246 
3212.246 
3212.246 
3212.246 
3212.246 
32 12.246 
32 12.246 
3192.476 
3153.086 
3172.755 
3153 .086 
3153.086 
3153.086 
3212.246 

Avg VEL Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) 
2802.743 3928.99756 3.92899756 2.454325354 22 14.65307 
2802.743 3928.99756 3.92899756 2.454325354 22 14.65307 
2802.743 3928.99756 3.92899756 2.454325354 2214.65307 
2810.372 3950.23969 3.95023969 2.457635977 2232.96525 
2812.996 3960.27068 3.96027068 2.459194684 2241 .61265 
2810.372 3950.23969 3.95023969 2.457635977 2232.36525 
2810.493 3954.2508 3.9542508 2.458259616 2236.4231 
2805.367 3939.09357 3.93909357 2.455900503 2223.35652 
2830.637 4017.92886 4.01792886 2.468097 173 2291.31798 
2830.637 4017.92886 4.01792886 2.468097 173 229 1.31798 
2838.388 4046.55303 4.04655303 2.47248 1227 2315.99399 
2838.388 4046.55303 4.04655303 2.472481227 23 15.99399 
2825.389 3992.68308 3.99268308 2.46421 1067 2269.55438 
2833.261 4026.86429 4.02686429 2.46.9468224 2299.02094 
2835.885 4034.74617 4.034746 17 2.470675725 2305.81566 
2835.885 4034.74617 4.03474617 2.470675725 2305.81566 
2838.509 4041.96957 4.041 96957 2.471780795 2312.04273 
2838.509 4041.96957 4.04196957 2.471780795 2312.04273 
2835.885 4034.74617 4.03474617 2.470675725 2305.8 1566 
2838.509 4041.96957 4.04196957 2.471780795 23 12.04273 
2835.885 4034.74617 4.03474617 2.470675725 2305.81566 
2833.382 4024.66814 4.02466814 2.46913146 2297.12771 
2833.625 4022.57424 4.02257424 2.468810244 2295.32262 
2830.879 4015.71724 4. 01 571724 2.467757469 2289.4 11 41 
2828.377 4007.53282 4.00753282 2.466499125 2282.35588 
2828.377 4007.53282 4.00753282 2.466499125 2282.35588 
2828.377 4007.53282 4.00753282 2.466499 125 2282.35588 
2835.885 4034.74617 4.034746 17 2.470675725 2305.81566 

2.35 2854.011 3353.463 3292.76 
2.31 2833.019 3272.137 3242.19 
2.34 2848.763 3333.052 3272 .'64 
2.35 2854.01 1 3353.463 3282.85 
2.35 2854.011 3353.463 3282.85 
2.36 2859.259 3373.925 3293.08 
2.36 2859.259 3373.925 3293. 08 
2.35 2854.01 1 3353.463 3282.85 
2.36 2859.259 3373.925 3293.08 
2.35 2854. 011 3353.463 3282 .85 
2.35 2854.01 1 3353.463 3272.96 
2.37 2864.507 3394.44 3273.76 
2.35 2854.01 1 3353.463 3263. 10 
2.35 2854.011 3353.463 3253.27 
2.35 2854.011 3353.463 3253.27 
2.35 2854.01 1 3353.463 3253.27 
2.35 2854.0 11 3353.463 3282.85 

A. lmp 
Vs(Km/sec) (Pwave) A. l mp (~ 

2.214653 9.643038336 5.' 
2.214653 9.643038336 5.' 
2.214653 9.643038336 5.' 
2.232965 9.708251187 5.' 
2.241613 9.739076601 5.! 
2.232965 9.708251187 5.' 
2.236423 9.720575048 5.' 
2.223357 9.674021873 5.' 
2.291318 9.916638853 5.( 
2.291318 9.9 16638853 5.( 
2.315994 10.00502639 5.~ 

2.315994 10.00502639 5~ 

2.269554 9.838813829 5.! 
2.299021 9.9442 13409 5.( 
2.305816 9.968549407 5.( 
2.305816 9.968549407 5.( 
2.312043 9.990862747 5.~ 

2.312043 9.990862747 5 .~ 

2.305816 9.968549407 5.( 
2.312043 9.990862747 5 .~ 

2.3058 16 9.968549407 5.( 
2.297128 9.93743473 5 
2.295323 9.930972485 5.( 
2.289411 9.909816213 5.( 
2.282356 9.884576182 5.( 
2.282356 9.884576182 5.( 
2.282356 9.884576182 5.( 
2.305816 9.968549407 5.( 
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Shear Y 
P.Ratio Mod Bulk Mod MODULUS 

0.26716 12.0377 21.83721 13.81207278 
0.26716 12.0377 21.83721 13.81207278 
0.26716 12.0377 21.83721 13.81207278 

0. 265209 12.2541 22.01 11 2 1 3.84 1 71 547 
0.26429 12.35703 22.09334 13.85532238 

0.265209 12.2541 22.01112 13.84171547 
0.264842 12.2952 22.04399 13.84718662 
0.266233 12.14029 21.91983 13.82630152 
0.259027 12.95785 22.56721 13.92864747 
0.259027 12.95785 22.56721 13.92864747 
0.256428 13.26196 22.80325 13.961941 
0.256428 13.26196 22.80325 13.961941 
0.261327 12.69285 22 .35947 13.8975689 
0.258215 13.05237 22.64084 13.93926269 
0.257499 13.13605 22.70583 13.94845899 
0.257499 13.13605 22.70583 13.94845899 
0.256843 13.21301 22.76542 13.95674912 
0.256843 13.2 1301 22.76542 13.956749 12 
0.257499 13.13605 22.70583 13.94845899 
0.256843 13.21301 22 .76542 13.95674912 
0.257499 13.13605 22.70583 13.94845899 
0.258414 13.0291 22 .62274 13.93667236 
0.258604 13.00694 22 .60549 13.93419128 
0.259228 12.93452 22.549 13.92598901 
0.259973 12.84836 22.48162 13.91604376 
0.259973 12.84836 22.48162 13.9 1604376 
0.259973 12.84836 22.48162 13.91604376 
0.257499 13.13605 22.70583 13.94845899 

-- ----------

AVG DEPTH VS VP(M/S EC ) FOR R7 

J: llgg r----------------l- I 
c.. 

~ ~ ,:, J UJ 
3200 · ~ ! Cl 

(!) 
> ~ ~6g l I ,: -_______ 
<l: 3050 ' I ! , ! 

, 
! 

VP(M/SEC) 
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S.P 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 

Avg VEL 
2889 .87 
2889.87 

2887.257 

AVG DEPTH VS DENS ITY FOR R7 

1 ! ! ! 1 
lC) lC) lC) ill ill ill ill ill ~ ~ ~ ~ ill ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
"<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' "<;/' 

NNNN NNNNNNN NNNNNN NNNNNNN NNNN 

R8 
Mean 

Up .Time(Sec) Vel.(m/sec) 
2.39 2874 .927 
2.39 2874.927 
2.38 2869 .701 
2.38 2869 .701 
2.39 2874.927 
2.39 2874.927 

2.4 2880. 153 
2.4 2880. 153 
2.4 2880.153 

2.39 2874.927 
2.4 2880. 153 
2.4 2880.153 

2.41 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2.41 
2.41 
2.41 
2.41 
2.42 

2885. 143 
2891.63 1 
2891.631 
2891.63 1 
2891.631 
2891.631 
2891.631 
2891 .631 
2891.631 
2891 .631 
2891.631 
2885. 143 
2885. 143 
2885.143 
2885. 143 
289 1.631 

DENSITY 

Up.Depth(m) D.Time(Sec) Mean Vel.(m/sec) 
2904.813 3558.396 
2904.813 3558.396 
2904.813 3558.396 
2904.813 3558.396 
2904.813 3558.396 
2909.462 3578.639 
2909.462 3578.639 
2909.462 3578.639 

Avg 
DEPTH 
3496.91 
3496.91 

3435.538 2.45 
3435.538 2.45 
3414.944 2.45 3486.1 

3486.1 
3496.91 
3507.0, 
3517.4 
3517.4 

3414.944 2.45 
3435.538 2.45 
3435.538 2.46 
3456.184 2.46 
3456.184 2.46 
3456 .184 
3435.538 
3456.184 
3456.184 
3476.597 
3498.874 
3498.874 
3498.874 
3498.874 
3498.874 
3498.874 
3498.874 
3498.874 
3498.874 
3498.874 
3476.597 
3476.597 
3476.597 
3476.597 
3498.874 

2.45 2904.813 3558.396 
2.45 2904.813 3558.396 
2.45 2904.813 3558.396 
2.45 '2904.813 3558.396 

3507.: 
3496.91 

3507.: 
3507.: 

2.46 2909.462 3578.639 3527.6 
2.47 2914.112 3598.928 3548.91 
2.48 29 18.761 3619.263 3559.01 
2.48 2918.761 3619.263 3559.01 

2.5 2928.059 3660.074 3579.4' 
2.5 2928.059 3660.074 3579.4' 
2.5 2928.059 3660.074 3579.4' 
2.5 2928.059 3660.074 3579.4' 
2.5 2928.059 3660.074 3579.4' 

2.49 2923.41 3639.645 3569.2: 
2.5 2928.059 3660.074 3579.4' 

2.48 2918.761 3619.263 3547.! 
2.48 2918.761 3619.263 3547.! 
2.47 2914.112 3598.928 3537.71 
2.47 2914.112 3598.928 3537.71 
2.47 2914.112 3598.928 3548.91 

Vp(m/sec) 
4095.27686 
4095.27686 
4098.62516 

Vp(km/sec) Density(g/cc) Vs(m/sec) Vs(Km/sec) 
2.357997 
2.357997 
2.360884 

A.lmp 
(Pwave) 
10.15583831 
10.15583831 
10.16621866 

A.lmp( 
5. 
5. 

4 .09527686 2.479890533 2357.99729 
4.09527686 2.479890533 2357.99729 
4.09862516 . 2.480397268 2360.88376 
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2887.257 4098.62516 4.09862516 2.480397268 2360.88376 2.360884 10.16621866 
2889.87 4095.27686 4.09527686 2.479890533 2357.99729 2.357997 10.15583831 5. 

2892.195 4088.59695 4.08859695 2.47887866 1 2352.23875 2.352239 10.13513573 5. 
2894 .808 4081.83528 4.08183528 2.477853139 2346.40972 2.34641 10.11418835 5. 
2894.808 4081 .83528 4.08183528 2.477853139 2346.40972 2.34641 10.11418835 5. 
2892.483 4088.49883 4.08849883 2.478863788 2352.15416 2.352154 10.1348317 

2889.87 4095.27686 4.09527686 2.479890533 2357.99729 2.357997 10.15583831 5. 
2892.483 4088.49883 4.08849883 2.478863788 2352.15416 2.352154 . 10.1348317 
2892.483 4088.49883 4.08849883 2.478863788 2352.15416 2.352154 10.1348317 
2897 .303 408 1.65373 4.08165373 . 2.477825588 2346.25322 2.346253 10.11362605 5. 
2902.871 4002. 16911 4.00216911 2.465673416 2277.73199 2.277732 9.868041988 5.1 
2905.196 4012.99331 4.01299331 2.467338883 2287.0632 2.287063 9.901414441 c 

~ 

2905.196 4012.99331 4.01299331 2.467338883 2287.0632 2.287063 9.901414441 ~ 

2909.845 4030.01047 4.03001047 2.46995043 2301.73316 2.301733 9.953926092 5.1 
2909.845 4030.01047 4.03001047 2.46995043 2301.73316 2.301733 9.953926092 5.1 
2909 .845 4030.01047 4.03001047 2.46995043 2301.73316 2.301733 9.953926092 5.1 
2909.845 4030.01047 4.03001047 2.46995043 2301.73316 2.301733 .9.953926092 5.1 
2909.845 4030.01047 4.03001047 2.46995043 2301.73316 2.301733 9.953926092 5.1 

2907.52 4022.05323 4.02205323 2.4687303 2294.87347 2.294873 9.929364677 5.1 

2909 .845 4030.01047 4.03001047 2.46995043 2301.73316 2.301733 9.953926092 5.1 
2901 .952 4076.17127 4.07617127 2.476993117 2341.52696 2.341527 10.09664818 5. 
2901.952 4076.171 27 4.076171 27 2.476993117 2341.52696 2.341527 10.09664818 5.' 
2899.627 4077.68076 4.07768076 2.477222405 2342.82824 2.342828 10.10132214 5. : 
2899.627 4077.68076 4.07768076 . 2.477222405 2342.82824 2.342828 1 O. 1 0132214 5.: 
2902 .871 4002.16911 4.00216911 2.465673416 2277.73199 2.277732 9.868041988 5.1 

Shear Y 
P.Ratio Mod Bulk Mod MODULUS 
0.252026 13.78857 23.20621 14.01383683 
0.252026 13.78857 23.20621 14.01383683 
0.251724 13.82517 23.23396 14.0171 8125 
0.251724 13.82517 23.23396 14.01718125 
0.252026 13.78857 23.20621 14.01 383683 
0.252628 13.7157 23.15088 14.00707924 
0.253237 13.64216 23.0949 14.00012314 
0.253237 13.64216 23.0949 14.00012314 
0.252636 13.71463 23.15007 14.006979 13 
0.252026 13.78857 23.20621 14.01383683 
0.252636 13.71463 23.15007 14.00697913 
0.252636 13.71463 23.15007 14.00697913 
0.253254 13.64019 23.0934 13 .. 99993477 
0.260462 12.79207 22.43748 13.90943463 
0.259476 12.90581 22.52657 13.92269778 
0.259476 12.90581 22 .52657 13.92269778 
0.257929 13.08574 22.66678 13.94295236 
0.257929 13.08574 22.66678 13.94295236 
0.257929 13.08574 22.66678 13.94295236 
0.257929 13.08574 22.66678 13.94295236 
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0.257929 
0.258652 
0.257929 
0.253749 
0.253749 
0.253612 
0.25361 2 
0.260462 

::x: 
l-

I fu 
o 
<.!) 

, > 
« 

13.08574 22.66678 13.94295236 
13.00143 22.60119 13.93357222 
13.08574 22.66678 13.94295236 
13.58073 23.04803 13.99420669 
13.58073 23.04803 13.99420669 
13.59709 23.06052 13.99579144 
13.59709 23.06052 13.99579144 
12.79207 22.43748 13.90943463 

_.- ----------

AVG DEPTH VP VP (M/SEC ) FOR R8 

;:~: E=======: 3500 . _ 

3450 
3400 ,, ~II I 

VP(M/SEC) 

AVG DEPTH VS YOUNG MODULUS FOR R8 

IE~! ~-=-~ 
« 3400 - , , .=::1 

S.P 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 

'<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t '<t (j) (j) (j) (j) (j) (j) (j) (j) (j) (j) '<t '<t '<t '<t (j) 
r--r- ~r- r-"--"--r-~C"'i('l")C"iC¥icv)('f") ('I")('f)ctiC"i T-"--T-T- M 

,-,.--.,-,.--,.--,-,.--,.--,.--,- ,,-

YOUNG MODULUS 

-----

R9 
Mean 

Up.Time(Sec) Vel.(m/sec) Up.Depth(m) D,Time(Sec) Mean Vel.(m/sec) 
2.56 2955.954 3783.621 2.63 2986.168 3926.811 
2.56 2955.954 3783.621 2.63 2986.168 3926.811 
2.58 2965.253 3825.176 2.63 2986.168 3926.811 
2.58 2965.253 3825.176 2.64 2990.041 3946.854 

2.6 2974.551 3866.916 2.64 2990.041 3946.854 
2.6 2974.551 3866.916 2.65 2993.913 3966,935 

2.59 2969.902 3846.023 2.64 2990.041 3946.854 
2.58 2965.253 3825.176 2.65 2993.913 3966.935 
2.58 2965.253 3825.176 2.65 2993.913 3966.935 
2.58 2965.253 3825.176 2.65 2993.913 3966.935 
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Avg 
DEPTH 
3855.21 
3855.21 
3875.99 
3886.01 
3906.88 
3916.92 
3896.43 
3896.05 
3896.05 
3896.05 
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520 2.59 2969.902 3846.023 2.65 2993.913 3966.935 3906.4' 
530 2.59 2969.902 3846.023 2.65 2993.913 3966.935 3906A 
540 2.6 2974.551 3866.916 2.65 2993.913 3966.935 3916.9: 
550 2.63 2986.168 3926.811 2.7 3013.275 4067.921 3997.3l 
560 2.63 2986.168 3926.811 2.7 3013.275 4067.921 3997.3E 
570 2.62 2982.296 3906.808 2.7 3013.275 4067.921 3987.3E 
580 2.63 2986. 168 3926.811 2.71 3017.147 4088.235 4007.5: 
590 2.62 2982.296 3906.808 2.71 3017.147 4088.235 3997.5: 
600 2.63 2986.168 3926.811 2.71 3017.147 4088.235 4007.5~ 
610 2.62 2982 .296 3906.808 2.7 3013.275 4067.921 3987.3E 
620 2.61 2978.424 3886.843 2.7 3013.275 4067.921 3977.3l 
630 2.61 2978.424 3886.843 2.7 3013.275 4067.921 3977.3E 
640 2.63 2986.168 3926.811 2.7 3013.275 4067.921 3997.3E 
650 2.66 2996.786 3985.725 2.73 3024.892 4128.978 4057.3t 
660 2.68 3005.53 4027.41 2.74 3028.765 4149.407 4088.4C 
670 2.67 3001.658 4007.213 2.73 3024.892 4128.978 4068.0~ 

680 2.73 3024.892 4128.978 2.74 3028.765 4149.407 4139. H 
690 2.78 3044.12 4231.327 2.74 3028.765 4149.407 4190.3E 

A.lmp 
Avg VEL Vp(m/sec) Vp(km/sec) Oensity(g/cc) Vs(m/sec) Vs(Km/sec) (Pwave) A.lmp(! 
2971.061 4091.13714 4.09113714 2.479263595 2354.42857 2.354429 10.14300738 5.1 
2971.061 4091.13714 4.09113714 2.479263595 2354.42857 2.354429 10.14300738 5.1 
2975.711 4065.382 4.065382 2.475352391 2332.22586 2.332226 10.06325305 5.", 
2977.647 4055.91327 4.05591327 2.473909788 2324.06317 2.324063 10.03396354 5 . ~ 

2982.296 3996.87341 3.99687341 2.464857361 2273.16673 2.273167 9.85172284 5.( 
2984.232 4000.74331 4.00074331 2.465453783 2276.50285 2.276503 9.863647728 5.E 
2979.971 4033.22713 4.03322713 2.4 70443146 2304.50614 2.304506 9.963858312 5.E 
2979.583 4050.24322 4.05024322 2.47304472 2319.17519 2.319175 10.01643261 5. ~ 
2979.583 4050.24322 4.05024322 2.47304472 2319.17519 2.319175 . 10.01643261 5.~ 

2979.583 4050.24322 4.05024322 2.47304472 2319.17519 2.319175 10.01643261 5.~ 

298 1.908 4030.39309 4.03039309 2.470009054 2302.06301 2.302063 9.955107428 5.E 
298 1.908 4030.39309 4.03039309 2.470009054 2302.06301 2.302063 9.955107428 5.E 
2984.232 4000.74331 4.00074331 2.465453783 2276.50285 2.276503 9.863647728 5.E 
2999.722 4031.72553 4.03172553 2.470213174 2303.21166 2.303212 9.959221515 5.E 
2999.722 4031.72553 4.03172553 2.4702 13174 2303.21166 2.303212 9.959221515 5.E 
2997.786 4027.83884 4.02783884 2.4696 17621 2299.86107 2.299861 9.947221767 5.E 
3001.658 4035.59628 4.03559628 2.470805857 2306.54852 2.306549 9.971174927 5.E 
2999.722 4031.71136 4.03171136 2.4 70211004 2303.19945 2.303199 9.959177767 5.E 
3001.658 4035.59628 4.03559628 2.470805857 2306.54852 2.306549 9.971174927 5.E 
2997.786 4027.83884 4.02783884 2.469617621 2299.86107 2.299861 9.947221767 5.E 

2995.85 4023.95541 4.02395541 2.469022137 2296.51329 2.296513 9.935234989 5.E 
2995.85 4023.95541 4.02395541 2.469022137 2296.51329 2.296513 9.935234989 5.E 

2999.722 4031.72553 4.03172553 2.4702 13174 2303.21166 2.303212 9.959221515 5.E 
3010.839 4092.92795 4.09292795 2.479534862 2355.97237 2.355972 10.14855754 5.l 
3017.147 4066.57625 4.06657625 2.475534162 2333.25539 2.333255 10.06694843 5. ~ 
3013.275 4058.81428 4.05881428 2.474352037 2326.56403 2.326564 10.04293537 5.~ 

3026.828 4085.98151 4.08598151 2.478482136 2349.98406 2.349984 10.12703218 5.l 
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3036.442 

P.Ratio 
0.252399 
0.252399 
0.254724 

0.25558 
0.260944 
0.260592 
0.257637 
0.256094 
0.256094 
0.256094 
0.257894 
0.257894 
0.260592 
0.257773 
0.257773 
0.258126 
0.257422 
0.257774 
0.257422 
0.258126 
0.258479 
0.258479 
0.257773 
0.252237 
0.254616 
0.255318 
0.252863 
0.251964 

,..---' 
i 

4095.96562 

Shear 
Mod 
13.74339 
13.74339 
13.46413 
13.36225 
12.73663 
12.77713 

13.1199 
13.30145 
13.30145 
13.30145 

13.0898 
13.0898 

12.77713 
13.10395 
13.10395 

13.0627 
13.1451 
13.1038 
13.1451 
13.0627 

13.02156 
13.02156 
13.10395 
13.76292 
13.47701 
13.39342 
13.68723 
13.79609 

Interpretation 

4.09596562 2.479994796 2358.59105 2.358591 10.15797343 5. 

Y 
Bulk Mod MODULUS 
23.17192 14.00966238 
23.17192 14.00966238 

22 .9588 13.98271084 
22.88055 13.97237845 
22.39392 13.90283831 
22.42575 13.90766559 

22.6933 13.94669884 
22.83372 13.96608238 
22 .83372 13.96608238 
22.83372 13.96608238 
22.66993 13.94339938 
22.66993 13.94339938 
22.42575 13.90766559 
22.68092 13.94495316 
22.68092 13,94495316 
22.64887 13.94040826 
22.71284 13.9494415 

22.6808 13.94493667 
22.71284 13.9494415 
22.64887 13.94040826 
22.61687 13.93582908 
22.61687 13.93582908 
22.68092 13.94495316 
23.18675 14.01147357 
22.96867 13.98399786 
22.90452 13.97556823 
23.12922 14.00440241 
23.21192 14.01452713 

AVG DEPTH VS VP(M/SEC) FOR R9 

VP(M/SEC) 

- - ----- ------~ 
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_. - - -- - -- -' --- ---, 
AVG DEPTH VS BULK MODULUS FOR R9 
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~ ~ N N N N N N N N N N N N N N N N N N N N N ~N N ~ ~ 
NN NNNNNNNNNNNNNNNNNNNNN NNN 

BULK MODULUS 

-- --- ---_._- _._. --_ .. -------------------' 

DATA OF REFLECTION COEFFICIENT 
REFLECTION COEFFICIENT 
VELOCITY 
WINDOW 1 1 

time vrms vint vave DENSITY DEN*Vint R.C 
0 1500 1500 1500 1.929232 2893.848 0.11346 

600 1800 1800 1800 2.019202 3634.564 0.183541 
860 2050 2534.493 2022.056 2.078787 5268.671 0.000469 

1260 2200 2492.113 2171.28 2.116122 5273.614 0.231567 
1380 2400 3926.831 2323.937 2.152374 8452.009 -0.06028 
1500 2500 3447.463 2413.819 2.172891 7490.96 -0.02394 
1700 2600 3253.46 2512.6 2.194788 7140.654 0.041589 
1830 2675 3511.294 2583.546 2.210119 7760.378 0.01 5443 
2380 2900 3547.344 2806.272 2.256286 8003.822 0.081983 
2770 3100 4114.982 2990.531 2.292444 9433.366 0.033072 
3375 3350 4313.392 3227.666 2.336597 10078.66 0.071674 
4600 3800 4827.478 3653.703 2.410155 11634.97 0.121969 
6000 4400 5960.345 4191 .919 2.494393 14867.44 -1 

VELOCITY 
WINDOW 1 2 

time vrms vint vave DENSITY DEN*Vint R.C 
0 1500 1500 1500 1.929232 2893.848 0.146677 

730 1900 1900 1900 2.046681 3888.693 0.107269 
930 2000 2328.841 1992.224 2.071077 4823.209 0.078267 

1275 2200 2665.398 2174.377 2.116876 5642.317 0.14134 
1460 2400 3478.583 2339.636 2.156 7499.825 0.023623 
1565 2500 3614.323 242,5.158 2.175438 7862.736 -0.02649 
1840 2650 3379.161 256.7.74 2.206731 7456.9 0.104031 
2150 2900 4079.888 2785.771 2.252154 9188.534 0.011032 
2400 3050 4120.437 2924.798 2.279742 9393.532 0.015428 
2990 3300 4165.048 3169.53 2.326004 9687.918 0.000794 
3875 3500 4104.242 3383.006 2.364217 9703.32 0.187695 
6000 4400 5685.534 4198.485 2.495369 14187.51 -1 

100 



Chapter # 6 Interpretation 

VELOCITY 
WINDOW 1 3 

time vrms vint vave DENSITY DEN*Vint RC 
0 1500 1500 1500 1.929232 2893.848 0.146677 

800 1900 1900 1900 2.046681 3888.693 0.127078 
1280 2100 2396.525 2086.197 2.09508 5020.911 0.297753 
1400 2375 4332.123 · 2278.705 2. 141824 9278.644 -0.17716 
1720 2500 2985.97 2410.289 2. 172096 6485.81 2 0.161695 
1975 2750 4051.597 · 2622.205 2.218341 8987:825 -0.00359 
2300 2950 3953.504 · 2810.323 2.2571 8923.453 0.094795 
2600 3200 4693 .346 3027.595 2.299514 10792.42 -0.04606 
4300 3600 4137.632 3466.447 2.378663 9842.031 0.203007 
6000 4400 5962.234 4173.587 2.491662 14855.87 -1 

VELOCITY 
WINDOW 1 4 

time vrms vint vave DENSITY DEN*Vint RC 
0 1500 1500 1500 1.929232 2893.848 0.177888 

870 2000 2000 2000 2.073095 4146.19 0.170989 
1130 2200 2766.002 2176.248 2.117331 5856.543 0.069499 
1240 2300 3148.448 2262.492 2.138004 6731.394 -0.01915 
1420 2400 2999.63 2355.932 2.159744 6478.434 -0.00919 
1730 2500 2914.535 2456.028 2.182328 6360.472 0.143342 
1975 2700 3825.398 2625.9 2.219122 8489.027 -0.01567 
2430 2900 3643 .012 2816.347 2.258308 8227.045 0.065586 
2840 3100 4089.278 3000.115 2.294279 9381 .943 0.170713 
6000 4400 5303.08 4213 .01 2.497525 13244.57 -1 

VELOCITY 
WINDOW 1 5 

time vrms vint vave DENSITY DEN*Vint RC 
0 1500 1500 1500 1.929232 2893.848 0.146677 

760 1900 1900 1900 2.046681 3888.693 0.148743 
1085 2100 2506.146 2081.565 2.093916 5247.659 0.060972 
1240 2200 2801.785 2171.592 2.116198 5929.132 0.112213 
1750 2600 3380 .567 2523.922 2.197256 7427.972 0.087726 
1990 2800 3964.215 2697.626 2.234123 8856.545 0.038015 
2440 3100 4175.803 2970.24 2.288546 9556.517 -0.01167 
2850 3250 4028.776 3122.52 1 2.317331 9336:007 0.044067 
4120 3600 4282 .548 3480.102 2.381002 10196.75 0.17155 
6000 4400 5778.021 · 4200 .117 2.495612 14419.7 -1 

VELOCITY 
WINDOW 1 6 

time vrms vint vave DENSITY DEN*Vint R.C 
0 1500 1500 1500 1.929232 2893.848 0.177888 

800 2000 2000 2000 2.073095 4146.19 0.126635 
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