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ABSTRACT 
The dissertation work includes se ismic data interpretation, Petro physical ana lysis 

using well logs data; idclltili catjon of possib le resource plays and performed fac ies 

analysis fo r reservoir propc l1ies. Seismic and well log i11lcrpretation used for study 

of structural sty le, phys ical properties of rocks and identification of possible 

petroleum system ofBalkassar area (Upper Indus Basin) Pakistan. Well locations are 

proposed by constructing lime and a depth contour map which shows pop-up 

an ti cline in snldy area, shown on Time and depth contours. These contours are 

developed on Sakesar and Patala Formations. Petro physical ana lys is of wells 

Balkasar OXY --01 is carried out for Sakessar and Pata la Fonnations in order to 

depict the probable hydrocarbon producing reservoir. The resuJts suggest that 

Sakesssar Fomlation is more producing. 
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1.1 Introduction 

Chapter No.1 

Introd uction 

Worldwide hyd rocarbon industry playing an vital and ind ispensable pari ill 

deve lopment and econom ic growth of a country especially developing countries like 

Pakistan, Rnd acti ng as a important pillar in rhe future economic or the country. As energy 

demnnd is increasing day by day explorat ion industry determi ne to d iscover mo re and more 

hydrocarbon reserves to enhance the production to ful fi ll demands through the uti lization of 

ihe best accessib le innovations and abi lity. The energy mil i7..cd norma lly orig inates frorn 

three sign ifican t sources of hydrocarbons: Coa l, Oi l and Gas.The exp loration of 

hydrocarbon in Pakistan started in 1868 when the main spud was made at Kunda l close to 

M innwa ll i. that proceed till present day. Geophys icists have been working for hydrocarbon 

exploration s ince a long time ago Dnd created numerous methods in such manner. Se ismic 

rencction technique is util ized for hydroca rbon exploration in pCl'ro leum geo logy. 

Petroleum geology refers to the specific sct of geologica l d isc iplines that are used for 

hydrocarbons exploration. 

1.2 Study Area 
The study area be longs to the Koha t ~ POlwar fo ld Be lt. The Kallat-Potwar Fold Belt 

covers an area 0(36000 km2• Kohat~Potwar region, localed in the sub~ Hi lllalayas. contains 

a s ignificant' "mOll nt of hydrocarbons trapped in compres ionaVtranspressiona l sllbtermnean 

st ru ctures related to the post-l:Iima layan o rogeny .The location ofBal knssar is in the Cent ra l 

portion of Potwar sub-basin .This structure is situated on the southern appendage of Soan 

Syncline. Ba lkassar is an important hydrocarbon producing area of the Potwar Plateau, 

Pak istan. The Potwar Plateau is one of the o ldest oi l provinces of the wo rld. where the fi rst 

commercial discovery was made in 1914 at Khaur. Since then, many hyd rocarbon fields 

have been discovered ill d ifferent parts of the plateau (Khan et al.. 1986).T he fractured 

carbonates of the Sakesar and Chorga li formations of the Eocene age are the ma in producing 

reservo irs of Balkassar. Minor oi l product ion comes from Paleocene Lockhart Format ion. 

1.3 Location &Geographical Boundaries 
The study area is situated in Potwar bas in. The study area is situated about 105 km southwest 

of Islamabad in Chakwal District. The study area is situated at a part of the Potwar basin, 



which lies in the northern part of upper Indus basin.Geographically Balkassar shares borders 

wi th Kalar Kahar to the south and east with the town of Chakwal and to the west lies the 

town ofTalagang.1l1c area lies in UTM (Un iversal Transverse Mercator) Zone42N in the 

world Geodetic System as shown in figure 1.1. 

Longitude: 32.51° -33.02° N 

Latitude: 72.32° -72.47° E 

". AI"Cl t AN t STA N 

". 
I R 1\ .... 

_ .... _-
. ,. 

ItUTe" '" 

Figure: ( 1.1) lLocation map orthe study area (Highlighted)] 

1.4 Data Description 

t .... OI ....... 
S Oil l'!.Ln 

To carry out this thes is, se ismic reflection data, which consists often 2D seismic reflect ion 

sections, was provided by the permission of Directorate Genera l of Petro leum Co ncess ions 
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Government of Pakistan (DGPC). The seismic renection data was acquircd and processed 

by OGDCL. The Data for subsurface interpretation of the study area was obtained from 

LMKR. Th is data contai n well (Balkassar OXY -0 1) and seismic lines (PBJ-OI to PBJ- I I 

except PBJ-07). 

1.5 Seismic Data. 
Sr. No. SEG-Y I Range I Direction Naturcff rclld 

I. SOX-PBJ-OI 88 - 213 NW-SE Dip 

2. SOX-PBJ-02 109-213 NW-SE Dip 

3. I SOX-PBJ-03 112 - 2 14 NW-SE Dip 

4. SOX-PBJ-04 97 - 243 NW-SE Dip 

5. SOX-PBJ-05 127 -243 NW-SE Dip 

6. SOX-PBJ-06 103-236 - NW-SE Dip 

7. SOX-PBJ-08 108 -287 "NE-SW Strike 

8. t SOX-PBJ-09 104 -295 NE-SW Strike 

- < 
9. SOX-PBJ- IO 103-287 NE-SW Strike 

10. I SOX-PBJ-I I 96 - 224 N-S Oblique 
< 

, 
Table 1.1 Description of the seiSmiC lilles 

1.6 Well Data 
Well information is given in the Table 1.2 
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Operator l Type 
Well Bore Name 

Longit ude 

SllUd Date 

Dcpth Rcfcrcncc 

Elcvation(m): 

Formatiolls 

NAGRI 

CHIN!I 

KAMALIAL 

MURREE 

C HORGALI 

(B HADRAR) 

SAKESAR 

PATALA 

LOCKHART 

i HANGU 

SARDHA I 

WARCHA 

DAN DOT 

TOBRA 

KHEWRA 

SANDSTONE 

OXY j;v;,,,e 

Exploratory Stlltus 

BALKASSAR- Conccssion 

(OXY)-Ol 

72 39 52.50 Latitude 

20-June- 1981 Complclion Datc 

535.53 KB Total Depth(m) 

List of Well Tops 

Format ion Age 

Pl iocene 

Miocene 

Miocene 

Miocene 

Lower Eocene 

Eocene 

~paleocene 
Paleocene 

Paleocene 1 Early Permian 

Early Permian 

Early Permian 

Early Permian 

Early Cambrian 

I) 

I 

Top(n 

0.00 

478.82 

1408. 1 

15 14.7 

242 1.5 

8 

2 

2467.2 4 

2602.8 7 

2624.2 0 

2659.2 5 

2686.6 8 

2796.4 0 

2938.1 3 

2999.0 9 

3050.9 0 

SA L T RA· ... N" G= E- --+ Pre_Cambri CCan:--+3129.229 

FORMATION 

Punjab 

ABANDONED 

Balkassar 

325638.80 

26-Sop-1981 

3130.60 

T hickness( 

478.82 

929.29 

106.68 

906.74 
-

C;j5.72 

135.63 

fzl .34 

35.05 

27.43 

109.72 

141.73 

60.96 

51.81 

78.33 

0.77 

Table 1.2: Description of well (BALKASSAR-OXY-OI) 
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1.7 Base Map 
The bnse map given in fi gure shows the orientation of the lines and pos ition of we ll used for 

study arca.A base map is the map on wh ich data can be plotted. The base map is important 

for interpretation point of view because it depicts the spatial location of se ismic section. A 

base map typica lly includes location o rJease and concess ion boundaries, wells, and seismic 

survey points. The base map or the area is generated by loading data in Uni versal Transverse 

Mercator (UTM, Zone 43) geodetic reference system in IHS kingdom. 

XN 
MetefS ''''00 

Figure 1.2: Base Map 
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1.8 Methodology 

WellOata 

Petrophysks 

Fault and Horizon. 

Morici", 

1.9 Ohjectives 

Synthetic seismolP'am 

Un.Contours 

-Ja_ 
Fig 1.3 Dissertation Workflow 

The fo llowi ng are the objectives of this stlldy: 

• To understand the geology of the study area. 

Seismic oata 

• This dissertation is primari ly focused on se ismic interpretation of the study area, 
which includes marking of horizons, fault pick ing and construction of time and depth 

contour maps. 

• To fi nd the petrophysical propert ies of reservo ir zone. 
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Chapter No.2 

Geology, Stratigraphy & Tectonics 

2.1 Introduction 
The in fo rmation about gco logy of an area assumes an essential pan in process ing 

nnd interpretation of the se ismic data. (nlerpretation of se ismic data requires a 

comprehens ion of the subsurface arrangements and how they may influence wave receptio n. 

nle interpretation o f seismic data is based all the stratigraphy and sfructural geo logy o f an 

afca. Geo logica l and structura l knowledge of the area is a key foJ' interpreter to perform 

precise interpretation of scisll1ic data, The main reason behind Ihnt, in many cases simi lar 

signmure is obtained from different lithologies and vice versa. In order to deal with such 

complexities an interpreter must have background knowledge of geology abou t the area and 

its stratificat ion, unconfonn ities and major structures of area under study (Kazmi & Jan, 

1997). If we have no idea about lhe geo logica l iofon11alioo of an area we can' t recognize 

the di fferent reflections appearin g in the seismic section. 

2.2 Regional Tectonic Setting 
The build ing of Hima layan mountain process in Eocene triggered compressiona l system. 

Northward movement of Indian plate is aboUi 40mm/year ( 1.6 inches/yea r) and is co ll iding 

with Euras ian plate. 55 mill ion years ago Indian platccollided with the Eurasian plale and 

building o f Hima layan 1110unlain be ll 30-40 million years WIIS formed in Ihe North Western 

Pakistfln find mOllntain rangcs moved in the east west direction (Kazmi and Jail., (997). 

Being one orthe most active collis ion zones in the world fo reland thrusting is taking place 

on continental scale. It has created variety ofactive fo lds and thrust wedges with in Pakistan 

pass ing from Kashmir fo ld and thrust belt in North East, South West through the Sa lt Range­

I'otwar plateau fold belt, the Suleiman fo ld belt and the Makran accretionary wedge of 

Pakistan. As fa r as the Indian plate is concerned which is subducting under the Euras ian 

plote at its Northern edge, a sequence of north dipping south thrusts is being produced. TIle 

shortcning of crust caused a largc amount of folds and thrust belt , The youngest bas ins in 

the Western Himalayan Foreland T hrust Belt are Kohat Plaleau, Bannu Bas in and Potwar 

Plateau which have compress ive stresses and convergent tectonics. Pak istan iso lated at in 

the two domains Gondwaninn and the Tethyan Domains (Kazmi& Jan., 1997). The south 

eastern part of Pakistan belongs 10 Gondwanian Domain and is supported by the Indo-
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Pakistan crustal pl ate whereas then or then-most and western areas of Pakistan fa ll in 

Tethyan. 

N 

36 t 

3 

----._-
24 L • 

62' 

" .' .' .' .' , 

~ 

/o/=:.. 

66-

• 

• 

~ .. , .. ---------. __ .. _-------- -- ___ , 
• b! 

70' W 

Figure 2.1: Tecton ic framework & major sedimentary basins of Pak istan 

2.3 Sedimentary Basins of Pakistan 
Basin is an area characterized by regional subsidence and in which sediments are preserved 

for longer period of time. Pakistan comprises of fo llowing bas ins: 

o Indus basin 

o Baluchistan basin 

2.3.1 Indus Basin 
The Indus bas in belongs to the type extra continental down wrap. The basin has elongated 

shape and is oriented in Northeast and Southwest direction. The main tecton ic features of 

Indus basin are the platform, the fordeep comprising depress ions, inner fo lded zone and 

outer folded zone (Kazmi & Jan. , 1997). Indus bas in is div ided into Compress ion regime in 
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upper Indus bas in, Basement upli n in central Ind us basin and Extens iona l regime in lower 

Indus bas in. On the basis o r structure Indus basi n is subd ivided into two pa rt5. 

• Upper Indus Bas in (North) 

• Lower lndus Bas in (South) 

Upper Indus basi n is loca ted in Northern Pakistan and separated rrom lower Indus basin by 

the Sargodha High . In its North MBT, whi le in the east and west strike s lip faults Jhe lum 

and Kalabagh is located respective ly. Upper Indus basin is subd ivided into two pans (Kazmi 

& Jan., 1991). 

• Potwar basin 

• Kohat bas in 

2.3.1.1 Structure of Potwar 
The overall s tructural trend in study area is cast 10 WCSI or nonheasllo southwest. 

Anticl ines are separated by syncl ines in East Potwar sa lt core. Due to strike s lip movement 

these structures are formcd. These st ructures (A nticlines, Syncl ines) are mostly bounded 

by hinterland and fore land verg ing faults, popup zones. The nOl1hcrn part is more 

intensively deformed called North Potwar Defo rmed Zone (NPOZ). NPDZ is fo llowed to 

the south by soan syncline which is gently northward d ipping southern flank along the sa h 

range and steeply di pping no rthern limb along N PDZ. Severa l eastwesl broad and gentle 

ra Ids are present in its Western part. Strike abruptly changes lO North-East in its Eastern 

parI and tiglllly fo lded anticl ine and brond syncline Sl'ructures are present. 

Axial zone of most anticline dip steeply or overturned ( Pennock ct aI., 1989). Thrust wedge 

has been transported southward as a coherent s lab with little internal deformation in the 

western and central Potwar. and less than I Km shortening between NPDZ and sa lt range 

(Baker et aI, 1988). Deformation has been reduce in size due to increase basli l lraeti on and 

rault Clit up section in Easten) Potwa r. in contrast, Ihe, produc ing d iffe rent structural sty le 

characterized by fault-folds, triang les and pop- up zone in th is region 24 Km of shonening 

has occurred (Pennock ct a l., 1989). Without significant invo lvement of basement tectonic 

in the Potwar is thin sk inned tectonic (Kazmi & J UII , 1997). 
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2.4 Structural Features 
The fo llowing structural fea tures arc found in study area (Pennock ct aI., 1989) 

i 
10 
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Chak-Naurang Ant icl ine 

Soan Sync line 
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The Sa lt Range Thrust 

i 

" 

Fa ..... 
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~\\v'* 

• 
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!ok 

Figure 2.2 Major Structures in Potwar Basin 

2.5 Straitigraphy 
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In Potwar bas in depos ition of sediments ranges from Precambrian to Ple istocene. The 

depos ition was however interrupted several limes. From top to bottom the stratigraphic 
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section can be divided into four groups. Tab le 2. 1 is showing the divis ion of stratigraphic 

section the ir ages and rock types. 

Sr 

No. 

2 

3 

4 

G roup 

I Basement complex 

Sa lt range 

formation 

Platfonn sect ion 

r Molass ic section 

Age Ra nge 

Precambrian 

Eocambrian 

Cambrian to 

Eoce ne 

Miocene to Pliocene 

Rocks 

Metamorphic and 

Vo lcanic 

rocks of Indian shie ld 

Sed imentary, 

(Evaporates) 

Sedimentary 

Molasses depos its 

Table 2.1 General Stratigraphic of Potwar basin 
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Ag< Thict"", FOI11l3tions Litholo!y 
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K,mlial 

~ Mioctoo " • Mum.-e " ~ 

Pal"""" 

I~rly 
11).200 

• 
to 

Ordovicin!1 

Cambrian 110.110 Jut:mJ 
Ku",k 

----I. 
()'lOOO Soh Range L..-

I're-Cambrian Ilascmcnt 

Figure 2.3: Stratigraphic chart oflhe area. (Aamir and Siddiqu i. , 2006). 

2.6 Hydrocarbon Potential 
A system comprising of source rock, reservoir rock and cap roc k makes petroleum play of 

that particular area. It inc ludes all the elements that are essenti al for hydrocarbons to ex ist. 

A petro leum system consists of the fo llowing e lements 
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2.6.1 Source rock 
The sou rce rock corre lation study has not been carried out in thi s area which 

indicmes the source rock but Hydrocarbon Deve lopment InstilUic of Paki stan CHOUl), in 

co ll aboration with F'edcrn llnstitute for Geosciences and Natu ral ResOlLrces (BG R) 

Hanover, Germany have identified a number of source rock horizons through In fraCambrian 

to Eocene in the Potwar Sub-basin and surround ing arcas. 

The o il to sou rce correlat ion ind icates thaI most of lhe o il prod uced in Potwar sub bas in has 

been sourced through Pala la Fonnation. Shales of Khewra Formation are of lacustrine to 

marine origin and contai n woody, coaly to variously amorphous (with significan tly woody 

herbaceous) kerogen, which arc capable of generating paraffi nic to norma] crude and gas. 

, A basin profi le ind icates maturities eq uivalent to v itrinite reflectance of 0.62 to 1,0 percent 

fo r tertiary rocks in the productive pari of the Potwar Basin. 

2.6.2 Reservoir Rocks 
Paleozoic-Terti ary dominantly marine sedimentary rocks form petroleum systems in 

Potwar and are exposed in Sa lt Range along the Frontal Thrust. The cracked carbonates of 

Sakessar and Chorgali Fonllations arc the mnjor generating repositories in Balkassar, TI1C 

limestones of the Paleocene Patala Formation also contain good reservoirs ofhydrocarbolls. 

Khewra Formntion is the ma in potentia l Cambrian reservoir. Khewra Fonnation is genera lly 

d iv ided into three units. The basal unit consists of thin bedded, partly shaly, fine to medium 

gra ined sandstone with thin c lay beds. 'nlese represent the products of arid environment to 

marg ina l marine environment. 

The upper and middle units o f the fonnation arc moderately po rous and display intergranular 

primary porosity, which ranges from 10% • 12%, The uniform grain size and moderate 

sort ing of the sandstone indicates its excellent reservoir nature. The sandstone a lso displays 

fraclure, 

2.6.3 Seal Rocks 
The fo llowing fonnniions act as seal rocks. 

o Shales ofChorgnli formo tion, 

o Shales or Claystone of Murree formation, il provides e ffi c ient vertical and 

lateral seal to Eocene reservoirs in Sail Range Potwar· Fore land Basin where 

ever it is in contact (S/lfIllli & Baig, 2003), 
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2.6.4 Trap 
In Potwar bas in both structura l and strati graphic (raps arc avai lable. In study area the 

associated structures are pop li p anticlines and sna ked head structures. The sea l is prov ided 

by M urrce Formation addit ionally. g ive effective vertica l and horizonta l sea l to Eocene 

reservoirs wherever it is in coniliel. TIle Murrec Formation consists of clay and shale both 

oflhese lithologies act as D good sea l rock 
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Chapter No.3 

Seismic Survey Parameters 

3.1 Introduction 
The seismic s urvey is one foml of geophysical surveys that aims at measuring the 

carlh's geophys ica l properties by means of physical principles such as magnetic, electric, 

gravitational, thermal, and c lastic theories. It is based on the theory o f elastic ity and 

therefore lries to deduce c lastic propert ies of materi als by measuri ng the ir respo nse to elas tic 

disl'U rbnnccs ca lled seism ic (or elas tic) waves. 

Seismic surveys arc used to locate and esti mate the size of underground o il and gas reserves. 

Seismic images arc produced by generating, recording and analyzing soulld waves that 

Iravellhrough the Enrth. 1l1cse sound waves arc also called seismic waves. The o il and gas 

exploration industry has deployed th is evolv ing technology for decades to dete nn ine the 

best places 10 explore for oi l and gas. 

3.2 Scism ic Methods 
Seismic method is o ne of tile most imponant geophys ical method in nil geophys ica l 

methods. This predominance is because of various factors, its h igh accuracy. high resolution 

and great penetration. This w ide seismic method is mostly used in cxplo rot ion o f pc trole um. 

nl is bas ic tcchnique o f se ismic explo ration is that se ism ic waves arc generated and 

measured the l ime required for waves to travel from source to the geophones which are 

arranged in specifi c pattcrn . There are two ty pes o f se ism ic methods i.e. 

o Seismic re nection method 

o Se ismi c refmclion mclhod 

'nle seism ic renection fII e.hod is based a ll the study 10 map subsurface gcological 

s tructures. MeasufCmcnts are made o f the arrival time o f even Is attributed to seismic waves 

which have been re nected from interfaces where the acoust ic impeda nce changes. Seismic 

refraction meth ot] is based o n the s tudy of elastic waves refracted along geological layers. 

11l is method is generally used to map lo w velocity zone. 111is method is used as supplement 

with reflection method. 
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3.3 Seismic Data Acquisition 
Seismic investigation starts in the field with the ocqu is ilion ordala. The purpose of 

seismi c data acqu isition is to record the e lTects produced by mechanical disturbance at the 

surface of eal1h, and its effects arc observed al number of locutions along th: surface in f\ 

way that its relation with initial disturbance can be interpreted. it includes all those steps 

which yie ld final outpu t 10 be processed and interpreted. The inslruments so adopted to 

Dequi re seism ic data today differ from those used in past, but essential principle for nil 

Illstrulllcnts is same. 

The seismic data acqui sition starts with. fie ld by few organization divided as if it is land 

organi7..alion or marine organization. Then the whole work starts with field eq uipmen t and 

methods to be adopted for the acquisition of seismic data . Seismic acquis ition system 

consists orthree basic subsystems: 

o Energy sou rces (Explosives) 

o Energy rece iving units (Geophones) 

o Recording system 

Exp los ives or v ibrating plates generate the waves and a line or grid of geophones records 

them. Density changes between rock or so il layers reOcct the waves back to the surface and 

the speed and strength Ihal the waves are reflected back ind icates what geolog ica l features 

lie below. 

3.4 Seismic Data Processing 
The process ofdala process ing inc ludes the sequence of ope rat ions. According to predefined 

program these operations are carried out to convert sct of raw data into use ful information. 

Advance ment of technology/electronic computers in last two decades brought the dig ital 

revolution in seismic prospecting for oi l and gas. After the introduction of computers 

se ismic data processing aU8ined new shape. The rationale behind the se ismic data 

process ing is to convert the recorded info rmation of fie ld into a form that al lows geological 

interpretation. the reOections presen tation with maximum possible reso lution on the seismic 

section and the reduction or elimination of different noises. 

The main objecti ves ofille seismic data process ing are slLmmarized as below. 

D Im provi ng Signnlto Noise ralio. 

D Representation of geology in seismic cross-section 0 To acquire the I'Ilrget 

provided byel ienl. 
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I Loading of the Data/Conversion I ,--
I Drmultiplexin& 1 

I Geometry I 
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I 
Printing/Storage Printing/Stonge 

Figure 3.1 General ized Seismic data Processing Flowchart 

3.5 Survey Parameters of Study Area 
In this section survey parameters, acquis ition parameters and process ing parameters, are 

displayed. 

3.5.1 Acquisition Parameters 
Acquis ition parameters or study area are enlisted in Tab le 3.1 
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Number of Vibrators r 2 to 3 

Number of Sweeps per VP 42 

Source Pattern Inline 

~ -- -
Type of Vibrator Mertz Model SHV·1OO 

-
Source Vibration length 100m 

Sweep frequency 
- ~2Hz 

~ 
Sweep Duration 20000ms I 
No of Geophones 48 

- I 
Group interval 100m 

Group length 159 m 

Number of channels 62 
Geophones 

I ... 
Table 3.1 AcqUlsltlOn Parameters of s tudy lmes 

3.5.2 Processing Parameters 
In struments, tilters and processing parameters used in the processing of the da ta of study 

area are enlisted in Table 3.2 

Instrument T Summing computer 

Processing 

Parameters 

Low cut filter 

r----Notch filter 

r-High Cut filter 

Pre Amplifier Gain 

Main Amplifier Gain 

Summing 

Density Notch filter 

Record length 

Processing Sample rate 

Edit· dernultiplexed 

Vibrosics correlation 

I- Preprocessor 

Rep lacement velocity 

r-- -
Datum plane elevation 

Mute 

,. 

CDBA-II 

Out 

Out 

62HZ @18DB/OCT 

" I.F.P 

Diversity Average 

1600 BP I 

25000ms 

4m, 

WGe &;ode-4 fonnat 

.l 
COP sorted 

2300m/s 
I -

350m 



I 
Type Early mute 

Mute velocity 2200m/s 

Constant start time 350ms 

Min Distance for start timc-' 550m 

Deconvoulution 

Type Predictive Decon 

No of windows 0" 

Auto COlT stop time 3500ms 

Auto corr delay 200ms 

Min prediction distance Time of 2nd zero crossing 

Operator length 140ms 

Pre filter 10-40 Hz 

Trace blance 

Datum statics 

r-- Nannal moveout 

Automatic residual statics 

Final velocity analysis 

I---Normal move out stack 

Finite diffmigration filter 10-40 Hz 

RMS Scaling 

Display Scale 

Horizontal scale 8 Traces/inch 

Vertical Scale 51nchs/sec 

f- G' am 15 dB 

Table 3.2 Processing parameters of study area 
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Chapter No.4 

Interpretation of Seismic Data 

-'.1 Introduction 
Seismic method is one of the most s ign ificant geophysical methods among all 

geophysicallcchniques because orits great penetration, high resolution and high accuracy. 

This technique works by generati ng seismic waves and their traveltime is measured from 

source to receiver (Badley., 1985). 

Geophys icist lISC to prncli cc this analys is to find out the most probable s truclUre for 

hydrocarbon accumulation . POI' subsurface structural ann lys is Seismic interpretation is 

IlCrfonned .In this dissertation seismic interpretation technique for subsurface structural 

analysis has been used. Seismic interpretation has been done wilh the help or n'IS Kingdom 

8.8. 

4.2 Methods of Interpretation 
There arc two l113in approaches for the interpretation ortlle se is mic reflection data. 

o Qualitative Interpretation 

o Quantitative Interpretation 

4.2.1 Qualitative Interpretation 
Mapping the subsurface geo logy is the primary objective of the qualitative 

hnerprcwtion of the seismic data. Qualitative interpretation is seismic technique that 

includes the marking of horizonta lly consistent reflectors and discontinues and their 

mapping on different sca les (space and traveltime). The geometry on the seismic section is 

accurately interpreted according to geological concept to find out hydrocarbons 

acculllu lation . 

111c structure and stratigraphic structure of the petroleum is detennined and on base of the 

geometric features the location of the well is established. Stratigraphy analys is is used to 

dclineoting the se ismic sequences, which tell us about different depositiona l units, find out 

the seismic facies characterist ic with gave us information about depositional environment 

and analysis the reflection feature variation to locale the stratigraphy changes and 

hydrocarbon depositional environ ment (Sheriff, 1999). 

In structura l ana lysis main focus is on the slrUcturaltraps. Teclonic plays an important role 

ill Imps. Tectonic selli ng usually tell us, which types of the structure are present and how 
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the structural lealUI'CS are correlated with each other's, so tectonic selling of the area is 

helpful for loc:lIing the traps. Structural traps inc lude the faults, folds anticline, pop up, 

duplex, hors ts and grabben structllrcs, etc. (Sheri ff, 1999) 

4.2.2 Quantitative Intel·pretation 
Seismi c quantitative interpretati on techniq ue as compared to the traditional se ismic 

interpretat ion techniq ue is more useful. One advantage of these unconventional techniques 

is Lhat they make prospect generation easier by widening the exploration area. Vnrious 

allcrmions in these techniques hnve contributed to the beuer prospects evaluntion and 

reservo ir characterization. The most important of these techniques include post*sl<lck 

amp litude ann lys is (bright·spot and dim-spot analys is), oO:'set dependcllt amplitude ana lys is 

(AVO analys is), Acoustic impedance inversion, and forward seismic modeling. Base map 

is prepared by loading navigat ion data and se ismic data (seg V). Hori zons are marked in 

zone of interest manually. In this process faults are identified and marked. Faults polygons 

are generated and horizo ns are contoured to find out structural hi ghs and lows. Then lime 

and depth contours are plottcd. 

4.3 Seismic Interpretation 
Initially 20 se ismic s urveys were carried out in which strike and dip lines were used to 

interpret tIle structura l and st ratigraphic variations (y ilmllz. , 200 I). But wit h the passage of 

lime 20 s urveys were replaced by 3 D surveys that nre more advanced techniques used for 

delailed analysis or the structural and stratigraphic variations in the study nrea (Badley., 

1985). Seismic dala interpretation leads to interpret subsurface reatures such as stratigraphy. 

lolds, faults ct c. Main objective of such interpretat ion is to locate and quantiry groundwater 

reserves, hyd rocarbon reserves and mineral depos its (McQuillin et al. .1984). Parameter that 

leads to interpretation are fo llowi ng: 

o Trave l times are used to generate depth maps of particular horizon. 

o Trave l time diffcrence nrc used to ca lcu late velocity. 

o Disco ntinuiti es in the reflectors arc lIsed to predict fault s and stratigraphic 

changes. 
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Figure 4.1 Work flow for seismic data interpretation 

4.4 Well To Seismic Tic 

Ty ing well and seismic data is very necessary step in seismic interpretation to begin because 

it helps to establish a relationship between se ismic reflecto rs and stratigraphy. The aim of 

well to seismic tic is to compare the seismic data which is obtain in time domai n and with 

the well data which is in depth domain. This re lationship can be achieved in different ways: 

4.4.1 Well Tops 
Another way to establish relationsh ip between seismic reflectors and stratigraphy is to relate 

them by lIsing drilling data i.e. well tops. Well tops represent the tops of different format ions 

in a wel Lln this process, we get the depths of well tops while drilling. 

4.4.2 Synthetic Seismogram 
Wi th the help of Balkassar (OXY -0 1) A the synthetic seismogram was constructed in order 

to mark the horizons. It is a powerfu l too l to relate the se ismic re flectors with stratigraphy. 

The objective is to use well log data to generate a synthetic trace that can be compared to 

rea l seismic data collected at wel l location. Acollstic impedance (product of seismic veloci ty 

& rock dens ity) is very important property to be discllssed here. As seismic reflection comes 

at every thai point where acoustic impedance changes (McQuillin et al.. 1984). So, we can 

use we ll log data to calculate acoust ic impedance. One th ing should be considered that we ll 
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log data is measured in depth while sc ismie section is measured in time so conversion is 

required for tying. Sonic log provides the seismic wave velocity in the subsurface while 

density log provides rock's density. Both the logs (Ire multiplied 10 get acoustic impedance 

log. The equotion for this conversion is (Asqu ith ct ol io , 2004). 

Here, 

S 
r = Ii . 

T = One--way travel time of se ismic wave, 

S = Depth of interface provided during dri ll ing, 

V = Veloc ity of seismic wave from sonic log or checkshol survey. 

As it is required to know that how much reflection would have occurred from interfaces so 

we will calcu late reflection coefficient log from acollst ic impedance log from the equation 

be low (Asquith et a I., 2004). 

PZVZ-Pl l1 l 
R.C = . 

pzlJz + PIV1 

P2 and PI "" Acoustic impedance of deeper/second refleclor and shallower/first reflector, 

Next step is to define a pulse for convolut ion. The pulse can either be extracted from seismic 

dala at well local ion or it may be estimated by defining a standard pulse of lIser defined 

parameters i.e. polarity and central frequency. Once the pu lse is defincd. convo lve it with 

the reflection coefficient log/reflectivity series. The synthetic seismogram prcpared is 

shown in the Figure 4.2. 



GR . I 

10) 101 

Figure 4.2 Synt hetic se ismogram on Seismic line (SOX_PBJ· 04) 
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4.5 Base Map 
A map on which primary data and interpretations can be plolted. The base map is important 

for interpretat ion po int o f view because it depicts the spat ia l location of se ismic section and 

also shows how se ismic section are interconnected. A base map typically includes locat ions 

eflcase or concession boundaries. we lls, se ismic survey po ints and olher relevant data selS, 

with a geographic reference such as latitud and long itude or Universa l Transverse Mercator 

(UTM) g rid information. Base map is a map wh ich shows orientation and location of the 

se ismic lines and wells. Well of Balkassar (OXYOI) is shown be low.The map consists of 

di p and s trike tines as shown in Figure 4.3 

N 

@ 

3661700 

3641700 

831900 

Figure 4.3 Base Map 

4.6 Interpretation of Seismic Lines (Dip And Strike) 
Seismic survey is conducted to acq uire data for subsurface analys is, for information 

about stratigraphic patlerns in depositional bas ins. Seismic Interpretation of Balkassar area 

involves 10 Seismic Lines. TI1CSC lines have been interpreted on the bas is o f Seismic 

Interpretation criteria. When I interpret these se ismic lines, I observed s tructural changes on 

seismic section. 
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4.6.1 Fanlt Marking 
Fault marking on real time domain seismic sect ion is quite a hard work to do without 

knowing tectonic history of area (Sroor., 20 I 0). Faults are marked on the bas is of breaks in 

the cont inuity of rellection. This discontinuity of the rclleclor shows that the strata is 

d isturbed here due to the passing of the faults 

Over a ll four fauits arc marked on the seismic section which indicates the complexity of 

study area, T hree prominent reverse faults arc present in the sedimentary cover sequence, 

fo llowing prominent broken reflectors. These reverse faults arc bounding an anticline where 

one reverse fault is on the NW limb of the anticline, whi le two arc on its SE limb. Normal 

faulting is present in basement. The basement normal fau lts indicate Jurassic rifting and 

splitting of Pangaea. 

FAULT NAME NATURE 

F1 Reverse 

1 Reverse 

Reverse 

j Nonnal 
I 

Table 3.1: Marked faults 

4.6.2 Interpretation of dip line PBJ-04 
In figure 4.4 , well is located and synthetic is disp layed. Horizons are marked and on 

this line three faults are marked. Two are major and third is minor. First horizon is top of 

sakessar and second is bottom of sakessar or lOp of patala. Sakessar is reservoi r and Patala 

is our sourse rock. 
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Figure 4.4 Hori 7.ons and Faults marking on SOX_PBJ-04 (Balkossar OXY -0 I) 

4.6.3 Interpretation Of Dip Line SOX·PBJ·06 
In figure 4.5, horizons are marked and on this line 3 faults are marked. Two faullS 

nrc major and th ird one is minor fault . Here also two horizons nre marked. TI1CSC horizons 

show top Qnd OOllom of reservoir zone, which is Sakessar. 

-"" , 

Figure 4.5 Horizons nnd FaulL'i marking on SOX_PBJ-06 (Ba lkassar OXY -0 I) 
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4.6.4 Interpretation Of Dip Line SOX-PBJ-03 
In figure 4.6, horizons are marked and on this line 2 fnulls Ilrc marked.l-Iere two 

faults are major . Here a lso two horizons afC marked. TIlesC horizons show lOP and bottom 

of reservoir zone, which is Sakessar. 

Figure 4.6 Horizons and Faults marking on SOX_ PBJ-03 (Balkassar OXY ·01) 

4.6.5 Intcrpretation of Strike Line SOX-PBJ-09 
Line SOX-PBJ·09 is a strike line whose orien tation is SW-NE. Also the horizons of 

interest nre also marked on th is strike line. Seismic linc PBJ-09 passes through the crest of 

the Balkassar ant icline, and no fault exits on Ihis line as faults arc on the limbs. In Figure 

4.7 st rike line is shown with marked horizon of interest. 
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Figure 4.7 Horizon mark ing on SOX_PBJ-09 (Ba lkassar OXY -01) 

4.7 Fault Polygon 
After marking faults, next step is to generate fault po lygon which involves a fault 

1II00h:: l llHltlc by cOllnecting points based on fault altitude over base map. Before gencration 

of fault polygon, it is ncccssary to identify the fau lts and the ir latcra l extent by looking at 

the available sc ism ic data and ass ign proper name to a ll these fa ults. If one finds that the 

same fault is present on a ll the dip lines, then all po ints (represented by a U+" or "x" sign by 

Kingdom software) can be manually joined to make a po lygon. Construct ion of fault 

po lygons are very im portant as far as time and depth contouring of a particular horizon is 

concerned . 

·1l1e reason is that if a fault is not converted into a po lygon, the so ftware doesn' t recognize 

it as a barrier or discontinuities, thus making any possible closurcs against faults represent 

a false picture of the subsurface. Afterconstruction offault po lygons, the high and low areas 

on a particular horizon become obvious. Fault polygons are cons tructed for all marked 

horizons and these are oriented in NE-SW 'd irection. Well of Bnlkassar (OXYOI) is shown 

below. 
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Figure 4.8 Fault Polygon ofSakessar 
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Figure 4.9 Fault Polygon of Patala 
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4.8 Grids 

4.8.1 Time Grid 

In figure 4.10, Time grid map of Sakessae is displayed. First I mark horizon on 

se ismic lines and then I deve lop grids (Time and Depth), after that contour maps 

are developed . Well of Balkassar (OXYOI ) is shown below. In figure 4. 11 , 

Time grid map of Patala is presented. 

N 
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Figure 4.10 Time grid map of Sakessar 
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Figure 4.11 Time Grid Map of Patala 

4.8.2 Depth Grid 

In figure 4.12, Depth grid map ofSakessar is displayed. First I mark horizon on seismic 

lines and then I develop grids (Time and Depth), after that contour maps are developed 

Well of Balkassar (OXYOI) is shown below. In figure 4.1 3, depth grid map of patala 

is presented 
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Figure 4.12 Depth grid map of Sakessar 
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Figure 4.13 Depth Grid Map of Patala 
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4.9 Conlour Maps 
The last step in se ismic interpretation is generAtion of coni our mnps (time contour 

maps and depth contour maps). Mapping is necessary part of the interpretation 

afthe data, on which the entire operalion depends. n,e COIUOurS are the lines of 

equal l ime Of depth wandering around the map as dictated by the data (Coffeen, 

1986). Contouri ng represents three-d imensiona l canh on II two dimensional 

surface. These contour maps gave us d ifferent type of infomlation, for example, 

the s lope of the formation, s tructural relief of the formation, its dip and fnulting 

and fo lding. 

After interpretation of seismic dala contour maps are developed. ·n,cse maps arc 

time and depth contour maps. These time and depth contour maps arc deve loped 

with the he lp ofl HS Kingdom. 

4.9.1 Time Contour Maps Of Marked Horizons 

Time COlHour map ofsakcssar at the leve l of marked horizon is presented in figure 

4.14. In this time contour map,lheeentral part of tile map, in the NE-S W direction 

represented by liglll co lors, according to scale, is indicating shallow area, and 

forming flat shaped crustal pal'! o f the anticli ne. Both lhe limbs are dipping 

steeply and tenninated by reverse and back thrusts/faull's respectively. T hese 

contour maps (Time, Depth) c learly gave us indication about the back thrusting 

in the study area. '11e closed contour part can be cons idered as structural tmp. 

Well or Balkassar (OXYO I) is shown below. 

Time contour map of PatalD is develop and presented in figure 4.15 II a lso shows that 

cen tral part is flat and both limbs are steeply dipping and show pop-up ant icli ne. 
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Figure 4.14 Time Contour Map of Sakessar 
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Fi gure 4.1 5 Time Contour Map of Patala 
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4.9.2 Depth Contour Maps of Marked Horizons 

The depth contour maps ofSakesar and Patala show the horizos depth variation. It can easi ly 

be interpreted that horizon is formi ng an antic line structure, as from the scale the central 

portion between fault polygons is shallower in depth than the surroundi ng area. Figure 4. 16 

shows depth contour map ofSakessar and figure 4. 17 shows depth conto ur map of Pal ala. 
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Figure 4.16 Depth Contour Map of Sakessar 
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Figure 4. 17 Depth Contour Map of Pat' ala 

4.10 Discussions 
Fo llowing deductions are made from the interpretation done above. 

o A pop up structure is identified 

o This provides an ideal structural trap 

o The norma l fault present in the basement has been significantly important 

in the tectonic nature orthe area. 

o . The hydrocarbons accum ulate in anticl inal s tructure is bou nded by fa ults 

p lanes. This anticlinal structure acls as a trap in the area, which is best for 

hydrocarbon accumulation. 
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Cha pter No.5 

Petrophysics 

5.1 Introduction 
Well logging is the method of making a complete record of Ihe geologic format ions 

in a boreho le (Asq uith and G ibson., 2004), Such we ll logs may be based on vis ua l 

assessment of samples taken out on the surface known as geological logs or they may be 

based on phys ical measurements pcrfonllcd by instruments pull down into th e we ll kno wn 

as geophys ical logs. 'n l is study fac ilitates in identification and q uantification of nuid in a 

reservoir .Knowledge of reservoir phys ical properties like volu rne of shnle, po ros ity , and 

waler and hydrocnrboll saturation is needed to de fine accurately probable zones of 

hydrocarbons. The combi nation ofpclrophysics w ith rock phys ics enables the geophysic ists 

10 understand the physical properties of rocks in lhe study area. Petrophysics is apprehensive 

with using well measurements to subs idize reservo ir depict ion. 

In petro leum industry. logs are used to examine fl uid and rock properties and also identifY 

hydrocarbon bearing zones in the geological formations. TIle procedure of logging inc ludes 

lowering all instrument into a well bore hole, attached at the end of a wi reline to lUeasure 

the fluid and rock propert ies (Asqu ith and Gibson" 2004). Well logging can be done during 

any phase of a we ll 's h ist'ory; drill ing; produc ing and abandoning. O nce the measurements 

nre made, thei r interpretations in tenns of logging nrc done to locate and quantify 

hydrocarbon bearing zones. The properties measured by logging too ls are acolls tic, 

electromagnetic. e lectrical. radioactive. nuclear magnetic resonance a nd several other 

properties 

The resu lts obtained from well logs he lp to define the characteristics o f rock; 

Lithology/minera logy; Water saturation; Porosity (cp); Pcrmeobility (k); Hydrocarbon 

saturatio n ctc . Logging data he lps to detennine the depth & thickness o f zoncs ; Idcntify 

production zones; Distinguish betwcen o il/gas and water; Eva luation o f hyd rocarbon 

rescrves. 

In present study the fo llowing Petrophysical properties arc calculated (Daniel, 2003): 

0 Volume of shale 

0 Total poros ity 

0 EfTeclive porosity 

0 Water saturat ion 

0 Hydrocarbon satu ration 
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Schlumberger charts (A ppend ix-A & B) and several mathemat ica l equations (Figure 5.2) 

are used for calcu lation of res istivity of water (Schlumberger. , 1989). Different zones are 

defined as Chorgali and Sakesar are considered as mai n reservoir to be studied. Its workflow 

is given in the Figure 5.1 and practica lly performed afterwards. Lithology logs used in 

Petrophys ical analys is are Gamma Ray (GR) log, Ca liper log and Spontaneous Potentia l 

(SP) log. Wh ile resistivity logs used in the analysis are Laterolog Deep (LLD) and Latcro log 

Shallow (LLS). Similarly, porosity logs used in the Petrophysica l analys is are SOllic log 

(DT), Neutron log (NPH I) and Density log (RHOB) (Asquith and Gibson., 2004). Raw log 

curves are loaded in Kingdom software fo r performing reservoir characterization. Whiles 

I Lo .. di., Ra .. to, C ..... ·.I I 
LilkiolY loots Ruillnit)· Lop POf'<uil)' Lot, 

C.IiICR I SP LLD I u.s I MSfL OT I !'iPOI I RIIOB 

I 
I RU~lnity 01 Wilt< I I Toe.1 Poro~il)' I 

1 " ••• 01 I I 
Shle ItfTK ln .• Poro~iI:)"1 

WdO;" •• I·'1 

I "'.,., S .... nlio. I 
I I lIydn>c:orioo. 

SU.nlioe I 
Figure 5.1: Petrophys ics Workflow 
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Figure S.2: Fonnulae used in Petrophysics (Asquith and Gibson, 2004) 
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5.2 Volume Of Shale 
hale con tains radioactive minerals that emil nalural gamma rad iations and Ihey can be 

recorded easily with the he lp of gamma ray logs. Thi s type orlog acls as a lithology indicator 

that distinguish between sand and shale. V5h (Volume of sha le) is Ihe parameter which 

rcprcsellls Ihe percentage ofe lays (Radioactive minera ls) existing in a specific formation . 

The tirsl sfep is to find Galluna·ray index symbolized by " /gr'" (Asquith and Gibson., 2004). 

(GR/ag - GRmiu) 
IDr ;::: ""''''''''------:;-!'''~ 

GRmax - GRill/II 

I-Iere. 

' IIr = Gamma ray index, 

GRlog "" Gamma ray rcading offonnation, 

GRmln "" Minimum gamma ray value, 

GRm.wr = Maximum gnmma fay value. 

111C Gamllla ray log shows maximum val ue when shale is encountered and shows 

n minimum value when c lean lithology li kc limcstonc is encountered. These 

valucs are calculatcd from g iven log response and then volume of shnle is 

cstimnted by using (Asquith and Gibson., 2004) equation . 

We have difTerent GR models 10 calculate volume of shale : 

Stieber formuln (1970): 

Lorionov Fonnula (1969): 

VSII : 0.31 (22)1 /,,- I) 

C lnvicr fonnula (1971) : 

v", = 1.7b.38 (IGR + 0.7)2 
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We have used Sleibcr formu la for finding of vo lume of shale as it gives lower value of 

volume of shale than the other models. 

5.3 Estimation of Porosity 
Porosity is Ihe ratio ofvolul11c of voids to tota l vo lume afrock . Porosity i calculaled 

for different zones of interest by using sonic log, ucutroll log. density log. 

PORE VOLUME 

Porosity =' TOTAl. BUI.K VOl.UMb' 

There arc different type of poros ity sllch as primary porosity, secondary porosity, total 

poros ity and effective poros ity. For reservoir characterization we must find out the effective 

porosi ty. 

5.3.1 Sonic Porosity (0S) 
Sonic log measures the trons it travel·time of "P wave" ;11 the formation , TIle rate of 

transmission ofP waves through a formation depends on the elastic properties of matrix and 

conta ined nuids within a rock. TIle velocity of P-wave in the rock is then calculated using 

this information 111is type of log can be used to identify porosity, fractures and lithology of 

the rock (Daniel., 2003), Sonic log is also used for generating sy nthetic seismograms, 

formation mechanical propel1ies, detection of abnomlul formation pressure, permcability 

Rnd size of borehole, "Wy llic's T ime Average" equation is used to ca lcu late porosity using 

sonic log (Asquith and Gibson., 2004). 

Here, 

01 =- Sonic porosity, 

At = transit t ime of formation, 

Atmtl f = trans it time o f mat ri x, 

Atr = transit lime of pore llu ids 
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Material At (f'S 1 ft) 

Sandstone 51.3-55.6 

Limestone 43.5-47.6 

Shale 60- 170 

Dolomi te 38.5-43 

Oi l 238 

Water \80-192 

Methane 
+ 

625 

Table 5. 1: Transit time through difTerem med ium (Asqu ith and Gibson., 2004) 

5.3.2 Density Porosity (0D) 
The dens ity log is used to record dev iation in the density of litho logical co lumn 

wi thin borehole. Overa ll density of a unit vo lume of rock includes gra in dens ity and fluid 

density in the pore spaces. Gam ma rays emitted by logging device coll ide with the formation 

and undergo Compton Scattering. Thus scattered gamma rays are detected and counted as 

fo rmation density. As count ing rate increases, it shows thai bulk density of the formation 

decreases (Tittman and Wahal., 1965). The sum of fluid dens ity times its re lative volume 

plus matrix density and its relative vo lume is considered to be bulk dens ity. Hence bulk 

density of the rock is ca lculated by following formula (Asquith and Gibson., 2004): 

Here, 

p mal = Density of matrix. 

pb = Bulk density, 

Pf = Density of fluid. 

Type of material 

Oi l 

Salt water 

Fresh water 

Sandstone 

Density 

0.8-0.9 
----

1.1- 1.2 

2.65 
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Limestone 

Shale 

Dolomite 

2.1 

2.2-2.7 

2.85 

Table 5.2: Density of difTerent medium (Asquith and Gibson., 2004). 

5.3.3 Neutron Porosity (<l>N) 
The neutron log measu res hydrogen ions concentration in the rock . The neut rons flfC 

emined from loggi ng device and coll ide with nuclei of the rock . As a result of this collis ion, 

some or the ir cnergy is losl. Mnss of hydrogen atom is same as thnt ofnclilron so when they 

collide with hydrogcn, IllnXimUIIl energy is losl. Now hydrogen is indication of nuids in 

pore spaces. Therefore. energy loss is indication of rock poros ity (Asqu ith and Gibson., 

2004). Neutron log shows higher response when run through c lean snnds where there are 

water or oil present . But in oi l and gas filled reservoirs, the responsc of neutron log is lower 

because of less hydrogen ion concentration in gas. 

5.3.4 A v.rage Porosity 
Average porosity is the sum of neutron porosity and density porosity divided by 2. As there 

were two porosity logs used for calcu lation of average porosity. h can be calculated with 

the help of foll owing fonnula (Schlumberger., 1989): 

Here, 

0AVr. ::: A vcrage porosity. 

0N ::: Neutron porosity . 

00 = Dells ity porosity. 

o _ (0. + 00 ) 
Ave - 2 

5.3.5 Effective Porosity (0e) 
Effective porosity is usually indicator of shale free or shale rich zones because it is the 

measurcment of inlercollnccted pOres and there is no efTective porosity in sha ly zones. TIlis 

is further lIsed for ca lc ulating water saturation. EfTeclive porosilY is calculated by following 

fOnlmlu (Asquith nnd Gibson., 2004). 

01" = er x (I-V .... ) 

Here, 
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0,= Effective po rosity. 

01 = Tol'nl poros ity, 

V.s/! = Vo lume of shal e. 

S.4 Water Saturation 
Water salUration is the percentage of pore volume in rock thai is occupied by water of 

Format ion. If il is not confi rmed lhat pores in the Ponnallon are filled by hydrocarbons, it 

is assumed that these arc filled with water. To delenninc the water and hydrocarbon 

saturation is one of the basic goa ls of well logging. To calcu late saturat ion of water in the 

Formation, a mathematical equation was developed by Archie shown be low. All Ihe 

parameters of Archie equation can be calculated from resisti vity and spontaneous potential 

logs, '111ere are different mode ls of dctennination of water saturation but we use Archie's 

model for the calculation ofwatcr saturation. We have a well (OXY·Ol) with ma ny logs 

data. Archie equation is used to delelm ine the waler saturalion from well logs. 

ARw 1 
Sw= (--}FI 

q>MRt 

Gus Archie g ivcs this equation in 1942 which relates the water saluration with lhe porosity 

and resisti vity offormation. 

Where 

S".=Walcr sat uration 

Rw= Fonnat ion Water Res istivity 

/I. = tortuosity factor 

RI = resistivity for rcservoir roek= I LD (KAMGANG., 20 13) 

M= cementation exponent 

N=saturation exponent 

5.4.1 Calculation of Rw 
Res istivity ofwale r (Rw) is calcu lated after performing II series orca lculations (Asquith and 

Gibson., 2004): 

I) Note down valucs of surface temperature (ST), res istivity of mud filtrate (Rmfl ) nnd 

maximulll temperature (8 I-1T). 

2) Ca lculate Static Spontaneous Potentia l (SSP) us ing SP log from the relation 

(Rider., 1996). SSP = SP(cieall) - SP(sha/e) 

3) Calculate Formation Temperat ure from the relntion (Rider, . 1996). 
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. (BHT-ST) 
F1 =ST+ (TD x FD) 

4) Calcu late resistivity of mud filuale from the relation 

(ST+~17) Rmf2 ;::; Rill!! X FT+6.77 • 

S) Cn lculate resist ivi ty of mud equivalent (Rmfcq) from the relation or from schhunbcrger 

charts 

RI"r~q= 0.85 )( Rmf2 

Once the vll ille ofRm fcq is derived, now calculate resistivity of walcr cquivnlcnl 

Rwcq against Rmfcq at SSP value and BHT from S.P chan (Schlul1l bcrgcr chart) 

shown in Append ix A. Now the resistivity of water CRw) is ca lculated agai nst 

R wcq and IT by 

SP chan method (Appendix B).The value ofRw for chorgali fonnalion is O.0490m 

and for sakesar fonnalion the value oCRw is O.04Wm. 

6) Ca lculnle water saluralion lIsing Archie Water Saturation equation (Archie., 1942), 

• 
Sw(%) = (A x Rw/RT x 0")7i 

Now ca lcul ate hydrocarbon saturation using the relation, 

Sh(%) ~ 100 - Sw (%) 

5.5 Hydrocarbon Saturation 
The fraction of pore spaces containing hydrocarbons is known as hydrocarbon saluration. 

-n ,e s imple relat ion used for this purpose is g iven below. 

Sw{%) + Sh(%) = 100 

TIle saturation ofhydrocnrbons is percentage of pore vo lume occupied by hydrocarbon. 

S/I(%) = 100 - Sw (%) 

s,.= Hydrocarbon saturation 

S,..;:: Water saturation 

5.61ntcrprctatioll of Well Logs 
In this section there are interpreted we ll logs ofBALKASSAR·QXY-OI: Here our reservoirs 

is Sakesar Fonnation mainly consists of limestone and have some interca lations of limy 
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shale. Snkesar Fonnalion is encountered at the depth ranges from (2467m2602m). The 

Sakesar Fonnation is continned as a reservoir by differen t results oblained from weillog. 

The Sakes"r Formnt ioll is cllcountered at ideal depth which is required for hydrocarbon 

accumulation. TIle other logs like Gamma ray log shows low va lue of Gamma ray readings 

and resistivity logs shows high values. The volume of shale is f:u less than 50%. The neutrOIl 

log shows good poros ity va lues fo r limestone and density aud sonic logs shows low val ues 

as wel l. These results are sat isfactory thus we can interpret that sakesar act as a reservoir. 

Petrophysical analysis was carried out for both the reservoirs using different wclilog curves. 
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f 

f 
Figure 5.3 show petro phys ica l logs (2467m-25 14m) Sakesar 

5.6.1 Interpretation of Sakcsar Formation 
o Volume of Shale = 30-35%. 

o Effective Porosity = 2-5%. 

o Water Saturat ion = 70-80%. 

o Hydrocarbon Saturation = 20-30% 
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5.6.2. Petrophysical Analysis of Sakesar Zones 
Here we have three main zone of interest. Depth range of Zone o f interest varies from Zone 

A (2475 111 -2482111 ). Zone B (2490m~2496m) and Zone C (2549111-2559m) in we ll Balkassar 

OXY· 01. 

A verage Values %) 

Petrophys ical ZoncA Zone B Zance 

properties 

1 19 Volume of shale 14 12 

Effective poros ity 2 2 13 
Hydrocarbon saturation 1 30 42 

1
29 , 

Wate r satu rat ion 70 58 1 71 

Table 5.3 Calculated values fo r Zone of interest in Sakesar Format ion 

5.7 Conclusion 
We have concluded that sakesar formation have reservoir potential as a ll the Petrophys ica l 

parameters support what we concluded. On the basis of results of the whole formations it is 

clear that watcr saturation is higher than the hydrocarbon saturation. Petrophys ical analys is 

we mark those zones which has highcr hydrocarbon saturations. The zones we said as a 

possible hydrocarbon zone shows that the saturation of hydrocarbon is more than 50%, so 

petrophys ical analysis confirmed that hydrocarbon saturation is in patches in th is area. 

Ident ified zones in sakesar formation shows low GR log va lues. LLD shows hi gh values 

and we also identified a cross over between NPHI and RHOB in our zones of interest 

indicating hydrocarbon. 
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6.1 Seismic Attributes 

Chapter No.6 

Seismic Attributes 

Seism ic attri bute is de fined by as n measurement derived from seismic datn. Such 3 broad 

definition allows for many uses and abuses of the term. Cou ntless all'ributes have been 

introduced in the practice of seismic exploration (Brown, 1996 and Chen el a i, I 997) which 

led Eastwood 2002 to talk about attribute explosion. Many of these attributes play an 

exceptionally imp0l1anl role in interpreting and analyzing seismic data (Chopra et ai, 2005). 

Some particu lar attribute applications are considered i.e. Ampl itude, Frequency, Energy. 

etc. A seismic attribute is any quant ity derived (rom seismic dala using measured time, 

amplitude, frequency. attenuat ion or any combination of these. It intends to output a subset 

of lhe data that qu antifies rock and nuid properti es and/or allows the recognition of geo logic 

patterns and featu res, Almost a ll seismic attributes are post·slack but there are few pre-stack 

ones. They can be measured along a s ingle se is mic Inlce or throughout various seismic trace. 

The first attributes developed were re lmed to the I D complex se ismic trace and 

included: envelope amplirude. inslatuaneous phase. instantaneous frequency, and apparcnt 

polarity, Acollstic impedance obta ined from se ismic inversion can also be cons idcred an 

attribute and was among lhe first deve loped. 

6.2 Classification of Seismic Attrihutes 
The Se ismic Attributes are c lassif'ied bas ically into two categories, 

• Physical Attributes 

• Geometric attributes 

6.2.1 Physical Attributes 
Phys ical attributes are defined as those attributes which are directly relnted to the wave 

propagati on. lithology and other parameters. These physical anributes can be further 

class ified as pre-stack and posl·stack attributes, Each of these has sub-classes as 

in stantancous and wavelet altributes, Instantaneous attributes nre computed sample by 

sample and indicate continuous change of attributes along the time £ll1d space axis, The 

Wavelet attributes. on Ihe olher hand represent characteristics of wavelet and their amplitude 
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spectnllll . Post stack nuributes are derived from Ihe stacked data. The Attribute is a result 

of the properties derived from the complex se ismic signal. 

6.2.2 Geometrical Attributes 
The Geometrical attributes arc dip. azimuth Dnd discontinuity . 111C Dip attribute or 

amplitude of the data corresponds to the dip of the seismic events. Dip is useful in that it 

makes raults more discerni ble. The amplitude of the data on the Azimuth attribute 

corresponds to the azimuth of the maximum dip direction of the seismic reatu re. 

6.3 Attributes Analysis 
The following attri bu tes were app lied to line SOX-PJB-4 and the res ults arc in terpreted. 

6.3.1 Acoustic Impedance 
Relative Acoustic Impedance is computed by continuous integration of the original seismic 

trace with the subsequent app lication of low cut filter. Assume that the se ismic data has been 

processed to have minimum noise and multiple con taminations and it contains zero phase, 

wide band wavelct illuminat ion. Based on this assumption the seismic trace represents the 

band limited reflect ivity series. 111ercfore, integrating the zero phase ('race results in the band 

limited estimate of the natural log of the acoustic impedance. Since it is band limited. the 

impedancc will not have absolute magnitudes and the stack sect ion is usually Ihe estimate 

of zero offset re flectivity ; hence it is ca lled re lative acoustic impedance. In practice, 

however, due to noise and imperfect spectral content of the se ismic data, re lative acoust ic 

im pedance computed by integration wi ll develop arbitrary long wave length Lrends. It 

reflects physica l property con trast, hence it is a physical attribute effective ly ut ilized in 

many cn librfllion procedures. It is used in : 

• Band limitcd apparent acoustic impedance contrast. 

• It relates to IlOros ity. 
• Iligh contrast indicates poss ible sequence boundaries. 

• Indicates lInconfonnity surfaces. 

• Indicates discontinuities. 

In linc SOX-PJB -4 , Figu re 6.1 it can be observed that breakage of the relat ive acoustic 

impedance confinns the faulting in the area and its lateral extension confinns the horizon 

marking. Also the reservoir shows hi gh thickness of acoustic impedance which cOllfimls its 

reservoir property. 
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Figure 6.1 Relative acoustic impedance attribute applied SOX-PBJ-04 

6.3.2 Event Continuity 

~ 
~ 
~ 
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Event Continu ity is designed in order to emphasize cont inuous events. TIle program outputs 

values of + 1 al the location of each peak's maximum, and - I at the location of each trough's 

minimum. The rest of the trace samples are set to O. TIle display therefore will show only 

the peaks and troughs, all with same magnitude. It used in 

• Conjunction with the similarity and dip of maximum simi larity attributes will be 

lIsed 10 form spatially contin uous pick-strings and surfaces. 

• They will 0150 be lIsed to ident ify event tcrminations for lISC in stratigraphic 

interpretat ion. In line SOX-PJB-4. Figure 6.2 horizon lateral extension is confirmed 

and also il continned Lhnt the refleetor has been marked correctly. Because of the 

fact the study area li e in the Upper Lndus Basi n so there is no major stratigraphic 

event cnn be observed but breakage at faults cnn be observed c1en rly. 
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Figure 6.2 Event Continuity attribute calculated for SOX-PBJ-04 

6.3.3 Dip Varience 
Dip variance attribute is des igned to mark d iscontinuity in se ismic data. So it is placed in 

the category of d iscontinuity attributes. Basically it uses statist ica l variance (squared 

differences) of "adjacent" seismic amplitudes. The fo llowing arc the advantages of 

d iscontinuity attributes 

Automated fault de lineation 

• Assistance in manlla l fault picking 

• Delineation of direclional fault sets 

• Se ismic geomorphology (turbidite fan terminations (thrust faults) 

• Auto tracking of seismic horizons in time slices without fault picks. 

In line SOX-PJB-4 dip variance auribute is appl ied. Figure 6.3, wh ite portion clearly 

del ineate the faults and their d irection. Fi gure 6.4 shows that fau lts and hori zons are picked 

correctly. 
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Figure 6.3 Dip Vari ance attribute applied on SOX-PBJ-04 

Figure 6.4 Dip Variance attribute applied on SOX-PBJ-04 
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6.3.4 lnstantaneous frequency 
Instantaneous Frequency (Hz) is the rate of change of phase over lime (Sheriff. 2002): 

iJarclan l!J( ... ·1J1 
/ (x) 

Freq (X,I) = ' (I) 
= 

lI{x,t).~ g{,U)'r.1 

[f(x,l )+ gl(x,r)1 

Since the phase function is multi·valucd wilhjulllps, the instantaneous frequency is actually 

computed as the derivotive of the arctangent fUllction, which avo ids the discontinuities. 

Instantaneous frequencies re late the wave propagation and depos itiona l cllvi rolUncm. hence 

Ihey :Irc physical attributes and they can be used as effect ive 

discrim inators, Instantaneous frequency can indicate bed thickness und also lithology 

parameters. 

• Ind icates the edges o f low impedance thin beds. 

• Hydrocarbon indicator by low frequency anomuly. This effect is sometimes 

accentuated by the unconsolidated sands due to the oil conleO! of the pores. 

• Fracture zone indic31'Or, appear as lower frequency zones. 

• Bcd th ickness indicator. Higher frequencies indicate sharp interfaces or thin shale 

bedd ing. lower frequencies indicate sand rich bedding. 

In this rescarch Instantaneous frequency shows a complete continuity in entire reservoir with 

breakage at some point, showing low frequency, conftnns the faults which clearly prove 

lhat refleclors and faulls has been marked arc correctly. Figure 6.s.lf we study seismic 

section with scale it shows that at places where we lls have been dri lled shows hi gh 

frequency which indicutes hydrocarbon are no t present and weU is abondnnl. 

Figure 6.5 Instantaneous frequency attribute npplied on SOX-PBJ-04 
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