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ABSTRACT 

Two dimensiona l seismic interpretation has been carried out in Dhandi area (study area) 

located near Rahim Vanr Khan in the district of Punjab province, Pakistan to reveal the 

subsurface geo logy. The data used for Ihis study was provided by DGPC. Seismic data 

given for well Sabzal-Ol includes navigation of well and segy data whereas well data 

include well tops find well headers. The horizons are identified and named on the basis of 

well and generali zed stratigraphic data. Sabza l-Ol lies in Ccnt'ra llndus Basin . The objective 

of research is to delineate structures on seismic lines, moking time-depth maps and to 

dclennine the hydrocarbon potential of Sabzal-OJ with the help of petrophyiscal techniques 

using wifeline logs, attributes analysis and coloured inversion. In attribute analysis, relative 

Acoust ic Im pedencc attribute, Average Energy att ri bu te and wavelet Dom inant Frequency 

Illlribute confinns Ihal the renectors are nearly horizontal, Ilnd also show high acoustic 

impedence and frequency in reservoir fonnation. Different petrophysical parameter, like 

volume of shale, water saturation, porosity and hydrocarbon saturation are taken into 

consideration for reservoir characterization. The value of vo lume of Shale in I-Iabib Rahi is 

55%, effcclive porosi ty is 6%, Water Saturation is 81% and Hyd rocarbon Saturation is 19% 

in Sabza l we ll which is dry we ll. Facies analysis indicate two facies in Habib Rahi 

Formation, limestone facie and shaly limestone facic . Co loured inversion is pcrfonned on a 

contro l line, ind icale.o; that renectors are nearly horizonta l and justifies thnt Sabzal-O I is dry 

well , as the reservoir formation is marked on the hi gh acouslic irnpedence values. 
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CHAPTER 1 

INTRODUCTION TO STUDY AREA 

The study arca is Dhandi, located in Rahim yar khan district of Punjab province, Central 

Indus Basin . Geologically Pakistan has two main basins these: are Indus basin and 

Baluchistan basin. Indus basins is further div ided into sub· basins, these are Upper Indus 

Sub-Bas in. Central In dus Sub-Basin and Lower Indus Sub-Bas in . Research is focused on 

Centra l Indus Basin wh ich is sub-part of Indus Basin, Central Indus Basin is divided into 

three parts these are Su la imall fold belt, Sulaiman depression, Punjab pllllfon11 . 111cse 

divisions are based on depositiona l pattem and sedimentology of Centra l Indus Bas in . The 

study arca Dhandi is based on Central Indus Bas in in Platfonn area which is a stab le area. 

While Baluchistan basin is divided into Baluchistan Sub-Basin and Pishin Sub-Basin 

(Kazmi & Jan, 1997). 

1.1 Data availability 

Data is provided by LMKR (Land Mark Resources Pvt,Ltd .), w ilh approval of Directorate 

General o f Petro leum Concessions (DG PC). One we ll is give n for research thnt is Sabza l-

01. This we ll lies near the line G846-DAN-205 in Dhandi area. Sabza l-Ol is dry wel l. 

Gcologica l and geophys ica l stud ies in Central [ndus Basin provides extensive infonnat ion 

abou t reservo ir formations (Knzllli & Jan, 1997). The location of Sabzal-0 1 is 28° 5' 30" N 

and 69° 57' 39" E. 
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Sabza l-Ol 

311130W 

Figure 1.1 Base map ofscismic Jines and well Sabzal-O l . 

This area can be approached by N-5 highway that con nects to Ghotki d istrict which leads to 

Rah im-Yar-Khan then to Sabzal fi e ld area. The fie ld area is 53kms away from Rahi m-Yar

Khan in the direction ofSE. 

Tab le 1.1 shows seismic lines used for construction of base map of study area. llle red 

coloured lines are li nes of interest. 

Table 1.1 Seismic lines with direction and type 

S.No. LINE NO. ORIENT A nON TYPE 

I G846-DAN-201 NE-SW dip 

2 G846-DAN-205 NW-SE stri ke 

3 G846-DAN-2 11 NE-SW dip 

4 G846-DA N-245 " W-SE strike 

5 G846-DAN-246 NE--S W dip 

6 G846-DAN-248 NE-SW dip 
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The logs provided in Sabzal-Ol arc Cal iper log (CA LI ). Gamma ray log (G R). Spontaneous 

potential (SP). Neutron porosity log (N PH1). Sonic log (011. Density log (RHOB). 

Photoelectric log (PEF). Latera log shallow elLS). Latero log deep (LLO) and Micro 

sphericall y foc llsed log (MSFL). 

1.2 Objective of research 

The object ive of research is to dctcrmine the hydrocarbon potential of Sabzal-Ol with the 

help ofpelrophyisca l analys is using wirelinc logs. 

The main proposed objective of this studi es are: 

• To interpretlhe structures and stratigraphy on sesimic lines. 

• To create Timc and depth maps of the formations . 

• Seismic AUributres analys is to a id the interpretation of scismic data. 

• Perfonn petrophysical analys is 10 find Hydrocarbon Saturation in Reservoir 

Formation. 

• Perfonn Facies analysis to indicate the lithology details of the reservoir formation . 

• Coloured inversion 10 investigate the variation in relative acollstic im pedcnce at 

reservo ir levcl. 

1,3 Work Flow 

To nchicvc the objectivcs of this research, proposed methodolugy covers rulluwin g steps; 
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I lines 

raw data ; 
• TO loading 

Generate synthetic 
seismogram 

• 
• 

Figure 1.2 Basie steps rollowed ror Research project. 

1.3. 1 Methodology 

• Load SEG-Y of2D seismic lines with line navigation and well data which 

includes navigation of we ll , fonnation tops and well logs. 

• Generate synthet ic seismogram and correlale well and se ismi c data. 

• Mark horizons named as Pirkoh, Sirki, Habib Rahi and Ghazij. 

• Prepare contour maps fo r various Formation in Time and Depth Domain. 

• Attribule ana lysis to a id interpretalion of se ismic data. 

• Petrophys ical analys is to calcu late volume of shale, porosily, hydrocarbon 

saturation on the bas is of given we ll logs. 

• Facies analysis 10 indicate Ihe litho logy details of tile reservoir fomlation. 

• Coloured inversion to investigate the variat ion in relative acollstic impedence 

at reservoir level. 

• Results and conclusions. 
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CHAPTER 2 

GEOLOGY AND TECTONICS OF THE AREA 

2.1 Introduction 

Pak istan has been geologically well-known for its great mountains, Extensive glaciers 

etc. These geo logic features had been largely revealed by the surveys of the early pioneers 

who explored vast areas despite the lack of proper topographic base maps (Kadri, 1995). 

Teclon icaly. Indian plate is bounded by 4 major tecton ic plates. North of the Indian plate is 

the Eurasian plate, to the south east, the Australian plate, to the south west, the African plate 

and to the west the Arabian plate. About 65 million years ago, Indian plate was separated 

from Madagasar plate in late Cretaceous-early Paleocene age (70-65 Ma). Then swiftly 

moves towards Euras ian plate in Oligocene age (33.9-23.03 Ma) due to rise of mantle 

plume, it created twists. Then in Miocene age (33.03-5.333 Ma) eo llision between Eurasian 

and Indian plate was completed and Himalayan mountain chai n (wh ich contains the highest 

peaks on the Earth today) were formed along with Indus fan and small plates in the eastern 

boundary of the Indian plate. Central Indus Basin and Chaman faults were also formed as a 

result of this co llision. 

Reseasrch work is focused on Centra l Ind us Basin as mentioned in chapter I. 

Geologicall y, Habib Rahi formation is a reservoir fonnation. 

2.2 Tectonics Of Central Indus Basin 

Central Indus Basin is very important in petroleum prospective. The basin is scparated from 

Upper Indus Basin by the Sargodha High & Pezu upli ft in north as shown in figure 2.1. It is 

bounded by Indian shield in the east, margi nal zone of Indian Plate in the west, and Sukkur 

Rift in south (Kadri,1995). 
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Figure 2.1. Tectonic division OrCcnlra[ Indus Basin (Kazmi & Jan, 1997). 

The structural style of the Central Indus Basin is obscured at surface by thick all uvia l cover. 

The oldest rocks exposed in this bas in are of Trias s ic age( 252M20 1 Ma) (WuJgai Formation) 

whi le the oldest rocks penetrated through drilling are of Precambrian(4600-S42.0 Ma) Salt 

Range Formation. The depth to the basement is about 15000 meters in the trough areas. The 

geological structures in Central Indus Basin was fonned due to basement upli ft and collision 

between Euras ian (Afghan micro plate) plate with Ind ian plate. Central lndus Basin is 

d ivided into fo llowing broad tectonic divisions from east to west (Kadri, 1995). 

• Sulaiman fo ld be lt 

• Su laiman depress ion 

• Punjab platfonn . 

2.2.1 Sulaiman fo ld be lt 

T he Sula iman fold belt is the major tectonic fea ture in the proximity of collision zone 

therefore it contain large number of disturbed anticlinal features. In the figure 2. 1, 0-1 

shows Sulaiman fo ld belt. The deco llement zone in this part are poss ibly provide by shales. 

In this region oldest roeks of Lower Lndus Basin(Triassie-Wulgai Formation) arc exposed. 

The most important lithostratigraphic variat ions observed in Su laiman fold be lt arc in 

paleocene/eocene. The reason of this varation is believed to be the presence of number of 

new bas ins at that time,created due to coll ision of plates (Kadri, 1995). 
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2.2.2 Sulaiman depress ion 

Sulai mnn depression is also called Su laiman fore deep. The Sulaimnn foredeep is 

structura lly interpreted as a gentl y dipping, broad syncline. In the figure 2. 1, 8-3 shows 

Sulaiman depression. Several salt co-antic lines are present in the foredeep. These salt 

basement structures may serve as poss ible hydrocarbon exp loration prospects (Kadri, 1995). 

2.2.3 Pu njab piatfonn 

It is tectonically stable area. Regional scale monoc line dipping gently towards 

Suleim nn depression. In the fi gure 2. 1, A- I shows Punjab monocline. Tilted eastward til 

Paleozoic time due to non-orogen ic movements. Tilted westward s ince Mesozoic due 1'0 

co llision of Indian and Eurasean plate. (Kadri,1995) descri bes th is part as the eastern 

segment of Central Indus Basin where no surface outcrops of sedimentary rocks are present. 

Punjab 1)latforll1 is tectonica lly the least affected area because of its greater distance from 

collision zone. A number of we lls have been drilled on this platform. The stnlligraphic 

sequence estab lished on the basis of these wells revealed some of the most s ignificant 

stratigraphic pinch outs in Pakistan. 

2.3 Stratigraphy OrSabzal-OI 

Stratigraphy of Central Indus Basin includes fonnations frol11 Crelacious to Pliocene time., 

mentioned in figure 2.2. Some of the fonnations which are not encountered in Sabzal ~O I, 

those are either Pinched out or terminated before reaching the well. Only one well can nOl 

show thcse factors. Givcn be low are the discription of those format ion wh ich 8rc 

encountered in well. 
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Figure 2.2 Simligraphy of Central Indus Basin (Khalid et ai , 20 14). 

The oldest stratigraphy unit drilled in the Sabzal-Ol is the early Cretaceous Scmbar 

Formation which is fo llowed by Lower and Upper Garu, Parh and Pab formations. 

Cretaceolls sequence is overlaincd by Paleocene (lower and upper) Ranikot formations. 

Eocene includes Sui Ma in Limestone, Ghazij formation, Habib Rahi Format ion, Sirki 

Fannalion, Pirkoh Formation and Darzinda Formation. Eocene is then followed by Siwa lik 

Fannation. 

2.3.1 Scmbar Formation 

The Age of Sember Formation is early Cretaceous. This Formation mainly consists of black 

shale with illtcrbeded siltstone, argillaceous limestone and sandy shale is present at basal 

part. Its lower contact is unconfonn ity because the fonnations of Jurassic and T riasic age 

are not encountered in our we ll but they are present as major trend in Central Indus Basin 
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while the upper cont act is generl'l lly gradational with lhe Goru fonn3 lion. lis type loca lity is 

2km south east of Sember pass in the Mari-Bugti area of Sui aim an province (Shah, 2009). 

2.3.2 GONI Fonn Ulion 

TIle Age of GONI Fonnation is early Cretaceous. GON Ponnntion is comprises of interbeds 

of limcst'Ollc, sha le and si lts tone. The limestone is fine grained and thin bedded (Shah. 

2009). Sand beds is nlso present is this fo rmation. Limestone is domi nan t in the lower and 

upper parts o f the formation. The Goru Formation is widely distributed bo lh in the Kirthar 

and Sulc iman provinces. The lower contact wi th the Sembar Formation is co nformable. The 

upper contact wi th the Parh Limestone which is trans itional (confonnablc). T he type loca lity 

is ncar Goru village on the Nnr.river in southern kirthar range. Goru formation is 536m 

th ick I'l l its type localit y (S hah, 2009). 

2.3.3 Parh Fonnnt ion 

The age of Parh limestone is early cretaceous. nle Parh limestone is n litho logical very 

distinct unit. It is a hard , light grey, while, cream, o live green, thin-t(;moo ium-bcddcd, 

occasionally platy to slabby limestone, with subordinate calcareous shale and marl 

inlercaiations. '11e type area lies in Parh range in upper reaches ofGaj river. In the type area its 

thickness is 268m (Shah, 2009). Its lower contact is with Goru fonll Blion Bnd upper contact is 

unconfonn ity because two formations (Fort munro and Mughalkol ) o f Late C retBceous are 

not encountered in Ollr we ll but they are present in Centml Indus Bas in in major trend. 

2.3.4 Pab Formfllion 

The age of Pab forllltltio n is late Cretaceous. Its type locality is a long the roure sll l11a lji trail 

across the (lab ronge. Its thickness is 490m in type locality (S hah, 2009). The sandstones o f 

Pab are genera lly tine to medium grained with s ignificant proportion of coarse grains, sub

angular to sub-rounded, moderately to we ll sorted, and mostly well cemented wi th traces of 

pyrite and Glauconite (Shah, 2009). The fragments of limestone, c lnystone, and si ltstone are 

present in sandstone . Sandstones of (lab are cross bedded in various intervals with 

intercalations of mostly shale/claystone, occas ionally siltstone, carbonaceous shale, and 

pebbly sandstone. Its lower contact is unconformity because two formations (Fort Munro 

and Mughnlkot) of late Cretacious are not encountered in our well bUI they nrc present in 
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Cenlral lndus Basin in major trend and upper contact is wit h Ranikot fonnal ion (Mugha l et 

a l., 2012). 

2.3.5 Ranikot Formation 

The age of this formation is Paleocene. The lower part of the group consists of olive, 

yellowish brown sandstone and shale with interbeds of limstone. 11le upper part o( this 

group cons ists of grey limestone and grey to brown sandstone. It contains Lakhra, Bara and 

Khadro format ions as members. Type locality of this group is Kirthar province. 111C 

thickness ranges from 540 to 660rn . Its upper is unconformity because Dunghon fonnation 

of plcoccnc is nOI encountered in our we ll but it is presen t in Central Indus Basin in major 

trend and lower contact is with Pab formation. 

2.3.6 Laki Formation 

Lak i fonnation represents sui main limestone. The age of Laki fomlation is Eocene. The type 

locali ty is Mara Nai southwest ofBara Nai ofLaki mnge. It is 240m tJlick in type locality. TIle 

(onnation cons ists mainly of cream co lored to grey limestone but marl, calcareous shale, 

sandstone and lateritic c lay may become s ignificant constitllents of the fa Ollalion locally 

(Shah. 2009). this fonnaton has two members these arc Sohnari member and Chat member. 

The Sohnari member consists of clay and shale with loca lly devcloped beds of yellow 

limestone. 111e member is basal part of L.1ki fomlation and directly overl ies Ranikot group. 

TIle Chat member cons ists mainly of creamy white nodular limestone in the lower part and 

interwbedded shal e and limestone with sandstone in the upper part (Shah, 2009). 1lle upper 

contact oFLaki fonl1otion is confomlnble with Kirthar fonnation. 

2.3.7 Ghazij Fonnation 

TIle age of Ghazij fonnation is Eocene. This foml8tion is widely deve lped in Slilaiman 

province.1t cons ists of olive,brown and yellow shale shale and green ,grey and brown 

sandstone with interbeds of limestone and conglomerate. The lower contact of this fonnation 

is sui main limcstonc and upper contact is unconformi ty because Baska shale of Eocene is not 

encountered in this well (Shnh, 2009). 

2.3 .8 Habib Rohi Fonnution 

The age of Habib Rahi fonnation is Eocene. The type loca lity is a long east nank of 

Suleiman range and as well as north and soudI of Waziristan. The thickness ranges from 15 

to 60m (S hah, 2009). This member consists of pa le grey. bufT find brown limestone. There 
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are nodules and thin, disconti nues beds of chert in the upper part. The upper part of the 

member is rubbly and massive, the middle is thick bedded and the lower is massive. The 

lower contact is unconfonnity because Baska sha le of Eocene is not encountered in our well 

and upper contact is with Sirki fonnation . 

2.3.9 Sirki Formation 

The age of Sirki fonna tion is Eocene. This member consists of shale. The upper 

conformable contact ofSirki formation is Pir koh formation and lower trans itional contact is 

with Habib ruhi formation. The type local ity is in west of Domanda and fo rt sandcman. This 

formati on is 130m thick near Domands. 

2.3.10 Pirkoh Fonnation 

The age of this formation is Eocene. The type loca lity is Pirkoh antic line. The formation is 

135m thick in Pirkoh area.This member consists of intergrad in g limestone and marllhat are 

light grey to chalky white. The upper contact is with Darzinda fonnat ion and lower contact 

is with Sirki formation (Shah,2009). 

2.3.1 1 Drazinda Fomlation 

The age of this formation is Eocene. 1lle type locality is desighned near Dar Linda is by 

hemphill and kidwai( 1973). It is 500m thick in Darzinda area.This member consists of 

brown, grey and chocolate clay stone and silty shale. Some ca lcareous shalc and marl are 

present in the lower part (Shah , 2009). The upper contact is unconformity and lower contact 

is with Pirkoh formation. 

2.3.12 Siwalik Formation 

The age of Siwalik foonation is Pliocene. No type locality has been des igned for the group 

so fa r. Th is formation consists of red clay with sandstone at the base which is overlain by 

thick sandstone and minor clay. This formation is bounded above and below by 

unconfomlity because Gaj formation of Miocene and Lei con glom rates of Pleistocene are 

nOI encountered in our we ll but these are present in Central Indus Basin in major trend 

(Shah,2009). 
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2.4 Exploration History Of Sabzal Field 

The study area lies in Central Indus Basin, is Sabza l~OI. This area (Sabzal-Ol) is taken 10 gel 

acuity of hydrocarbons potential of Central Indus Bas in. The tectonics, stratigraphy and 

hydrocarbon potential are based on data obtained from study of outcrops and we ll drilled in 

the area. Geo logical and geophys ica l investigations were carried out by OGDC L and other 

o il companies in Central Ind us Bas in to locate the structu ral traps fo r o il and gas . ll1irty-fivc 

exploratory we ll were drilled in Centra l Indus Basin and c leven discoveries were made. So 

the ratio of discovery well to ex ploratory we ll in Central Indus Basin will be: 

Ratio= discovered wei l/exporalory well 

Explorat ion ratio "" 11/35 

Ratio of discovery is 0.314 or 31% in Central Indus Bas in (S.M.Shuaib, S.M.l-lasnai n 

1993). 

The petroleum exploration was started in Central Indus Basin in 1983. Later, 420 lines or 

20 siesmic survey was carried out in 1990 and 1998 by OGOCL. In Sabzal area, limestone 

oreoeene age are the main gas producing reservoirs. Most or the gas wells have been drilled 

in Sui Main Limestone, as it is a main producer. 

AFGHANISTAN 

field 

----._-

Figure 2.3 Location ofSabzal fi eld (Cole, 2008). 
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2.4. 1 Petroleum play in study area 

There arc 7 stages ofpctroleum play. Fi rst stage is debris or organisms. TIley deposited first 

then in antox ic condition they become decomposed. In decomposition, if pressure and 

temperature reaches 60- 120 degree then dead organism will converted into kerogen this 

stage is callcd kitehen (source rock). TIle lime in which organisms get mrllure enough to be 

converted in kerogen is known as time period. Then Ihere is migration. II includes primary 

migrmioll (w ithin source rock) and secondary migration (source rock 10 reservo ir rock). 

After thot there is reservoir rock, where hydrocarbons are depos ited. Then there is sca l rock, 

that acts tiS n barrier to further migration of hydrocarbon liqu ids. After thnt there is Trap, is 

of two types, struclural traps are Hydrocarbon traps Ihal form in geo logic structures such as 

fo lds and faults, stratigraphic traps arc Hydrocarbon traps that resu lt from chnnges in rock 

type or pinch-outs, unconfonnities and other sedimentary structures. 

2.4.1. 1 Source rocks 

The Sembar is the most likely source for the largest portion of the produced oil and gas in 

the Indus foreland. TIle Lower Cretaceous Sembar Formation cons ists mainly of shale with 

subordinate amounts of si ltstone and sandstone. The Sembar was deposited over most of the 

Greater Indus Bas in in marine environment. Ghazij and upper Ranikot also act as source in 

Central Indus Bas in. Lower Goru has moderate sou rce rocks. 

2.4. 1.2 Reservoir rocks 

In Sabzaillren, limestone of Eocene age are the main gas producing reservoirs. Mosl of Ihe 

gns we lls hus bccn drill ed in Sui Main Limestone, as it is main producer. Pirkoh, Lower 

Ranikot, Habib rahi Formation, Pab and Lower Goru also act as reservoir rocks. 

2.4 .1.3 Seal rocks 

TIle thick sequence of shale and marl of Upper Goru Fonnution serves as cap rock for 

underlying Lower Goru reservo ir. Darzinda, Ghazij. Upper Ranikot and Sembar also act as 

seal rocks. 
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CHAPTER 3 

DATA ACQUISITION 

3. 1 Seismic Data Acquisition 

Seismic acquisi tion starts wilh a c lear goal in mind of what the geoscientists want to image 

in the sub-surface. The objective of se ismic data acquisition is to obtain data that can be 

related to the structural image of the sub-surface geology fo r the purpose of locating o il and 

gas traps. 13cfore seismic acq uisition is carried Qut. the area or location where the 

explorat ion activit ies will take place is surveyed by a surveyor and the se ism ic line is 

accurately marked out by the surveyor. The lines serve as paths for preparing shot holes and 

laying of cables fo r recording. Global Positioning System (GPS) and to tal stations are used 

for setting out the lines. TIle survey lines usually form grids of 500 -500m spacing (Onaj ite, 

2014). 

Acquisition parameters re lated to my study area are not given so for the sequence of the 

study genera l acquisition is discussed. 

3.2 Seismic Sources 

Se ismic sou rce is a device that provides acoustic energy for acquisition of se ismi c data. 

There are two types of sources these are land source and marine source. Land source is 

di vided into impulsive sources (Dynamite etc) and non-impul sive sources (vibrose is etc) . 

Marine source includes Air gun etc (Suroor. 2010). 

Onshore seismic data are acquired using an explosive energy source. such as 

dynamite. Dynamite is used as the se ismic source to generate acoustic waves that arc sen t 

into the sub-surface. The detonation of an explosive (dynamite) is referred to as the seismic 

·shot '. The se ismic shots are normally placed below the weathered (low ve locity) layer of 

the earth . Shot holes are drilled at shot points and dynamite is placed in the holes (Onaj ite, 

2014). 

In vibroseis system, energy is prod uced by the pad pressed firmly to the g round , 

which vibrates in a controlled way. A typical truck mounted vibrator is pictured in fi gure 
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3.1. The pad, which is about one meter square, is auachcd beneath the truck by hyd raulic 

jacks. Extending these jacks allows pan or all of the weight of the truck to be used to press 

the pad 10 the ground . 111cn an oscillatory pressure nuclualion is trasmitled through thc 

jacks 10 the pad, causing it to vibrate at a fixed ampl itude. These fluctuations d ri ving the pad 

is monitcred by nn e lcctronic oscillator (Robinson, 1988). 

Figure ). I Vibro.scis (Robinson. 1988). 

Air gun is construct cd with two air chambers in a cyli ndcr, connected by piston 

asscmly. I>umping compressed air into these chambers causes a pressure differcnce to 

dcvelop, which forces the piston to move. At a critical prcssure the movement of piston 

opcns parts through which a burst of air is released from the lower cham ber. Th is sudden 

burst of air prod uces se ismic waves in the watcr by creating pressure pulse (Robinson, 

1988). 

3.3 Signal And Noise In Seismic Exploration 

The aim of seismic data acquisition is to obtain data tital conta in only primary, renected 

wavcs. BUI this is not possible because the generation of unwanted wavcs is inevitable 

during se ismic data acquisition. Any rays in a seismic record o ther than primary renections 

are called noise (Onaj itc, 2014). 
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3.3.1 Types of noise 

There are two kinds of noises found in se ismic data: random noise and source-generated 

noise. Random noise is noise generated by the acq uisition truck, vehicles, people workin g in 

the survey area etc. This noise appears in a se ismic record as spikes as shown in figure 3.2. 

In a marine acquis ition, random noise can be created by ship propellors, dri lling during 

acquisit ion and wind/tidal waves (Onaji te, 2014). 

Source-generated noises are coherent noise tra ins and they cx ist in an organized 

form from trace to trace and yet they contain no geologic information. This noisc is in the 

form of surface wave. Source generated noises noticed in seismic records are ground ro ll, 

direct rays, ghost reflections, and multiple reflections (Onajite, 20 14). 

-Gm"nd ,"" 

Figure 3.2 Two types of noises can seen on the seismic record (Onllj ile, 2014). 

3.4 Recording lnstruments 

Seismic recording is done using a device that detects seismic energy in the fonn of ground 

moti on or a pressure wave in fluid and transfonns it to an electrica l impulse. There are two 

types of record ing instruments one is onshore recording instrument (geophones) and the 

other is marine recording system (hydrophones). 
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3.4.1 Geophones 

Onshore seismic data are recorded using a simple e lectro~magnetic device known as 

geophone, shown in figure 3.3. 

Figure 3.3 A geo(flone (Onajilc. 2014) 

Geophone is used, both onshore and on the seabed during marine seismic acquisition, to 

detcct ground ve locil y prouuceu lIy acoustic waves and transfonn the motion into electrical 

impulses . The geophone gcncrates current that is proportional to the particlc veloc ity of the 

earth. TI1C electrical current fl ows out of the wires connected to the geophoncs and goes to 

an ann logue~to~di gi ta l converter to fonn digital data. 

3.4.2 Hydrophones 

The hydrophone detects ehnnges in pressure that are created as sound waves from the 

ai rguns bounce off geo logical strala beneath the sea floor. Hydrophones used in marine 

recording use a pressure~sensitive device to record the incoming energy. Hydrophones arc 

connected together in groups in the streamer and may be placed 6 m apart. Complex 

electronics within the streamer filte rs the incoming signal from a whole group of 

hydrophones and then converts the resultant voltage into a digital format (Onajile, 2014). 
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3.5 Basic Spread 

The arrangemen t of geophones that is used to record seismic waves is ca lled a spread. 

Spread is designed w ith respect to shooting procedure . There are num ber of configurations 

used in rcneclion profiling these arc, end spread, In-line offset spread, Split spread, Cross 

spread and L-sprcad . 
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Figure 3.4 Different spreads types commonly used in field (Robinson, 1988). 
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CHAPTER 4 

DATA PROCESSING 

4.1 Seismic Data Processing 

Se ismi c process ing is the alteration of the acqu ired data to suppress no ise, enhance the 

record ed se ismic trace and migrmc the seismic trace to its correct location in space and lime. 

Process ing steps include slatic corrections, deconvolution, normal moveout, ve locities 

ana lysis, dip move*oul, CM P/CDP stacking and migration, which can be performed before 

or ancr stacking. nle object ive of se ismic data process ing is to remove all noise and 

distortions introduced during the seismic acquisition method and produce a seismic section 

as close as possible actual subsurface image of the earth that can be interpreted (Onnjitc, 

2014). 

Figure 4. 1 Objective of seismic daca processing (Onajilc, 2014). 

The SegY data which is provided by LMKR is lack ing with the bas ic seismic informations 

such as, Acquisition parameters, Process ing parameters, Spread geometries etc, For that 

reason current dissussion is based on the general standards which are mentioned in various 

literatures, 
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4.2 Process ing Sequence 

Basic processing covers following steps as shown be low: 

Figure 4.2 GC'ncralizcd now chart of processing perarncters, which lin: usc to irnpmvc signal to noise ratio. 

4.2. 1 Raw shot data 

The ncq uired seism ic data conta ins lots of noise. Raw data gives us information nbolLt typc 

of noise, how much reflection are strong and what will be strategy to rcmove noise, to 

preserve frequency and amplitude. This data has different recording sequence, data vo lume 

and parameters. 

4.2.2 Geometry definition 

Geometry means where are the shots and reciever located. It also include lattitude, 

longitude, e levation, receiver spread etc. 

4.2.3 Static correction 

Statics correction is a bulk tillle shift applied to the recorded se ismic trace during data 

process ing. Slatic corrections are applied to remove the effect of variation in the weathered 

26 



layer Ilnd any changes in Ihe near surface that causes trace·to-tracc time difference. Static 

corrections arc calculated by picking the first arrivals. It is usually auto· picked by a 

computer (Onajite,2014). 

4.2.4 Seismic Attenuation 

This attenuation influence the wave amplitude and reflection cocfficicnt. But the 

geophys icists wan t to preserve true seismic amplitude because they conta in in formation 

abou t the subsurface geo logy. So the technique ampli tude recovery is used to balance the 

se ismic data and remove these ampl itude effects (Onajile, 20 14). Normally actua l signal 

data rangcs from 8· 80 Hz, rest is noise. In processi ng, that 8·801-lz data is rccovered. 

4.2.5 Deconvolution 

The processes of deconvolution start with the convolutiona l mode l of the seismic trace in 

time domain. Mathematically, convolution is given by St= Rt • Wt + noise. Deconvolution 

reverses the process used 10 acquire the seismic trace and begins with the recorded seismic 

trace. By definition ,deconvolution is the separation of the eanh renectivity and the source 

wavelet or the shortening of the source wave let to a signal as short as possible. This is done 

by compressing the source wavelet. Deconvolution is given by 8t • (WO .... · I =: Rt (Onaj ite, 

2014). 

4.2.6 CMP Gather 

Common depth point de fines as sum of traces which correspond to the same subsurface 

re tlcc('ion point but have din'crent offset distances, At th is slep, we gather these COP tmces 

& then integrate all of lhese traces as one Irace (Stacki ng) (Sroor, 20 10). 

4.2.7 Velocity Ana lysis 

Ve locity ana lysis is the process whereby Ihe velocity that nattens the reneclion hyperbo la 

on a CMP/CDP gather is detennined. nle velocity is called the smcking velocity. In velocity 

analysis, veloc ities nrc picked at selected locations along the seismic section nnd the results 

are linearly interpo lated froll1 one analysis location to the other as long as the picks are from 

the same renector and the smne renection time (Onajite, 20 14), 
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4.2.8 De multiplc technique 

In this technique, Berore NMO correction, both primary and mUltiple renections have 

hyperbolic lIloveMout curves. After NMO correction was applied with the velocity or the 

prunary reflections, the mulliplcs are all under--(;orrectcd while thc primary evcnts nrc 

flAttens. If we apply the multiple veloci ty function to correct a CMP gather, the primary 

reflection will be overcorrected. 'nle multiple reflections always have more llloveMout, Ihal 

is, curvature than the primary reflections. [t is Ihis differentinl RloveMout betwccn the 

primAry reflections nnd multiples that help in removing IIlU Itiples (Onajite, 20 14). 

4.2.9 NMO Correction 

The NMO correction is defined as the time-shift that is applied to each seismic lrace within 

a CMI' gather in order to make all the traces from a particular reOector equal in time, The 

corrcction depends on the layer velocilies (Onj ite, 2014). 

4.2.10 CMI) Stack 

Stacking is the process whereby traces arc summed to improve the signal -toMnoise ralio, 

reduce noise and improve seismic data qual ity. Traces rrom different shot records with a 

coml11on reflection point, such as common midpoint(CMP) data, are stacked to rorm a 

single trace during seismic processing. Stacking reduces the amount of data by a ractor 

called the fo ld. In CMP stack, noise is attenuated by adding all the geophones output with 

the snmc rencctions ' point but different random noises (Onnjilc, 20 14). 

4.2. 11 Migration 

A step in se ismic processing in which reflections in seismic data arc moved 10 their correct 

locations in the xMyMtime space or seismic data, including two-way traveltime and position 

relati ve to shot points. Mignuion im proves seismic interpretation and mapping because the 

locations or geo logica l structures, especially faults, arc more accurale in migrated seismic 

daill . Types or migration are time migration and depth migration which includes pre stack 

dept h and post st'ack depth migration (5roor, 20 I 0). 
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CHAPTERS 

20 SEISMIC INTERPRETATION 

5. 1 Introduction 

In this chapter synthetic analysis is perfonned by load ing well data which includes 

navigation of well, formation tops and logs loading. Interpretation is done to interpret 

resultant data and to delineate areas in the s ubsu rface which could hold hydrocarbons. This 

includes struclUre. st ratigraphy, subsurface rock properties etc. 

The ma in application of the structura l analysis of seismic seclion is in the search for 

structural traps cOlllaining hyd rocarbons. A structural trap is a type of geo logic lrap that 

forms in a subsurface. due to tectonic, diapiric, gravitational and compaction processes. 

Whereas TIle mai n aim of the stratigraphic analys is of seismic section is in the search for 

stratigraphic traps contain ing hydrocarbons. Stratigraphic traps arc fonned when there are 

changes in lithology. nature of the strala or depositional pattern. 'nley prevent cont inued 

migration of hydrocarbons within rese rvoir beds (Onajite. 2014). 

5.2 Data Load ing 

Segy data is loaded which is post-migrated data. Six seismic lines nre given. Well Sabzal-

01 is located near line 846-DAN-205. 

5.2. 1 Seismic Dntn Loading 

Pirstly, the projection is adjusted. The Zone 42N and UTM projection is used. Then se ismic 

data is loaded which is 20 se ismic lines wilh line navigation. The short space is I and dala 

is loaded in short sequence domain, for nav igation. A sma ll window or short point data fi le 

will pop-up, skip first 50 lines for required data then select line name, shot point, X and Y. 

Now im port SEG-Y file into s ingle 20 or 3D survey. '1lcn select survey, data type name 

(amplitude). define trace numbers (trace sequence number by counting), set time bounds 

(sample interva l, no, of traces, start and end time of im ported trace and scale( I». Then sct 

output data fonnat that is 16-Bil, seismic line has been loaded now assign 20 shol poi llls to 

traces (slal1ing shol points are 103 and trace per shot is I) , 
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5.2.2 Well Loading 

TIlen well is loaded which includes navigation of well, forma60n lOpS and TO loading. The 

navigation ofSabzal-O I is 28" 530" Nand 69· 57" 39" E. The well is dry exploratory well. 

Well data inc ludes well name(Sabzal-OI), well number (I), borehole name (main), location 

unit (decimal deg), UW I (860), well symbol, latilUde (28.091), longitude (69), start depth 

(289.0118), end depth (3640.5925), surface elevat ion (0) and totol depth (3640.5925). 

Now select tops option in menu bar, import formation tops. Browse file then import 

formation top data in line order, use UWI as it exists in import data. Now short window of 

formation file will pop-up, lines to skip (I), select formation top name and depth. 

Then select we ll ond borehole for data and depth type (MO). For loading LAS file, 

import s ingle LAS file. A shaft window will pop-up, browse file nome, select well name, 

borehole name, UWI matching criteria, merging operation (add new curve only). Apply all 

adjustments, 

5.2.3 T-O chart 

For generating synthetic seismogram, TO values are extracted, and TO chart is created. The 

seismic rcrrerence datum is O. Fonnation tops depth are given. From that depth we 

subtracted KB value which is 78.82m. Then ailihal depths are located on TO and DT log is 

used 1'0 extract time for given formation at given SRD depth . Table 5. 1 shows all 

Fonnations with their depths that arc used in TD loading. 
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Table 5. 1 Depths or all Formations' tops. 

S. RO Formations Well tops (Ill) 

I Siwalik 0 

2 Drazinda 693 

3 Pirkoh 737 

4 Sirki 827 

5 Habib Rahi 894 

6 Ghazij 1003 

7 SML 1327 

8 Upper Ranikot 161 3 

9 Lower Ran ikot 1680 

10 Pab 1723 

I I Parh 2045 

12 Upper Goru 2548 

13 Lower Goru 2955 

14 Sembar 3385 

For velocity computation fonnula is given in equation 5. 1, 

V= :r (Ri der, 2002) (5. 1 ) 

Units are also converted from micro-scconds per feet to meter per second us in g [( 10'"'6) / 

(3.28») (R;der, 2002). 

Aftcr that, Time is computed using equation 5.2, 

Time= Depth (Rider, 2002) 
VelocIty 

(5.2) 

From th is ti me, two-way travel time (TWT) is calculated using formu la 5.3, 

TWT= Time·2 (Rider, 2002) (5.3) 

TO chart covers following steps, 
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menu bar 

Click on b:r~e~hi:o:o~l~e"'-"'Il 
option 

Figure 5.1 Basie flow chart for generating Time Depth chart. 

Now all data is been loaded and this to generate synthetic seismogram. 

5.2.4 Synthetic seismogram 

Once the TO chart is created, synthetic se ismogram is generated. Synthetic seismogram is a 

se ismic trace created from sonic log and density log and it is used to compare the original 

se ismic data co llected near the we ll location. The prerequis ites of synthetic se ismogram are 

TO chart, Dens ity log RHOB and sonic log DT. 
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,; 

Figure 5.2 The synthetic seismogram. 

The red box marked in fi gure 5.2 shows zone of interest. This zone covers four formations 

named as, Pirkoh, Sirki, Habib Rahi and Ghazij . Synthet ic se ismogram covers following 

steps, 
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5.2.S Horizon marking 
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Figure 5.3 Steps ror generating synthetic seismogram. 

Se ism ic horizon interpretat ion implies pick ing and trackin g laterally consistent seismic 

renectors with the a im to detecting hydrocarbon accumulations, delineating th eir extent, and 

ca[culming the ir vo lumes (Onajile, 20 14). Four horizons are marked and the:>e art: Pirkuh, 

Sirki , Habib Rahi and G hazij formations. 
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Figure 5.4 Marked horizons on well control1ine 846·DAN-20S. 
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The zone of interest comprises four horizons as mentioned above, are marked on the control 

line 846·0AN-20S. In above figure, Pirkoh is indicated by vio let colour. Sirki by yellow, 

Habib Rah i by cyan and Ghazij by green colour. The control line is then considered as 

reference line for nmrking hori7..ons on li ne 846-DAN-201 and 846-DAN-211. Afi'cr that 

cOlurol was shined to Ihe line 846-DAN-24S. Then this li ne become reference line. Wit h 

according 10 this line horizuns were then marked on li ne R46-DAN-246 nnd R46-DAN-248. 

5.2.6 Jump correlation 

Jump con'elution process ;s lIsed 10 overcome <lily di scontinuity of the reflecti ons along 

se ismic gaps. When rcnectiollS on both sides of !l gap appear on the surne Icvcl ll iong the 

se ismic section, this may indicate a bad quality survey. On th e otller hand . whell reflectors 

are either disp laced vert ically or disappear, thi s interruption may be due fa lilU lting or pinch

alit. 

5.6.2.1 Interpretcd Seismic Li ncs 

Seismic sections of one strike li ne 846-DAN-245 and two dip lines 846-DAN-246. 846-

DAN-24R are interpreted. Total four horizons mentioned in section 5.2.5 arc marked on 

these lines. The results of interpretation of study lines are as fo llows. 

I. Rellcclors are nearly horizonta l. 

2. Faults are not marked due 10 low resolution. 

Se ismic sections of study lines are presetued below; 
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Figure 5.5 Interpretation of strike line 846-DAN-245 (NW-SW). 

Figure 5.6 Interpretation of dip line 846-DAN-246 (NE-SW). 
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Figure 5.7 Interpretation of dip line 846·DAN·248 (SE-SW). 

5.2.7 Grid Con tour Maps 

-

Contouring is done for the de lineat ion of any property in map fonn by constructing lines of 

equal values of that property from availab le data points. Grid for contour maps are formed 

which includes time and depth maps. At the end of interpretat ion, time and depth contours 

arc made. 

5.2.7.1 T ime contour map 

At first, the lime values of each horizon at shot poi nts are taken for all se ism ic lines. Then, 

these values are posted at the se ismic lines on base map. Ancr thai, contour these values to 

get TWT map with suitable contour interval (5roor, 2010). Fo llowing are the lime contour 

maps of Pirkoh, Si rki, Habib rahi and Ghazij fonnatio ns in (fi g 5.8 - 5. 11 ). 
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Figure 5.8 Time contour map ofPirkoh Formation. 
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Time contour Illap of Pirkoh Formation shows horizons are dipp ing towards E.ast. Con tour 

interva l is 0.010 sec. ' Red and green colours show sha llow region whi le dark blue part shows 

deepest region. The minimu lll limit of this map is (red) 0040 sec and max imum limit is 0. 57 

sec (dark blue). 
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Figure 5.9 Time contOllf map or Sirki Formulion. 

T ime contour map o r Sirki formation shows horizons are di pp ing towards South·East 

direction. ContOll1' interval is 0.025. Red part shows shallow region while ctmk blue part 

shows deepest region. The min imum lim it of th is map is (red) 0.53 sec and max imum limit 

is 0.66 sec (dark blue). 

39 



N 

587500 592500 597500 602500 607500 
@ 

16300 

587500 592500 597500 602500 607500 

Figure 5. 10 Time contour map of Habib Ruhi Formation. 

Time contour map of J-Iabib Rahi Formation shows horizons are dipping towards Sou th-East 

direction . Contour interval is 0.025. Red part shows shallow region in North -West wh ich is 

II putentia l area for hydrocarbon exploration while dark blue part shows deepest region. The 

minimum limit of lhis map is (red) 0.57 sec and maxi mum limit is 0.70 sec (dark blue). If 

Illore se ismic data is available on western side of the area the structure can be fully 

delineated. 
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Figure 5. tl Time contour map of Ghazij Formation. 

Timc contour map of Ghazij Formation shows horizons are d ippi ng towards South-East 

d irection. Contour interva l is 0.025. Red part shows shallow region wh ile dark blue part 

shows deepest region. The minimum limit of this map is (rcd) 0.68 sec and maximum limit 

is 0.81 sec (dark blue). 

5.2.7.2 Depth map 

The depth maps are computed by using velocities of horizons from synthetic se ismogram. 

Then by using the velocities for respective fonnations the time maps are converted 10 depth 

maps apply in g formu la S - V2T . 
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Figure 5.12 Time Depth conversion. 

The depth converted map shows the depth variation of an individua l hori zon, Followi ng arc 

the depth conto ur mops o f Pirkoh, S irki, lIabib rahi and Ohaz ij fo nnaliollS ill fi gures (5. 13-

5. 1 G). 
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Figure 5. 13 Depth COnlour map or I'irkoh Formation. 

(m) 

Depth contour map of Pirkoh FOrmtllion shows hori zon is gettin g shallo wer towards West 

direction . Red region shows shallow depth, dark b lue region co lour represe nt s deepest depth 

and greenish blue shows moderate depth . 111c minim um limit is 407111 and maxim um limit is 

573 m. 
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Figure 5. 14 Depth contour map orSirki Formation. 
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Depth contour map of Sirki Formation shows horizons is gelling shallower towards North

West direction. Con tour interval is 10m. Red region shows shallow depth, dark blue region 

(';uiuur represent's deepest depth and greenish blue shows moderate depth. The minimum 

limit is 533 .8111 and maximum limit is 661 .9m. 
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Figure 5. [5 Depth conlour map of Habib Rahi Formation. 

Depth contour map of Habib Rah i Formation shows horizon is getti ng sha ll ower towa rds 

North -West direction. Contour interval is 20m. Red region shows shallow depth, dark blue 

region cu luur represent deepest depth and greenish blue shows moderate depth. TIle 

minimllill limil is 780m and maximum limit is 951 m. 
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FigufC 5. 16 Depth contour rmlp of Ghllz ij Formation. 

Depth con tour map of Ghazij Fonnation shows horizon is getting sha llower towards West 

direct ion. Red region shows sha llow depth, dark blue region co lour represents deepest depth 

and greenish blue shows moderate depth. The min imum limit is 111 8m and max imum lim it 

is 1340m. 
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CHAPTER 6 

SEISMlC ATTRffiUTE ANALYSIS 

6. 1 Introduction 

The his tory o f se ism ic att ributes began in the 19505 wi th the earliest effo rts to ex tract 

geo logica l ill fonllnt ion froll\ seismic re neclion character. These efforts became feasible only 

with the digital revo lut ion of lhc 1960s, which was sparked by digita l record ing in the fie ld. 

Seismic attributes are fi lters that quam ify properties of se ismic images. The most use ful 

se ismic attri butes arc uniq ue, comparable, easy to usc, and geo logica lly meaningfu l. Se ismic 

attributes aid se ismic interpretation by revealing hidden featu res. by identify ing sim ilar 

pallems, and by qunnlifying spec ific properties. Se ismic attributes quantify properties of 

seismic data; se ismic attributes describe seismic data. As seismic data can be described in 

countless ways, the potentia l number of seismic attributes is likewise countless, Auributc 

analys is decomposes data into attributes, but the decomposition is infonlml because no rules 

gove rn how to compute attributes or what they represent. Attribute computations act as 

fi lters that remove some component of the s ignal to reveal another component (Barnes, 

20(6). 

6.2 Types or Attributes 

From the early days of seismic prospecting, Geoscientists uscd to draw conclusio ns about 

subsurface geology and dri lling locations primarily from th is s ingle se ismic data attribute, 

Attribute comput ations decompose seismic dam into constituent attributes, ll1ere are no 

rules governing how aHribut'es are computed. Any quantity calculated from seism ic data can 

be cons idered an attribute. Se ismic Altributes can be classified as seism ic d3ta domain 3S: 

\) Prc~Stack Atlributcs 

2) Post~Stack Attributes 

Main foc us is o n post s lack attributes. Poststack attributes treat se ismic data as images of the 

earth. Poststack attributes are derived through filters, transfonns, and s tatistics. They 

quantify s l' ratigraphic and s tructural propert ies and are easy io compute and apply (Barnes, 

2016). 
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6.3 Amplitude Definin g Attribute 

6.3.1 Average Energy Attribute 

Average energy is a Amplitude defin ing auribute, in wh ich, within a specified window the 

square fOOl of Ihe sum of sq uared ampl itudes is calculated and divided by their number of 

samples. 1lle average energy attribute of seismic waves is n measure o f reOecli vity in the 

speci fied time window. 11le higher the energy should have Ihe h igher the amplitude. This 

attri bute enhances lateral variations within se ismic eve nts, therefore, it 's useful for 

ampli tude 8110malics and acoustic rock properties. 

6.4 Instantaneous Attribute 

The Instantaneous Attributes are computed for each samp le orthe inpullrace independently. 

The basis for the campul'alion of 1ll0s1 instantaneous attributes is the model of the se ismic 

s ignal as a complex trace cons isting of the rea l part f{t), which is the signal recorded by the 

geophone, and imaginary part g(O, which is known as no ise. 

6.4 .1 Relative Acoustic Im pcdcnce 

This auribu!es remove the no ise from the data and can be used in conjuction with o ther 

attributes to g ive more beller results. Since the seismic data does not contai n any viable 

info rmat ion at very low frequenc ies (due to band pass filtering in the fi eld and during 

processing) these frequency trends cannOI be utilized. These are removed with a low cut 

filt er. The main uses of this attribute nrCj it shows acoustic illlpt:dance contrast, porosity and 

Ind icntes disco ntinuiti es (Manual , 20 14). 

Post Stack Relative Acoustic Impedcnce atlribute is applied with Average energy 

attribute on one strike line 846-DAN -245 and two dip lines 846-DAN-246 and 846-DAN-

248. 10 confirm the picked horizons of the well Sabza l-O I and strat igraphy . This is 

combination of two attributes so it is complex attribute. Figures 6. 1, 6.2 and 6.3 shows 

relative acoustic impedence attri bute in conjunction with average energy on sesmie lines. In 

these seismic lines, black co lour show high acoustic im pedencc contrast than white co lour. 

High im pcdcnce contrast shows high energy and low impedence contrast shO\'ws low energy. 
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Figure 6. 1 Relative Acoustic Impcdcnce on strike line 846·DAN·24S. 

Figure 6,2 Relative Acoustic Impcdcncc on dip line 846·DAN·246. 
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Figure 6.3 Relative Acoustic Jrnpcdcoce on dip line 846-DAN-24B. 

6.5 Wavelet Attribute 

The Wavelet Attributes are si milar to instantaneous attributes, but their values are computed 

allhe peaks of the instantaneous wavelet enve lope (Barnes, 20 16). 

6.5.1 Wavelet Dominant Frequency Attribute 

Wavelet dominant frequency attribute shows the variations In frequency and amplitudes. 

Higher the frequency. lower wi ll be the amplitude and vice versa. It also tells us about 

lilho lgy type that e ither it is conso lidate or fluid ex ists. Figure 6.4, 6.5 and 6.6 shows 

Dominant frequency applied on seismic lines. Pink colour (1Hz) shows high frequency. 

Habib Rahi is marked on pink colou r whieh means in Habib Rahi there is high 

frequency and in high freuquencies, resistance is less so waves moves fastly so less ti me is 
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taken which shows conso lidated material ex ist. TIle reasons fo r high frequency are void 

spaces and data attenuation. 

In Pirkoh, Sirki and Ghazij formations, the response is mi x because of noise and 

auen uatiotl. Attenuation is due to nuid present in the fo rmat ion, more resistance, waves 

move slowly so more time is taken. 

Frequency 1Hz) 

Figure 6.4 Wavelet Dominant Frequency Auributc on strike line 846·DAN·245. 

51 



.-
,-

,-
,-

,-

,:..~::c:.'~<:~-_'\:~l~~~;.,'i5:,;;-?>.-~ . .j:t;_~-:'~:;';:;:,... 
-~ -~, ~-:. ;.-Z~: ~-C"?= v :::-';::-:,.-::_ .":-~,,?:~~:;,;: . .2:.. '-:'7' - . 

Frequency jHz) 

Figure 6.4 Wavelet Dominant Frequency Auribute on dip line 846·DAN·246, 
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Figure 6.6 Wavelet D{)Ininant Frequency Attribute on dip line 846-DAN-248. 
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CHAPTER 7 

PETROPHYSICAL ANALYSIS 

7. 1 Introduction 

Petrophys ics is the study of rock properties and thei r interaction with nuid using wirel ine 

well logs. Differen t parameters can be used to ana lyze rock properties slIch as, vo lume of 

shale, hydrocarbon saturation, water saturation, porosity find lithology (Rider, 2002). 

7.2 Work Flow For Petrophysical Analysis 

For petrophysical analysis, proposed met hodology covers following steps: 

tAU 

Figure 7. 1 Basic steps fo llowed for petrophysical analysis. 
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Petrophysics is performed by usi ng different log curves. Petrophys ica l analysis is pe rformed 

on dept hs \.\'ith in Hab ib Rahi Formation. As the well is dry, there is no zone of interest 

mark ed. Di l1crenl para meters are calculated from this analys is which fi re vo lum ne of sha le, 

porosit ies. resistivity of water, wate r saturation and hydrocarbon saturation to calculate 

hydrocarbon potential for Habib Rah i f'ormat ion. 

Table 7.1 Thickness of Habib Rllhi in Sab7 .. 111·0 1. 

Zone or interest Formation Top Formation Base T hickness 

Formlltion (m) (m) (m) 

Habi b Rahi 894 1002 108 

7.3 Log Used In Petrophysical Analysis 

The log used in this thesis for pet rophys ical analysis are Cal iper log (CA LI ), Gamma ray log 

(OR), Spontaneos potent ia l (SP), Neut ron porosi ty log (N PI-II ), Sonic log (DT), Density log 

(RI-108). Photoe lectric log (PEF), Latera log sha llow (LLS), Latera log deep (LLD) and 

Micro spherica lly focused log (MSFL). 

7.3.1 Ca liper Log 

Ca liper too l measures hole s ize and shape. The princi pal on which its meas urements arc 

based is, two art iculated arms are pushed against the borehole wa ll. The arms are linked 10 

the cursor of variable resistance. Lateral movement of anns is translated into movement of 

cursor a long res istance and hence variat ion in e lectr ica l output. The variation in diameter is 

translated into diameter variat ion aOer simple ca li brat ion. TIle log is plolted in track I. 

7.3.2 Gamma Ray Log 

The Gamma ray log is a record of fo rmation's rad ioactivity. The radiations emits from 

naturally ocurring uranium, thorium and potass iunl . There are two types of Gamma log, 

these are Simple Gamma ray log and Spectra l Gamma ray log. Simple log is recorded in 

track I on a linner scale with Caliper log, the scale are chosen loca lly but O~ I 00 and 0·1 50 

API are common. Whereas spectral log is recorded in track 2 or 3. The depth from which 

rad iations can be detected by simple gamma ray 1001 is generally small but di fficult to be 

precise about. 
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7.3.3 Spontaneous I)olenlial Log 

SP log is used to Sclf-Potential between two electrodes where one electrode is placcd in 

lower hole and other is placed al surface. The principle of this log is diffusion, which arises 

when so lutions of different salinity are in contac t through porous medium, and sll:lle 

vo lume, arises when two same so lutions are in contact through semi permeable membrane. 

TIl is log run in track I. The scale of lhis log is positive on right and negative on left . Depth 

of investigation is more because bed rcso lution is low. 

7.3.4 Densi ty Log 

Density log is continuolls recording of formation's bulk density . Bulk density is overall 

density of rock inc luding so lid matrix and fluid enclosed in pores. It also used to calcul ate 

porosity. The princip le of this log is attenuation of energy due to co ll ision. Denser the 

formation, more will be the collision means more energy loss. Density log run in 2 and 3 

track. TIIC sca le is 100 sensitive and is fixed, 1.95g1em3 to 2.99 glent3 . Depth of 

investigation is very shallow because bed reso lution is high. 

7.3.5 Sonic Log 

The abil ity of format ion to transmit sound waves is measured by sonic log. TIle too l 

measures the timc it take for a pu lse of sound to travel from transmitter to rec iever, which 

are both mounted on a tool. This log depends 0 11 fonnation matrix and type of Ouid. Some 

of the typical matrix velocities are sandstone 18,000-19,500 flIs , do lomite 25,000 fi ls 

(Ridcr, 2002). TIl is log is represented in track 2 or 3 on a !inlier sca le. Its depth o f 

in vestigation is very Jess, it depends on source receiver distance, it is 2cm to 25cm (less than 

a fcct) . 

7.3.6 Neutron I'oros ity Log 

Neutron log provides continuous record of fonna tiQIl reaction to fast ncutron str iki ng, it is 

quoted in tenns oflleutron porosity units. 

The principle of this log is compton scattering, includes collision and absorption. 

Collisions are mainly al higher energy stales while absorption is at lower energy. The 

Neutron log is plol 011 a standardize arithmetic scale of ncutron porosi ty units. TIle most 

common scale is 0.45 to ~O. 1 5 neutron porosity units. 1llis log plaited across track 2 a.nd 3. 

The depth of investigation is very small, most common is 15 to 25cm. 
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7.3.7 Photoelcctric Facto r Log 

It records effective photoelectric information of a fonnat ion. The principle of measurement 

is photoe lectric abso rption. I'hotoelcctric absorption occur when gamma ray have lost 

sufficient energy to be captured and absorbed electrically bound to atoms. This log is p[ottcd 

in track 3 or 4 with Density and Neutron log. The scale is adjustable. minor environmental 

corrections has been made. It is almost 0 to 15barns/electron. Scale is in barns per electron. 

The depth of investigation is shallow but beller than Dens ity log. 

7.3 .8 Res isti vity log 

This log is uscd to find formation's res istivity. The bas ic resistivity too l arrangement was 

provided by conrad schulmberger in 1927. Currents were passed through the fonnation by 

means of current electrodes and vo ltages were measured between electrodes. These 

measured voltages prov ide resistivity determination for cach device. Log is planed either ill 

track 2 alone or in 2 and 3. The scn le is lIsually 0.20hl11 to 20000hm. Resistivity log has 

three types. these are Micro spherically focused log (MSFL). Latero logs. and Induclion 

logs. 

7.3.9 Micro Spherica ll y Focused Log 

It givcs informatiol1 about flushed zone's res istivity (Rxo), so that the bcd resolution is high 

and depth of invesligat ion is low. They consists of three electrodes. First electrode emits 

known current and potential diJfere lice between other two electrode is measured. 111e have 

electron spacin g of fcw inches. 

7.3. 10 Latero Log Sha llow (LLS) and Latera Log Deep(LLD) 

Lalerolog too l are generally used for High Res ist ivity Format ion and Saline Muds. LLD is 

used for deep investigation of the undisturbed zone (Rt) and LLS is used for shall ow 

investigation of the trans ition zone (Ri). 
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Figure 7.2 Borehole zones (Rider, 2002), ' 

Deep and sha llow tool readings are plotted side by side on a same track to allow 

di rect comparison. The depth of invest igation of LLD is high and depth of investigation of 

LLS is intermed iate. 

7.4 Scales Used For Different Log Tracks 

The scales lIsed for different logs track area explained in the be low table 7.2. 

Logs name Abbreviation Scale Unit 

Caliper log CA LI 6 to 16 Inches 

Gamma ray log GR Oto150 API 

Latera log deep LLD 0.20 to 2000 'Om 

Latera log shallow LLS 0.20 to 2000 nm 
Sonic log DT 240 to 40 Jl see/ft 

Neutron log NPHI 0.45 10 -0.15 viv 

Density tog RHOS 1.95 to 2.95 glcmJ 

Spontaneous SP -80 to 20 mY 

potential log 
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7.5 Petrophysical Properties 

T he parameters that were direct ly read frolllihe log track are: 

Format ion depth (i n fl). Bulk density of (onnation (RHOB) sca le 1.95 to 2.95 , Bulk 

res istivity of the formation (LLO) scale 0.2·2000 ohm. ln, Spontaneous potent ial (SP) sca le · 

80 to 20mv. Neut ron porosity (NP HI) scale 0.45 to -0.1 S. 

For ca lcu lating hydrocarbon saturation, following steps is pcrfonned: 

7.5. 1 Volume of Shale 

Different logs such as resisti vity, sr and Gamma-ray log is lIsed to cn lcul ale slude vo lume 

in the reservo ir. There are different methods to estimated volu me of shale but in this s tudy 

we used non-linear method cons isti ng gamma ray log fo r volume of shale calcul ation. 

Vsh can be calculated from gamma-ray response. 11le mathematical relation for 

estimat ing the Volume of shale is given in equation 7. 1: 

Vsh= (GR log-GRln ln) (Rider 2002) (7 .1) 
(GR max - GR min) , 

7.5.2 Calculation Of Poros ity From Logs 

Porosity is the ratio of volume of voids to tota l volume of rock. Poros ity is calculated for 

different zones of interest by using the following logs: 

• Sonic log 

• Neutron log 

• Dens ity log 

7.5.2.1 Neutron Porosity 

II is obta ined from Neutron log given in Sabzal-Ol well data. 

7.5.2.2 'bensity Porosi ty 

Densily poros ity is ca lcu latcd from density log by us ing matrix dens ity of the lit hology of 

marked fonnation and densi ty of fluid present in that formation. As the formation is Habib 

Ralli. it consist of Limestones so, matrix density of limestone is 2.7 1 g/cm l and fluid density 

is 1.1 g/cml. The mathematical relation for density derived porosity is mentioned in 

eq uation 7 .2~ 
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PI-IID= (RhoM - RHOB) (Rider 2002) 
(RhoM - RhoI') • 

(7.2) 

Whcre, RhoM is matrix dcnsity. RHOS is bulk density and RhoF is fluid densi ty_ 

7.5 .2.3 Average Porosity 

For ca lculat ing average poros ity. Neutron and Density porosity must be known. Average 

porosity is calculated by using formula 7.3: 

Average porosity(<I» = (<I>N.D
2
+¢tD}(Rider,2002) (7.3) 

Where, 

<I>N.D is Neutron porosity. 

eDD is Density poros ity. 

7.5.2.4 Effective Poros ity 

The effective porosity is the mtio between the pores vo lume of the rock and the total vo lume 

of the rock calculated after remov ing the effect of the shale. The effective poros ity is lIsed to 

estimate the water salumtion. Formula used for calculating effective porosity is given in 

eq uation 7.4; 

U>e=<l>avg'( I-Vsh) (Rider, 2002) (7.4) 

7,5.2.5 Sonic Poros ity 

So ni c poros ity is ca lculated frolll 01' log by using transit time of matrix and fluid of 

fo rmation. As ment ioned above zone of interest is Habib Rahi and it composed of 

Limestones. So trans it time of Limestone is picked up which is 53 p. seclft and that of nuid is 

190~lsec/ft because fluid is saline water. Formula used fo r calculating sonic porosity is 

ment ioned in equation 7.5; 

PI·lIS = (DT - DTma) (Rider 2002) 
(DTlld - DTma) , 

(7 .5) 

7.5 ,3 Resistivity Of Water (Rw) 

Computing the resistivilY of the wale r is (he initial step in finding the saturation of the 

woter. Schlumberger log interpretation charts along with several equal ions were used to lind 

out Rw fo r calculatingsaturalion of hydrocarbons, fo llowings parameters are calculated for 

fi nding Rw. 
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7.5.3.1 Geotherrnal Gradient 

Geothermal grad ient is calculated by using formula 7.6; 

. (BUT-SI). 
Temperature Gradlent= (RIder, 2002) 

T.D 
(7 .6) 

=(243-89)/3621.5 

Where; 

BHT is borehole temperature. 

5t is surface temperature. 

T.O is tota l depth. 

7.5.3.2 Format ion Temperature (Ft) 

Pt is calcu lated using formula 7.7; 

Ft=(geothennal gradient· formation top)+surface temperature (Rider, 2002) (7.7) 

7.5.3.3 Res istivity Of Mud Filterate (Rmf) 

Rmf is picked by using Gen 6 chart with the he lp of formation temperature computed from 
above step. 
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Figure 7.3 Resislivity ormud fittCrlltc ot rormation temperature (Shulumburger, 1989). 
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7.5.3.4 Rmfeq (equiva lent resistivity of mud filterate) 

Rmfeq is picked by using SP2 chart with the help of Rmf . 
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Figure 7.4 Equivalent resistivity ormud filterate at Rmf. 

7.5.3.5 SSP (Static Spontaneous Potential) 

SSP is calculated by measuring the gap between shale base line and sand base line. Computed 
value of SSP is -25Mv. 

7.5.3.6 Rweq (equ ivalent res istivity ofwaler) 

By lLsing SSP, Rweq and Rmfeq/Rweq is ca lcu lated at given temperature. SP I chart is used 
here. The calcul ated Rweq is 0.08 (ohm.m). 
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Figure 7.5 Equivalent resistivity of water (SllUlumburgcr) . 

7.5.3.7 Ca lculation OfRw 

,. 

For measuring \v(lter saturation, the resistivity of watcr is very essential to be estimate. The 

Res istivity ofwatcr is picked by lIsing SP2 chart mentioned in section 7.5 .3.4, with the help 

of Rweq and temperature. II is same throu ghout the formation because SSP is same. The 

calculated Rw is 0.09 (ohm.m) . 

7.5.3.8 Saturation Of Water (Sw) 

Sw is the ratio of watcr volume to pore volume. Water saturation is calculated by using 
Indonesian equation 7.8 mentioned below; 

Sw= 

(Rider, 2002) (7.8) 
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Where, 

Rj is LLD log va lues 

a, m and n are tortousity factors. 111e value of is a is I, m is 2 and n is 2. 

The va lue of Rsh is 5 (ohl11 .m). 

Vsh is vo lume of shale 

RII/ is res istivity of water 

<lie is e lTcctive porosit y 

7.5.3.9 Saturat ion Of Hydrocarbons 

The fmction of pore volume filled hydrocarbons. Saluration of hydro co r bon is calculated by 
equation 7.9 given below; 

Sh C= I-SII/ (Rider, 2002) (7 .9) 

Where, 

Sw is Saturation of water 

She is Smuration of hydrocarbon 

7.6 Log Trend Ofl-labib Rahi Formation 

Figure 6.6 shows log trend of Habib Rahi format'ion. Track I on the leO hav ing OR, Ca liper 

and SP log. Track 2 has LLD and LLS log. Track 3 has DT,NP HI and RHOS log. Track 5 

has VS H and track 6,7 and 8 has Effective poros ity, Water salurnlioll and Hydrocarbon 

satu ration. Cal iper log is mostly stable. GR log is on low s ide. Green co lour in the fi gure 

shows portion of volume of Shale . There is no spec ific separation between resistivity logs. 

Purple colour shows effective poros ity and blue colour shows Water Saturation which is 

predominantty present in the well whieh is dry well , while grey coloured shading shows 

Hydrocarbon Saturation. 

Hydrocarbon analysis is perfonned in Habib Rahi because all the logs arc carr ied out 

in this formation. Due to data unavai lability in other formations hydrocarbon analysis 

cannot be performed there, like Pirkoh and Sirki fom13 tion, density log is not shown so 

porosities wi ll not be calculated there. 
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Figure 7.6 Log trend of Habib Rahi Formation. 

7.7 Results 

The resu lts concluded from petrophys ical analysis are shown in table 7.3. 

Table 7.3 Results of Petrophysical analysis 

Depth (III) Vsh PHIA PHIE Sw Sh 
Habib Rahi 55% 15% 6% 81% 19% 
(894-1002,") 

Petrophysical ana lys is is performcd 011 thc Habib Rahi Formation because it is rese rvoi r 

formation. Wate r saturation is 81% and hydrocarbon saturation is 19% because well is 

abundan t well so water is predomi nantly present. average effective poros ity is 6% which is 

idea l for formations hav ing limestone lithology. 
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8. 1 Introduction 

CHAPTER 8 

FACIES ANALYSIS 

Facies ana lysis is defined as the c lassification of lithologies as revealed by petrophysical 

measurement'S o f a reservo ir. In fac ies analys is, cross plots between different logs are used 

to map lithology, porosity, density and minerals where it is avai lable. When data points Arc 

connected in a cross plot then the properties like lithology, poros ities can be predicted. A 

third variable can be presented at each point on the crossplot by ass igni ng a color sca le that 

is based on other \Ve lllog5, onen gamma fay or photoelectric effect etc (Walney. 1998). 

8.2 Work Flow 

Generalized work now followed for facies analysis is; 

Figure 8.1 Work flow ror racics analysis. 
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8.3 PetroFacies Analys is of Habib Rahi 

An effort has been made in this thesis to plOI various logs and by means of geophys ica l 

knowledge of the logs, to mark the fac ies present in the subsurface. Fac ies analysis of only 

Habib Rahi Formation has been done. TIle results are as fo llows: 

8.3.1 Cross Plot of LLD and RHOB 

Latera log deep versus density log cross plot is used to identify lithology on a bas is of 

resisti vity and density values. Two facies are encountered these are, limestone and Shaly 

li mestone. Gamma log is used as reference log for further separation o f facies. The zone 

marked by grey co lour shows both high and medium range GR • thus indicat ing presence of 

shaly limestone. The brown co lor shows medi ulll to low GR with density o f about 2.7g1cm3 

thus indicating presence of limestone. 

Figurc 8.2 Lithology identification orHabib Rahi using LLD and RHO!). 

8.3.2 Cross Plot of RHOS and NPHI 

". 

11661 

w 

.~ 

OR 

8 0lh neutron and dens ity log are dinicult to use for lithology identification by themse lves. 

However, once combined, they become the best li thology indicator.The neutron log and 

density log should be showing same lithology parameters li ke poros ity. Plotted on a 
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compatible poros ity sca les and it should be possible to superimpose two logs. In practice, 

this is the only case in Limestones which gives almost perfec tly superimposable logs. The 

density of pure calci te is 2.71 g/cm3 . A cross plot of dens ity log values against neutron log 

values will show a straight line relationship. Point on a line coressponding a particu lar 

poros ity. This is the clean limestone line. The straight line relationship only holds good for 

clean limestones because matrix material has variable effects on both logs. Clean limestones 

shows no separation (Rider, 2002). 

Apparent neutron poros ity is plotted along x-ax is and bulk density is plotted a long y

axis. GR log is used as reference log for defining lithologies, Two facies are marked. The 

Brown co lor shows the limestone wit h bulk density of 2.7g1cm3 and grey co lor shows the 

sha ly limestone with low bulk density. 

.. 

13.&11 

! "H-IJ 

... 
G! 

Figure 8.3 Lithology identification of Habib Rahi Formation. 

8.3.3 M-N Plot 

In more complex mineral mixtures, li thology interpretation is fac ilitated by use of the M-N 

plol. These plots comb ine the data of all th ree poros ity logs to prov ide the lithology-
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dependent quantities M and N. M and N are essentially independen t of porosity, and a 

erossplot prov ides lithology identifi cation (shlum berger, 1989). For M and N fonnulas used 

are given in equation 8. 1 and 8.2; 

~ M = (shlumberger. 1989) 
Pb-Pr 

(8. 1) 

fPN{-IpN 
N = (shlumberger. 1989) 

Pb- PI 
(8.2) 

Where, 

'I is transit time of fluid (sa line water= I 85J.1seclfl). 

, is sonic log. 

Pb is bulk density. 

PI is density of fluid (saline water= 1.1 glcm3). 

f{JN/ is neutron porosity of fluid (salt water= I pu). 

f{JN is neutron log. 

In Habib Rahi Formation, the value of M calculated is 80.09 and N is 0.62. The stttndard M· 

N pial and cluster M-N plot is given in figures 8.4 and 8.5. Two facies are marked by 

com paring both figures, Limestone and Shaly region. Brown co lor shows limestone and 

grey colour shows shaly region. GR log is lIsed as refe rence log for lithology identification. 

68 



, 'la'y. 

0 .• ~ 
\~ 

1F;'~~ry 
/G~ I),::' 

O.R Do O~ 

M \ V 0.7 An 

I / 
0 .• ~)(. .,. 

_'on 
• S 

0 .' 
0.' 0 . ' 0 .• 0 . 7 

N 

Figure 8.4 Standard M·N plol (shlumbcrgcr, 1989). 
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Figure 8.5 Clustered M-N plol. 
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8.3.4 Cross Plot of PEF and RHOB 

The bulk density versus photoe lectric crossplot can be used to detenninc porosity and to 

identify the mineral in a s in gle-mineral matrix. The Photoelectric Factor log is plotted 

aga inst Bulk Dens ity. PEF log is on x-ax is and RHOB is o n y ax is. GR log is used for 

lithology ident ification. Two fac ies are marked, limestone facie with high photoelectric and 

bulk density than shal e, in brown colou r and shaly limestone facie with low photoelectric 

fac tor and bu lk density than limestone, in grey co lour. 

115HSlUHSUH -,-

., f' ~. 

. -- ." 'n <:::::......t..T"" 
,~ , 

~~' --' 
iiiiiIi'f> 

• --~-., 

~ng : 
w ' 

--...~ " , t"""""'! ," 

====""'" i .' ... 

• 
" 

Figure 8.6 Clustered eross ptot between PEF and RHOD. 
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9. 1 Seismic Inversion 

CHAPTER 9 

COLOURED INVERSION 

Geophys ica l inversion invo lves mapping the phys ica l structure and properties o f the 

subsurface o f earth us ing measuremen ts made all the surfhcc o f earth . Another way 10 look 

at se ismic invers ion is 10 consider it as the techn ique for creating a model or the earlh lIsing 

the se ismic d,lIa as input. As such, il can be considered as the oppos ite o f lhe forward 

mode ll ing technique, which involves creating a synthetic seismic secti on based on a mode l 

or the earth (or, in the s implest case, us ing a sonic log as a one·dimcnsiolllli mode l). 

9.2 Coloured Inversion 

Coloured inversion is designed 10 approximate ly match the average spectrum of inverted 

seismic dmn wilh the average spectr um observed im pedancc (Lancaste r and Whitcombc, 

2000). 

The em1 h's re nectiv ity can be considered fractal , and the result ing Oluplitude spectrum 

favors hig h freq uencies (spectra l bluei ng). If there was no preferred frequency. then you 

would h:we fl "white spectrum". but os there arc some frequenc ies with more cnergy, then it 

is milled "co loured". 

Co loured Inversion inc lude prepar<u ion of the well logs, investigating relationships between 

impedance and reservo ir properties and tying Ihe well logs to the se ismic. After tying to the 

seismic, the well log data is used to estimate a se ismic wavelet. By application o f zero phase 

deconvolution a broad·band zero·phase dataset is obtained which fonns the input to 

coloured inversion (Lancaster and Whitcombe. 2000). 

Co loured inversion converts the seismic data to a relative impedance data set. The 

advantages of co loured inversion arc the speed of calcu lation and avoidance of arti facts that 

may be introduced by a model. Coloured inversion, whether acoustic or e lastic impedance 

(Canllolly. 1999) is an excellent qualitative interpretation too l. 
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A method was deve loped by Lancaster and Wh itcombe (2000) which called Coloured 

Inversion (CI). The CI method is a simple and fast technique to invert the band-limited 

se ismic data to relative impedance and can be done by generati ng a single operator to match 

the average seismic spectrum 10 the shape of the we ll log impedance spectrum. 

Coloured Invers ion enhances the se ismic signa l and adds the auto-p icker. Often it can 

enhance featu res such as bed reso lution, minor fau lting, fracture zones and discontinuities 

due to channels and poss ibly the presence of hydrocarbons. 

9.3 Work Flow 

Work flow fo llowed for colou red invers ion is given below; 

Figure 9. 1 Steps ro r coloured inversion. 

9.4 Coloured Inversion Computation 

The co loured inversion computation requires the fo llowing as input: 

• OT log 
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• RHOB log 

• Formation tops 

• TD chart 

The amplitude spectra of the impedance logs (ve loc ity * density) derived for the window of 

interest can be ca lculated and displayed on a log- log graph from which a linear spectra l 

slope can be estimated. The fitted line can be expressed as the exponentia l a in the 

equivalent representat ion of the spectral trend in the form A-fa. 

Butterworth filter is used to smooth and constrain the impedance log spectrum. The 

Butterwort h filter is a type of signa l process ing filter designed to have as a fl at frequency 

response as possible in the pass band. 
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Figure 9.2 Smoothing orimpedance spectrum using Butterworth filleT. 

The am plitude spectra are averaged and smoothed - to enable a smooth spectral shaping 

operator to be derived 10 operate on the dala. 

The phase of the operator is a constant -960 which is in agreement with the simplist ic view 

of invers ion to integration, and the concept of a zero-phase reflection spike being 

transformed to a step Al interface, provided the data arc zero-phase. 
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Figure 9.3 Spectral shaping and extraction orwavdet. 

9,5 Coloured Invers ion of Line 846-DAN-205 

The colored inversion applied to the canlrol linc 846-DAN-20S gave the fo llowing resu lts. 

TIle area in red colour (in figure 9.4) shows low acoustic impedcnce, which is favourable 

for Hydrocarbons. The reservoir Formation (Habib Rahi Format ion) is marked on hi gh 

acoustic impedencc va lue (indicated by blue co lour), so there is no hydrocarbon potential in 

Habib Rahi Fonnalion. Th is is the justification for the dry Sabza l-O I well. 
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Figure 9.4 Coloured inversion of line 846-DAN-20S. 
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CONCLUSION 

• Pour horizons are chosen, Pirkoh, Sirki. Habib Rahi and Ghazij Fonnniion. These 

arc marked on one strike line 846-DAN-24S and two dip lines 846-DAN-246, 84t).. 

DAN-248, the Hori zons arc nearly horizontal. 

• Then grid contour map are created on Pormations of interest in Time and Depth 

domain. Time Contou r maps are generated by sof\warc and Depth Contours arc 

created by single velocity function using extended mOl hs calculator. 

• Time Co ntour maps shows that the horizons arc dippin g towards South- East 

direction . Depth Contour maps shows that the horizons are getting sha llower in 

North-West direction. 

• In Attribu te Analysis, relative Acoustic lm pedcncc attribute, Average Energy 

attribute and wavelet Dominant Frequency all ribute confinns that lhe reflectors are 

correct ly picked ruld are nearly horizonta lor sub-horizonta l, also show high acoustic 

impcdence and frequency in reservoir fonnation. 

• The Petrophysics analys is is done on the Reservoir Fonnation whieh is Habib Rahi 

Formation, by lond ing litho logy, resistivity and porosity logs and using different 

charts and formulas. Followig parameters arc calculated by petrophysical ana[ays is, 

Volume of shale 55%, effect ive porosity is 6%, tota l porosity 15%. Watcr Saturation 

81% and Hydrocarbon Saturation 19%. These resu hs justify that there is no 

Hydrocarbon potential in Hab ib Rahi Fonnation and the we ll is dry. 

• Facies Ana lysis confirms the lithology of Habib Rahi Formation that is limestone 

wil h interbeds of shale, by generating d iffercnt cross plots between logs, so two 

fac ies are encountered, limestone Facie and sha ly limestone r.1c ic. 

• Coloured Inversion is perfonned on a control line 846-DAN-205, indicates that 

reflectors arc nearly horizonta l and justifies Ihat Sabz..11-0 1 is dry well, as the 

reservoir formation is marked on the high acoustic impedcnce values, which is not 

favourable for Hyd rocarbons . 
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