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ABSTRACT 

      One key for meeting future energy requirements is to produce field 

more efficiently. To achieve this, information must first be properly 

interpreted and studied in order to carry out reasonable estimates of 

hydrocarbons in place. 

      The study of the use of petrophysics to analyze wireline log and core 

data is a good way to evaluate any tank in terms of rock properties and 

fluid distribution.  

      The study mainly identified reservoir properties such as lithology, 

shale volume, porosity (Ø), permeability (K), fluid saturation and net pay 

thickness, The petrophysical analysis of three exploratory wells in the 

Barrut I field in concession 72 (F4-NC-72, F5-NC-72 and F6-NC-72). 

       The results reveled Beda reservoir content average porosity in wells 

(negligible 4.4% in well F-5, good 12% in well F-4 and poor 7.2% in well 

F-6), fair permeability average in wells (0.0086MD in well F-5, 1.21MD 

in well F-4 and 0.13MD in well F-6), average water saturation in wells 

reached F4 and F6 to 50%, and increasing toward north  in F5 reached 

65% which located at the edge of oil water contact, volume of shale 

reached 32% and net pay thickness of the lower Beda reached 111 feet. 

       The heterogeneities is big impact in carbonate reservoir quality, 

although this study used only three wells with short distances between the 

wells but clear lateral variation encountered as in well F4 and F5, 

heterogeneities can enhance physical properties such as permeability as it 

was in F5  and F4 (0.0086 and 1.12 md) and the porosity from 4.4 to 

12%.  

         Keyword: Petrophysical analysis, Reservoir rock, porosity, 

permeability, water saturation and net pay.  
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Chapter 1: Introd uction

 

1.1     Introduction  

Petrophysics (from the Greek Petra, rock and physics, nature) is the study 

of physics rock properties and their interactions with fluids. 

Major application of Petrophysics is in studying reservoir for the 

hydrocarbon industry petrophsicists employed to help reservoir engineers 

and geoscientists. Understand the rock properties of the reservoir, 

particularly how pores in the subsurface are interconnected, controlling 

the accumulation and migration of hydrocarbon some of the key 

properties studied in petrophysics subjects, and lithology, porosity, water 

saturation and permeability. 

Key aspect of petrophysics is measuring and evaluating these rock 

properties by well log measurements in which string of measurement 

tools are inserted the bore hole core measurements in which rock samples 

are the retrieved from subsurface, and seismic measurements, these 

studies are then combined with geological and geophysical studies and 

reservoir engineering to give complete picture of the reservoir. 

In this study, we will employ the log interpretation technique using a well 

know tool in petrophysical analysis (Techlog) in order to identify and 

qualify the rock properties in an exploration.  
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1.2     Problem statement 

Done wildcat drilling, also known as exploratory drilling, is the process 

of drilling for oil or natural gas in unproven or fully exploited areas that 

either have no concrete historic production record. In this study a 

petrophysical analysis for wells exploration and evaluate the reservoir. 

 

1.3     Cation of the study area 

The study area (west Sirte Basin, Libya), in the field Barrut I of 

concession 72, located 280 km south of Ras Lanuf. The northern 

boundary of the concession 72 is located 20 km to the southwest of the 

fields of Samah, Balat and Bilhaddin, 12 km south of the fields of the 

caliph and 45 km south-east of the field of the concession. shown in 

figure 1.1 and table 1.1. 

 

Figure (1.1): Location Map Concession 72. 
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Table (1.1): Name and Location of Studied Area. 

Total depth 
KB 

Location Well 

name TVD ss TVD Longitude(E) Latitude (N) 

( -7305 ) 8300 996 18.760189 E 27.604998 N F4 

( -7188 ) 8150 768 18.691802 E 27.734884 N F5 

( -7310 )  8231 921 18.746589 E 27.661612 N F6 

KB=Kelly busing,               TVD= total vertical depth,            TVD SS= total vertical depth sub sea    

 

1.4    Previous studies 

An in depth evaluation of Concession 72 was undertaken by Johnson 

(1992), with the exception of prospect-specific data, was largely 

published in Johnson and Nicoud (1996). This study provides a detailed 

account of the tectono-stratigraphical, geological evolution and the 

exploration history of the block. Gir and Beda reservoir studies by Amish 

(2002) was an integrated geological and geophysical evaluation. The 

study summarised the reservoir geology of the two structures, interpreted 

the two 3D seismic surveys. 

 

1.5     The objective of the study 

The purpose of study is to find the hydrocarbon by evaluation well logs.  

1. Determine porosity, permeability, water saturation and volume 

shale from well logs. 

2. Integrate petrophysical analysis result from well logs and core. 

3. Identify the reservoir distribution (porosity and permeability) with 

in the study wells. 

4. Comparison between the study of software and the study of lab the 

properties of reservoir rocks. 
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5. Determination of the depth and thickness of the reservoir for each 

well.  

6. Estimates of hydrocarbons in place. 

 

1.6    Stratigraphy of the study area 

1.6.1   Augila Formation                             Age Upper Eocene 

It is divided into three members. The lowest member consists of a light 

gray to green, soft shale with thin argillaceous limestone or dolomite 

interbeds, The middle member is a soft, friable, porous, glauconitic, 

quartz sandstone. The sand is fine grained and subangular to subrounded 

and the upper limestone is made of hard glauconitic sandstone, lithologic. 

(Barr and Weggar, 1972). 

1.6.2   Gialo Formation                                         Age (Eocene) 

It consists of a thick limestone sequence that is deposited in a shallow 

marine environment, contains a large proportion of Nummulites, and has 

a wide extension in the Sirte basin. (Barr and Weggar, 1972). 

1.6.3   Gir  Formation                                 Age (Lower Eocen) 

It is divided into three members: 

1. Facha Dolomite Member consists of dolomite rocks with porous 

porosity with some clay deposits and a small percentage of 

anhydrite and limestone. 

2. Hon Evaporate Member consists of a sequence of Anhydrite layers, 

Dolomite limestone and a low proportion of Shale. 

3. The Mazda Formation is made of limestone, and Limestone 

granules as well as some marls. (Barr and Weggar, 1972).  
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1.6.4   Zelten Formation                       Age Upper Paleocene 

The Limestone consists predominantly of a limestone sequence with very 

subordinate amounts of shale with thin stringers of gray-green, very soft, 

fissile, pyritic shale, and the Zelten Limestone is primarily a sequence of 

anhydritic dolomite. (Barr and Weggar, 1972). 

1.6.5   Dahra Formation                                 Age Paleocene 

The Formation in its type area consists mainly of white to light gray, 

chalky, calcarenite and calcilutite which are sometimes slightly 

argillaceous or pyritic, and subordinate brown microcrystalline dolomite 

and thin interbeds of dark shale, the lower part of this formation becomes 

more shaly consisting mainly of interbedded shale and argillaceous 

calcilutite. (Barr and Weggar, 1972). 

1.6.6   Beda Formation                                        Age Paleocene  

¶ The Beda Formation is an early Palaeocene carbonate-dominated 

succession, which is underlain by the Hagfa and superseded by the 

Dhara shales. 

¶ The Beda Formation reservoir can be rationalised into two broad 

stratigraphical parts. 

¶ The Beda C, which is sometimes referred to as the Lower Beda, can 

be subdivided further into Beda Ca to Beda Cd (Amish, 2002). 

¶ The upper part of the Beda C is commonly referred to as the Beda 

Farrud and the basal part, the Thalith. This part of the Beda comprises 

a range of skeletal to argillceous carbonates that represent a range of 

outer to inner shelf marine to restricted marine environments . 

¶ The Beda Mubruk, which in some reports is referred to as the Upper 

Beda, and is dominated by a mixed marginal marine carbonate and 

anhydrite succession, Zinkernegal (1996) carried out a detailed 
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petrographical study or core from wells F4-NC X and F5-NC X and 

identified 4 principal facies types within the Beda C.  

1.6.7   Hagfa Formation                  Age in Lower Paleocene 

This formation consists mainly of a shale sequence with occasional thin 

limestone interbeds. The shale is dominantly gray, but ranges through 

gray-brown gray-green and black, Occasional beds of light brownish 

gray, sticky, very calcareous clay occur in the shales. (Barr and Weggar, 

1972). 

 

 

 

Figure (1.2): Stratigraphy the Study Concession 72. 
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1.7     Petroleum System of the study area 

The Sirte basin is classified as the 13th rank among the world oil regions, 

with a reserve of 43.1 billion barrels. The area of the Sirte basin is 230 

thousand Km2. The basin contains more than 23 oil fields. The Sirte basin 

is the largest oil basin in Africa, The latest basins in Libya and the depth 

of the sediments may reach 8000 ft. 

The petroleum system is the system of study of oil traps in terms of 

identification of the types of rocks and their ages and identify the source 

rocks, the reservoir, cover, and the quality of oil traps oil production and 

migration conditions. (Hallet, D, 2002).  

1.7.1    Reservoir 

The reservoir passage from limestone to shale frequently occurs within a 

distance of a few kilometres and represent a ramp configuration rather 

than an abrupt platform margin. Four carbonate reservoirs are present, 

separated by shales: the Upper Satal, Al Beda, Az Zahrah and Zaltan 

Limestones. The Az Zahrah (Dahra) Limestone, known further west as 

the Mabruk Limestone, has excellent reservoir characteristics.  

The same four-carbonate reservoirs are present as on the Az Zahrah-Al 

Hufrah platform but in this area, the Al Beda Formation carbonates form 

the principal reservoirs. (Hallet, D, 2002). 

1.7.2     Source Rocks 

The Sirt Shale source rock in the Maradah. The effective thickness (with 

TOC greater than 1%) reaches 330m, and the shales have reached peak 

maturity over a large part of the trough. The Sirt Shales have sourced 

most of the oil found on the Az Zahrah-Al Hufrah and Al Beda platforms, 

and may have contributed to some of the large fields on the western 

margin of the Zaltan platform. (Hallet, D, 2002). 

1.7.3     Seals 
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Seals on the Al Beda Platform the Upper satal member on the Al Beda, 

field is sealed by the thalith member and the Al Beda and Az Zahrah 

Formations are sealed by the Khalifah Shales. (Hallet, D, 2002).   

1.7.4     Traps 

Most of the traps on the Az Zahrah-Al Hufrah and Al Bayda Platforms 

are structural, resulting from mid-Eocene tectonic activity. Most are low 

relief anticlines with a northwestern orientation Figure (1.3). (Hallet, D, 

2002). 

 

Figure (1.3): Trap in Location of the Study Area. 

 

 

 

1.8     Roadmap 

Literature review 



CHAPTER ONE                                                                                                       INTRODUCTION 

 

9 

 

 

 

 

Submission 

of  the thesis 

 

Petrophysical 

evaluation 

Lithology interpretation 

and digitisation 

Report 

written 

 

Logs correlation 

Loading of geophysical data 

into 

Interactive Petrophysics 

Data editing and correction 

Depth shifting within well 

F4, F5, F6 

Data analysis and 

development 

Base map 

Petrography 

Reports 

Geological 

well 

Reports 

 

Data collection 
Geophysical 

data 

Well survey 

data 

Tabulated 

interpretative 

age 

information 

Geological 

background 

Formation 

Evaluation 

 

 

Previous work done in the field 



  

 

 

 

 

 

 

CHAPTER TWO  

 

FORMATION 

EVALUATION



CHAPTER TWO                                                                               FORMATION EVALUATION 

 

10 

 

Chapter 2: Formation evaluation 

2.1    Introduction  

Well logging involves measuring the physical properties of surrounding 

rock a sensor located in bore hole. The record of the measurement as a 

function of depth is called well log. Geophysical well logging has become 

a standard operation in petroleum exploration, identification of 

geophysical formation and formation fluids, correlation between holes, 

and evaluation of the productive capabilities of reservoir formation are 

usually the principle objectives, The purpose of this chapter is to analyze 

the acquired bore hole data to identity reservoir rock evaluate their 

petrophysical properties. 

 

2.2    Wireline logging 

To perform a logging operation on wireline, the measuring instrument, 

often called a probe, sunde or logging tool, is lowered into the borehole 

on the end of an insulated electrical cable. The cable provides power to 

the down hole equipment. Additional wires in the cable carry the 

recorded measurement back to the surface. The cable itself is used as the 

depth measuring device, so that properties measured by the tools can be 

related to particular depths in the borehole. Wireline logs descend into the 

wellbore under the force of gravity. In deviated wells, the tools may not 

travel all the way to bottom. Roller and powered tractor subassemblies 

can be used to assist. These are not especially useful in rough or 

horizontal wells, so coiled tubing or pipe conveyed tools are used. Logs 
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are usually recorded while being pulled upward by the winch in the 

logging truck. Most logs can also be run as an integral part of the drill 

string (logging while drilling or LWD) or attached to coiled tubing. These 

methods are useful in deviated, horizontal, or other hostile well 

environments. A logging tool is made up of a sunde and a cartridge. The 

sunde is the portion of the tool which gives off energy, receives energy, 

or both. The cartridge contains the electrical circuitry or computer 

components needed to control the down hole equipment, and to transmit 

data to and from the surface. Figure (2.1). 

 

 

Figure (2.1): Basic Well Logging Technique. 

(www.docplayer.net) 
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Combination logging tools consist of more than one sunde and cartridge, 

so that more than one log can be recorded on a single trip into the 

wellbore. Surface equipment is mounted in a logging truck, van, or skid 

unit from which all logging operations are controlled. The logging unit 

contains hoisting equipment for lowering and raising the tools in the hole, 

and electronic or computer equipment for controlling and recording the 

down hole measurements. (Oberto Serra. (1985)). 

 

Figure (2.2): Sketches of Some Well Logging Tools. 

(www.docplayer.net) 
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2.3    Well logging history  

¶ In 1912 Conrad Schlumberger give the idea of using electrical 

measurements to map subsurface rock bodies. 

¶ In 1919 Conrad Schlumberger and his brother Marcel begin work 

on well logs. 

¶ The first electrical resistivity well log was taken in France, in 1927. 

¶ The instrument which was use for this purpose is called SONDE, 

the sunde was stopped at periodic intervals in bore hole and the and 

resistivity was plotted on graph paper. 

¶ In 1929 the electrical resistivity logs are introduce on commercial 

scale in Venezuela, USA and Russia. 

¶ For correlation and identification of Hydrocarbon bearing strata. 

¶ The photographic ï film recorder was developed in 1936 the 

curves were SN, LN AND LAT. 

¶ The dip meter log were developed in 1930. 

¶ The Gamma Ray and Neutron Log were begin in 1941. (Crain, E.R., 

(2004)). 

 

2.3.1    Principal of well logging 

A well log is a record of certain formation data versus depth. 

¶ The appropriate down hole logging tools instrument called 'sunde' 

about 3.5 inches in diameter is lowered into mud-filled hole on 

logging cable. 

¶ This tools will measure the electrical, acoustic, and radioactive 

properties of the formation. 

¶ The result will be analyzed to determine which of the layers are 

porous and permeable, and likely to contain hydrocarbon. 
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¶ A depth calibration wheel records the length of cable in the hole.                            

survey is normally done from the bottom up. As the sunde is pulled up 

the hole, a continuous measurement signal is sent to the surface where 

the data is processed and recorded as a curve. 

 

2.3.2   Uses of well log 

A set of logs run on a well, mean different things to different people: 

¶ The Geophysicist:   Are the tops where you predicted? 

¶ The Geologist:  What depths are the formation tops?  

¶ The Drilling Engineer:  What is the hole volume for cementing?  

¶ The Reservoir Engineer: How thick is the pay zone? How 

Homogeneous is the section? 

¶ The Production Engineer:  Where should the well be completed (in 

what  zone (s))? 

 

2.4    Characteristics of selected wireline logs for this study 

There are six type of well log tools in this study, we will talking about 

principle and application for each one. 

 

2.4.1   Gamma ray log 

Gamma ray log is a type of well log used to detect and measure incoming 

gamma rays, naturally emitted by radioactive formations. The gamma ray 

log is a passive log, it really does not emit any gamma ray of its own, the 

tool merely detects or senses the presence of radioactive elements found 

naturally in certain underground formations Table (2.1). (Asquith, G. and 

Krygowski, D. (2004)). 
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The radioactive element could be an isotope of Uranium, Thorium, 

Potassium or a combination of any of them. Radioactive isotopes are 

unstable and to achieve stability they are constantly ñdecayingò with the 

resultant release of gamma rays. This released gamma ray is what is 

detected by the gamma ray log and can give an indication of the type of 

rock drilled. 

Table (2.1): some Ideal GR Response in Different Formation. 

ROCK TYPE GR Reading API 

Limestone 5-10 

Sand stone 10-20 

Dolomite 10-20 

Shale 80-140 

 

¶ Uses of gamma ray 

1. Estimate bed boundaries, stratigraphic correlations. 

2. Estimate shale content.  

3. Perforating depth control.  

4. Identify mineral deposits of potash, uranium, and coal.  

5. Monitor movement of injected radioactive material. 

 

2.4.2   Density log 

A density-logging tool sends gamma rays into a formation and detects 

those that are scattered back. Typical logging sundes use a Cesium-137 

source, which emits gamma rays of 0.66MeV. At this high energy level, 

Compton scattering dominates. The average electron density in the 

volume of formation probed by the tool controls the scattered gamma ray 

count rates at the detectors. Average electron density, in turn, correlates 
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strongly (but not perfectly) with bulk density. Because the gamma rays 

cannot penetrate far into the formation, the volume of investigation is 

small. Mud cake and tool standoff have particularly strong effects on this 

measurement. For less energetic gamma rays, photoelectric (PE) 

absorption controls the observed count rates. Here, the average atomic 

number (which correlates with rock type) sets the amount of PE 

absorption that a formation exhibits. Again, all the bulk average effects 

accrue, with special problems posed by barium-weighted mud. 

The depth of investigation of a density tool decreases with increasing 

density and never exceeds 6 in., as the pseudogeometric factor shows in 

figure (2.3).  

Figure (2.3): Nuclear Radial Geometric Functions Comparison of  Radial Geometric Functions 

for Various Nuclear Logs in a 20-p.u. Limestone. 

(www.petrowiki.org) 

The log almost always measures the invaded zone, at least in porous, 

permeable formations. As is typical of the nuclear scattering family of 

measurements, the density tool uses two detectors at progressively longer 
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distances from the source. The distance between the near and far 

detectors sets the vertical resolution, approximately 10 in. typically. 

Correction is by the spine-and-ribs technique. The spine is the normal 

calibrated relationship between the density measured by the near-spaced 

and far-spaced detectors in the absence of any gap between the tool and 

the borehole wall. Gaps cause departures from this spine and lead to 

density corrections that are applied to the density from the long-space 

detector. This correction is presented as a curve with the density log. 

Above an inch or so of standoff, the compensation fails. There is no 

universal correction threshold, but corrections greater than 0.05 to 0.1 

g/cm3 are suspicious. Unfortunately, a low correction does not guarantee 

a good measurement. Connecting a particular rib back to the correct 

location on the spine (and, hence, to the correct bulk density) requires that 

the density pad be parallel to the borehole wall. Likewise, very small 

water-filled gaps can give rise to large corrections that are perfectly 

correct. (John R. Fanchi and Richard L. Christiansen. (2017)) 

 

¶ Density log uses 

1. Identify the evaporate minerals. 

2. Detect gas bearing zone. 

3. Determine Hydrocarbon density. 

4. Determine total porosity of the formation. 

5. with Sonic Logs to generate synthetic seismic traces (seismic well 

tie). 
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2.4.3    Neutron log 

The neutron is a fundamental particle found in the nucleus of all atoms 

except hydrogen, which contains only a proton. The neutron has 

approximately the same mass as the proton but carries no electrical 

charge. These two properties, smallness of size and especially electrical 

neutrality, make it an ideal projectile for penetrating matter. Neutron scan 

pass through steel casing and penetrate rocks. The neutron log is sensitive 

mainly to the amount of hydrogen atoms in a formation. Its main use is in 

the determination of the porosity of a formation. 

The neutron log provides a continuous record of formationós reaction to 

fast neutron bombardment. It is quoted in terms of neutron porosity units, 

which are related to a formationós hydrogen index, an indication of its 

richness in hydrogen. This hydrogen richness is called the hydrogen 

index (HI) which is defined as the weight percent hydrogen in the 

formation to weight percent hydrogen in water, where HI of water is 

1.Neutron porosity is real porosity in clean limestones, but other 

lithologies require conversion factors. (Animireddy Ramesh, (2014-2016)). 

 

¶ Principles of measurement 

Neutrons are subatomic particles whose mass is essentially equivalent 

to that of a hydrogen nucleus. The lifetime of a free neutron is one of 

losing energy and can the refore be usually described in terms of 

energy state, namely fast, epithermal and thermal in order of 

decreasing energy as shown in the following Table (2.2). 
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Table (2.2): Different Energy Levels of  Neutrons. 

Name Energy Interaction 

High energy >10 MeV 
Inelastic/elastic 

absorption 

Fast 10 MeV-10 KeV Inelastic\elastic 

Intermediate 10 KeV ï 10 eV Elastic 

Epithermal 10 eV ï 0.1 eV Elastic 

Thermal 0.025 eV Elastic\absorption 

 

¶ Uses of the neutron log 

1. Determination of Porosity: 

The main use of the neutron log is to provide porosity information. 

2. Determination of Lithology: 

The direct use of the neutron log to identify lithologies depends upon the 

recognition of which lithologies may contain hydrogen atoms. 

 

2.4.4    Sonic log 

The sonic or acoustic log measures the travel time of an elastic wave 

through the formation. This information can also be used to derive the 

velocity of elastic waves through the formation. Its main use is to provide 

information to support and calibrate seismic data and to derive the 

porosity of a formation. (Dr. Paul Glover). 

¶ Uses of sonic log  

Provision of a record of ñseismicò velocity and travel time throughout a 

borehole. This information can be used to calibrate a seismic data set (i.e., 

tie it in to measured values of seismic velocity). 
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1. Provision of ñseismicò data for the use in creating synthetic 

seismograms. 

2. Determination of porosity (together with the FDC and CNL tools). 

3. Stratigraphic correlation. 

4. Identification of lithologies. 

5. Facies recognition. 

6. Fracture identification. 

7. Identification of compaction. 

8. Identification of over-pressures. 

9. Identification of source rocks. 

 

2.4.5    Resistivity log 

The resistivity log is a measurement of a formation's resistivity, that is its 

resistance to the passage of an electric current. It is measured by 

resistivity tools. The resistivity of a formation is a key parameter in 

determining hydrocarbon saturation. Electricity can pass through a 

formation only because of the conductive water it contains. With a few 

rare exceptions, such as metallic sulfide and graphite, dry rock is a good 

electrical insulator Figure (2.4). (Rider, M. H.(1996)). 
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Figure (2.4): Showing the Response of Resistivity Curve in the Different Formations. 

(Schlumberger (1987), application 2nd , Houstion, Taxas) 

 

Figure (2.5). The borehole environment and symbols used in log 

interpretation. This schematic diagram illustrates an idealized version of 

what happens when fluids from the borehole invade the surrounding rock. 

Dotted lines indicate the cylindrical nature of the invasion.  

dh = hole diameter, di = diameter of invaded zone (inner boundary of 

flushed zone), dj = diameter of invaded zone (outer boundary of invaded 

zone).  

ærj = radius of invaded zone (outer boundary), hmc = thickness of mud 

cake, Rm = resistivity of the drilling mud, Rmc = resistivity of the mud 

cake, Rmf = resistivity of mud filtrate, Rs = resistivity of the overlying 

bed (commonly assumed to be shale), Rt = resistivity of uninvaded zone 

(true formation resistivity), Rw = resistivity of formation water, Rxo = 

resistivity of flushed zone, Sw = water saturation of uninvaded zone and 

Sxo = water saturation flushed zone. 
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Figure (2.5): The Borehole Environment and Symbols Used in Log Interpretation 

(Asquith, G. and Krygowski, D. (2004)) 

 

 

¶ Uses of resistivity log 

These logs are used for: 

a) Correlation. 

b) Bit selection. 

c) Permeability indication. 

d) Formation fluid detection & water saturation. 

e) Lithology conformation & bed boundaries. 
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2.4.6    Composite log 

A single log created by splicing together two logs of the same type run at 

different times in the well; or by splicing two different types of log run at 

the same time. For example, it is common practice to splice all the basic 

logs run over different depth intervals in a well to obtain a single 

composite record Figure (2.6). (Schlumberger, (1987)). 

 
Figuer (2.6): Example of Composite Logs in High Temperature Well in Iceland. 

 (Www.Researchgate.Net) 
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Chapter 3: Methadology 

3.1   Introduction  

In the methodology that used in study, depend on combined the 

geological information with petrophysical analysis to understand more a 

bout the system in the study area and were used geological data such as 

well tops, well logs, core report, and petrophysical data was provide from 

well logs such as (GR, Sonic, resistivity, Density, Neutron,) and used 

Techlog software the study has been derived to several steps are 

following: 

3.1.1   Stage I: Collecting data 

The goal of this stage is collect all the available Geological, 

Petrophysical, and reports, review the quality of data that used such as, 

Petrophysical data (Porosity (Ø), Permeability (k) ,Rw , Temp...etc). Well 

Information (Well Head, TD, KB) as (Ascii) format. Well Logs (Gamma 

Ray (GR), Sonic (DT), Density (Rhob), Neutron (Nphi), Temp, 

Resistivity (AHT), (LAS) format. Well Formation Tops (Ascii) format. 

Core Data (report). Final Geological and Stratigraphic report. Showing 

figure (3.1).  

3.1.2   Stage II: Load and quality control the data 

In this stage loaded all the Geological, data such as formation tops for 

well logs, into a project generated by using Techlog software as showing 

in Figures (3.2, 3.3). The study analyzed three wells (F6-NC 72, F4-NC 

72, F5-NC 72), In petrophysical analyzing to predict porosity, 

permeability, net pay, water saturation and volume of shale. 
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Figure (3.1): Showing Composite Log of  Well Logging and Core Sample. 

 

3.1.3   Stage III: Petrophysical analysis 

The major application of petrophysical analysis is studying reservoirs the 

layout of the Petrophysical analysis, which estimated by using Techlog 

software (Quanti Elan). Using Quanti Elan to compute all discussed 

Petrophysical results in the area of study. The layout for each well 

consists of selective wire line logs, Av_ Shale Volume, Av Porosity, Av 

_Water Saturation, Av_ Permeability, Net pay and Gross. 
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3.1.4   Stage IV: Results 

 

3.2   Techlog software 

Is a program of the company is owned by Schlumberger Global which 

operates the oil field. The program aims to collect and update all the data 

and information for the drilling of wells. It also allows the user to 

interpret and analyze basic data recorded. It attempts to create a single 

platform capable of supporting all of the data for the drilling of wells and 

the Functioning of integrated work and analysis, which reduces the need 

for many of the highly specialized tools. The program summarizes the 

information required and evaluates all risks and uncertainties, which may 

stop functioning, and affect all over the world and manifestations of 

contemporary public life. Put Alticloj programs in Montpellier in 

southern France by a company called Tahisa the Company was formed in 

2000, the first version of Techlog commercially available in 2002, the 

Figure (3.2) and (3.3) showing Techlog program. (Schlumberger, (1987)). 
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Figure (3.2): Show the Techlog Software. 

 

 

Figure (3.3): Well Loggion in Techlog. 
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3.3   Data Availability  

The study was initiated with the collection of data (electronic copies of 

the wire line logs and core data), quality checks and feedbacks between 

porosity, permeability, volume shale and water Saturation. A detailed 

petrophysical review of the well was subsequently undertaken based on 

the wire line logs obtained from the F6, F4 and F5 reservoir wells.  

Table (3.1): A Available Date. 

 Well name A available date 

1 F4-72 wire line log , core ,geological report 

2 F5-72 Wire line log, core 

3 F6-72 Wire line log, geological report, core 

 

Table (3.2): Date Available in Well Loggiong. 

Well GR ILD ILM  NPHI DT RHOB SP CALI  

F4 V  V   V  V  V  V   

F5 V  V   V  V  V  V   

F6 V  V  V  V  V  V  V  V  

 

3.3.1   Core Data 

Core data analyses is available for wells F4, F5 and F6. Porosity was 

measured by gas expansion (Boyles Law) and permeability to air. Table 

(3.3). 
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Table (3.3): Core Data. 

NO F4-NC 72 F5-NC 72 F6-NC 72 

1 (7865-7925)  6ft (7595-7654)  10ft (7485 ï 7678) 8ft  

2 (7925-7985)  8ft (7654-7714)  6ft (7768 ï 7898) 10ft  

 

3.4   Estimation of petrophysical parameters 

Listings of the various reservoir parameters by depth were also generated. 

  

3.4.1   Shale and clay volume 

The volume of shale into calculated from gamma ray log shown in 

equation (3.1), figure (3.4). 

6#,  éééééééééééééééééé. (3.1) 

Where, 

VCL =Volume of Clay. 

GRlog = Gamma Ray Log reading of formation. 

GRmin = Gamma Ray Matrix (Clay free zone). 

GRmax = Gamma Ray Shale (100% Clay zone). 
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Figure (3.4): Shown Calculted Volume Shale. 

 

3.4.2   Porosity 

Total porosity, was calculated from density-neutron log as shown in the 

following relationship, equation (3.2) figure (3.5). 

z
  

 ééééééééééééééééééé.é. (3.2) 

Where, 

Ø =porosity derived from density log 

ɟma =matrix (or grain) density 

ɟb = bulk density (as measured by the tool and hence includes porosity 

and grain density) 

ɟfl = fluid density. 

Effective porosity, was estimated according to equation (3.3) 
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zÅ
 ɀ 

 ɀ 

 z  ɀ 

 ɀ 
 éééééééééééééé 

(3.3) 

Where, 

Øe = Effective porosity 

ɟsh = Density of shale 

 z  ɀ 

 ɀ 
#ÌÁÙ "ÏÕÎÄ 7ÁÔÅÒ  

(ɟma = 2.67g/cc, ɟfl = 1.0g/cc, ɟsh = 2.6g/cc) 

 

 

 

Figare (3.5): Shown Calculated Porosity. 

 

According to Rider [20], the following tables give better explanation of 

porosity and permeability description of reservoir Table (3.5) and (3.6). 

(Rider, M. H, (1996)). 
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Table (3.5): Qualitative Evaluation of  Porosity Percentage Porosity (%) Qualitative 

Description. 

0-5 Negligible 

5-10 Poor 

15-20 Good 

20-30 Very good 

>30 Excellent 

 

Table (3.6): Qualitative Evaluation of  Permeability Average K Value (md) Qualitative 

Description. 

10.5<  Poor to fair 

15-20 Moderate 

50-250 Good 

250-1000 Very Good 

>1000 Excellent 

 

3.4.3   Water saturation 

Archie Equation, was used to calculate the water saturation as shown in 

equation (3.4), and the Indonesian Equation was used to calculate the 

effective water saturation as shown in equation (3.5), due to its wide-

scale applicability in the Sirte Basin. 

3× ÎȢz
Ȣ

zȢȢ
 ééééééééééééééééééé (3.4) 

3×Å
z
z

Ȣ
ᶻ

 éééééééééééééééééé (3.5) 

 (a = 1.0, m = 1.6, n = 2, Rtcl = 2.5) 

Where, 

Rtcl = Deep resistivity in clay (read from log). 

Rt = Deep Resistivity. 

Rw = Down hole water resistivity. 



CHAPTER THREE                                                                                                 METHADOLOGY 

 

33 

 

Øe = Effective porosity. 

Sw = water saturation. 

Swe = Effective water saturation. 

a = Archieôs exponent. 

m = cementation factor. 

n = Saturation exponent, it is the gradient of the line defined on the plot. 

3.4.4   Net/Gross 

The gross reservoir thickness H, of the Wells was determined by looking 

at tops and bases of the reservoir Limestone across the well. The net 

thickness, which is the thickness of the reservoir, was determined by 

defining basis for non-reservoir and reservoir Limestone using the 

gamma ray log. This was carried out by drawing a shale baseline and 

sand baseline on the gamma ray log. The thicknesses of the shale, h shale, 

within the reservoir Limestone were obtained and therefore, subtracted 

from the gross reservoir thickness. Hence, Net reservoir thickness, h = H 

ï h shale, and Net/Gross = h/H, was obtained for all the reservoirs in the 

wells F6, F4 and F5. (Schlumberger (2002)). 

3.4.5   Net pay 

A porosity cut-off of 10% was used along with a shale volume cut-off of 

51% to define the quality of the reservoir rock. Water saturation, Sw, cut-

off value of 60% was used to define pay. The reservoirs were defined by 

the porosity greater than 10% and shale volume less than 51%. For the 

net pay, if the water saturation within the reservoir is less than 60%, it is 

considered to contain hydrocarbon. (Schlumberger (2002)). 
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3.4.6   Hydrocarbons-in-place volumes 

The original hydrocarbon-in-place of each reservoir was evaluated using 

deterministic approach. This was based on mean weighted averages of 

porosity, water saturation, gross rock volumes and net-to gross ratios. 

 

3.5   Determination of lithology from wire line logs 

A manual interpretation of lithology of the NC-X well was undertaken 

using all the logs registered through a systematic approach. The gross 

lithology was corroborated and compared at the same depth, horizontally, 

to the gamma ray log. The interpretation then continued, again 

horizontally, through the other logs- resistivity, sonic, and density-

neutron. At depths where all the logs corroborated the same 

interpretation, the lithology was noted and then compared to cores. At 

depths where the lithology did not corroborate, a ófeedbackô from one log 

to the next was done by way of log quality checking to correct the 

mismatch. 

 

3.6   Cores 

Cores were used as a reference to compare with the lithology interpreted 

from the wire line logs. Cores essentially gave proper understanding of 

wire line logs and provided an interpreter that recorded real subsurface 

lithologies. 
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3.7   Cross-plots 

In this study, three types of well log cross-plots between two variables 

were done and the resulting series of points were used to define the 

relationships between the variables. The cross-plots include: 

i. Cross-plots of compatible logs measuring the same parameter such 

as the porosity logs that is neutron-density cross-plot. 

ii. Cross-plots of core sample values against log values, such as 

porosity core values against petrophysical porosity values. 
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Chapter 4: Results and interpretation 

4.1   Introduction  

Some of the key properties studied in petrophysics are lithology, porosity, 

water saturation and permeability. A key aspect of petrophysics is 

measuring and evaluating these rock properties by acquiring well log 

measurements. Most petrophysicists are employed to compute what are 

commonly called reservoir petrophysical properties. 

 

4.2   Reservoir parameters calculation 

4.1.1    Lithology 

Lithology in the Beda formation is interpreted as relatively limestone, as 

evidenced by the core grain density measurements. A cross plot of 

density and neutron tools confirms this, seen in Figure 4.1. The majority 

of the reservoir section shows clean limestone response, with the 

presence/influence of clay material considered to be minor.  The 

fluctuation of the gamma response is thought due to the fluctuation of 

minor amounts of radioactive minerals within the formation.   

Figure (4.1) Density-Neutron crossplot 
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Figure (4.2): Correlation of Log Data Between Three Wells F4,F5,F6 (lower Beda). 

 

 

 

4.2.2   Volume of shale 

Most of the wells have both density-neutron and gamma ray data 

available. The clay content (VSH) has been determined by the gamma ray 

reading, using Techlog software, Clavier method expressed by following 

equation (3.1), (4.1) and the result shown in Table 4.1and Figure 4.2 

ὠίὬ ρȢχ σȢσψ ὍὋὙ ππȢχ Ⱦééééééééé. (4.1) 

 

 

 

 

 

 






































