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ABSTRACT

One key for meeting future engrgequirements is to produdeld
more efficiently. To achieve this, information must first be properly
interpreted and studied in order to carry out reablm estimates of
hydrocarbongn 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 roogepties and
fluid distribution

The study mainly identified reservoir properties suchlita®logy,
shalevolume porosity @), permeability (K),fluid saturation and negay
thickness The petrophysical analysis of three exploratory wellgshe
Barrutl field in concession 72 (FBIC-72, F5NC-72 and FENC-72).

The results reveleBedareservoircontent average porosity wells
(negligible4.4% in well -5, good12% in well 4 andpoa 7.2% in well
F-6), fair permeabilityaverage inwells (0.0086vVID in well 5, 1.2IMD
in well 4 and 0.181D in well 6), average water saturation in Nge
reached B and B to 50%, ad increasing toward north inSHeached
65% which located at the edge of oil water contaotume of shale
reachedB2%and net pay thickness of tlver BedareachedlL11feet

The heterogeneities is big impacat carbonate reservoir quality,
although this study used only three wells with short distances between the
wells but clear lateral variation encountered as in Jdlland F5,
heterogeneities can enhance physical properties such as permeability as it
was inF5 andF4 (0.0086and 1.12 md) and the porosity from.4 to
12%.

Keyword: Petrophysical analysis, Reservoir rock, porosity,

permeability water saturation and net pay.
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CHAPTER ONE INTRODUCTION

Chapter 1: Introd uction

1.1 Introduction
Petrophysics (from the Greek Petra, rock and physatsire) is the study

of physics rock properties and their interactions with fluids.
Major application of Petrophysics is in studying reservoir for the
hydrocarbon industrpetrophsicists employed to help resenemgineers

and geoscientistsUnderstand 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 permeaubility.

Key aspect of petrophysics is measuring and evaluating these rock
properties by well log measurements in which string of measurement
tools are insertethe 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

gualify the rock properties in axploration.
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1.2 Problem statement

Done wildcat drilling, also knownsaexploratory 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 | 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, Bal and Bilhaddin, 12 km south of the fields of the
caliph and 45 km soutbast of the field of the concessiaghown in
figure 1.1 and table 1.1.
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Figure (1.1): Location Map Concessith
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Table (1.1)Nameand Location of Studied Area.

Well Location <B Total depth
name | Latitude (N) | Longitude(E) TVD TVD ss

F4 27.604998 N 18.760189 E 996| 830((-7305)

F5 27.734884 N 18.691802 E 768 8150((-7188)

F6 27.661612 N 18.746589 E 921 8231(-7310)

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

1.4 Previousstudies

An in depth evaluation o€oncession/ 2was undertaken by Johnson
(1992), with the exception of prospeqiecific data, was largely
published in Johnson and Nicoud (1996). Thislg provides a detailed
account of the tectonrsiratigraphical, geological evolution and the
exploration history of the block. GandBeda reservoir studies by Amish
(2002) was an integrated geological and geophysical evaluation. The
study summarised theservoir geology of the two structures, interpreted

the two 3D seismic surveys

1.5 The objective of the study

The purpose of study is find the hydrocarbohy evaluation well logs.

1. Determine porosity, permeability, water saturation and melu
shale from well logs

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

3. ldentify the reservoir distribution (porosity and permeability) with
in the studywells.

4. Comparison between the study of software and the stuldypdhe

properties of reervoir rocks.

3
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5. Determination of the depth and thickness of the reservoir for each
well.

6. Estimates ohydrocarbons in place

1.6 Stratigraphy of the study area
1.6.1 Augila Formation Age Upper Eocene

It is divided into thee 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,

guartz sandstone. The sand is fine grained and subangular ¢oirsdgd

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 bas{Barr and Weggar, 1972)

1.6.3 Gir Formation Age (Lower Eocen)

It is divided into three members:

1. Facha Dolomite Mmber 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 Fomation is made of limestoneand Limestone
granules as well as somarls. (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 aounts of shale with thin stringers of grggeen, 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 pathis formation becomes
more shaly consisting mainly of interbedded Ishand argillaceous

calcilutite (Barr and Weggar, 1972)

1.6.6 Beda Formation Age Paleocene

1 The Beda Formation is an early Palaeocene catbaoioaninated
succession, which is underlain by the Hagfa and superseded by the
Dhara shales

1 The Beda Formation reservoir can be rationalised into two broad
stratigraphical parts

1 The Beda C, which is sometimes referred to as the Lower Beda, can
be subdiuviled further into Beda Ca to Beda Cd (Amish, 2002).

1 Theupper 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 aofange
outer to inner shelf marine to restricted marine environments

1 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 outalee
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petrographical study or core from wells-R€ X and F5NC X and
identified 4 principal faciesypes within the Beda C.

1.6.7 Hagfa Formation Age in Lower Paleocene

This formation consists mainly of a shale sequence with occatlona
limestone interbeds. The shale is dominantly gray, but ranges through
gray-brown graygreen and black, Occasional beds of light brownish
gray, sticky, very calcareous clay occur in gtales(Barr and Weggar,
1972)
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1.7 Petroleum Systenof 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 bagf0i
thousand Krh The basin contains motiean 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 systens ithe system of study of oil traps in terms of
identification of the types of rockand 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

Thereservoir passage from limestone to shale frequently occurs within a
distarce 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, AlldB Az Zahrah and Zian
Limestones The Az Zahrah (Dahra) Limestone, knowrther west as
the Mabruk Limestone, has excellent reservoir characteristics
The same foucarbonate reservoirs are present as on the Az Za#irah
Hufrah platform but in this area, the Aldda Formation carbonates form
the principal reservoirgHallet,D, 2002).

1.7.2 SourceRocks

The Sirt $ale source rock in the Maradarhe 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 theoil found on the Az ZahralAl Hufrah and Al Bedaplatforms,

and may have contributed to some of the large fields on the western
margin of the Zaltaplatform. (Hallet, D,2002).

1.7.3 Seals
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Sealson the AlBeda Platform the Upper sataember on the ABeda,
field is sealed by the¢halith memberand the Al Rda and Az Zahrah
Formations are sealdy the Khalifah ShalegHallet, D,2002).

1.7.4 Traps

Most of the traps on the Az Zahr&dh Hufrah and Al Bayda Platforms
are structural, resulting fno mid-Eocene tectonic activity. Most are low
relief anticlines with a northwestern orientatibigure (1.3) (Hallet, D,
2002).

F4 Fl F3a F5

| 34 km | 64 km : 66 km

SUBSEA DEPTH (F1)

Figure(1.3} Trap in Location of the Study Area

1.8 Roadmap
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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. @physical 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 pinciple 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 probeusde 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.cébée itself is used as the
depth measuring device, so that properties measured by the tools can be
related to particular depths in the borehdléreline logs descend into the
wellbore under the force of gravity. In deviated wells, the tools may not
travd 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 usegh

10
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are usually recorded while being pulled upward tbg 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
environmentsA logging tool is made up of ausde 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 ddvate equipment, and to tramit

data to and from the surfadagure(2.1).

BASIC WELL LOGGING TECHNIQUE
LOGGING UNIT WITH S
COMPUTER SYSTEM by
~
WIRELINE
£

pdne e R | B s
s ' .,\ L’\ "w,\ ; {r,‘"" p [be " 4?‘.1 ;‘.5_::
N [ N. + IR "»,q;-»';-_-‘{’ M 4] o] ."h
e s {
NZ U ' L e AV (2,74 \
A i LOGGING TOOL ik e By
‘_‘\‘-:'.‘_-""“ "r"m"' B8 ‘ . - Y l_“‘\.“ n ",f-‘:'.t‘\“‘_.x-f‘
et - -
~ N
~ T - -

Figure @.1): BasicWell LoggingTechnique.
(www.docplayer.net)
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Combination logging tools consist of more than omeds and cartridge,

so that more than one log can be recorded on a single trip iato th
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 equipmidor controlling and recording the
down holemeasurementgOberto Serra(1985).
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Figure (2.2): Sketches 86meWell LoggingTools
(www.docplayer.ngt
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2.3 Well logginghistory

)l

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.

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

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

thesunde 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.

1 For correlation and identification of Hydrocarbbearing strata.

1 The photographit film recorder was developed in 1936 the

curves were SN, LN AND LAT.

1 The dip meter log were developed in 1930.

1 The Gamma Ray and Neutron Log were begin in 182kin, E.R.,

(2004).

2.3.1 Principal of well logging

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

1 The appropriatelown holelogging tools instrument calledutsde’

about 3.5 inches in diameter is lowered into Hilidd hole on
logging cable.

9 This tools will measure the electrical, acocstand radioactive

properties of the formation.

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

porous and permeable, and likely to contain hydrocarbon.
13
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1 A depth calibration wheel records the length of cable in the hole.

survey is normally done from the bottom #ys the sundeis 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 ofwell log

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

1 The Geophysicist: Are the tops where you predicted?

1 The Geologist: What depths are the formation tops?

9 The Drilling Engineer. What is the hole volume for cementing?

1 The Reservoir Engineer: How thick is the payne® How
Homogeneous is the section?

9 The Production Engineer. Where should the well be completed (in

what zone (Ss))?

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 raysnaturally emitted by radioactive formations. The gamma ray
log is a passive log, it really does not emit gaynma ray of its own, the
tool merely detects or senses the presence of radioactive elements found
naturally in certain underground formatiomable (2.1) (Asquith, G. and
Krygowski, D. (2004).

14
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The radioactive element could be an isotope of Uranium,ridimg
Potassium or a combination of any of them. Radioactive isotopes are
unstable and to achieve stability
resultant release of gamma rays. This released gamma ray is what is
detected by the gamma ray log and caredn 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

Estimate bed boundaries, stratigraphioeations.
Estimate shale content.
Perforating depth control.

Identify mineral deposits of potash, uranium, and coal.

a k~ 0N

Monitor movement of injected radioactive material.

2.4.2 Density log

A densitylogging tool sends gamma rays into a formation aetbats
those that are scattered back. Typiogging sundes use a CesiufiB7
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 ¢osis the scattered gamma ray

count rates at the detectossverage electron density, in turn, correlates

15
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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 amhoof PE
absorption that a formation exhibits. Again, all the bulk average effects

accrue, with special problems posed by banuenghted mud.

The depth of investigation of a density tool decreases with increasing
density and never exceeds 6 in., as theugegeometric factor shows in
figure (2.3).

— —— NEUITON s == density = == gr-reservair gr-water
1‘ ___-- ’--__-—'._----—-
0.9 el - LA -= -~
. / "- ’F
| -’ 7
o 08 / * Y
o ] 7/
E 0.7 ! # 7
2 0.6 - [ ‘
o /¢ 4
— 05 /
o
S 04 ‘#ﬁ__bf
8 03— 7
w oo, A /"/
’ / 7~
0.1 - / —
.__.,.-""'
0
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Radial Inches

Figure (2.3): NucledRadialGeometrid~unctionsComparison ofRadial Geometrid=unctions
for VariousNuclearLogs in a 2.u.Limestone.
(www. petrowiki.org

The log almost always measures the invaded zanksaat in porous,
permeable formations. As is typical of the nuclear scattering family of

measurements, the density tool uses two detectors at progressively longer

16
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distances from the source. The distance between the near and far
detectors sets the verticaesolution, approximately 10 in. typically.
Correction is by the spirandribs technique. The spine is the normal
calibrated relationship between the density measured by thespaeed

and farspaced detectors in the absence of any gap between trentbol

the borehole wall. Gaps cause departures from this spine and lead to
density corrections that are applied to the density from the-dpage
detector. This correction is presented as a curve with the density log.
Above an inch or so of standoff, themspensation 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 onthe spine (and, hence, to the correct bulk density) requires that
the density pad be parallel to the borehole wall. Likewise, very small
waterfilled gaps can give rise to large corrections that are perfectly
correct (John R. Fanchand Richard L. Chrisgansen (2017)

9 Densitylog 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).

17
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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 the proton but carries no electrical
charge. These two properties, smallness of aimbespecially electrical
neutrality, make it an ideal projectile for penetrating matter. Newscan

pass through steel casing and penetrate rocks. The neutron log is sensitive
mainly to theamount of hydrogen atoms in a formation. Its maseis in

the determination of the porosity of a formation
Theneutronlog providesa continuougecordoff o r ma treadcionote

fast neutron bombardment. It is quoted in terms of neutron porosity units,
which are related to fior mat i ondés hydr wmgefits i ndex,
richness in hydrogenThis hydrogen richness is called the hydrogen
index (HI) which is defined as theeight percent hydrogen in the
formation to weight percent hydrogen in water, where Hwater is
1.Neutron porosity is real porosity in cledmestones, but other

lithologies requireconversion factorgAnimireddy Ramesh, (2012016).

9 Principles of measurement

Neutronsaresubatomigarticleswhosemasss essentiallyequivalent
to that ofa hydrogen nucleus. The lifetime of a free neuisoane 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 shoimrthe following Table (2.2).

18
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Table (2.2): DifferenEnergyLevels of Neutrons.

Name Energy Interaction
. Inelastic/elastic
High energy >10 MeV absorption
Fast 10 MeV-10 KeV Inelastidelastic
Intermediate 10 KeVi 10 eV Elastic
Epithermal 10 eVi 0.1 eV Elastic
Thermal 0.025 eV Elastidabsorption

1 Uses of theneutron log

1. Determination bPorosity:
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 Saiclog

The sonic or acoustitog measures the travel time of an elastic wave
through the formation. Thisiformation can also be used to derive the
velocity of elastic waves through the formatitts.main use is to provide

information to support and chliate seismic data and to derive the

porosityof a formation(Dr. Paul Glover).

1 Uses of sonic log

Provision of a record of Aseismico Vv
borehole. Thisnformation can be used to calibrate a seismic data set (i.e.,

tie it in to measured values of seisnaglocity).

19
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1.Provision of Asei smico data for
seismograms.

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

Identification of lithologies.

Facies recogtion.

Fracture identification.

Identification of compaction.

Identification of oveipressures.

© © N o 0o~ WD

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 pasge 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

electricalinsulatorFigure(2.4). (Rider, M. H.(1996)).
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Figure (2.4)Showing theResponsef ResistivityCurve in theDifferent Formations.
(Schlumberge(1987), application®, Houstion, Taxds

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 theylindrical nature of the invasion.

dh = hole diameterdi = diameter of invaded zone (inner boundary of
flushed zone)dj = diameter of invaded zone (outer boundary of invaded

zone)

&g = radius of invaded zone (outer boundatync = thickness of mud
cake Rm = resistivity of the drilling mudRmc = resistivity of the mud
cake Rmf = resistivity of mud filtrateRs = resistivity of the overlying
bed (commonly assumed to be shal®) = resistivity of uninvaded zone
(true formation resistivity)Rw = resistivity of formation waterRxo =
resistivity of flushed zoneSw = water saturation of uninvaded zarel

Sxo = water saturation flushed zone
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|:| Resistivity of the zone
(O Resistivity of the water in the zone
/\ Water saturation in the zone ,,—-‘-——-\/
r
Mud

Adjacent bed

(Bed
thickness)

Adjacent bed

(Invasion diameters)

o Arj o
[ po—
|

diameter

Figure (2.5)The Borehole Environment ag&gmbols Used Log Interpretation
(Asquith, G. and Krygowski). (2004)

1 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 bg

A single log created by splng 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 abta single
composite recorérigure(2.6). (Schlumberger, (198Y)
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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 petrophysdath 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 olGgical,
Petrophysical, and reports, review the quality of data that used such as,
Petrophysical data (Porosity (9), 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 andquality control the data
In this stage loagd 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 wellsSNE67 2F4NC
7 2 F5NC 7 2 In petrophysical analyzing to predict psiy,

permeability, net pay, water saturation and volume of shale.
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Figure (3.1): Showin@ompositd_og of Well Logging andCore Sample

3.1.3 Stage llI: 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_ Shaleliyme, Av Porosity, Av

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

3.2 Techlogsoftware

Is a program of the company is owned by Schlumberger Global which
operates the oil field. The program aims to collect and epalathe 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 ofntegrated 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 manifesta of
contemporary public life. PutAlticloj 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 Techlogpgram.(Schlumberger, (1987))
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@ Techlog "

Because every well counts

Schiumberger

Techlog wellbore software platform. Techlog is & mark of Schlumberger.
Copyright © 2015 Schlumberger. All rights reserved.

Figure (3.2)Show the Techlog Softe.

LAYOUT Techlog
Well(s): f4

Project: emhe_now Author: emhemmada BAKARY
Dataset(s): F4-NC72,Index (ID: cp)

Scale: 1:200 Date: 17/04/40

Well: f4

uwi: Elevation: X: SPUD date:

Short name: Elevation datum: Y:

Long name: Total depth: Longtude: 018 45'39.495"E DMS  Status:
Coordinate system: Lattude: 027 36' 23.208"N DMS  Operator:

PEF/Baseline
GR/!
Reference =
(FT) GR ILD RHOB P TVDSS
1:200 [o AP 150 | 02 OHMM 2000 | 195 -160 mv a0 | 1372 ft 8300
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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), tityachecks 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 F572 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 \Y; V V V \Y
F5 Y, Y, Y, V v \Y
F6 \Y; Y, \Y; v \Y; v \Y; v

3.3.1 Core Data
Core data analyses is availalbte 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 FA-NC7 2 F5-NC7 2 F6-NC7 2

1 (78657925) 6ft | (75957654) 10ft| (7485i 7678 8ft
2 (79257985) 8ft | (76547714) 6ft | (7768i 7898) 10ft

3.4 Estimation of petrophysical parameters

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

3.4.1 Shaleand clay volume
The volume of shale into calculated from gamma ray log shown in
equation (3.1), figure (3.4).

6 #, éEéeééeeéeééeeéeeéeée. (3.1)
Where,

VCL =Volume of Clay

GRog = Gamma Ray Log reading of formation

GRmin = Gamma Ray Matrix (Clay free zone)

GRnax= Gamma Ray Shale (100% Clay zane)
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3.4.2 Porosity

Total porosity, was calculated from densitgutron log as shown in the

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

///////////////////

z ——¢ééééééeécééeeeeceeeéee. é. (3.

Where,
@ =porosity derived from density log
} ma=matrix (r grain) density

J b = bul k density

and grain density)

1« = fluid density.

(as

measur ed

Effective porosity, was estimated according to equation (3.3)
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Z 7, e, e e e,
z A ; ZZ eééééeéeeeeeeeccece
(3.3)
Where,

7. = Effective porosity

I sh = Density of shale

(da= 2. 679/ T cOgh26gce) |

¢ men_pb 2 V _—-
den S Y, [

‘ Pra ﬁ:DD

/ 2.876 gm/em3 —— dolomite

salt water mud= 1.1gm/em3 f { EEE s !
} 5553 e

Figare (3.5): Show@alculatedPorosity.

According to Rider [20], the following taés$ 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 &forosity Percentage Porosity (%) Qualitative

Description.
0-5 Negligible
5-10 Poor
15-20 Good
20-30 Very good
>30 Excellent

Table (3.6): Qualitative Evaluation &fermeability Average K Value (md) Qualitative

Description.
<1 0. 5| Poorto 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.

Yy
—5 céeecéeccecceccecece (3. 4)

3x 1&

3xA = éeéeéeéeéceéeceeéeéeeée (3.5)
z
8

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

Where,

Rtcl = Deep resistivity in clay (read from log)
R: = Deep Resistivity

Rw = Down hole water resistivity
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J. = Effective porosity

Sy = water saturation

Swe = Effective water satation

a = Archiebds 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 reserdomestone across the well. The net
thickness, which is the thickness of the reservoir, was determined by
defining basis for nomeservoir and reservoir Limestone using the
gamma ray log. This was carried out by drawing a shale baseline and
sand baselinerothe 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
i h shale, and Net/Gross = h/H, was obtained fothal reservoirs in the
wells F6, F4 and FgSchlumberger (2002))

3.4.5 Net pay
A porosity cutoff of 10% was used along with a shale volumeaftiof
51% to define the quality of the reservoir rock. Water saturation, Sw, cut
off value of 60% was usetd 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 hydrocarb@®chlumberger (2002))

33



CHAPTER THREE METHADOLOGY

3.4.6 Hydrocarbons-in-place wlumes
The original hydrocarbeim-place of each reservoir was evaluated using
deterministic approach. This was based on mean weighted averages of

porosity, water saturation, gross rock volumes andagtoss ratios.

3.5 Determination of lithology from wire line logs

A manual interpretation of lithology of the NX well was undertaken
using all the logs registered through a systematic approach. The gross
lithology was corroborated and compared at the same depth, horigontall
to the gamma ray log. The interpretation then continued, again
horizontally, through the other loggesistivity, sonic, and densiy
neutron. At depths where all the logs corroborated the same

interpretation, the lithology was noted and then comparecbtes. At

depths where the |ithology did not
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 thewire 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 Crossplots

In this study, three types of well log crgdets between two variables
were done am the resulting series of points were used to define the
relationships between the variables. The cpiets include

I.  Crossplots of compatible logs measuring the same parametlr suc
as the porositiogs thatis neutronrdensity crosslot.
ii. Crossplots 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 inrpphysics are lithology, porosity,
water saturation anghermeability 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 calledeservoir 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 qilossof
density and neutrorotls 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.
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Figure (4.1) DensitNeutron crossplot
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Figure (42): Correlation ol_og DataBetweerThreeWells F4,F5,F§lower Beda)

4.2.2 Volume of shale

Most of the wells have both densitputron and gamma ray data
available. The clay content §\M) 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

wiQ p§ oB W 00 ME Tééééééééé. (4.1)
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