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ABSTRACT 

Missa Keswa l area is part of Potwar sub-basin or Upper Indus hasin which is known 
for hydrocarbons and structural traps. TIle area is important for its hydrocarbon (oil 
and gas) Slntctural traps. Missa Keswa l oilfield is located at the distance 01'60 kIn 's 
in the Smuh East of lslamabad. ll1c fiel d was diScovered in June 1991 und came on 
regular production from Decembe r 1992, 

The present s tudy has been done on seismic and we ll log datu provided by the 
Directorate General of Petro leum Concession (DOpe). 

For the interpretation o f se ismic data, the I!-IS Ki ngdom software is used. The 
horizons were identifil!d using formalion lOpS from wells and their depths were 
confirmed through corre lation with synthetjc se ismogram, four reflectors named as 
Murrec, Chorgali, Sakesar, Lockhart and basement have bee n marked depending on 
prominent wiggles & information of Missa Keswal-03. Faults were also marked Lo 
examine the subsurface structure. Compressional regime in the area cause faulting 
and salt of Pre-Cambrian age disturbed the basement creatjng popup structures. 111esc 
Pop-up (anticlinal) structures can be seen in the area, they act as a trap and considered 
best for hydrocarbon accum ulat ion. 

Time and depth conlour maps of a ll Fonnalions are also prepared 10 analyze the 
variations on the basis o f time and depth. Seismic attribute analysis is also pcrfonned 

for the confirmation of 2D Seismic interpretation and it also highlights lhe zone of 
interest. Petrophysica l analysis is done which shows hydrocllrbon and water 
saturation in Missn Kcswal-03. Rock Physics cross-sections huve gencmted to further 
confi rm the interpretatio n. 
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CHAPTER NO.1 

INTRODUCTION 

1.1 Study Area 

The area under study is Missa Keswal o il fi eld which is located about 9 k ilometres 

from city ofGujar Khan, district Rawalpindi of province Punjab. Geographically the study 

area lies between 33° 13' 47" North, 73° 21' 44" East. Gujar Khan is located at abo ut 60 

kilometres in the south-east of capita l city Islamabad. Geo logically area lies in the Upper 

Indus Basin of Pakistan in Potwar Sub-basin part which is structurally very complex as 

most su rface features do not re nee! subsurface struclures due to presence of decollement at 

different levels. The Potwar sub-basi n is dom inated by the structural traps and mostly 

seismic data is incorporated for the de lineation of these structu res. The area lies in the 

compression domain with large numbers of thrust and reverse faults producing 

asymmetrical structures (anticlines! synclines). Prospect wise the area is main ly Oi l Prone 

but it is a lso known for its Gas reserves. Missa Keswal oi l fi eld was discovered in June 

1991 and its regular production started in December 1992. 

Figure 1. 1: Satelliet Image showing Missa keswal (Google Earth) 



1.2 Climate & Vegetation 

The climatic conditions of the study arca arc quite s imilar to that of Rawu lpindi. II 

is hal in SlI lIlIllCrs lind co ld and dry during winters. The average rainfall in this region is 

880n1l11 and the temperature climbs up to approximate ly 42° C and shoots down to 8° C in 

winters (S3q ib. et aI. , 1998). 

1.3 Objectives 

Tile mai n purposes of this disClu isit ion II rc ll~ fo l lows: 

• To study the tectonics and slrllclUrailrends or the area and to understand Lheir nature 

present in the study area. 

• 2·0 Structura l interpretation to Gnd ou l the struCluml Imps and horiz.ons of the 

formal ion. 

• Contour mapping of the fonnations. to understand Ihe subsurface structural 

gcomClty at reservoir level. 

• Petrophysica l analys is for the identification of the hyd rocnrbon bearing zones. 

• Allribute analys is to improve understanding and mapping reservoir and to resolve 

structura l and stratigraphic complex ities. 

• Rock Phys ics nllnlys is fo r computation of c lastic properties und fac ies mode lling. 

1.4 Dat a Formats 

The dnta sci used extens ive ly in preparing this dissert at ion con tn incd datn regarding. 

• SEG·Y 

• LAS 

• Navigation 

1.5 Data Source 

Main em phasis of the present work is Ihe application of2·D Stnlct um l analysis based 

on Integrated Tech niques ofSeism1c nnd We ll log on Missa Kcswal -03. Pakistan. 

The dala used for current research includes II seismic lines in which 6 arc dip lines and 5 

are slfike lines and a well i.e. Missa Kcswal·03 . The orientation of seismic lines with the 

locat ioll o f wells is shown in the base map figure l. 2. The detai l of these se ismic li nes is 

g iven in Table 1.1. Bo ld lines are ass igned to I11C for the complelioll of this research work. 
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1.6 Seismic Lines 

Seismic lines display the subsurface image recorded and enhanced by se ismic 

survey ing and process ing. TIle data comprises fo llow in g lines 

S No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

Line Name 

926-GJN- 15 

926-GJN-16 

926-GJN-20 

O/932-GJN-26 

994-GNA- 10 

994-GNA- 11 

994-GNA-14 

994-GNA-16 

994-GNA-19 

994-GNA-20 

994-GNA-2 1 

T ype Orienta tion 

Strike SW-NE 

Dip SE-N W 

Dip SE-NW 

Strike SW-NE 

Di p SE-NW 

Strike SW-NE 

Dip SE-N W 

Dip SE-NW 

Dip SE-NW 

Strike SW-NE 

Strike SW-NE 

Table I. I Se ismic lines provided for intcrpretation 

1.7 Well Data 

Open hole wire line log data of well Missa Keswal-03 is used to conduct 

petrophysica l study and to generate synthetic seismogram. 

Missa Keswal-03 includes fo llowing logs data enlisted below in table 1.2. 

Lithology Logs Elcctrical Logs Porosity Logs 

Gamma Ray Log (G R) Latero Log Shallow (LLS) Neutron Log (N PHI) 

Spontaneous Potent ial (S P) Latero Log Deep (LLD) Density Log (RH OS) 

Sonic Log (DT) 

Table 1.2: Well logs provided to study. 

Caliper Log 

1.7.1 Information of Missa Keswal-03 Well 

(nfonnalion ofthe well data which was provided to us for the di ssertation is li sted 

in table 1.3. 

Well 

Latitude 

Longitude 

3 

Missa Kcswal-03 

33.229881 

73.36245 



KB 

Tolal Depth 

Status 

Company 

Formation Tops 

CHINJI 

KAM LIAL 

MURREE 

CHORGALI 

SAKESAR 

NAMMAL 

PATALA 

LOCKHART 

HANGU 

DANDOT-TOBR" 

BAGHANWALA 

JUTANA 

KUSSAK 

KHEWRA SANDSTONE 

SALT RANGE 

427.12 111 

2250.0 m 

Appraisal Oil Well 

OGDCL 

Measured DC llth (m) 

0.00 

935.00 

1395.00 

1870.00 

1914.00 

1983.00 

1996.00 

2004.00 

2017.00 

2023.00 

2033.00 

2039.00 

2057.00 

208 1.00 

2 143.00 

Table I . 3 : information of Miss a Keswal-03 Well. 

1.8 Base Map 

It is descri bed as a map on which primary data and interpretations can be plotted to 

produce contour maps of several types. A Base map includes the location of lease or 

concess ion boundaries, wells and seismic survey points and olher cultural data such as 

buildings and roads with a geographic reference such as latitude and longitude or Universa l 

Transverse Mercator (UTM) grid information. 

The base map is important component of interpretation, as it shows the spatial 

I>os ition of each pickel of seismic section, for a geophysicist a base map is that which shows 

the orientations of seismic lines and specify points al which seismic data were acq uired or 
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simply a map which cons ist of number of dip and strike lines on which se ismic survey is 

being carried out. 

Below is the base map of the study area. 

N 

",. 
Meier; 331700 336700 341700 346700 351700 356700 361700 

@ 
3691800 3691800 

"''''''' 

3681800 

Missa keswlIl-03 

3676800 

3871800 

/ ""'00 

"''"'''' """'" _.,-
o _ '""'" toOO 0;10>0 tloIQI _ 

Figure 1.2: Base Map of Study Area 
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CHAPTER NO.2 

GEOLOGY AND STRATIGRAPHY 

2.1 Overview 

The Indus l3as in is the largest sedimentary bas in of Pak islnn. The orien tation of the 

tms in is in NE-SW direction. Basement is exposed as outcrop 01 two places. one ill NE RS 

Sargodha High and second in SE. as Nagger I)arker High. II comprises of !lomla l to 

moderate and some sleeply di pping slnlctures. The compress ion regime of the tectonic 

plates clluses the basin divis ion into Upper. Middle and southern Indus basin. 

Indus Bnsin rllns in the domi nant trend of north-south ami is bounded by the Indian 

cnllon (Nagar I'nrkcr grani te area) to the east the Kohat-Potwar Plateau 10 the north, fo ld 

Ilnd thrust bells of Sulairnan and Kirthar ranges in the west. Upper Indus Basin is further 

class ified into Kohat sub-Basin and Potwar sub-Basin where Lower Indus Basin is further 

classified as Cenlra l Indus [lasi n and SoUthC01 Indus Basin , The g.eo logical di vis ion 

between Kohal and I)otwnr is done nalura lly by ri ver Indus, the East nnd West of river 

reprcsetl t lhc Potwar lind Kohal Bas ins respectively. Categorizcd by thc greatest extensivc 

RClive co llision region in the world, it IlUl.jorly consists of the filUlt cd anliclinult rnps r;;lnging 

in age from Cumbrian to Miocene. TIle"c traps are the main source for the ofhydrocrubons 

2.2 Potwar Basin 

2.2.1 Introduction 

The Potwar Basin is si tuated in northern Pnkistan. It is nn onshore basin bounded 

011 the North by Parachinar-Murree ftHl It, on the West by Kurrmn fault , on Ihe Sou th by 

Surghnr and alt Ranges and on Ihe East by Jhchnn faull. nll~ I'otwar Basin is /I portiou of 

Indian plale deformed by Indian and Euras ian plale coll ision and over thrust of Himalayas 

on the north find northeast. The geo logical structure of the Potwar Basin is mosl complex 

ill Ihe world. The Eastern Potwar seems to have more complex geo logica l structures Ihun 

Western Potwllr. The Easlern P<lrt of Potwar basin is more affected by intense tecton ic 

Ilctivity as compared 10 Westcn! Potwar. TIlc easlen! Potwar conta ins curbonnte reservo ir 

rock of Call1 brilUl to Tertiary ages. The bas in infilling started wi th thick Inli'n-Cambrian 

evaporite dCl>osits overlain by relatively thill Cambrian to Eocene nge plOlrorm deposits 
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fo llowed by thick Miocene- Pliocene molasses deposits. Potwar bas in is one of the o ldest 

oi l produc in g basins in this region. Here, mostly the productive reservo irs are Eocene and 

I'aleocene carbonates although more recent ex plo ration arc some deepe r targets 7..ones of 

Permi an fo rmation. 

Expkxation 
c::::, Trends 32 00 

Figure 2. 1: Map show ing major structura l features & oil fi e lds o f the Kohat-Potwar 

plateaus. (William, et a l., 1998) 

2.2.2 Tectonics & Structure 

The Himalayan co llision system represents an active co llision o rogeny between the 

Ind ian and Eurasian subcontinents. The co ll ision was acli vc since 55Ma (Jadoon et al.. 

1999; Powell , 1979) and involves continuous uplifting, erosion and depos ition of 

sed iments. 

The Potwar Plateau is s ituated in the lesser Himalayas of Pakistan . a zone of 

deformed meta-sedi mentary and sed imcntary roeks originally deposited on the northern 

Ind ian continenta l marg in and inlhe Indo-Gangetic fo reland basin . Thrust faults have been 

traditionally Ilss igned for the fa ult contucts between zones (Sercombe el aI., \998). 
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f'otwar is in the wester!! foothills of Hi lila lay as in northcOl Pnkislnn. II includes the 

Potwar Plateau, th~ Sa lt Rnnge. and the Jhelurn Plain. It extends about 130 kill from the 

Milin Boundary '11r1l81 (MBT) in the nort h and is bounded in the e,IS! by Jhc luOi strikc·sli p 

fault. inlhe west by Ka labagh strike-slip fault, in the north by the MilT and in the south by 

the Sn it Runge Thrust. The Sa lt Range ilnd Potwar Illalcau is the northernmost feuture of 

Indus Basin, bounded by the MBT and Kal la Chilla Range in the north and Sull Range ill 

the south . 

The I'otwn r su b·basin is Olle of the o ldest o il provi nces oflhe world. where Ihe fi rs! 

cOTllmcrcinl discovery was made during ea rly last century in 1914 ill Klmur, So rar, abou t 

150 explomtory we lls have been drilled in the area but mally of these were pre-maturely 

abandoned, as these could not reach their target depths due to drilling problems related to 

extremcly hi gh-pressure water in 1Il0insses deposits, which may be re lated 10 structural 

complexities, 

2.2.3 Geological Boundary of Potwar Plateau 

PotwlIr Pillteau lies below the western footh ills of Hi ma layas. Extend ing about 130 

km from Ma;n Doundary ThnJst (M BT), al its north , Jhelu lll strike-slip fnul t confi nes it , in 

the cast and by the Ka labagh strikc-s lip fault, in the west ill add it ion it is con fincd in the 

sO llth , by the Salt Range Thnlst (Aamir and Siddiqui . 2006), It consists of less internal fo lds 

:'!net tllmst belt which is npPl'Oxill1ulc ly 1 SOkl1l wide c}ttclltJillg in NS direction 

The Potwar Platcau is eonli llcd by four fau lts which IIrc: 

I. Main Boundary Thrust 

2, Ka labagh rlluh 

3. Jhc lum raull 

4. Sa lt Range 'nlrllst 

2.2.3.1 Main BOllndary Thrust (MBT) 

The MDT is olle of the major Himalayan Ihmsls, and is presently amn lgamaled 

within the llima loynn thrust wedge disp laced above the Indian lithosphere, Ilowcver. MGT 

shows recent normnl displacement along m051 of its length , Age is Cenozoic , 
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2.2.3.2 Kalabagh Fault 

Fonnation ofthe Ka labagh Fault zone is due to the transgress ive right lateral strike 

slip a long the western Salt Range Potwar Plateau. Kalabagh fau lting uplifted and d isplaced 

Holocene terrace deposits and shifted the course of the Indus River eastward . Seismicity 

and slip rate associated to Kalabagh fau lt ind icates that the Ka labagh fau lt zone should be 

considered active and capable of eart hquakes. 

2.2.3.3 Jhelum Fault 

Jheiul11 fault is a type of strike slip fault trendi ng in north-south direction. It is an 

active tectonic feature in the syntaxia l zone. It is a young fau lt which is cons idered active 

based on the seismic ity. Between MuzafTarabad and Kohaia, th is fault apparently dislocates 

MBT and a left- lateral offset arabou! 30km is indicated on the western limb ofthe syntaxis. 

2.2.3.4 Salt Range Thrust (SRT) 

Salt range thrust is also known as Himalayan Frontal Thrust. Salt range and Trans 

Indus Himalayan ranges mark the foothill s of th is extensive feature (Kazmi and Jan, 1997). 

SOUTHER POTWAR 

SAL r IUV4Gf: 

• "m 
Figure 2. 2: Potwar Basin with sub divisions study area highlighted (Qadri, 1995) 
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2.3 Stratigraphy of Potwar Basin 

ScdimcnH'lioli in the Kohat·Potwllr area began in Ihe Precamhrian and Ins ted 1111Iil 

the 1)leislocenc. Three major unconfonnilies in the area 8rc Ordovician to Carboniferous. 

Mesozoic to laIc Penn ino and Eocene 10 Oligocene. The basin infilling s wrtcd with thick 

infra-Cambrian eVHporfllt.'S wilh carbonates and oi l impregnated shales represented by Snit 

Range formation which is overlain metamorphic rocks reported as the o ldest scd il11cntnry 

rocks i" the Kohat-Polwnr Bas in. The sail lies unconrormable on Ihe Precambrian baselllent 

above the Sa lt R'U1ge. mass ive sandstone and marine shale o f Lower Cambrian Khcwrn 

romlalion of Jhchun Group arc deposited. Cambrian rocks COI1lI)riscd sandstone. s illslOI1 C, 

shale and dolomitc represented by Kussak. Jutana, and Bnghanwala formations. This whole 

sequencc is marinc in origin and terminated by a major unconformity. 

Rocks ranging from ages Precambria n to Quaternary are present in the Potwar 

"Imeau, T hcse rocks, wit h a 10lnl th ick ness o f more than 26.000fccl, were dCl>osiled in 1I 

variety of environments ranging from marine 1'0 fluyial with eXlensiye periods ofupHfl und 

erosion, us intl ici.lt'cd by scYcrallllajor uncon formities. 

111C Misstl keswal arc .. structure is lecmed wi th in the Potwar scdimel1t:II'Y basin) its 

geology hilS been broadly s1udied a nd stratigraph ic units nre well recogni zed. Genernlizcd 

stratigraphy and petro leum play e lements of the Potwar bas in is g ive in table 2.1. 
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Formation Age T hickness Lithology Petroleum Play 

Name (nl) Element 

Source Reservoir 

Siwaliks Pliocene 400·1500 

Ka mlial Miocene 900-)000 Clay, sandstone, 

Murree conglomerate 

C horgali Eocene 50-150 Limestone, marl I ~ 
Sa kessar Limestone 

Na mmal Limestone, shale 

I)alala Paleocene 20-60 Shale 

Lockhart Limestone 

Hangu Shale, Sandstone 

Amb Early Pcmlian 10- 100 Sandstone, shale, 

Sardai Clay 

Warcha Sandstone 

Da ndot Sandstone, Clay 

Tobra Sandstone, 

Conglomerate 

Baghanwala Camhri~n 110·270 Shale, 

Jutana Dolomite 

Khussak Sandstone, 

siltstone 

Khewra Sandstone, Shale 

Sa U range Infra-Cambrian 0-2000 Salt, Gypsum, 

Anhydrite 

Basement Pre-Cambrian 

Table 2. I :Genera lized stratigraphy and pet roleum play elements of the Potwar bas in. 

I I 



2.4 Borehole Stratigraphy 

Missa Kcswal-03 is drill(.-d to the depth o f 2250 Ill . il counts through the formatio n 

of MiocCIlC, Eocene. Palcoccnc.l)emlian and Cambrian. 

Reservuir rornmlions in lhe borehole 

I. 'horgHli Formation 

2. Snkesar Formation 

3. Lock hllrt FOflnulioll 

4. Khcwra sundstonc 

2.4.1 Chorgnli Formation 

'!lIe lower part consist's of shale and limestone, \"rhilc the upper pan is mRinly 

limestone. The shnlc o rthe lower part is green ish grey and ca lcareous . nlld Ihe limestone is 

light grey nnd arg illaceous. nlc Fonnution is interpreted to be deposited in nn intertidal 10 

supralid~11 environment during a regress ive phase (Jurgan and Abbas. 1991). Chorgllli 

Fo rmation is richly foss ilifero us and conta ins foraminifera, mollusks and oslrllcods (LuI if 

1970). Lower conlacl is wi th Sakesar formati on and Ihis is transitionul and confonnub le. 

While upper conlact is wilh Knmlial rormation and is unconformable and be lo ngs to early 

Eoceno uge group. 

2.4.2 Sakcsar Formation 

Bulk of lilhology of thi s formcuion is limestone which is crea111 to lighl grny in co lo r, 

nodular. and mass ive in the uPI>cr pari and highly foss il iferous. Light gray co lored Marl is 

nlso found in the top most pal1 and having Chert nodules. 

Upper contact with Chorgali fonnalion and lower confonnable with Nanllna l 

Fon11al;o l1. Fossi ls fou nd in Ihis Formation arc Foraminifera. Due to presence of these 

fossi ls, the age assigned 10 this Fonnation is E:trly Eocene. 

2.4.3 Lockhart Formation 

Grey 10 dark grey, medium to th ick massive bedded, brecciated limestone. The 

limesto ne displays vcry wcll developed nodulari ty. 11\c nodularity nmy be caused by any of 

the following four reasons. 

Orgrll1ic fl clivity 
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Dirrcrcntia l compaction 

Pressure solution 

Stretching 

It forms an upper couformable contact with Patalll Formation and lower with Hangu 

Fonnation flnd be longs 10 the mid Paleocene age group. 

2.4.4 Khcwra Sandstone 

This formation mainly cons ists of sandstone. Sandstone is th in 10 th ick bedded and 

the co lor is purple to brown or yellowish brown. Massive sandslone is also present which is 

of maroon co lor. TIle grai n s ize o f the sandstone is also varying in this lormation. The 

sandstone is characteristica lly cross-bedded. 

II fonns a lower confonnable contact wi th salt rallge formal ion and upper contact 

wilh Kussak Fonnation is gradational and conformable. Khcwra sandstone has assigned the 

eurly Cambrian age. 
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Formation Age Formation Thickness Lithology 

Name Top (m) (m) 

Chinji Miocene 0.00 935.00 Clay, sandstone, 

intrafonnational 

conglomerate 

Kam lial Miocene 935 190 Clay, sandstone, 

conglomerate 

Murrce Miocene 1125 745 Clay, sandstone, 

intrafonnational 

conglomerate 

Chorgali Eocene 1870 44 Limestone, shale 

Sakessar Eocene 1914 69 Limestone 

Nammal Eocene 1983 13 Limestone, marl 

Patala Paleocene 1996 08 Shale, limestone 

Lockhart Paleocene 2004 13 Limestone, shale, marl 

Hangu Paleocene 2017 06 Sandstone 

Dando! Early 2023 10 Sandstone, shale 

Pennian 

Tobra Early 2033 06 Conglomerate 

Penn ian 

Baghanwala Middle 2039 18 Shale, siltstone. 

Cambrian 

Jutana Middle 2057 24 Sandy dolomite. 

Cambrian 

Khussak Middle 2081 62 Shale, dolomite 

Cambrian 

Khewra Cambrian 2 143 102 Sandstone, shale 

Sandstone 

Table 2. 2: Borehole Stratigraphy 
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CHAPTU;R NO. 3 

SEISMJC LNTERPRET ATION 

3.1 Introduction 

Intcl'prelation is a 1001 to transfolm the who le se ismic infonnntion inlo structural or 

stratigraphical mode l o f the earth through Ihe se ries of dirrerent steps. Simply de fined, 

seismic int erpreta tion is the science of inferring the s ubsurface geo logy from the processed 

seismic record. Since the seismic secti on is the rcpresentfllive oCthe geo logiclllmodc l oCthe 

earth, by interpretat ion, we try to locale the zone of fi nal anoma ly. 

onvcnl ionnl se ismic interpretation im plies picking and trucking laterally consistent 

se ismic re llcclors for the purpose of mapping geologic structures, stratigraphy ~U1d reservoir 

IIrchitccturc. The ult imate goal is to detect hydrocarbon accumulations delineato the ir exrent 

and culculnle their vo lumes. Conventiona l seismic interpretation is an art that requires s kill 

and tho rough experience in geo logy and geophys ics. 

While modern multichannel data have increased the CJ uantity lind quft li ty of 

interprctablc data, prope r interpretatio n still requi res Ihut the interprete r drllw IIpon his 

geological understanding to pick the most like ly interpretation from many va lid 

itllcrprctations thllt the data allow. The word interpretation has Uccn given many d ilTerent 

mcnnings by geophys ic ists who dea l directly with se ismic sections and by the geo logists 

who coordinate the geologic informill ion with Ihe seismic infonnalion 

With respect 1'0 basic sc ismic interpretation. our prime concern is with studies of 

re flection lime. :tnd wilh the correct representation of geologicnl surfaces . 111is is of 

paramount importance to the location of structural traps. ThereaOer we Ill ny pay more and 

more alieni ion to reflection character and to ils implications for stratigra phic traps 

The Se ismic reflection interpretation usually consists o r calcu lat ing the posit ions, 

and identiry ing geo logically_ concealed interf.1ccs or sharp transition zones rroll1 seismic 

pulses returned to the ground surrace by reOcclion. The influence of varying geo logical 

cond itions is e lim i'lII tcd along the profile to transform the irregular trave l tim es into 

acccptable subsurrace model. This is very important for confident estimation o r depth and 

geometry nr lhe bedrock or targct horizon (Dobrin. ct aI., 1976). 
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11le major Him ufscismic reflection survey ing is to reveal as clearly as possible the 

stnlctu re of the subsurface. Geo logical meanin g of se ismic reflection is simply lin indication 

of all acollstic boundnry where we want to know that whether this boundllry makes a fllllil 

or a stratigraphi c contact with any 01 her boundary. We wal1tlo distingui sh the fcnhlres Ihat 

are not marked by the sharp boundaries. Geo logists orclinnrily W'oup the sequellce of 

sedimelltary rocks illlo units called '·Formations". These forlllnt ions cun be described in term 

of age. thickness, lind lilhology of tile constituent layer. To distinguish d iITercnl formations 

Oil th t;: bas is of seismic n:flcclions is an important question in intcrprcling se ismic data Lhut 

may be structural, slrnl'ig,raph ie or lithological (Robinso n & Coruh , 1988). 

Thc computer-based working (Processing & Intcrprelttl ion) is lUorc accurate, 

prec ise, effic ient and satis factory which provides more time for further unalysis of data. This 

whole work is cn rried out using a combination of di fferent soOwarcs. wh ich inc ludes 

Kingdom Suit. Geog.mphis Discovery, Wavelets and X- Works. 

3.2 Analysis & Seismic interpretation 

There are two ma in npprottches for the inlerprctnt iOIl of se ism ic sections: 

• Stmtigraph ical Analys is 

• Strtlctural Analys is 

3.2.1 Stnttigntphic Analysis 

Strnti grnphic analysis re re rs 10 the anolys is mnin ly covcrillg the se ismic express ion 

of genetically re luted stratn. Identification of li thology und their hydrocarbon S\orugc 

potential is mainly a part of stratigraphic ana lys is. Se ismic stratigraphy is used to find out 

the depos itiona l processes (lnd cllvironmcntal sett ings, because genetically related 

sedimentary sequence nomlally consists of concordant strala that show discordllllce with 

sequence above il nd below it It also helps to id enti fy fOnllations, strati gr:lphic traps and 

unconfonn it),. 111is method also facilitates for the identification of the major pro-gradational 

sedimentary sequences which o tTer the main potential for hydrocarbon generation and 

acculllulation Stratigraphic analys is therefore greatly enhances the chances of slIcccss fully 

locati ng hydrocarbon traps in sedimentary basin environment. 

3-0 works is eSI)Ccially important in recogniz ing the strati graphic featu re with 

dislillCI sharK!. ' nlC amplitude. veloc ity. frequency or the ehangc in wave shape indiclltcs 

hydrocarboll fl CC lllllu lll tion. Variation of the amplitudc with the offsct i::; ulsa un important 
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hydroca rbon ind icRtor. Unconformities are marked by drain age p:Ulcrn that help 10 develop 

the dc posit iollal environment. Ree l: lenses. unco nformity arc example of stratigraphy trtlps 

(Sheri IT, 1999). 

11lroughout Ihe history of the rcncction method, loculi ng hydrocarbon in 

stratigraphic trailS has been much less favo rable than in Gnding struclurnlly entrapped o il 

and gas. Stmtig rapili c o illrops cnn res ult from reefs. pitchoulS, or other assoc iated erosional 

truncntio ll, rac ies. and transition and sand lenses associated with buried channe ls, lukes or 

5i 111 i 1111' sources (Dobrin , el 31. , 1 976). 

3.2.2 Structural An.lysis 

It is the study of reneclor geometry on the bas is of re neclion time. nlC ma in 

OIWlical i II of the SI'ructllral annlysis o rthe seismic section is in th c search of the structural 

traps conta ining hydrocarbons. From our class discussions ' '''c have identified many feat ures 

thai can ho ld hydrocarbons in place and which can be ex plo ited 10 provide hydrocarbons. In 

stnlclural 8nulysis mnin emphases is on Ihe structural traps in which tectonic play an 

important ro le. Tectonic sell ing usually governs which types ofthe structure arc present and 

how Ihe structural fenlures nrc correlated with each o lher, so Iccll.m ic of Iht: area is he lpful 

in detennining the struclUral sty le ofthe arca al\<.Ilo lOCale the lraps, Stnlcturall.mps inc lude 

lhe fnult s, fo lds antic line. pop li p, dup lex, elc. (Sheriff, 1999). 

Most structural interpretat ions uses two way limes mlher depth. And time structural 

maps arc prepared to display the gcometry of selected reflection events. Some sc is mic 

sections contain imAges Ihal clln be int erpreted wit hout difficulty. Discontinuous re nect ions 

clcarly indicated faullS and undulating reflections revea l fo lded beds. The most com ilion 

structural features associated with Oil arc anticl ines and fa ults. 

3.3 Interpret.tion Workflow 

The Interpretation wns cnrried out using difTerentlcchniques nnd steps with euch slep 

involve different processes which were perfonned using Ihe kingdom software. S implified 

work now used in the study is given in figure, which provides the compleio picture depicting 

how the study has been carried out by louding navigation dnta of sc ismic lines and SEG·Y 

in k ingdolll Software, base map was gcnerated. Then fnull s and horizons of interest were 

tllurk cd mmm<llly. Idenlificnlion of m..rked horizons WIlS done wilh he lp of synthetic 
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se ismogram, generated with help of we ll data and faults were marked by keen observation 

on se ismic section and knowing geologic history of study area. 

Load Seg-Y & Nav Data 

• 
Data Referencing 

• 
Add Well Data 

• 
Clenem<: Synthetic SeismogJ1lll1 

• 
Well to Seismic tie 

• 
Mark Horizons &. Faults 

• 
FlUh Polygon 

• 
Contoor maps 

• 
Grid 

• 
3D Surface Mops 

Figu re 3. I: Workflow for seismic data interpretation. 

3.4 Interpretation of Seismic Lines 

The seismic data prov ided by OGPe was in digital SEGY format a long with 

Navigation & LAS files, this data was loaded into Kingdom Suit to generate base map. 
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Figure 3. 2: Base Map of Study Area. 

In this study seismic data is interpreted in the mode In which the synthetic 

seismogram generated lIsing we ll data is first tied to the seismi c information, and then the 

horizons are marked where the synthetic trace tie best with the seismic line then these 

horizons continue throughout the seismic section. Well tops are lIsed to give names to the 

horizons. 

3.5 Generation of Synthetic Seismogram 

Synthetic seismograms are usua lly generated to compare with the actual seismic data 

and identify reflecto rs with layers and formations a lready known in the well bore. The 

synthetic seismogram prov ides a link between the se ismic sections and the core data, whi ch 

is useful for picking of Reflectors. 
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Synthetic seismograms are useful tools fo r linking dri ll ho le geo logy to seismic sections, 

because they call provide :I direct link between observed lithology' s and se ismic renection 

patterns (Handwcrger cl aI. , 2004). 

Missa Kcswal·03 well data was available which have OT and RH OB logs, which are 

necessary 10 generate syn thetic seismogram. So with the help of this we ll data the synthetic 

se ismogram is generated in order to mark the hori zons. Sonic and the Dens ity logs have neen 

mult iplied point by point to generale an impedance log, which is later convolved with a 

wavelet to gcnernl'e it synthetic se ismogram trace, For good results, the impedance log is 

convolved wilh a zero·phase source wavelet, extracted from the se ismic data. The synthetic 

seismogram is shown in the Figure 3.3. 

Figurc 3. 3: Synthetic Se ismogram or well Missa Keswnl·03. 

3.6 Selection of Cootrollin. 

Marking the correct horizons requires information about the fo rmat ion tops, The 

subsurFace information is gained by drilling a well. Fonnation tops arc thcn detcnnined 

using we ll data, The line near which this well lies is called the control line and acls as a 

reference for marking rcnectors on all other lines. In th is study the well Missa Keswal·03 is 

drilled near to the dip line labelled as 994·GJN· 16. So this li ne is used for well to se ismic 

tie and then used as reference to mark horizons on other se ismic lines. 
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3.7 Seismic Horizons 

Basic aim in seismic section interpretation is picking a horizon mostly re flections on 

the section represent a certain geologica l formation where change in acoustic impedance 

occurred and this is the seismic way to interpret subsurface stratigraphic features. Thus, main 

task of interpretation is to identify various reflectors or horizons as interfaces between 

geological formations. For this good structural and stratigraphic knowledge of the area is 

required (McQuillin et al ., 1984). 

Different colors are lIsed to mark different formations. The color of each reflecto r in 

the se ismic sections and the Fonnation that they represent is listed below. For a ll the seismic 

lines, one co lor is lIscd for one particular formation. 

MURREE 

CI-IORGALI 

SAKESAR 

LOCKHART 

BASEMENT 

FORMATION HORIZON COLOR 

• 
Yellow --Figure 3. 4: Format ions and their Horizons colo r. 

3_8 Marking Faults 

This data belongs to un area with extreme thrusting due to extreme thrusting reverse 

faults and pop-up structures are fomlcd in this area. So a number of Major & minor faults 

lire observed at the seismic sections. They are recogni zed on seismic lines where thcre is 

dispillcement or discontinuity in strata. Two major faul ts FI and F2 are marked which bound 

the main popup structure of area, lind one minor fault 173 is marked. There are other minor 

faults but due to presence of sa lt in this area the reflections are not strong a lso the data quality 

is not good so it' s difficult to mark those sma ll faul ts. 

3.9 Seismic Line Tie 

The identified horizons using sy nthelic seismogram need to be extended throughout 

the seismic sections, on all the provided seismic lines. To do this, seismic lines are correlated 

at intersection points. In line correlation, arbitrary line is generated which combine and 

display two different intersecting seismic lines side by side. Then using the marked contro l 

line as a reference, horizons are marked at the second line. If there is mis-tie between the 
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reflectors ofbollilines. then bulk shin clln be upplied 10 lind the best m1ltch. where there is 

o best match horizo ns ,Ire continued from that poinl. 

3.10 Interpreted Seismic Sections 

The lime section gives the posit ion fi nd configunltiotl of reflectors in lime dOll1ain . 

The main reflectors marked ol1lhe seismic sections, that are of in Ie res I fire Chorga li, Sakesar 

[lnd Lockhart Formations. 

The interpreted lime sections of lill c994-GNA-14, 99d-GNA- 16, 994-GNA·20 and 

926-0JN-16 are given belm ..... In these sections. the horizon wilh cyan co lor is MLi rree. pink 

is Chorgali, ye llow is Sakesar, grecn is Lockhnrt and blue is basement. Reverse faults are 

seen in upper 1)'1rt of sec lions lind normal fault ing in basement. At center depths of reflectors 

arc shallow but as we move away thl! depth increases. The Fault 1:' \ with red co lor is the 

main thnlS\ fau lt wh ile the fault F2 with blue co lor is the bilCk thrust fault and FJ with 

~o \del1-yc llow co lor is minor fault. Due to compressional regime reverse foulting occurs llnd 

:l pop up structure is formed between these two major lilults. Struct urally these pop-tlp or 

anticlinal type structures ,Ire of great impOrtance and suitab le for acculllulation of 

hydrocarbons. Because 1hey fonn D very good 1rap For oi l and gas accuillulation. In this areil 

Khewm and SHkesar nrc acting as source rock while Cilorgnii is acting liS a sca l rock and 

struclurnl lrnp is a lso fo rming so a complete petro lcllm system is presen t is th is area. The 

se ismic sections are in lime domain, but the rcnl sub~u rfllce structures are ill dcpth domain 

.so we have to converllime sections lli tO depth sections usin g velocities data. 
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Figure 3. 5: Interpreted se ismic line ONA- 14. (SE-NW) 

Figure 3. 6: Interpreted seismic line GNA-J6. (SE-N W) 
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Figure 3.7: Interpreted seismic line GNA-20. (SW-NE) 
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Figure 3.8: Interpreted seismic line GJN- \6 . (SE-NW) 
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3.14 3D Time Surface Maps 

TIle time contour maps, resulting from 20-se ismic lines are displayed as 3D su rface 

to visualize the structural geometry displacements due to faults. Three formations Chorgali 

Sakessar & lockhart are displayed in cubes given in Figures 3. 15. 
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Figure 3. 15: 3D time surface maps of Chorgali, Sakkesar & Lockhart. 
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CHAPTER N04 

SEISMIC ATTRIBUTES 

4.1 Introduction 

Se ismic Allributcs nre all the infom131ion obtained from se ismic dnta. e ither by d irect 

mcaSllrcmcnts or by log ical or ex perience- based reasoning. The increasing re liance on 

se ismic data requires Ihllt we gain the most in formutioll possible from the sc ism ie reflectiQn 

data. It empowers interpreters to obtain more information from se ismic data. The study and 

inlerprctntion of seismic nllributes prov ide us wit h some qualitati ve in fo rm ation of the 

gcometry and the physicnl parameters of lhe subsurface. II has been noted that the ampli tude 

COnlcn\ of seismic data is the princ ipal factor for the dclcrmi nmion of phys ica l pnrnmeters, 

such as the acoustic impedallce, reflection coeffic ients. ve locities, absorption ctc. The phase 

component is the principal factor in detennining the shapes of the re llectors. thci r 

geometrica l con figurations etc. Thc pri ncipal objectives of the atlribUICS are to provide 

accurate and detai lcd infonnation 10 the interpreter on slruclUra l. siratigral>hic and 

lithologica l para mcters oflhe se ismic prospecl Cra ner 1994). 

Attri bu te computnliolls decompose scism ie data into canst iluenl att ributes. There are 

no rules govcl11ing how allrihules ~rc computed. T hey arc app licable ill checking se ismic 

ChUll quali ty ident ify ing nrtifacts, petro leum prospect identifi cation, hydrocn rbon play 

evaluation and rescrvoir charncteri7 .. at ioll . 

4.2 Geological Importance of Seismic Attributes 

Seismic <llIributcs are quant ities derived from pre-stack and post-stack se ismic data. 

In mllny cases they nrc more closely re laled to physica l rock properties rat her than 

conventional seismic ampl itudes. The increas ing reliance on se ism ic dlltn requires Ihat we 

gain Ihe most infonnation possible from the seismic relleclion data. II cmpowers interpreters 

to obtain more infonl1ation from seismic data . Properly chosen seismic attributes highli ghts 

speci fi c pctrophysical or geological parameters like lithology. nuid contcnt. lind degree of 

rracturing. 
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A TTRIDUTES GEOLOGIC IN"FORMA TION 

Instantaneous frequency Lithological contrasts, Bed thickness, Fluid contcn t 

Rcnecti on strength Lithological contrasts, Bedding continuity, Bed spacing, 

Gross porosity 

Amplitude 

Instantaneous phase 

Polarity 

Lithologica l contrast, Bedding continuity. Bcd spac ing, 

G ross poros ity, F luid content 

Bedding cont inuity 

Po larity of seismi c, Litho logical contrasts 

Table 4. 1: showing attributes and the geo logical infonnation obta ined from allributes 

4.3 Types of Seismic Attributes 

Attributes can be computed from pre- slack or from post- slack data, before or after 

lime migrati on. 'nlC proced ure is sam e in a ll these cases. Attributes can be c lassified in many 

ways. Severa l authors have given their own classification. Thus, attributes are of many types: 

pre~stack, post~stack. inversion, velocity. horizon, multicomponent 4~D. 

Here we give a class ificati on based on the domain characteristics of the attributes 

4.3.1 Pre-Stack Attributes 

In put data are COP or image gather traces. They will have directional (azimuth) and 

offset related information. These computations generate huge amounts of data; hence they 

are not practica l for initial studies. However, they contain considerable amounts of 

infonnation that can be directly related to nuid content and fracture orientat ion. AVO, 

ve loc ities and azimuthal variat ion of a ll attributes are included in this class (Taner 1994). 

4.3.2 Post-Stack Attributes 

Post stack attributes are derived from the stacked data. The Attribute is a result of 

the propert ies der ived from the complex se ismic signal. Azimuth related infonnation . Input 

data could be Cop slacked or migrated. One should note that time migrated data wi ll 

maintain their time relationships, hence temporal variab les, such as frequency, wil l also 

retain their physical dimensions. For depth migrated sections, frequency is replaced by wave 

number, which is a function of propagation velocity and frequency. PosHtack attributes are 

a more manageable approach for observ ing large amounts of data in initial reconnaissance 

investigations (Taner 1994) 
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These allribulcs Illay be sub-c lassified based ol1 lhe relationship 10 the geology. 

~.3.3 Pbysical Attribute 

Phys ica l allribules relate to phys ica l qualities and quantities. The magnitude o f the 

trace envc lopc is proporliona lto the acoustic impedance corllrost; frcqucl1cies re late to bed 

th ickness, wave scalleri ng and absQrption. Ins tantaneous and avcrogc ve locit ies directly 

re lnte to rock prope rties. Consequently, these allributes arc mostly used for lithological 

classi fication ond reservoir characterizat ion Craner 1994). 

4.3.4 Geometric Attribute 

Gcometricu l attributes describe the spatial and tempora l relutionship of all ot hcr 

attributcs. Latera l cont inui ty meas ured by se mblance is a good imlic:ltor or bedding 

similarity as well as discontinuity. Bedding dips and curvatures give depos itional 

information. Geollletrica l attri butes arc also of use ror stratigraphic interpretation since they 

define event cJmracteristics and the ir spatial rclationships and may be used to quallliry 

reatures that direct ly ass ist in the recognition of depos itiona l pauems, and relatcd lilhology 

(Subrahmanyam 2008). 

4.4 Ath·ibutc Analysis orLine 994-GNA-14 

4.4.1 Trace Envelop 

The Trace Envelope is n physica l anribute, find it can be IIscd as all effecti ve 

discrimi nator for the fo llowing characteristics. 

• 

• 
• 

• 

• 
• 

• 

• 

• 

Main ly reprcsent s the acoustic impedance contrast, hence renccti vity 

Bright spots, poss ible gas accu mulation 

Sequence boundaries 

'nlin-bed lun ing effects 

Major changes in depositional environment 

Unconronn itics 

Major changes of lithology 

Spatia l correlat ion 10 porosi ty and olher lithological varilltions 

Indicates the group, rather th rill phase component ofthc seismic wave propogalion 

(Suhrahmanynm 2008). 

Figure 4.1 shows enve lope attribute of line 9911-GNA- 14. Since th is attribute is the square 

oflhc rculllne! imaginary components or seisl11 ic trace, it a lwnys hilS 11 pos itive vulue . T hllS, 
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the vertical resolution of this attribute decreases and it is not able to highlight sand shale 

intervals. However, it is usefu l in hi ghl ighting the major lithological changes. 
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Figure 4. I: Envelope Attribute Map of Line 994-GNA-14 

4.4.2 Instantaneous Phase 

Ins tantaneous Phase attribute is also a physical attribute and can be effective ly 

used as discriminator for geometrica l shape classifications. The phase information is 

independent of trace amplitudes and re lates to the propagation of phase of the seismic wave 

front. It is computed from real and imaginary seismic traces using a mathematical relation 

as given below; 

. f 
8 (t) = Ian [h (I) I f (t)J 

Where h(t) and ttt) are real and imaginary components of the se ismic complex trace 

respectively. 

Instantaneous phase used for fo llowing purposes: 

• Efficient indicator of reflector continuity 
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• It can be used to highlight interface in sections wi th high decay of am pl itudes and 

even highlight deeper hori zons which are not visible in the normal amplitude sections 

• Shows discont inuities 

• Detll iled visua lization of bedding configurat ion (Subrah manyam 2008). 

Instantaneous phase highlights the continuity of reflectors. Since it is independent of 

amplitude, therefore it can highlight subsurface imagery in case of low amplitudes. Figure 

4.2 shows instantaneous phase attribute of line 994-GNA- 14. It is a good attri bute to confirm 

the continu ity of marked re fl ectors. 
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Figure 4. 2: Instantaneous Phase Attribute Calculated for Seism ic Line 994-GNA-14 

4.4.3 Instantaneous Frequency 

Instantaneous Freq uency (Hz) is the rate of change of phase over time. The 

instantaneous frequency att ribute responds to both wave propagation effects and 

depositional characteristics; hence it is a phys ical attribute and can be used as an effective 

discriminator (Subrahmanyam 2008). 

Its uses include: 

• Hydrocarbon ind icator by low frequency anomaly. 111is effect is sometimes 

accentuated by unconso lidated sands due to the oil content or the pores 

3S 



• Fmcture zone ind icator, s ince fractures may appear as lower frequency zones 

• Bed thickness indicator. Higher frequencies indicate sharp interfaces such as 

exhibi ted by thinly lami nated shale, lower frequencies arc ind icati ve of more mass ive 

bedd ing geometries, e.g. sand-prone lithology. 

Frequency attribute is used as a geologic ind icator in severa l scenarios. It is most 

used to highlight the hydrocarbon reservo ir with low frequency as the reservoir tends to 

absorb the higher frequencies. Figure 4.3 shows the frequency attribute of line 994-G NA-

14 where the ident ified reservoirs arc highlighted by low frequency. 
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Figure 4. 3: Instantaneous Freq uency Attribute Ca lculatcd for Seismic Line 994-GNA- 14. 

4.4.4 Appa rent Polarity Attribute 

Some of the instantaneous attributes like instantaneous frequency show very sharp 

and crispy signature therefore are difficult to interpret. Thus, wavelet attributes arc computed 

over each cycle of the se ismic trace (Khan, 2010). 

Apparent polari ty shows the blocky natu re as it represents the average va lue over 

each cycle in the seismic trllce which can be observed in Fig 4.4. Each peak in the reOection 

indicates the cycle. 
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Seism ic Rea l Trace 

Q uadrature Trace 

Reflection Stren gth 

Apparent Polarity 

Figure 4. 4: Behaviour of Apparent polarity w.r.t se ismic real trace and reflection 

The attribute individually highlights the seal, reservoir and source rocks as shown in Figure 

4.5. Negative value in the colour bar indicating trough region of the seismic trace. 

Sf7'.rn 

7<2.117 

"G.tI, 

15ell.717 

••• $oI •• n 

Figure 4. 5: Apparent Polarity Attribute for seismic line 994·GNA·14 showing the 

reflectors and faults. 

4.5 Conclusion 

Seismic attribute analys is is done for better structural interpretation and confirmation 

of results. The three attributes computed fo r the seismic line GNA·14, clearly confirm the 

interpretation by high lighting the zones of interest. 
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Sei s mic R ea l Trace 

Quadro!tture Trace 

Ref lect ion Stre ngth 

Appa r e nt Po lari ty 

Figure 4. 4: Behaviour of Apparent polarity w. r.t seismic rea l trace and reflection 

The attribute individually highlights the seal, reservoir and source rocks as shown in Figure 

4.5. Negat ive value in the colour bar indicating trough region of the seismic trace. 
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Figure 4.5: Apparent Polarity Attribute for seismi c line 994-GNA- 14 showing the 

reflectors and faults. 

4.5 Conclusion 

Seismic attribute analysis is done for better structural interpretation and confirmation 

of results. The three attributes computed for the seismic line GNA-14, clearly confirm the 

interpretation by highli ghting the zones of interest. 
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CHAPTER NO. 5 

PETROPHYSICS 

5.1 lntroductioD 

Petrophys ics is the study of rocks phys ical and chemica l properties and their 

interactions with nuids (hydrocarbons, gasses, aqueous so lut ions). Petrophysical properties 

of I>o rolis and permeab le rocks (most ly sandstone, limestone, dolomite, shale. and sil lstone) 

have been measured to de lineate hydrocarbon potential and lrunsfonnability of the med ium. 

Common petrophysica l properties measured arc lithology. shale/clay content, porosity 

(average and effective), permeab ility, res isti vity ormediu1l1 and aq ueous so lulion ~l1ld fluid 

saturations. Petrophysics not only dea l 10 delineate reservoir quality of rock but also to 

determ ine composition. fac ies analys is. depositional env ironments and source rock 

potentia l. 

5.2 Petrophysical AD"lysis 

To perform petrophysica l analys is. Formation dnta has been obtained by rl llllllllg 

complete well logging suite in a \\Iellbore. drilled most ly up to targeted reservo ir fo rmation. 

These logs include OR, SP, Ca ll iper, Resistiv ity, Neutron , Sonic nnd Density tools which 

obtain different fonnntion phys ica l and chemical p<trameters 10 extract petrophys ica l 

properties . These measured parameters have been plotted on spec ified scales nnd viewed all 

software (e.g. Techlog, GeoGraphix) to de lineate reservoir zones call ed zones of interest for 

further calculation to determine others petrophysical properties. 

5.3. Petrophysical Properties 

S.3.!. Lithology 

Lit hology gives us the answer of the question that what type of rock is it. When 

combined wilh local geo logy and core study. geoscientists can use log measurements such 

as natural gamma ray, ncutrOIl. dens ity. photoe lectric absorption, res istivity or their 

combinaiion 10 determine the lithology down hole. 
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5.3.2. Porosity 

Porosity gives an indicat ion or lhe rock's ability 10 store nuids. It is defi ned as the 

ratio o rthe pore vo lume to the bulk vo lume orlhc porous medium. Porusity rna)' he clil.'isified 

as 10UII or effective porosity. Tota l poros ity accounts for all the pores ill the rock 

(interco nnected and isolated pores) whereas e ffective po ros ity only accoul1ts for the 

interconnected pores. Therefore, ellccli ve porosity witl be less than or C(IIIIIIIO IOlalllOros ily 

depending on the Amount of iso laled pores in the rock. From It rcsl'rvoir engineering 

standpoint, il is the clrcl:tivc poros ity thaI malleI'S, not the 10lal poros ity. 

Porosity may also be c lassified liS primary o r secondary. Prim,lry porosity is thol 

which was limned at the lime of deposition of the sediments whcrcus secondary porosity 

W AS dcvelollCd aOcr depos ition and buriaJ orthe formal ion. Sandstone poros ity is pructically 

a ll primary poros ity whereas carbonate poros ity tends to be secondary poros ity. (Dcurd DC .• 

1973) 

5.3.3 Permeability 

(lermcuhility is important because it is a rock prol>crt)' Ihat reintcs 10 the rule at which 

hydrocarbons cun be recovered. Values rdnge cons iderab ly from less th311 0 .01 mill i darey 

(l11d) to we ll uver I Darcy. A permeability orO.1 md is generally considered minimum for 

o il produclion. "lighty pl'Oductivc reservoirs commonly lmve permeability VII lues ;n the 

Darc), range. PermeDh ilily i<; expressed by Darcy's Law: 

Q = A (kI~) (6 p/L) 

Where Q is: rill e of flow. k is permeability, j.I is nuid viscosity, (6P)/L is the potent in I drop 

across fI horizolllni sample. and A is the cross*scctional arcn or lhe sllmple. Permeability is 

II rock property, viscos ity is a fluid property. and 6PIL is a measure of now potential (Be;:ml 

DC .• 1973). 

5.3.4 Relative Permeability 

Relative permeability is simply the permeabil ity measured at a speci fic fluid 

saturation expresscd as II fraction u rlhe total or absolute permeab ility. Absolutc penllcllbility 

is the pcmlcability ora rock Ihat is 100% saturated with a single nuid . In a water-wei rock 

only water cUlllolally suturili c the. po re system, and brine pcnncabilily is normally laken as 

the absolute permeability. (Bcard DC., 1973) 
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5.3.5 Effective Permeability 

Effective penneability is the permeability of one fluid in the presence of another 

flu id measured at a specific saturation state. Effecti ve perm eability is a lways lower than the 

absolute pemlcab ility and w ill change as the saturation changes. lllUS, if a rock 100% 

saturated with brine has a pcnneability of 50 md whereas the brine permeability in the 

presence of 50% oil sat uration is 10 md, the relative permeability of brine at 50% oi l 

saturation is said to be 0.2. 

5.4 Metbodology 

Following methodology was adopted to conduct petrophysical analysis orwell Missa 

Keswa l-03 using Kingdom software. Petrophysical interpretation was conducted of each 

possible reservoi r Formation. 

Import Las Files 

• 
Curve In.anory Check 

• 
Well Tops Marking 

• 
Marking 7 Dft/t. of InIerest 

• Vo_ of SbaIc Cak:uJoIion 

• 
Porosity Calculatioo 

• 
DctenniDe Rw 

• 
• 
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S.4.1 Importing Las Fi_lcs 

Wirc line logging dala oOcn storcd and provided in Ins rile lo rmal which need some 

~onwarc to display this dulU, In this research work Kingdom suite has been used to display 

logcllrves find 10 perform pclrophysiclil analysis, Its madc sure ailihecu rves inventory when 

importing las files as sometimes de(hult sofiware setting can make error and not show all 

curves 0 11 displuy window, Log scales nre checked as well und then wcl ilops imported, 

5.4.2 Mark Zone of Interest 

1\ ficr imporling las riles and wel l lops. 811 logs have been viewed io IIHlrk pe~pectivc 

7.ones where further dclUil petrophysica l study will be c!lrried OUI. ' I1tis zone is called zone 

of interest and oOen Ill!lrked on fo llowing basics: 

• Good ho le condition (GilUgcd hole), 

• Low GR or CGR. 

• High Deep Res istivity (LLD Value). 

• Separation in Resistivity cll rves (MSFL and LLD), 

• Low vulucs of density and neutron logs wh ich muke good cross over, 

• High Sonic Transit Time va lue, 

Marking ZOlle of interest is very cruc iul and important in fonnatioll eVlllulllion process and 

always mark by looking every daltl set flog ava ilable, <lnd not re ly on onc or two log." 10 

mark 7..one of interes!. 

5.4.3 Shale Volume Calculation 

One orthe major fnc tor which impact reservoi r property (porosity & Permeability) 

of matrix is vo lume of dinin..:ss or vo lume of shale, It doesn't mean we are measuring shale 

content but dirtiness content of matrix and co rrespondingly measure vo lume of clean. 

Severa l approaches made to measure volume of shale bllt here wc use Iota I gamma my ·'GR" 

and computed gmnlllR my "CGR" to measure shale vo lume. GR represents lotal cffect of 

potassiulll ·'K". thorium "Th f
' and uranium i·U" whereas CGR eliminates the unmium effect 

and only rcpresent the sum of potassium ·'K l
' and thorium ·'Th", So CG R is belter tool to 

lntcrprcll it hologics having high radioactivity, (Puul. Glover) 

IGR 
(GR log - GR cl ean) 

(GRshale- GRclean) 
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And 

IGIl 

Whercas 

(CGR log - CG Il dean) 

(CG Il shale - CGR d ean) 

Vshale = f . (IGR ) 

In linear re lationship. "P' is eqlla llo I blli sever:lJ ilprroachcs have been lllfldc to adjust this 

hr' fnclor. here we lISl' Sta bier mode l to correct Vsh values. 

5.4.4 Porosity Measurement 

The hi ghest impo rtant factor rega rding reservoi r eVilhm lion to ex plore o il and gas is 

matrix poros ity whiel) rcfers to vo id spaces w ithin the rock ho lding Ouid . In reservoi r 

eva lualion porosity co n be. absolute o r avcrage porosity wh ich corresponds the bulk po res 

w ithin the rock body while anolhcl' nillne c ffective porosity which corresponds only those 

pore spaces from wh ich nuid cun be extracted or through which nuid ean fl ow to wellbo re, 

Nonnnily (lOros ity presen t in clean or sandy litho logy refers to cOcctive porosity, 

5.4.5 Density Porosity 

Density 1001 mcasure bulk dcnsity o f the formation 10 calculate I>orosi ty values. 

Density 1001 is padded tool and has less depth of in ve5ligation thus maki ng. at sens itive to 

borehole environment, same apply 10 neutron IQO t. 

f/JD = Dens ity poros ity. 

(pmax - pb) 
0D =':;---~ 

(pmax pf) 

pmax "'" Matri x density (2.65 for S:lIldslone, 2.71 fOr limestone), 

pb = Bulk dens ilY or formation mem.ured by log. 

pf "'" Filtrate density ( 1 ror fresh wliter mud system, 1.1 lor sa line mud system). 

5.4.6 Sonic Porosity 

Sonic 1001 used sound waves to me • .\sUl'c interva l tronsit time of lormafion to 

ca lculate porosity, Sonic tool has ad vantage Ih::'1 it works we ll in bad boreho le env ironment 

where density .1I1d neutron 10015 give wrong rend ings. 
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05 = Sonic porosity. 

(aT- aTmax) 
05 = ~=-=--:,. 

(aTt - aTmax) 

6T = Tralls il lime measured by log. 

llTmax "" Transillimc or malri>:.. (55.5 for sandstone, 47.6 lor limcstone). 

t.1'f = Tmnsitlimc in nuid. (182 - 168 or 156). 

Whereas neutron poros ity (0N) is direct measuremen t of neutron log 10 measure tl uid filled 

porosity of fOnlla lion. 

5.4.7 Average Porosity 

Neutron and Dens ity tools bod) give fa lse porosity readings in presence of 

hydrocarbon, as hydrocnrbon poses low density and hydrogen index. If we plOllicutron and 

density va lues on same track but in reverse sca le direction to each othe r, then bot h curves 

will go opposi te 10 each other and make cross over (also called gas eITeet) in hydrocarbon 

bearing zone. Here both l00ls are rc.1ding less porosity bUI g iving good indication of 

hydrocarbon presence. To COITcct th is poros ity error. we take Average of nclIll'on and density 

porosity VII lues. 

C"'N + "'0) 
0a.vg = 2 

5.4.8 Effective porosity 

Effect ive porosity corresponds to those pore spaces favorable for nuid to now 

through il . C lean rocks wilh low amount of volume of shale poses good effect ive poros ity 

rather than shaly rocks. So, 10 measure effective poros ity, product of average porosity and 

volume clean has been taken. 

0e = 0avg .. Vcleull 

0e = 05" Vcleall 

5.4.9 Octcrminat ion of Rw 

Ouc of the most important parameters req uired to calculllle hydroctlroon in place 

from wirelinc logs do to is resistivity of fomlulion waleI' or connate wIHcr uncontam inated 

from drill ing mud or filtrate. The lI1os1 accurate way to cll lculule Rw is by mC!lsuring 
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resistivi ty or chcmica l compos ition of water produced fro m fonnatlon _ If produced 

formation wllter is not 3v:ti ll.lble then wireline logs measured paf8.lIleters are ulilized 10 

ca lcu late ({w. Ilere two mcthods have been used to determ ine Rw. a) !twa I I-ling le mcthod. 

b) Ilickell plot mcthod . 

5.4.9, 1 Picketl Plot Method 

Another good way to dctermine formation water res isti vity is picken plOI me thoti 

(nllrned ancr G.R. Pickett), which is a graphical representation of AI'chie's cqu£ltion in terms 

of resist ivity, Archie equation is reso lved for resis ti vity: 

Taking a lgorithm: 

log Rr ; log(a , Rw) - m, log(0) - n, 10g(Sw) 

If zone is 100% waler bearing then Sw = I and log{Sw) "" 0, anti above cquation will reduce 

to: 

log Rt ; log(o ' Rw) - m, log(0) 

EqlLotio n in this form (y = b + mx) shows 111<I t if res is ti vity ' Rt ' plotted on y-sclac and 

porosi ty ' 0 ' on x-axis and both on logarithmic :-ocale, one ctln determine the product of 

(o-Rw) from intercept of the line 'b' rllld cemclltalion exponent 'Ill' from slope o f Ihe line 

, III ' • 

In practice fonnatioll resistiv ity ' RI ' is nonnally plotted on x-ax is and I>orosity '0' 

o n y-axis. Ul th is co nvctllio/l equation wi ll be: 

l 
log(0); log(o ' Rw) - - log(Rt) - n/og(S .. ) 

III 

resistivity in Kadanwari-I O. Rw calculated by Hingle method is 0.124 ohm.tn_ 

5.4.1 0 Calculation or Saturation 

Most important lind somehow ultinUlle objective or any r Clro physicist is to 

determine water saturation. which is the frac lion o f pore vol ume occupied by a certai n Ouid, 

(F lcvry, Efnik ct II I, 2004). Dilfercllt saturation model is used to determine Ouid content 

dependent upo n either tile' reservoir is clean or shnly. Mosl common upproach is Archie 
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model to ca lculate water saturation wh ich relates saturation of water to fo rmation water 

resis ti vity, l>OrQsity. aud resistivity o f sa tum ted zone. (Alfosail and Alk:mbi 1997). 

5.4.10. 1 Archie's Model 

Where 

a =- Tortuosity factor 

Jll = cctllcntnljo n exponcnt 

n = Sal tl rlltion cxponent 

0e = Effecti ve l>oros ilY 

Sw = Saturation o f water 

Rw =- Resis tivity of Formation walc r 

Rt = Fonnalion re:; istivity 

Archie look rock matrix as jill insulator to electric curren t nnd model W.lli estnb lished 

for clean rocks, so it docsn' t considcr the clayey rocks. C lean Icrlllations tend to exhibit as 

electric insulator, so only nuid in pore spaces contribute to conductivity of elect ric current. 

(Wnrlhin&IOn 1 Q85). 
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5.5 Cborgali 

C hoargali Formation ranges from 1870 to 1914 meters, having gross thickness of 44 

meters is shown in figure 5.1 . Upper portion of Chorgali Formation has low borehole 

rugos ity and volume of shale ran ges from 20 to 30%. Average effective porosity in upper 

portion of Chorgali Formation is about 6% whereas average saturation of water is above 

90010. Lower porion of Chorgali Formation has high boreho le rugosity w ith vo lume of shale 

ranges frOI11 55 to 60%. Average efTective poros ity in lower port ion is about 10% whereas 

average saturation of water is about 70%. Overall, no prominent hydrocarbon bearing zone 

has encountered in Chorgali Formation. 

! 

Figure 5. 1: Petrophysical analysis ofChorgai i. 

5.6 Sakessar 

Sakessar Fonnation ranges from 1914 to 1983 meiers, having gross thickness of69 

meters, shown in figure 5.2. Sakessar ronnat ion exhibit good, gauged hole as borehole 

rugos ity is very low. Upper portion of Sakessar fonnalion is clean with more than 90% 
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vo lume of clean wh ile lower portion has some vo lume of shale which ranges from IS to 

20%. Both average and Effective poros ities are extremely low throughout the Sakessar 

Format ion in Missa Keswal well-03. There is no significant Hydroca rbon bearin g portion 

throughout the Sakessar Formation as all the formation has water saturation more than 85%. 

Figure 5. 2: Petrophysical analys is ofSakesssar. 

5.7 Lockhart 

Lockhart Fonnation ranges from 2004 to 20 17 meters with gross thickness of 13 

meters is shown in fi gure 5.4. Borehole rugos ity is very low which marks a good, gauged 

borehole. Average volume of clean in Lockhart is 70% but average effecti ve porosity is only 

5% wh ich makes it unfavorable to consider as prominent reservo ir fonnation. Moreover, 

Neutron-density crossover is absent and res istivity va lues are also lower side. Though there 

47 



is about 70% average saturation of hyd rocarbon but due to low poros ity and higher shaliness, 

Lockhart Formation in Missa Keswal Well-03 cannot be considered as prominent reservo ir. 

Figure 5. 3:Pclrophysical analys is of Lockhart. 

5.8 Khewra Sandstone 

Khewra Sandstone Formation ranges from 2 143 to 2245 meters with gross thickness 

of 102 meters is shown in figure 5.3. Borehole rugosity is absent throughput the formation 

which marks it a good, gauged borehole. Average vo lume of c lean in Khewra Sandstone is 

30% and average effective porosity is below 5% which makes it un favorable to consider as 

prominent reservo ir formation. Moreover, no prominent Neutron-density crossover is seen 

and resistivity values are also on lower s ide. Saturation of water is above 90% throughout 

the fonnation except upper most portion where saturation of water is about 60%. No 

prominent hydrocarbon reservoir feature is seen in Khewra Sanstone Formation in Missa 

Keswal wel l-03. 
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Figure 5. 4: Petrophysical analysis of Khewra Sandstone. 

5.9 Summary 

Formal ion Vel. PHIA PHIE Rw Sw 

Chorgali 73% 13% 07% 0.075 75% 

Sakcssar 82% 03% 02% 0.09 87% 

Lockhart 70% 08% 05% 0.016 35% 

Khewra 76% 06% 04% 0.015 75% 

Sandstone 

Table 5. 1: Summary of petrophysics ana lysis. 
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CHA PTER NO.6 

ROCK PHYSICS & FACfES MODELLING 

6.1 Introduction 

Rock Phys ics is nil integration sc ience linking se ismic data. its derived ullribulcs, 

Petrophys ica l d:1la, cOi npulcd as well as lab measured elustic pnrmncters li nd core dnl3. Rock 

Phys ics describes II reservo ir roc k by physical properties such as poros ity. rig idi ty, 

compress ibility. propcI1ics that affeci how se ismic wnves physica lly Inwc l through th e 

rocks. It consists of a wide rnngc o f empirica l relations Ihnl hove been estab lished th rough 

0051· 01 least square regression. Correlat ions can be establ ished between any Iwo or lIlore 

rock properties Ihal can be used to compute one rock pammeter with anot her. 

Rock physics tem plates Imve been developed to visual ize lithological And 

mincrll iogical variations in tenns ofPctrophysieal logs; derived rock physics derived seismic 

att ributes Clnd can be applied fo r the quantitative interpretat ion ofwcll iog and se ismic dma. 

Figure 6. 1 shows the Petrophysical logs o f well Missa Keswal~03 for the depth range 2227 

to 2621 meter. To compute the c lastic logs we need son ic. shcnr sonic alld de ns ity logs. 

S ince shear log is not avai lable for this well. Thus, the Cnst<lgnn 01 a!. , ( 1993) empirica l 

re lat ionship is used to compute the shear veloc ity from the P-wave veloc ity (sonic) Ine. 

The Pctrophysical logs ulong with thc computed Aco ustic Impedance and Elastic 

Logs II rc lIsed in va rious types of cross plot for c lass ification or fhc ies mode ling. 

Brief dt."ScriptiOIl of ench elastic parameter is given below. 

6.1.1 Acollstie Impedance (AI) 

Acoustic impedancc is a layer propeny of n rock aud is equa l to the product of 

compressionnl ve loc ity and dens ity. The density log and the compress iOlml wave veloc ity 

log generated frolH the DT log arc used to compute the lIcoustic impednnee log by us ing 

eq uution: 

AI = Vp x Pb 

Where. p b is the density of the fonnation and Vp is he cOlllprcssionn l wave veloci ty . 
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6.1.2 Shear Impedance (SI) 

Shear impcdullce is a laycr property of 8 rock and is equa l to the I)roduct of shear 

velocity and density also knowII 8s c lastic impedance. S imilarly, as IIco usli c impedance the 

density log lind the shenr wave vdoci ty deri ved from the Castagna CluJ" ( 1993) empiri cal 

relation was used to generate the shear impedance log using equation: 

Where. pb is the density or lhe forllliltion ilnd Vs is I h~ sheor Wfive ve locity. 

6 . .1.3 Young's Modulus (E) 

",is modulus is obta ined 10 measure the stiffness of the materinl. The relation 

between the density, compressional wave ve loci ty. young's modulus. and shear wave 

velocity is g iven in eq uation (Mnvko ci al.. 2009). 

p\,:2(3Vj_ 4VI) 
E = v.2 _ V,2 

P p 

Where, p is the density thai is obtai ned from the density (R HOB) log. Vs and Vp are the 

shear Wfl VC and cOlllpressional wa ve velocity Ihat is obtnined from the sollic log (01'), 

6.1.4 Poisson's Ratio (0') 

'11c Poisson's ratio is used 10 ind icate the maturity of the shalc oi l/gas zone. TIlc low 

val ue or poissoll 's mlio wi ll indicate the mature oil/glls shale zOlle. The relation betwecn the 

poisso n's rutio, compress ional WRve "clocity. and ShCill' wave ve locity is g iven in cqu(! lion 

(M,vko ct 81 .. 2009). 

(~)' -2 ,,-- , 
2 (~) - 2 
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Figure 6. 1: I)ctrophysicallogs of Missa Keswal-03. 

6.2 Computation of Elastic Logs 

The P-wave ve locity (sonic) log, S-wave ve loc ity (computed shear sonic) log and 

density log are used to compute the e lastic logs of variolls moduli along with acoustic 

impedance and shear acoustic impedance logs as shown in Figure 6.2. 

FigufC 6.2: AI and Elastic Logs computed from Petrophysica l logs of Miss a Keswal-03 
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6.3 Facies Modeling 

Cross plot based facies analysis is an important methodology accepted worldwide to 

properly characterize a hydrocarbon reservoir and explo it the rema ining volumes in 

development phase. Common methods for cross plot based facies modeling arc polygon 

bounds and cluster ana lys is. In this study the po lygon method is used fo r facies modeling. 

With Ihe he lp of Log data different cross plots which are compared with the standard c ross 

plots to identify the litholog ies, and the prospect zone to be marked. 

6.3.1 Porosity Vs Density 

Porosi ty versus density is a standard cross plot temp late for classification of facies 

as shown in Figure 6.3. The GR log is used for lithology class ification. It can be observed 

thai the facies mode ling resu lts ofth is log are comparable with the interpretation of previous 

cross plots. 

log 0et!I: MISSAKESWN....ro(03). main' NPHI '15. RH06 
u ,-,=--.,----,-,-,-',--,---,,-,---, 

"f--+-r, 

1.6 :u 3.2 lA 

Figure 6.3: Porosity Vs Density Cross·p lot 
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6.3.2 Yp Ys NPH I 

. ,- ~ 
-......... "-

. I 

i 

Figure 6.4: Vp Vs NPH I crossp lot 

6.3.2 RHOS Ys Me"Roh 

lOll 0... r.lISSAI([SWAIAIlI03). _ 1IH08 .. 1M! 

Figure 6.5: RHOB Vs MeuRoh Crossplot 

6.4 Conclusion 

Limestone 

The different cross plots are generated using the petrophysical1ogs and elastic logs 
computed from P wave velocity. On the basis of bulk density range, neutron porosity, p 
wave ve locity, and elastic modu li d ifferent iithoiogies(i imeslone, sandstone and shales) are 
marked crossponding to the ir ranges. 
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CONCLUSIONS 
The thesis work ends with following conclusions 

The seismic interpretation indicates popu p untic lina l struct ure in the area. 

Time 10 Depth conversion of seismic section gives us the true picture ofsubsurr.1cc 
Slmclure. 

Ti me and Depth contour maps of forma lions help liS to confirm the presence of 
anticlina l structure in the g iven area. Surface contour nwp of forllllllion g ives the 
rcal shape of's lI b-sllrf:lce structure. which is nnticlinnl. This an ticlinal structure nelS 
as a lrap in the :trca, which is best for hydrocnrboll llcclllllulRlion. 

T he cOnCCnlr:llion of shale is high at the depths o f 2030 10 2 140 meiers, which 
indicate shalcncss in the deeper horizons. 

Pctrophysicnl anti lys is or the reservoir sllow no hydrocarbon polcllIial. 

"IC overall resu lts indiclItc no econom ic viability ofChorga li. Sakesar. Lock han & 
Khcwrn as a reservo ir in Missa Keswal-03. 

Filcies Analysis confirms Ihc lithologies limestone. sandstone and shales in 
diffcrent intcrvals. 
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