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Chapter 1 

Introduction to Study Area 

1.1 Introduction 
Lower Indus Basin comprises of the southern pari of the largest Oil & Gas producing Indus 
Bas in and covers the south eastern part of Pakistan. The study area is located in Kha irpur 
District S indh and it is the part of Kadanwari Gas Fie ld. Latitude of the study area ranges from 
2-,0 04 ' 83~ N to 27° 07' 12" N and Longitude varies from 69° 12 ' 98" E to 69° 17 ' 57~ E. Eni 
(formerly known as LAS MO Oil pic. of U.K.) discovered a large amount of gas reserve in 
1989 in Sandstone of Lower Goru (Cretaceous age) ut Kadanwari. 

This discovery in vo lved the concentration of many E & P companies for the exploration of 
hydrocarbon from Lower Ga Tu Sandstone. Since thai lime many discoveries have been made 
lhat are listed below; 

Sawan and Miano Gas Field by OMV 

Mari Deep Oil & Gas Field by Mari Petroleum Gas Company Ltd (MPGCL) 

Rehmat Oil & Gas Field by Petron.as (Memo n, 20 10). 

The study Area location in Lower Indus Basin is shown in Figure 1.1. 
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Figure I- I: Locatioll map of the sludy urea (Ahmed et oL. 2007) 

Geologically, Kadanwari area lies in the western endurance of the Indian Plate. The st ructural 
styles and depositional features of K::Idanwaci area reveals that it has been gone through 
deformation in the middle Paleozoic age due to the rifting and drifting of the Indian plate from 
Gondwanaland. From early Jurassic to lute Cretaceous period, Indian plate in the Tethyan 
ocean drifted as an iso lated piece of land and finally collided with Laumsia in the northern 
half. Maximum marine sediments deposited from Jurassic to Cretaceous period including 
clast ic and carbonate sedimentary rocks. Among all the marine sediment s, Ooru Formation is 
important as it serves us good reservoir for hydrocarbon accumulation and also has been 
proved in several Oil and Gas fie lds (Wandrey et 31.. 2004), Kadanwari Oil and Gas field of 
Lower Indus Basin is one of them. 
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1.2 Project Description 

The Gas field of Kadanwari was discovered in 1989 and brought into the production slate in 
1995 (Ahmed et al.. 2007). The m:lin focus oflhis project is to de lineate the petroleum system 
in the study area by applying di fferent geophysical techniques on the acquired data to make 
flll1hcr developments for future prospects. Seismic duta is a technique that is broadly used for 
the explOntlio n of hydrocarbon in exploration geophysics (Kcarey et aI. , 2002). For the current 
project , the avai lable data consists o f 2D seismic and well log data. Many geophysical 
tcchniques included seismic attributcs, petrophys ical :lI1alysis and fac ies modeling are 
performed in integration with seismic and well data fo r co mplete analysis and future 
developments in study area. Seis mic attributes and. are performed o n 2D seis mic to confirm 
subsurface s tructure and reservoir extents in the area while petrophysics and facies modeling 
arc done on wcUlog data for reservoir estimation and litho logy confirmation. Petrophysics is 
used to find porosit y & water saturation and facies models using the log curves are generated 
to find the differe nt lithologies in the study area (Ahmad ct al .• 2013). By integrating all these 
techniques, the potential zones can be conlirmed nnd new zo nes can be evaluatcd in the study 
arcil. 

1.3 Data Acquisition 

We have 20 seismic data of Kudunwuri (Lower lndus Basin) area in the SEQ. Y formm shown 
in Table 1.1. 

Table I. I : Total number of 20 Se ismic survey 

LIN E NATURE LINE NAME 
DIP TJ .S9.5 12 
DIP TJ .S9.5 16 
DIP TJ.S9.5 IS 
DIP TJ .S9.520 
STRIKE Tl .89.503 

Data of the fo llowing three exploratory wells, in which o ne well Kadanwari. J 8 (ST) is s ide 
track well of Kadanwuri.18 & lies almost at the same location on the base map. with proper 
headers and other information like log curves in dig itaJ form:.!t have been used in this research 
work. Basic data about the well location is listed in Table 1.2. 

The Seismic and well data is provided by Directorate General of Pet roleum Concessions, 
Pakistan and Landmark Resources (LMKR), Islamilbad. Pakistan. The available 2D seismic 
data and we lls are loaded to Kingdom software (SMT) and the base map is drawn wh ich 
shows the seismic lines and well locations. The base map is shown in Figure 1.2. 

Well Name Latitude Longitude Start depth End depth status 

Kadnwari 27853.00 6913 S.OO 4000 Gas 
01 36.00 
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f igure 1.2: Base Map of the study area 

1.4 Aims and Objective 

For structural and stratigraphic interpretation, all the available geo logical and geophysical data 
(Seismic and Well data) is utilized. 

Seismic attributes computed to find the possible reservoir characteristic and estimate the. 
eXlents of reservo ir in the area. 

Petrophysical analysis for different reservoir level are performed using log curves of the 
available wells to find the capability of storing and transmitting hydrocarbons. 

Facies are mode led using log data to identify various geological units at the reservoir level 
encountered in the study area. 

1.5 Methodology: 

Review the existing literature 10 completely understand the geology, stratigraphic and tectonic 
set up of the study area. 

20 Seismic interpretation is performed using commercial soft wares. mainly named as SMT 
(seismic micro technique) Kingdom. 

Use the interactive tools of SMT (seismic micro technique) Kingdom for applying se ismic 
attributes and .. 

To compute petrophysical properties of reservoir. geophysical and geo logica l well logs In 

digital formal arc used. 
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R ~uhs and discussio n of thi~ research work sho uld be concluded from the structura l & 
stratigraphic intcrprctiltioll and co mputations. 

Possible recommend<ltions for fu lure prospects on the basis of final resu lt s. 1.6. S ig nificance 
This rese<lrch work will be helpful for identificatio n of subsurface structures of Kadul1wari 
area that are favorable for hydrocarbon accumulation and (nipping. Seismic tttlributcs 
upplk ll\ iOI1 011 20 seismic datu proved helpful for confirmation o f structural inlerprctlltio n !lnd 
potential at the reservoir leve ls. Facies modeling conlirmcd the identification of 
litho logies/rock types, so gencration offacics illlhc study nrea gives understanding of reservo ir 
i.e. salld at certain depths. Petrophysical analysis for hydrocarbon cstimatioll~ u!l:ing well log 
data at reservoir level he lped to find potential quantitatively Itt the reservoir level. Using well 
(Kadanwari.Ol), hydrocarbon estinmtion are made to find the produc ing zones fo r the wells. 
By integrating all these gcophysicall'cchniqucs possihle hydrocarbons zones can be ident ified 
and new potential zones can be marked . 
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Cbaptcr 2 

Geology and Tectonic Setting of Kadanwari Arca 

2.1. Inlroduction 

For the precise interpretation of seismic data. information aboullhe geology of area plays an 
important role. Seismic data co nsist of rcncclions coming from different lithologies and to 
interpret horizons all the seismic section. we shou ld have geologic information of the 
lithologies from which Lhcse reflections occurred. To understand geo logy co mpletely, we have 
to analyze the Basin development. Three parameters are studied lo find the Basin development 
history namely: Basin forming teclonics, depositional sequences and basin modifying 
tectonics. 

Pakistan comprises of two main sediment ary basins on the basis of genesis and di fferent 
geological histories i.e. Indus Basins &Baluchistan Basin and one newly identified sma ll basin 
thut is KakarKhorasnn Basin or Pishin Basin (Kadri, 1995). Indus Basin and Baluchistan Basin 
developed through different geologica l episodes and at last joined together during Cretaceous! 
Paleocene period along Drnuch Nal/Chaman strike slip faults. Pishin Basin came into existence 
by the interaction of Eurasian and Indian plutes with its own geologic history and it is called 
as Median Basin. Indus Basin is further divide into three sub . basins i.e. 

Upper Indus Basin comprise of Kohut and Potwar provinces 

Central Indus Basin comprise of central gas province and Su lajmnn province 

Southern Indus BtL~in comprise of Kadanwuri.Miano. Karachi Embayment. Badin region and 
Kandhkot (Kadri. 1995) Centrall ndus Basin and Southern Indus Bas ins are co llectively called 
the Lower Indus Basin. The study area (Kudanwari) also exists in Lower Indus Basin. Regional 
sett ing of the Indus Basin and its structural styles ,u'e discllssed to get better undersranding of 
the study area. 

2.2 Regional Tectonic Setting and Structural Styles of Indus Basin 

Indus Basin extends over westem part. of India and NW margin of Pakistan, covcring an arca 
ofaboul 873.000 square kilometers (Wandcry CI al .. 2004). Indus basin is bounded by Tndus 
offshore at south side. Ind ian shield at east side and MMT at the north side. while the western 
margin of it is separated from Baluchistan Basin by Bela.Muslimbagh.Waziristan Ophiolitic. 
Some basement highs also present over platform areas that serves as dividers (Ahmed, 1998). 
Reg ional sett ing and structural elements of Indus Basins is shown in figure 2. 1. 

Structures of Lower Indus Basin are explained at the sub basin level to differentiate between 
different structural styles present in the largest basin and to understand favorable structures for 
the hydrocarbon exploratio n. A brief discuss ion is given below. 

2.3 Upper Indus Basin: 

It is characterized by complex structural styles i.e. intense folding and complex imbrication as 
product of ongoing collision between Eurasian and Indo .Pak Plates and the stratigraphic 
sequences ranging from Precambrian to recent. It is separated by Sargodha high from Lower 
Indus Basin. Its northern and eastern boundaries coincide with MBT, which is the southern 
most pal1 of Himalayan thrust. Salt R'lI1ge (part of Himalayon forelond fold and thrust belt), 
the surface expression ofthe decoUcmcnt thrust in which crystalline basement is not involved. 
exposed the sediments fronl Pn:cambriau tu Quaternary age (K'ldr~ 1995) 
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Figure 2· 1: Regional Tectonic Selling Map or j'ukistnn with Structural Elements (modi lied aftcr 
Ka:uni &:. Ran:t. 1982) 

2.4 Lower Indus Basin: 

It is further divided into two basins that are explained below. Central Indus Basin: It is 
composed of duplex structures, these are characterized by large anticlines and domes in the 
passive roof sequence of Sulaiman fo ld belt followed eastward by gently dipping st rata of 
Punjab monocline. Central Indus basin is attached to Jacobabad high in south, Sulaiman fore 
deep in west, Sargodha high in north and Indian Shield in east (Kazmi l.md Jan, 1997). Southern 
Indus Basin: At platform areas, it depicts buried structures that are formed due to the extension 
of plates resu lti ng from the latest counter.clockwise motion of Indian plate. Large nu mbers of 
closely chain like anticlinal structures form, some of which produce gas fie lds like Sari. Hundi 
and Kothar, at Karachi Trough margin (Kadri, 1995). Due to the extensional tectonics in the 
Cretaceous age had crealed the tilted fau lt blocks over a wide area of the Eastern Lower Indus 
sub. basin. Seismic reflectors thaI represent Cretaceous period layers or older layers arc broken 
by a system of fau lts with normal dip separation (Kemal, 199 1). The overall trend of the 
structures of Lower Indus Basin depicts extensiona l tectonics which resu lted in norma l faulting 
eX hibiti ng horst and graben structures (also known as Book Shelf Geo metry). 
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Grnben structure is of vital importance in hydrocarbons exploration. The study area lies in the 
Lower Indus Basin (i.e. Sukkur Rift south side) and it is bo unded by Shahgarh depression fro lll 
easl, Kil1har Fo ld be lt from we!;l, Sukkur Rift form north and Thar Platform from south . The 
study area bounded by structures is shown in figure 2.2. 

• 

) 

r3:: 
v' 

Major Formations of the study area that are interpreted for the hydrocarbon assessment are 
Lower Goru (contain E.sand and G.sand), Sembar Formation and Chiltan Formation. The age 
or Lower Goru and Sembar Format ion il'i Cretaceous and Chlitan Limestone belongs 10 Jurassic 
period. The stratigraphy of thcse formutions is explained as they are considered important for 
the hydrocarbon exp loration. 

2.5 Chiltan FormaHon: 

The age of Chi It an Formation is Middle JUf<lssic. II is widespread platform area that underwent 
drowiling partly by the renewed rifting between the indian and African plates and partly by 
eustatic sea level rising in the Callov ian.Oxfordian time. As a result the carbonate system was 
overcome by siliciclastics (Semhar and Lower Goru) (Afzal et al., 2009) so the depositional 
environment is shallow marine, The lithology consists of dark colo red limestone which is thick 
bedded to m'lssive. The variation in color is observed from one place to another. In Dam 
Manda, the thickness of ChUtan Formation is 757 III and is poorly fossiliferous. Cbiltan act as 
good reservo ir at many locations, shales al top provides the seal and source at· deeper level 
at tain good maturity (Sh,lzia el a1. . 2014). It has lower contact with Shirinub Formation which 
is gradational and upper co nfirmable contnct with Mazar Dirk Formation. 

2.6 Scm bar Formation: 
Sembar Formation Sembar Formation has Early Cretaceous age that contains black shale with 
interbeded silt stone. arg illaceous limestone mixed with glauco nitic and phosphat ic nodu les & 
sandy shale is present in the basal part. Subsurface depth varies from 1000111 in the platform 
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to 5000 111 in foredeep areas. TOe o f the formation ranges between 0.55 wL% to 9,48 wt.% 
uno it contllin 0.14 . 18.69 mg HClg rock potential. The immature samples contain LO wt.% 
generuling 2.8M mg HC/g rock wit h HI of 240 mg HC/g TOC (Ahmad et al. . 2012). The 
thickness of Sembar Formation at type locality is 133 m while its environment of deposition 
is deep marine. The fauna includes Belemnites. Ammonites and Forams. The upper contact is 
conformable with IJle Geru Formation while its lower contacl is disconGrmable with the Mazur 
Drik Formation. 

2.7 Goru Formation: 
Goru Formation Garu Fornmtion of Early Cretaceous period consists of int erbeds of limes tOlle, 
siltstone and shale. The limestone is tbin bedded and Gne grained in UiHurc. Goru Format ion 
has been dived into two members i.e. Lower Garu member and Upper Goru member. In the 
Lower Gam Fommtion sand beds interca lated with shale ha ve been recognjzed. The limestone 
is dominated in upper and lower parts. The depositional environ me nt is shelf to shallow marine 
for both members and ils thickness is 536 m in Iype locality. 

The 12 fauna include Belemnites and Forums. Both the upper and lower cont.lcts arc 
conformable i.e Parh Fonnation present at upper co ntact and Scmbur Fornmlion at lower 
contact. BOlh Lower and Upper Garu me mbers have been encountered in Kadanwari.18 well 
and Kadanwari .19 well, Sands of Lower Garu Ponnation, thai are interbedded with shales nct 
liS important reservoirs. Two sands ha ve been marked i.e. G.sand and E.sand. 

G.sand: G.sand is part of Lower Goru Formalion. It is clastic deltaic system originated in 
fluvia l.toshnllow water selling during the Early Cretnceous age. Lower Goru sands especially 
G.sand and E.sand are sourced by the Lower Goru and Sembar formations and transgressive 
marine shale s form the seal Lower Goru sands form norrow bars aligned along the SW.NE 
palaeo.coa5tline. The trapping mecha nisms orc mixed roth structurn] and stratigraphic. They 
ure characterized by structural dips/closures 10 the E.SE nnd facies changes to NE (Del monte 
et al.. 2009), 

E.sand: E .Sfllld is part of Lower Goru formation. It is important reservoir. E.sands are 
delta. front sedjmellts deposited when the seafloor was flat and shallow allowing a fast 
progradation of the delta front and dissipation of flood energy in mouth.bar attached delta front 
lobes . 

The resulting rescrvo ir is thin (15.25m) with a gradual fncies lransition and reservoir quality 
deterioration from mouth bars to the distal de lla front lobes. The presence of lobate deltas rich 
in good qualit y sand (cOlTcsponding to producing fields) separated by interlobcs areas is 
explained in terms of discharge efficiency of the various channels of a river system. Those 
with higher disc harge. were able to build elongated mouth bars with good quality reservoir 
sands, while those with minor disc harge built smaller mouth bars with a shale/silt dominated 
delt a front. The latter arc the mud prone intcrlobes that act as stratigraphic lateral seals (Del 
monte et al.. 2009). 

2.8 Petroleum System of Lower Indus Basin 

Petroleum syslem comprise of mature source rock, migration pathways, reservoir rock, trap 
and seal. Beside these. uppropriate relative timing for the maturation of source· rock is required . 
To explain thepetroleum system of the Lower Indus Basin. we will briefly explain these 
co mponent\;. 

Source Rocks: Sembar Formal ion and Lower Goro Formntion shales are co nsidered as main 
source rocks for hydrocarbons. By the Geochemical analysis of potential source rock and 
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produced hydrocarbon rcvcn lcd that Sembar Formation is favorable source of o il and go~ for 
most producti ve fi elds in Indus Basin (Wlindrey ct Ill.. 2004). Scmbar consists ma inly of shales 
with sma ll amount o f si ltstone and Sflndstone. Gross thick ness of sembar is approximately from 
SO III to 1000 m. Subsurfucc depth varies between IOOOm to 5000m in p latform to foredeep 

are:ls (Ahmad CI aI.. 20 12). It has an average o f 1.4 percent TOe conlel\{ and il is Type m 
Kerogen. n le oil window (0.6. 1.3 percent vitrinite refl ectance) suggest Ihat il ranges fro lll 
thermall y immature to overmaturc. at west of Indus Basin il is more IhcnnaUy mature due to 
uecply buried as compured to the eustern side of the Basin (Wa ndrey ct al. . 2004). 

2.8.1 Reservoir Rocks: 

In Lower Indus Bosin , there ilre many reservoir i.e. Chi lton of Jurnssic age. Scmbllr Fonniltion. 
Guru Fo rmatio n, Mu ghal Kot. Parh Limestone and Pab Sandsto ne o f cretaceous uge and Sui 
main Limesto ne o f Eoce ne age but the main reservoir are the de ltaic nnd shallow marine 
sandstones. Saudstone porosities arc high upto 30 percent and permc,lbilit y rang ing from I to 
>2000 millidnrcy. Reservoir quality decreases in west of the basin but thickness increase due 
to progressive eros io n toward cast and truncation o f crctuceous rocks (Wandrey el aI., 2(04). 
Migrnlion pathways for hydrocarbons to get into Lower Goru reservoir from Scmbar shales is 
prov ided by the major fnulls and these faults also act as seal to create the trap. 

2.8.2 Traps 

Till now maximum prod uctio n is from the structural lrap!\ includ ing ant iclines & thrusled 
anticlines that occur in the fore land portion of the b..'1Sin, also there exists horst and grubcn 
s tructures due to extensio n nnLl rilling of lndian.Eurasian plate (Wandrey el al.. 2004). 

2.8.3 Seals 

The main seals of the Lower Indus Basin arc shales interbedded with tlnd overlyi llg the sand 
re~crvoirs of Lower Goru Formation (Wandrey et al.. 2004). Transgre:-;sive shales of Upper 
GON andlowcr Goru Formation eltn provide effective scaling mcch.1 nis m fo r the 
hydrocarbol1s il1 the Lower Garu silnd reservoir:; (V iqar.un.Nisa and Quadri 1986). Olher 
effecti ve sell Is may be impe rmeable senls above truncnlio n trllps, fa ults and upd ip facieR 
Chi\nges. 
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Chapter 3 

Seismic Interpretation 

3.1. Interpretation of 2D Seismic Data Seismic: 

Interpretation begins with mapping the lurge scale structure of the area. This structural 
interpretation mainly consists of creating horizons and fault planes. Horizons arc surfaces Ihal 
ure created by the interpreter by selecting a reflector and following it over the volume. There 
nre several possible re'lsons why a renector is selected to be interpreted as a hotizon. The 
simplest rCi.\son is thal the re!leclor is outstand ingly clear and mong, making 11 easy to track, 
Sequence boundaries are imp0l1ant horizons 10 distinguish between the different geologic 
periods. Anot her example of an impon am horizon is Lhe top of a reservoir. A fracture in the 
subsurface rock caused by tectonic fo rces is called fault. Faults cause discontinuities in the 
layered struclUre thal make lhe crear ion of horizons more di ffi cult. To be able 10 continue a 
horizon over a fault. it is necessary to know the amount of vertical displacement between both 
!;ides of the fault. Il may be possible that one reflector seamlessly continues over a fault into a 
different reflecto r. To avoid that these two reflectors are incorrect ly interpreted as belonging 
to one horizon, the entire fault surface should be know n (Bakker. 2002) . 

By interpret ing seismic data we become able to interpret the subsurrace geo logic structural 
analysis like fault s, folds. horizons and stratigmphic analysis (seismic stratigraphy). All these 
e fforts are made to invest igate the subsurface for lsome specific reasons like for fresh ground 
wilter depos its. minerals and hydrocarbons analysis on the basis of se ismic data interpretation 
fo llowing analysis can be made: Slructural analysis; Structural iUlalysis is llsed for the search 
of structural traps that contain hydrocarbons. Various slructural styles are present in the 
subsurface Hke horst and graben, flower structures. pop.up structures, imbricate & duplexes 
and growth fau lts. Re(]ectors are marked as horizon where sign ilicantchange in li tho logy takes 
place. Time ano depth structure maps are constructed to display the geometry of se lected 
rcHcction events by means of cOlllour of equal refection time and depth respectively. First time 
structure maps are generated and then it is converted inlo depth structural maps by means of 
T .11 chart s th:1I are acquired in 11m wc111ngg ing procedure. 

3.2 Stratigraphical analysis: 
It involve!; the subdivision of seismic section into sequences of reflections that are interpreted 
as the seismic express ion of genetically related sedimc11lary sequence. There are two main 
aims of stratigraphical analysis. Firstly. re fl ections arc used to define the chronostratigraphica l 
units. since rellecLions are produced from strata] surfaces and unconformit ies but the 
boundaries of diachronous lithological units tend to he transitional and not to produce 
reflectio ns. Secondly. genetically rel.lted sedimentary sequences comprise a set of concordant 
:m ala that shows discordant with underlying and overlying sequences. so typically bounded by 
.\ngular unconform.ilies variously representing onlap, downlap, top lap o r erosion (Kearcy et 

"I .. 2002). 

3.3 Structural Analysis 

Marking of fau lts und horizon on given seismic data is structural analysis. It s main purpose is 
to search for the potential zones in the subsurface from which hydrocarbon call be ext racted. 
These zones are marked as structural traps which provide suitable conditions for the 
accumulation and preservation of the hydrocarbon. Mostly two way trave l time is used for 
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strUClUrid interpretation or seismic dala and laler lhe lime Structures are converted 10 depths. 
The depth m .. 1.ps shows the depth of the geometric features but the accuracy of depth depends 
on the accuracy of certain daw like velocities of the area Lhat is obtained from the eheck sbot 
or venieal seismic profile surveys. These surveys give us Time vs Depth relation from which 
ve locity cun be calculated. Firstly the faults arc interpreted on time sections. Fau lt s arc 
l:olTclutcd with each other by making polygons tlmt show l:crtain struclUre and then on these 
time fau lt s. horizons nrc marked which indicate the bedd ings i.c. fro m where there is certain 
change in lithology. From these faull and horizon interprcl<ltion on time sections we gel TWf 
time maps. These maps arc very helpful in tre indicntion of structural traps. the orient:tlion of 
fau lts and their geometries 

3.4 Basic Work flow of Seismic I nterpretation: 

Following are the major intcrpret:tlion st'eps that are taken to interpret the 2D seismic date: 

I. Area base map prepur~tion 

2. Marking of fau lts on scismJc scction 

3. Horiz.on lnterpretation 

4. Construction of fau lt polygons 

5. Contour "'k1.pS preparation 

3.4 Area Base Map Preparation 

Base map of the urea is prepared when the latitude & longitude of lhe study area is lo"ded into 
the Interpretational software lind then se ismic lines nrc loaded. The seismic dat" may be 2D or 
2D. The 2D lines comprise of dip and strike lines according to the structure. The wells in lhe 
study arca are 10ilded and displayed on the base map. We have 2D seismic with cubic base 
Inup nnd two wells while onc of the well has sidc track we ll 

3.5 -Marking of Faults on Seismic Section 

Faults :lre interpreted on seismic section where there. is ccrt :.t in discontinuit y or brenkage in the 
bedd ings. Certain sleps :lre neccssnry to identi fy the fault s in the study area. 

The steps are: 

Geo logy of area 

Fau lIS correlmion 

3.6 Geology of Area 

The study abou t the stress regime like compressional or tensional he lps us to ident ify the 
pall ern of the faults. Mostly in compressional regime reverse faults are dom.inant with mi nor 
normal fuu lts but in extensional reg ime we observe nonnal fau lting. Also previous knowJedge 
or study area helps abou t the age of the faults so primary lInd secondary featurcs arc easy to 
understand . Kadanwari area is extensional regime where we observe flower structures with 
negative fnulting. Major fau ll extend into the basement while splays along the major fau lt 
tenninate io it. Geology of tile area is important to propose us the possible structu re of the aren. 
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Fig 3.2 Interpreted Seismic Dip tine KAD · 516 

----" ".--

Fig 3.4 interpreted SeismiC Dip tine KAD · S2D 

3.12 Conclusion of Intcl'pretcd Section: 

--- ... .. 
• • • • 

Three horizons are interpreted o n the seismic sections i.e. TLG (Top of Lower Goru), G·sand, 
E·sand. Sembar Forma tion (Prominent reflector after Sembar formation) . Horizons arc deeper 
on the western side while become shallow at the eastern side. Total seventeen faults are 
interpreted from faults. Some fault s continued UplO the last section. their lateral extent cover 
the who le survey while some fault s closed in the middle of the survey after interpret ing on 
!iOllle lines. so fault creation and termination continues to the last section. All the fault s on the 
interpreted sections are normal, some faults arc major fault s and while small faults i.e ofspJays 
terminating against the major fau lt s. Major fault s cut the ho rizons deep below the Chiltan 
formation while small faults limited to the sands of Lower Goru. Faults type indicate 
extensional regime making horst and graben structures that Ciln be related to the rifting of 
Australia and Antarctica from Indo·Pak Plate in Cretaceous Period. 
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3.13 Time and Contour Maps Preparation 

Final step of seismic interpretation is time contour maps. Time contour maps are first prepared 
because the data is read ily avai lable in time. Detail of maps are given with sequence of 
interpretation on se ismic section. Time contours for the following horizons are prepared and 
discussed. 

I . Top of Lo wer Goru (TLG) (T ime & maps) 

2. G.sand (Time Contour maps) 

3. E.sand (T ime Contour maps) 

3.14 Top of Lower GOI'U (TLG) Time Contour Maps 

First Top of Lower Goru is marked on the seismic section. It is of cretaceous age. Lithology 
of Lower Goru is composed of shale with inter-bedded sands. ENl subdivided the sands into 
eight sub groups frolll A.sand to H.sand. Out of these E-sand and G-sand are the major 
reservo irs (Del monic et al. 2009). It is mu ch faulted then other interpreted horiz.ons on the 
seismic section. Kadanwari . l well is gas producing in the Lower Goru Formation. Fig 3.5 
shows time contour map ofTLG. 

3.1S G-sand Time Contour Maps: 

G-sand is part of Lower Goru formation. It is clastic deltaic system originated in 
nuv ial.to.shallow water setting during the Early Cretaceous age. Lower Goru sands especially 
G-sand and E-sand are sourced by the Lower Goru and Sembar Formations and transgressive 
marinc shales form the scal. The trapping mechanisms are mixed both structural and 
stratigraphic. They ure charactcrized by structural dips/closures to the E.SE and facies changes 
to NE (Del montc et al. 2009). Fig 3.6 shows ti me contour map of G.sand 

3.16 Interpretation of G-sand maps: 

The lime contour map orG-sand horizon have faults as that of Top or Lower Goru (TLG) map 
shown in Figures 3.5and 3.6. All the faults are normal forming the same trend of horst and 
graben. All the faults have same orient ations described for Top of Lower Goru formation. 

3.17 E-sand Timc Dnd Dcpth Contour Mops 
E-sund is part of Lower Goru Formation. It is important reservoir and consists of delta.front 

sedime nts. The overa ll mechanism of the reservoir is the combination of higher discharge that 
build mouth bars with good quolity sand reservoir and minor discharge building small mouth 
burs with shale/silt dominated delta fro nls. The result ing reservoir is thin (l 5.25m) with a 
gradua l fac ies transition bu ilding mud prone interlobcs at luter stage that act as strat igraphic 
lateral seals (Del monte ct al. 2(09). 

3_18 Interpretation of E-sand maps: 

Faults o f Top of Lower Goru format ion extend to the depth of E-sand shown in the time and 
depth co ntour maps of E-sand horizon, Between thin beds of sands. shale is present which 'Ict 
as source <Ind seal for the reservoir sand and make complete petroleu m system ill the Lower 
Go ru fo nmuioll. 
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Figure 3.5 Time Conlour map of lower GOIlJ Formalion. 

10200+ 

Figure 3.6 Time Contour map of G sand 
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Chapter 4 

Seismic Attributes 

4.1. Introduction to Seismic Attributes: 

The measurable property of se ismic daln such <lS dip, frequency. amplitude. phase ,Ind polarit y 
arc tefmed as seismic attributes. Its main goal is to extract morc information out o f seismic 
dnta and utilize it fo r interpreting subsurface structural. srnlligraphicai and li tho logica l 
features. It is measures o n time window called ti me slice. o n a single trace or multip le traces 
and on the interpreted surface. One of the methods can be adopted 10 obtain the attributes or 
all of the above mention can be applied to measure Ihe attributes. Six worknows within the 
seismic interpretation process arc necessary fo r attributes generat ion and for their resu lt 
interpretat ion. It inc lude: extracting seismic attributes with various methods; detecting and 
analyzing seismic altribute ano llUllies; validating hydrocarbon prospects; transforming seismic 
attributes to reservoir properties; and differentiating multi -survey seismic attribute anomalies 
(Chen et al. . 1997). 

4.2. Classification of Seismic Attributes 

We divide the seismic attributes into two categories 

A) Geometrical seismic attributes or Reflection con figurat ion, 

B) Physical se ismic attributes or Reflection characterist ics (Taner. 200 1). 

4.3 Geometrical Seismic Attributes: 

It is generally utilized in seismic stratigraphic interpretOl tion and fault or structura l 
interpretation of 20 data volumes. It enhances the visibilit y of geometrical characteristics of 
seismic events to the interpreter. It prov ide the informat ion for event termin ations, curvature, 
concordant or chaotic cond it ions, continuity, unconfo rmit ies. dip azimuths, fau lts. dips, etc. 
S llUlll deviat ions of dips identify the parallel beddings while higher deviations shows lateral 
coherency co mputed over ru nni ng time window. Smaller mean dip zone ind icate horizontal 
parallel bedding pattern and larger mean coherencies indicate diverg ing o r converg ing bedding 
areas. Dip c hanges zones ind icat e possible allguJar unconformities and small fuult s. The 
chaot ic zones are ide ntified by the larger deviation and low lateral cohere ncies. 

4.4 Physical Seismic Attr ibutes: 

It is used fo r lithological and reservoir characterization. It is divided into two subclasses; 

Attribute computed fro lU seismic data planes (20 sense): Thcse are calculated from analytical 
traces and most co mmonly used attributes. These attribute are trace envelope and its first and 
second derivate. instantaneous phase. band width instantaneous freque ncy, apparent polari ty. 
instantaneous acceleration, instantaneous Q. and their stntist ic comput ed along reflectors over 
a time window. Anomalous changes of instantaneo us phase g ive the thin bed ind ic ations. 
InstanUlI1co us attributes calcu lated at maximum of trace envelopes arc ca lled "Princ ipal" 
attributes. It is also called Response attributes. 

Att ributes calcu lated from pre-stack data: It reflect variation of d ifferent att ributes with offse t, 
such as instantaneous frequency and amplitude. Stack sections d isplay the simple mean of the 
o ffset varying attributes. so the standard dev iation, mean values and gradients computed from 
pre-stack data give insight to their validit y and litho logical composit ion. As most of the 
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computations contain considerable amount of noise so signal to noise improvement of data or 
the att ributes is necessary. 

4.5 Significance of Seismic Attributes: 

• Geometrical seismic attributes are significant <IS it indicates: 

• Discontinuity of surfaces 

• Sequence boundaries 

• Depositional settings 

• Bedding patterns 

Physical se ismic attributes give in formation related to the physical parameters of the 
subsurface. It indicates: 

• Gas and fluid accumulat io n (bright spots) 

• Effects of absorptio n and sharpness of events 

• Thin bed effects (thin bed indicmor) 

• Fracture zones, porosity and possible penneability indicator 

4.6 Attributes Applied on Study Area: 

There are numerous attributes that can be applied to the seismic data but we selected those 
attributes which gives best result for the reservo ir sands (G and E). Attributes are npplied on 
the sand levels to identify the ir potential for hydrocarbons. Four attributes are selected that are 
listed below: 

I) Envelo p Trace 

2) Phase 

These attributes arc discussed with the help of maps at levels of Lower Gower sands. 

4.7 Discontinuity 

The most obvious characteristic of geologic faults is lateral discontinuity oF lhe geologic stnlla. 
The equivalent seismic representation is the discontinu ity of seismic reflectors. To verify these 
discontinu ities of the seismic data, discontinuity att ribute is applied on data. It is geomctrical 
auributc. and measures the lateral relations in the data. It is des igned to emph:lsize the 
d iscontinuous events such fau lt s (Subrahm .. 1.nyam and Raa, 2008). Color bar of the 
discontinuity attribute shows the discontinuit ies and continuity on the basis of color. High 
discontinuity values on this seismic attributes corresponds to discont inu ities in the data, whi le 
low d iscontinuity values correspond to continuous feil tures. Discontinuity varies between zero 
and hundred when applied on the given seismic data, where zero is continuous and hundred is 
discontinuous. Most of the discontinuous evcnts lie in range huving values from 40 to 55 

4.8 Inter pretation of Attributes 

Lower Goru Level 

Top of lowcr Goru (above G-sand): Top of Lower Goru (TLG) starts from 1,971 illS and ends 
on 2 ,3 14ms. Attribute is applied on horizon ofTLG keeping the same time window as that of 
TLG horizon i.e. 1,97 1 illS to 2,3 14ms. This level is potential ly s ignificant for well ofthc area 
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according to the allribute. Phase and Envelop Tracc allribule for Line KAD.512 is shown in 
fig 4. 1 and 4.2 

f igure 4.1 Phase Attribute for line 512 

Figure 4.2 Envelop Trace Attribute for l ine 512 

G.sand Reservoir Level 

•• •• 
~-r~-~""' .. _ .... . 

---.... 
• • • • 

G.sand ranges from 2.226ms to 2,639ms. Attribute for G.sand reservoir level is applied on the 
horizon of G. sand by keeping the time window of the horizon. G.sand Envelop Trace and 
Phase allribute is displayed in figures above. 
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Chapter 5 

Petrophysics, Rockphysics and Facies Modeling 

5.1 Introduclion 

Electrical wclliogging was introduced to the oi l und gas industry over half a century ago and 
since then, many improved and additional logging tools and devices have been developed 
and have bee n put in general usc. The arl of imcrprclation orthe dala advanced along with the 
advancements in wclliogg ing sc ience. Today, the detailed analysis of a carefully chosen 
suite of wire line services provide a method of inferring or deriving accurate values for 
the hydrocarbons and water saturations, the pcmlcabi lity index. the 

Porosity, and the lithology of the reservo ir rock (Schlumbergcr, 1998), 

The petro physical analysis was carried oul by using lhe following wire line logs of 
Kandanwari we ll 01 issued by DGPC: 

• Density log 

• Neutro ll log 

• Resistivity log 

• Spontaneous POIentiallog Gamma Ray log 

S.2 Log Curves 

The log data or Kandanwari was available in Logging ASCII Standard (LAS) rormat. The log 
curves along with some parameters given in the LAS file header are used to calcu late all basic 
and advance parameters. Fig 5.1 shows pelrophysical logs loaded at Wave lets (Kha n et aI. , 
2006; Khan & Akhtcr 20 15) 

f~-31 .. ---: -N~t --------- g ----------1 -- ..,. -- ~ - - ::> ------------
:§ ""]{ ----------

..... - ' .... .... -

Fig 5.1 PetrophysiC(lllogs of well KAO-Ol for depth r;JOge 3450-3850 meters. (Khon e f 0/. , 1006; 
K/lon & Akhter 2015) 
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5.3 Calculation of the Volume of Shale 

The source format ions arc commonly sllally with higher radioact ive content and are 
Therefore indicated by a higher Gamma Ray value. On the other hand, it is a lso assumed that 
the radioactive material is not present in other format ions which arc termed as clean 
Formations. This creates a contrast between shale and other formations. The mathematica l 
Formulation used to calculate the Volume of Shale is given in fig 5.2. 
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fig 5.2 Volume of Shale 

Volume of Shale (Vsh) = GRlog -GRmin/ GRmax. GRmin 

5.4 FACIES ANALYSIS: 

In geology, a fac ies is a body of rock with speci fied characteristics. Ideally, a facies is a 
distinctive rock un it that fonm under certain conditions of sedimentat ion, reflecting a 
part icu lar process or environment. 

5.5 TYPES OF FACIES 

Sedimentary fac ies Sedimentary facies arc bodies of sediment recognizably different from 
adjacent sediment deposited in a different depositiona l environment , as shown in figu re 6.9 
given be low. 
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5.6 METAMORPHIC FACIES 
The sequences of minerals that develop duri ng progress ive metamorphism define a fac ies 
series. 

5.7 WALTHER'S LAW OF FACIES 
Walther's Law of Facies, or simply Walt her's Law, slates that the verLical success ion o f facies 
reneels lateral changes in environment. Conversely, it states that when a depos itio nal 
environment "migrates" laterally, sed iments of one depositional environment COtTle to lie on 
lop ofanolhcr. A classic example Of lhis law is the vertical stratigraphic succession that typifies 
marine transgressions and regressions. However, the law is not applicable where the contact 
between diffe rent lithologies is non-conformable (Lucia 1995). 

5.8 CROSSPLOTS 
Cross plot of different well logs arc made to define OUf reservoir i.e Lower Goru on basis of 
facies. Shale and Sand are delineated by using polygon methodology. 

5.8.1 NPHI VS RHOB 
Cross plot of neutron porosity and dens it y log is made to distinguish the Lower Goru. Shale 
was prominent in the analys is wit h the presence of sandy beds shown in fig 5.3 
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Fig 5.4 Cross plot between NPHI & RHOa. 
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5.8.2 Vp VS RHOB 

Crossplol of Vp(rock phys ic property) and RHOB(well log) is constructed and almost equal 
intervals ofSanrl and Shale were identified . 

.. • - - -. -... .- -.-.-.-.- -... 
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'0. .-.- 0 -

0 -.-.-.-.-.-.-.-.-.-
Fig 5.5 Cross plot between I & RHOB. 

5.8.3 GR VS SP 

Regression analysis of gamma ray and sp log was ploued 

SP=31.195+0.0.54GR 
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f ig 5.6 Regression analysis between GR and SP logs 
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5.9 ROCK PHYSICS 
Rocks nrc identified by physical properties such as porosity, rigidity, compressibil ity, 
properties that will affect how se ismic waves phYlI icnlly Iravel through the rocks. The Rock 
Physicist seeks to establish relations between these material propenies nnd the observed 
seismic response. and to develop u predictive theory so that these properties may be detected 
seismicall y. Rockphys ics properties calculated for well KAD.01 arc shown in fig 5.7 

Following rock parnmctcrs and engineering properties :lrc calculated using well 

• VpNs 

• Bulk modulus 

• Shellr modulus 

• Young's modulus 

• Poissun's ratio 

• Poros it y 

• Lumbda rho 

• Meu Rho 

5.9.1 Shear Modulus 

11lc ratio of shear stress to the shear litra in (angle of de formatio n) . 11 is concerned with the 
defonnation of a so lid when it experiences a force parallel to o ne of its surfaces while its 
opposite face experiences an opposing force (such as frictio n). It describes the material's 
response to shenring strains relatio n moduli. 

Jl = P' VS. 

where 

~ '= Shear motlulull 

Density:md vs, is S· wave velocity 

5.9.2 Bulk Modulus 
The bulk modulus (K) of a substance measures the substance's resis tnnce to uniform 
compress ion , It is the ratio o f volume stress 10 volume strain. II is defined as the pressure 
increase needed to affect a given relat ive decrease in volume. It describes the lIlaterial 's 
response to uni form pressure. It is calculated by using relation as under . 

• K- p (Vp 2 • ,V.2), 

5.9.3 YOUNG MODULUS 

Young's modulus or modulus of elastic ity (E) is a measure of the stiffness of an isotropic 
c last ic 1n.1tcrial. It is the ratio of lhe uniaxial stress over the uniax.ial stroin in the range ofslress 
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in which Hooke's Law holds. It describes lhe material's response to linear strai n. 

E = (9 *K * ~)f(3 * K + ~) 

5.9.4 POISSION'S RATIO 

Poisson's ratio (0') is defined as the transverse strain divided by longitudina l strain. This means 
that it is the measure of incompressibilit y of the rock body. In Post stack data shear wave 
velocity has been estimated only as a parameter as post stack data do not have shear 
components. Also Poisson 's Ratio is more dependent upon P. wave velocity rather than 
S.Wave veloc ity (sheriff. 1999). 

" 

Fig 5.7 Rockphysics and engineering properties for well KAD·Ol 
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