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Abstract

Six oil wells were selected in this study, which included Mishrif Formation
in the Eridu oilfield (Late Cenomanian - Early Turonian) in southern lraqg,
which is considered one of the main reservoirs in the field to study the
microfacies, the modal processes affecting them, the sedimentary
environments, the different types of porosity, and the evaluation of

petrophysical properties.

Six major microfacies were diagnosed the Mishrif Formation, these are
Mudstone, Wackestone, Packstone, Grainstone, Boundstone, and Rudstone and
twelve submicrofacies include: Bioclastic Packstone submicrofacies with rich
Echinodermat, Coral and Rudist fragment and high Dolomitization, Rudstone
submicrofacies with large Rudist fragment and vug porosity , Boundstone
submicrofacies with very large coral, Plankton Foraminiferal Packstone
submicrofacies with Globigerinelloides and Calcispheres, Bioclastic
Wackestone to Packstone submicrofacies with dolomite and calcareous algae,
Peloidal Packstone with coral, pillites, pieces of Rudist and Separate-\Vug pore,
Bioclastic Packstone to Grainstone submicrofacies, Peloidal to Bioclastic
Packstone  submicrofacies, Benthonic  Foraminiferal Mudstone
submicrofacies, Rudist fragmented Mudstone. These microfacies were
deposited in restricted, shoal, shallow open marine, rudist Biostrum, and deep

marine environments.

The petrophysical characteristics of the formation (shale volume, porosity
of all kinds and water saturation) were calculated and studied using the
(Tichloge ve.15) program using the available logs such as (gamma ray, density,

neutron, self-potential, sonic, caliber and resistance). Mishrif Formation into

four units from top to bottom (CR-I, MA, CR-I1 and MB), where the reservoir

units have high porous in most wells separated by hard rocks with little




porosity. As for water saturation, its percentage was high in hard rocks, the
percentage of residual and mobile hydrocarbons were high in the MB unit and

for some wells only, and were low in the MA unit.

In this study, structural maps were drawn and a three-dimensional

geological model was built for the distribution of petrophysical properties,

which included total porosity, effective porosity, and water saturation, as well
as the distribution of facies for the Mishrif formation. In the trend wells (ER-
1,4 and7) where the facies specifications improve and the oil saturation is high

in these wells compared to the other wells of the study.

At the end of the study, a stratigraphic analysis was carried out in the light
of the sedimentary environments that were distinguished by knowing the
microfacies of the wells that contain a core, where five sedimentary cycles were
distinguished (A, B, C, D. E) and two main surfaces boundary were identified
(SB1, SB2) based on the association behaviors of the facies within the

boundaries of the sequence layers and paths (HST and TST)




List of Contents

Section
No.

Subject

Chapter One : Introduction

Preface

Aims of the study

Study Area

Tectonic and Structural Setting

Stratigraphy of Mishrif Formation

Methodology

Field work

Laboratory work

Office work

Previous study

Chapter Two : Petrography and Microfacies Analysis

Introduction

petrography of carbonate rock

Skeletal Grains

Rudists

Foraminifera

Calcareous algae

Coral

Non-Skeleton

Peloids

Fine-Grained Carbonate Matrix (Groundmass)

Micrite

Sparite

Microfacies analysis of Mishrif Formation

Mudstone Microfacies




Benthonic Foraminiferal Mudstone

Rudist fragmented Mudstone to Wackestone

Bioclastic mudstone

Wackestone Microfacies

Bioclastic Wackestone

Fossiliferous Wackestone to packstone

Planktonic Wackestone

Bioclastic Wackestone to Packstone

Packstone Microfacies

Planktonic Packstone

Peloidal Packstone

Peloidal to bioclastic packstone

Bioclastic Packstone to Grainstone

Grainstone Microfacies

Piloidal grainstone

Rudstone Microfacies

Boundstone Microfacies

Diagenetic processes

Dissolution

Compaction

Recrystallization

Dolomitization

Cementation

Equivalent granular cement

Blocky Cement

Druzy mosaic cement

Radiaxial cement

Micritization

Porosity in Carbonate Rocks




Primary Porosity

Intragranular (Intraparticle) porosity

Intergranular (Interparticle) porosity

Secondary Porosity

Fabric Selective Porosity

Non fabric Selective Porosity

Depositional Environment and Facies Association

Facies Association: Deep Marine Environment

Facies Association: Shallow Open Marine
Environment

Facies Association: Shoal Environment

Facies Association: Rudest Biostrum Marine
Environment

Facies Association: Restricted Marine Environment

Chapter Three : Well Log Interpretation

Introduction

Qualitative interpretation

Borehole Environment

Quantitative interpretation

Determining the size of oil shale

Calculating Porosity

Neutron log Porosity

Sonic log Porosity

Density log Porosity

Neutron-Density cross plot for lithology
identification

Determination porosity

Total porosity

Effective porosity

Secondary Porosity

Determination of Archie's parameters using
Pickett's method

Determination of fluid saturation




Calculating the formation factor (F)

Bulk Volume Analysis (BVW and BVXO)

Application of Elan model

Spectrometry Log Analysis

The Clay Minerals Analysis:

Analysis of the sedimentary environment

Reservoir units for the formation of the Mishrif

Cap rocks (CR-1)

Upper Mishrif Reservoir (mA)

Cap rocks (CR-I1)

Lower Mishrif Reservoir (MB)

Chapter Four : Sequence Stratigraphy

Introduction

Concepts of Sequence Stratigraphy

Accommodation

Key surface

Sequence boundaries (SB)

Maximum Flooding surface (MFS)

Transgressive surface (TS)

Systems Tracts

Lowstand systems tracts (LST)

Transgressive systems tract (TST)

Highstand System Tract (HST)

Carbonate response to sea level changes

Carbonate sequences

Sequence development

Sequence development of Mishrif Formation at
Eridu-1 well

Sequence development of Mishrif Formation at
Eridu-2 well

Sequence development of Mishrif Formation at
Eridu-3 well

Xii




Basin development

Chapter Five: 3D Geology Model

Introduction

Model Design

Data Import

Well Heads

Well Tops

Well Logs

Structure Contour Map

Vertical wells correlation

Structural Model

Pillar Gridding

Make Horizons and Zones

Layering

The Scale up of Well log

Quality Control

Petrophysical Model

Porosity Model

Water Saturation model

Facies and Environmental model

Chapter Six : Conclusion and Recommendations

Conclusion

Recommendations

Reference




List of Figures

Figures Title

Chapter One : Introduction

Map of the study area Eridu oilfield

Tectonic map of Eridu oil field southern Irag modified after

Stratigraphic column showing the lithology of Mishrif
Formation at well Eridu oilfield

Laboratory work: It consists in preparing the thin sections of
the core samples

Laboratory work: It consists in preparing the thin sections of
the core samples

3D geological model work flow diagram

Chapter Two : Petrography and Microfacies Analysis

Dunham classification

Types of pores in carbonate rocks

Microfacies succession and depositional environment of
Mishrif Formation in ER-1 well

Microfacies succession and depositional environment of
Mishrif Formation in ER-2 well

Microfacies succession and depositional environment of
Mishrif Formation in ER-3 well

A cross section showing the sedimentary environments of the
Mishrif Formation units for wells (7,1,4)

A cross section showing the sedimentary environments of the
Mishrif Formation units for wells (6,2,4)

A cross section showing the sedimentary environments of the
Mishrif Formation units for wells (7,3,6)

Chapter Three : Well Log Interpretation

Borehole environment

Qualitative interpretation of Mishrif Formation in the for well
ER-1




Qualitative interpretation of Mishrif Formation in the for well
ER-2

Qualitative interpretation of Mishrif Formation in the for well
ER-3

Shows the crossplot of Neutron porosity and Density porosity
for well ER-1

Shows the crossplot of Neutron porosity and Density porosity
for well ER-2

Shows the crossplot of Neutron porosity and Density porosity
for well ER-3

Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (Cr-1)

Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (MA)

Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (Cr-11)

Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (MB)

Shows the crossplot of Potassium- Thorium in ER-1 well

Shows the crossplot of Potassium- Thorium in ER-2 well

Shows the crossplot of Potassium- Thorium in ER-3 well

Petrophysical calculations for Mishrif Formation for well ER-
1

Petrophysical calculations for Mishrif Formation for well ER-
2

Petrophysical calculations for Mishrif Formation for well ER-
3

Chapter Four : Sequence Stratigraphy

Sediment accommodation space and its relationship to eustatic
sea level and tectonic uplift and subsidence.

System tracts and sequence boundaries

Carbonate depositional response to sea level changes

An interplay of four main controlling factors influence
sequence stratigraphic

Sequence stratigraphic analysis of Mishrif Formation in ER-1
well




Sequence stratigraphic analysis of Mishrif Formation in ER-2
well

Sequence stratigraphic analysis of Mishrif Formation in ER-3
well

Chapter Five: 3D Geology Model

Vertical Cross section in direction N-S shows correlation of
Mishrif Formation in Eridu oilfield in wells (ER-1, ER-4 and
ER-7).

Vertical Cross section in direction N-S shows correlation of
Mishrif Formation in Eridu oilfield in wells (ER-2, ER-3 and
ER-6).

Structure modeling of Mishrif Formation in Eridu oilfield.

Structure map for top Mishrif Formation (CR-1) in Eridu oil
field.

Structure map for top Mishrif Formation (MA) in Eridu oil
field.

Structure map for top Mishrif Formation (CR-I1) in Eridu oil
field.

Structure map for top Mishrif Formation (MB) in Eridu oil
field.

Structure map for top Mishrif Formation (Rumaila) in Eridu
oil field.

The Skeletons of Mishrif Formation in Eridu field.

shows the top horizon and zones of Mishrif Formation in
Eridu oilfield.

Intersection of 3D structure model which illustrate thicknesses
of zones of Mishrif Formation in Eridu oilfield in wells (ER-7,
ER-3 and ER-6).

Layering division for each unit of Mishrif Formation in Eridu
oilfield.

Scale up for Mishrif Formation in Eridu oilfield in wells (ER-
1).

Quiality histogram for PHIT of Mishrif Formation in Eridu
oilfield.

Quality histogram for PHIE of Mishrif Formation in Eridu
oilfield.

Quality histogram for SW of Mishrif Formation in Eridu
oilfield.

Total porosity of Mishrif Formation in Eridu oilfield.




Effective porosity of Mishrif Formation in Eridu oilfield.

Total porosity intersection line of Mishrif Formation in Eridu
oilfield in wells ER-7, ER-1 and ER-4.

Effective porosity intersection line of Mishrif Formation in
Eridu oilfield in wells ER-7, ER-1 and ER-4.

Total porosity for MB unit in Eridu oilfield.

Effective porosity for MB unit in Eridu oilfield.

Histogram plot for total porosity of Mishrif Formation in
Eridu oilfield.

Histogram plot for effective porosity of Mishrif Formation in
Eridu oilfield.

Water saturation of Mishrif Formation in Eridu oil field.

Water saturation intersection line on wells ER-7, ER-1 and
ER-4.

Water saturation intersection line on wells ER-7, ER-3 and
ER-6.

Histogram plot for water saturation of Mishrif Formation in
Eridu field.

Water saturation for MB unit in Eridu oil field.

3D view of Facies and Environmental distribution in Eridu
oilfield.

Facies and Environmental map of MA unit in Eridu oilfield.

Facies and Environmental map of MB unit in Eridu oilfield.

List of Tables

Table

Chapter One : Introduction

The heights and thicknesses of the Mishrif Formation in the Eridu
oil field according to the global coordinate system and number of
core available for it




Chapter Three : Well Log Interpretation

Tops of reservoir and cap units for Eridu oilfield

Sonic velocity and interval time for different matrices. These
constants are used in the sonic porosity formula above.

The classification of porosity according to

It shows the BVW values of carbonates as a general guide to the
types of porosity

Interpretation value of Mishrif Formation in well ER-1

Interpretation value of Mishrif Formation in well ER-2

Interpretation value of Mishrif Formation in well ER-3

Interpretation value of Mishrif Formation in well ER-4

Interpretation value of Mishrif Formation in well ER-6

Interpretation value of Mishrif Formation in well ER-7

Chapter Five : 3D Geology Model

Number of layers and average thickness for each unites of reservoir
of Mishrif Formation in Eridu oilfield.

plates

Plate Page

Chapter Two : Petrography and Microfacies Analysis

2.1 38

2.2 39

2.3 40

24 41

2.5 42

2.6 43

2.7 44

2.8 45

2.9 46




NOMNCLATURE

Eridu Well-1

Eridu Well-2

Eridu Well-3

Eridu Well-4

Eridu Well-6

Eridu Well-7

Figure

Meter

Computer Processing Interpretation

North-East

South-West

Standard Microfacies

Arabian Plate

Self-potential log

Gamma ray log

Effective porosity

Total porosity

Water saturation

Water saturation of the washed area

Resistivity of uninvaded zone

Resistivity of formation water

Bulk volume of water of uninvaded zone

Bulk volume of water of flushed zone

Spectral gamma ray

Cape Rock

Upper Mishrif Reservoir

Cape Rock

Mishrif Reservoir

Volume of shale

Sequence boundaries

Maximum Flooding surface

Transgressive surface

Lowstand systems tracts

Transgressive systems tract

Highstand System Tract




Chapter One

Introduction




Chapter One Introduction

1.1 Preface

The Cretaceous rocks in Irag and the Middle East represent a distinguished
location within the stratigraphic column, so the formations of this period
represent rocks with good oil potential, some of them are source rocks that
generate hydrocarbons, and others are oil reservoirs.

This study came to complement the previous studies in the Eridu oilfield
which is one of the new fields in southern Iraq. The Mishrif Formation is one
of the formations of the sedimentary cycle Late Cenomanian—Early Turonian
and one of the most important reservoirs in the Mesopotamian Basin in central
and southern Irag (Al-Nagib, 1967).

Many studies had been carried out on all geological aspects of the Mishrif
Formation in various fields in southern Irag, but these deposits are still at an
early stage of development in many fields, such as Eridu oilfield.

Nine wells were drilled in the Eridu oilfield by the Russian company
(LUKOIL), forming Mishrif, based on the approval obtained from the Ministry
of Oil., Eridu-1, was drilled in 2016, and drilling reached the final depth 3168
meters within the Yamama formation, and oil production was established from
the reservoirs of the Mishrif and Yamama Formations. In addition to the
presence of oil evidence within the formations of Khasib, Shuaiba and Ratawi.
1.2 Aims of the Study

1. Description the stratigraphic and lithological of the Mishrif Formation in
the wells studied.

2. Determining the microfacies and sedimentary environments of the
Mishrif Formation of wells that contain cores and predicting their
extensions in the study area by comparing the facies description and the
behavior of the logs (GR and Sonic) for field wells that do not contain
cores, and determine digenesis processes that effect on the Mishrif

Formation.



Chapter One Introduction

3. Calculation of petrophysical parameters by using geophysical well logs
in Studying Reservoir Properties of Mishrif Formation.

4. Building a 3D geological model using the Petrel ve.18 program to know
the distribution of petrophysical properties and the vertical variation
within the formation.

5. Studding the sequence stratigraphic analysis to clarify the effect of local
tectonism and eustasy on the development of the succession.

1.3 Study Area

The Eridu oilfield is located in the southern part of Irag within the
administrative borders of Al-Muthanna Governorate, approximately 35 km
southeast of Samawah, and 60 km west of Nasiriyah. Surrounding the Eridu
field are fields and structures such as the Nasiriyah, Subaa, Luhais, Samawah
fields, and structures such as Diwan and Ur.

Together these units represent a single carbonate sequence from the Mid-
Cretaceous in the Mesopotamian Basin. The Mishrif Formation is a carbonate
formation that extended widely into the Arabian Gulf. The Mishrif Formation
in central lraq reflects the continuous deposition of shallow shelf carbonates
during periodic sea level rises, which resulted in deeper downward depositional
events (Jassim and Goff, 2006).

1.4 Tectonic and Structural Setting

The Mishrif Formation in Iraq was deposited under the action of tectonic
movement and eustasy. The Mishrif Formation corresponds to the Albian-Early
Turonian supersequence 1V of the Iragi Cretaceous sequence-stratigraphic
framework, the large sequence AP8 deposited on the passive margin of the
Arabian plate (Sharland et al. ,2001).

Each of these subzones may be identified by structural highs and lows with
different trends that were created during the deformation of the northern

Tethyan border of the Arabian Plate between the Cenomanian and Early

3
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Turonian (Jassim and Goff, 2006). Negative gravity residuals are found under
a number of supergiant oilfield formations, including Zubair, Rumaila, and
Nahr Um, indicating that salt diapirism is the source of numerous structures in
southern Irag (Jassim and Goff, 2006; Agrawi et al., 2010). Early Jurassic time
IS when some of these structures first started to emerge (Al-Sakini, 1992;
Sadooni and Agrawi, 2000).

The study area is located within the Mesopotamian belt, which is divided
into the Zubair, Tigris, and Euphrates tectonic subzones (Buday and Jassim,
1987). Geological evidence for this subdivision, which demonstrates increased
subsidence rates, can be found in the thick Mishrif Formation that runs along
the Euphrates subzone. During the Cenomanian—Early Turonian deformation
of the Arabian Plate's northern Tethyan boundary, structural highs and lows
with various trends distinguish each of these subzones (Jassim and Goff, 2006).

The Zagros belt is considered the first zone. This belt, which forms the
eastern and northern boundaries of the Mesopotamia Basin, exhibits extensive
tectonic deformation as a result of the collision of the Arabian and Iranian
plates. The platform that marks the second zone and is where the Eridu oilfield
IS situated is what defines the Mesopotamia basin from the west (Buday,1980).

The Mesopotamian Foredeep is where the Eridu oil field is located. Located
between the stable continental component (Inner Platform) and the western
Zagros fold-thrust belt to the northeast, it is the final surviving piece of the
Zagros foreland basin that stretches southeast to its marine counterpart, "The
Arabian Gulf." It has a lot of submerged structures, including ones that are
actively undergoing neotectonic movement. The Mesopotamian Foredeep is
divided into the Al-Jazira and Basra subzones in the north and south,
respectively, depending on its diverse mobility and activity (Fouad, 2012),
figure (1-2).
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1.5 Stratigraphy of Mishrif Formation

The Mishrif Formation was deposited in the Early Cenomanian cycle, the
second depositional cycle of strata previously known as the Middle Cretaceous,
in the Mesopotamian Basin and southern and central Iraq. Buday (1980)
divided the sequence into two sedimentary cycles. The Cenomanian-Early
Turonian cycle begins with the deposition of the Rumaila Formation during the
period of marine advance in the cycle and is topped by the deposition of the
Rumaila Formation, which consists of limestone and chalky, graduating in turn
upwards to the Mishrif Formation during the period of marine decline in the
Late Cenomanian- Early Turonian. The gradient, in turn, leads upwards to the
Khasib Formation containing high evaporates, which overhangs the Mishrif
Formation. Awadees et al., (2018) divided the Cenomanian — Early Turonian
mega-sequence into seven 4th-order genetic - mega sequences, each containing

5th-order lithofacies cycles.

Where the Mishrif Formation takes its stratigraphic position between the
Khasib Formations from above and is bordered by the Rumaila Formation from
the bottom, where the contact between them is unconformity, it may sometimes
be difficult to distinguish between the rock units of these two formations. It
should be noted that the anhydrite facies of the Kifil Formation symmetrically
cover the facies of the Mishrif Formation in some wells in southern and central
Irag, which in turn represents the last stage of marine retreat and the end of the
sedimentary cycle, (Figure 1-3).

The first to describe the Mishrif Formation is Rabanit (1952) where it is
described in the Type section of Zb-3 within the upper part of what was called
the Khutiah Formation within (the Wesea Group) which includes the Ahmadi,

Rumaila and Mishrif Formations.
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The largest significant oil resource in the Mesopotamian Basin is the
Mishrif Formation, which is Late Cenomanian in age (van Bellen et al., 1959).
The AP9/AP8 megasequence boundary is located at the top of the Mishrif

Formation truncation (Sharland et al., 2001).

Where the Early Turonian period was characterized by a remarkable
activity of land movements that led to a marine retreat, which in turn worked
on the gathering of Breccia indicating the existence of a surface incompatible
between the two formations of Mishrif and the Kifil above it (Ditmar and Iraqi-
Soviet Team, 1980) the upper part of the Massad Formation is equivalent to the
formation of Mishrif in the Rutba region (Dunning, 1959) and in the northwest
of Iraq, it is equivalent to the formation of Gerber and Merge Mir formations
(Chattonl and Hart,1961), but in neighboring countries it is equivalent to a
group of formations that coincide with it in sedimentation in Iran and the
regions of the Arabian Gulf and Syria, as it is equivalent to Magwa Formation
in Kuwait (Powers,1968 ) and Natih Formation in Oman (Scott et al.,1994) and

the two formations of Al-Khatia and Rumaila in the north of the Emirates.

The Mishrif facies overlap with the Wasia group in Saudi Arabia and it is
in the form of two units, part of which is equivalent to the formation of the
Mishrif and is called the lower Mishrif (Powers, 1968) In Iran, the formation is
equivalent to the upper part of Sarvak Formation (James and Wynd, 1965). In
both Qatar and Bahrain, there is the Mishrif formation, and it is also called the

Mishrif formation.
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Figure (1-3) Stratigraphic column showing the lithology of Mishrif
Formation in ER-4 well.



Chapter One Introduction

1.6 Methodology

1.6.1 Field work

Collecting rock samples from the Mishrif Formation under study Oil Wells

from the laboratories of the Oil Exploration Company of the Ministry of Oil

Figure (1,4).

1.6.2 Laboratory work

123 thin sections were prepared in the rock thin sections workshop at the

Department of Applied Geology at the University of Babylon., Figure (1,5).

Table (1.1)

1.6.3 Office work

1. Itincluded the collection of preliminary information from the final reports
of the wells of the study area, and the wells containing the probes and the
probe data required for the study were identified, preparing the information,
and analyzing the probes of the open wells of the study wells, which
included each of the sensors (Spontaneous potential (SP), Gamma Ray Log
, Density Log (RHOB), Neutron log (NHI), Sonic log (DTC) (At Well
Measurement Caliper log Electrical Resistance Resistivity micro resistivity
logging as well as the use of several programs in petrophysical analysis and
chart stratigraphic and rock sections such as Tichloge ve.15 program.

2. Petrophysical measurements and equations used for interpretation
Calculation of total and effective porosity and shale volume, interpretation
of logging.

3. Using the application of microfacies analysis to interpret the stratigraphic
analysis and determine the sedimentary environment of Mishrif Formation.

4. Diagrams were made between the various logs through the Tichloge ve.15
program.

5. For the purpose of creating a 3D geological model for a reservoir, Petrel

2018 software has been used. For the construction of this kind of model,
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there are several processes that start with the essential data. These facts

include: -

e Well heads: Position of each well in the Eridu oilfield, in particular the
northern, eastern, and (RTKB).

o Well tops: measured depth for each well and defined all unites for
formation in the Eridu oilfield.

e Well logs: These comprise the reservoir's parameters (PHIT, PHIE, and
SW), as well as the CPI value imported into Petrel ve.18 from Tichloge
V. 15.

e Mishrif Top and unit structure maps that were scanned in 2015 using the
surfer program after being taken from a geological report. The flow work

diagram in figure shows the process (4-1).

Figure (1-4) Laboratory work: It consists in preparing the thin sections

of the core samples from exportation company

11
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Table (1-1): The heights and thicknesses of the Mishrif Formation in the
Eridu oil field according to the global coordinate system (U.T.M. WGS 1984)

and number of core available for it

1695.8 1885 189.2 568188 | 3436483 42 _
17445 1898 153.5 568294 | 3442598 39 _
1717.9 1879.5 161.6 564069 | 3438718 43 _

1763 1941 178 573411 | 3442721 _ 20
17345 1889 154.5 564786 | 3443762 _ 15
1649.9 18415 191.6 563247 | 3429508 _ 25

Figure (1-5) Laboratory work: It consists in preparing the thin sections of

the core samples at university of Babylone
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Data Preparation
Importing Data into Petrel
| | | |
Well Heads Well Tops Well Logs Contour Maps
Make Boundary
T
Make Surface of units
3D Grid Model
| | |
Well Structure Property
Correlation Modelling Modelling
[ - i | I i
Simple Make Make Make Well Log Petrophysical
Grid Model Horizon Zones Layers Up-Scaling modelling
I |
PHIT PHIE sSw
Model Model Model

Figure (1-6) 3D geological model work flow diagram

1.8 Previous studies

Smout (1956) and Fox (1957) they used the term “Mishrif” after the study
of Rabaint (1952).

Gaddo (1971) Studied the petrography and paleoenvironment of the Mishrif
Formation and divided its environment into five environments.

13
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Agrawi et al. (1998) Discussed the sequence stratigraphy and facies of the
Mishrif Formation in Irag.

Al- Jumaily (2001) Studied the facies and depositional environments of
Mishrif Formation in selected oil fields in south of Irag.

Van Buchem et al. (2002) Used the same outcrops (Adam Foothills) with
subsurface data to construct a more detailed model.

Al-Jawad (2005) Studied the Reservoir Properties of the Mishrif Formation
in selected wells from North Rumaila and South Rumaila and West Qurna
Fields.

Al-Attiyah (2009) conducted a reservoir geological study to form Mishrif
Formation in selected wells from southern Iraq.

Al-Baldawi, (2012) studied the characterization of carbonate reservoirs and
he built a 3D geological model of Mishrif Formation in six wells of Amara oil
field and he made a petrographic and micro facies study.

Jaefar (2012) conducted a study to build a geological model for Mishrif
Formation in the Buzurgan field.

Mahdi, et.,al (2013) Sedimentological characterization of the Mid-
Cretaceous Mishrif Formation resesrvoir in southern Mesopotamian Basin,
Irag.

Al-Shabender (2014) studied a sequential geoscience workflow
(geophysical, petrophysical evaluation, and modeling) of the Cenomanian early
—Toronian carbonate succession of Mishrif Formation in Buzurgan oil- field,
South-Eastern of Irag.

Sager (2014) recognized four main microfacies within Mishrif Formation in
Tuba oil field, interpreted the well logs and built the reservoir geological model.

Jaed (2016) the Mishrif Formation in the Gharaf oil field was studyed for
reservoir characterisation and a 3D petrophysical modeling.

Al-Mosawy (2014) studied an advanced well logging analysis and reservoir

heterogeneity modeling of Mishrif Formation in southeast Missan governorate.
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Mohammed et al., (2021) reservoir characterization of the Middle
Cretaceous Mishrif Formation in the Buzurgan oilfield, Southern Iraq

Al-Maliky (2022) Geological model of Mishrif formation in selected wells
of Zubair Oil field in Southern Iraq.

Badr (2022) Reservoir Evaluation and Geological model for Mishrif
Formation in Nasiriyah and Eridu Oil-Fields, Southern Iraqg.

Al-Mashhdani (2023) Reservoir Evaluation and Geological model for

Mishrif Formation in Nasiriyah and Eridu Oil-Fields, Southern Iraqg.
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Chapter Two Petrography and Microfacies Analysis

2.1 Introduction:

The succession of the Mishrif Formation was subjected to a facies analysis
through the study of microfacies because of its special importance in giving a
clear view of the sedimentary environments and diagenetic processes of any
calcareous formation. A sedimentary facies is defined as a rocky body with
certain lithological characteristics, such as granular size, mineral composition,

sedimentary structures, etc., that distinguish it from other facies.

Therefore, the current study tended to study the microfacies under the
microscope to show the type of microfacies, the effective transformational
processes, and to identify the sedimentary environments and the facies
discovered in this study were traced vertically using well logs (Sonic and
Gamma ray). The classifications used in this study is the Dunham classification
(1962), Wilson (1975), and Flugel (2010), for its ease of application on the
facies of the study area and for its usefulness in showing different types of
sedimentary texture depending on the clay or granular support. Their
characteristic skeletal and non-skeletal grain types in Mishrif Formation.
Skeletal grains are one of the most important and widespread constituents of
the Mishrif Formation. They consist of whole fossilized organism's
foraminifera, bioclasts, or fragments encased in varying degrees of

abrasiveness (Booge, 2009).

A large number of thin section were examined by polarizing light
microscopy from cores ER-1, ER-2, and 3, where 123 thin section were

examined.
2.2 Petrography of carbonate rock

Petrography is the geological description of rocks supported by microscopic
examination of thin sections. Detailed studies of diagenetic properties and

changes in porosity distribution in thin. Although many carbonate classification
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schemes are available (and most are very useful), the scheme used in this study

the "Dunham classification system",

(Dunham ,1962) classification of carbonate rocks, as modified by (Embry and
Klovan ,1971), is based on sedimentary structure, whether the rocks are
supported by a matrix (mud) or a framework (grains). The limestone units of
the Mishrif Formation are classified according to this classification (Figure 2-
1). The lithofacies composition of the Mishrif Formation is essential in
identifying and subdividing the microfacies of these units. They include matrix

(micrite) and various skeletal and non-skeletal particles.

i I i Depositional
Depositional texture recognizable e one
Original components not bound cog‘f;%':ea:“s recognizable
together during deposition e Bosind
Contains mud Lacks mud together
(clay and fine silt-size carbonate) and is gracl’n
= su rte
Mud-supported sucg;ac:?ted S

Less than More than
10% grains 10% grains

Mudstone | Wackestone | Packstone Grainstone | Boundstone Crystalline
® | @ 1>
& |

Figure (2-1) Dunham classification (1962).

2.2.1 Skeletal Grains

Skeletal grains are one of the most important and widespread constituents in
the Mishrif Formation. They consist of whole fossilized organism's
foraminifera, bioclasts, or fragments encased in varying degrees of hardness
(Booge, 2009). The most important and widely distributed skeletal particles in
the limestone of the Mishrif Formation are rudist, foraminifera and calcareous
algae.
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2.2.1.1 Rudists

Rudists were common throughout the Cretaceous. Diversity decreased in
Early Aptian and Late Cenomanian, and increased significantly in Early
Maastrichtian (Flugel, 2004). In recent years, oil and gas scientists have
achieved particularly outstanding results in the search for oil and gas, helping
to more clearly define the Cretaceous succession and its evolution in various
paleogeographical domains. Rudist and their derived bioclasts play an
important role as the main fossil constituents of many sedimentary reservoirs
found in Cretaceous carbonate rocks (Cestari and sartario, 1995).

Rudist represents an important fossil index and contributes to the
construction of the Mishrif strata. It is clearly visible in the ER-1 well.
Fragments ranging from small to large were found. (plates 2-2.D and 2-4. C)
2.2.1.2 Foraminifera

Benthic foraminifera are the main constituents of the rocks of the Mishrif
Formation and are present in front and back reefs as well as in slope and shoal
environments. It frequently occurs with corals, algae, Textularia sp., (plats 2-1.
D) Nezzazata sp., (plats 2-1. A) Milliode. are examples of common benthic
foraminifera found in the thin sections analyzed. Planktonic foraminifera were
abundant in the upper Mishrif Formation, and they were restricted to specific
depths within the formation as the depositional environment deepened such us,
Globigerinelloides sp., Heterohelix sp. and Hedbergella sp. (plates 2-1. A and
D, 2-2. A, 2-2. B and C), (Flugle,2010).
2.2.1.3 Calcareous algae

Calcareous algae represent a large and diverse assemblage of aquatic
photosynthetic plants, ranging from tiny micron-sized plankton to giant benthic
marine plants tens to meters long. The Mishrif Formation is rich in calcareous

algae, especially green algae. (plates 2-3. A)
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2.2.1.4 Coral

Corals are very common in the Mishrif succession and, together with rudest,
have made an important contribution to the construction of the Mishrif
carbonate platform. The emergence of corals was almost related to the high
effect of recrystallization and cementation, destroying the porosity within the
corals (plates 2-7. D).

2.2.2 Non-skeleton

Non-skeletonized grains are those that do not appear to have been derived
from microbial skeletal material. They are less dominant in the Mishrif
Formation, represented by spheroids and Peloids. (Boogs, 2009)
2.2.2.1 Peloids

Peloid is in the form of spherical or oval particles and is widely used in most
studies. It is composed of microcrystalline calcite with a diameter of 0.2-1 mm
and internal structures of other shapes (Tuker, 1990; Flugel, 1982), and is
distributed in shallow coral reefs and silt mounds on carbonate ledges in
tropical and subtropical seas (Flugel, 2004), they have multiple origins and may
be the result of bioclastic aversive processes or bioclastic feces (plates 2-8. A
and C).

2.3 Fine-Grained Carbonate Matrix (Groundmass)

The floor consists mainly of fine-crystalline calcite called micrite, which is
small crystals whose diameter does not exceed 4 microns and often appears
opaque under the microscope. If its diameter exceeds 5 microns, it is called
sparry calcite. The (Micrite) is deposited in an environment with calm
sedimentation energy, while sparry Calcite is deposited in an environment with
high sedimentation energy (Flugel, 1982)

2.3.1 Micrite

The bottom of the fine-grained carbonate matrix (groundmass) is mainly

composed of fine-grained calcite called micrite, which are small crystals no

larger than 4 microns in diameter and usually appear opaque under the
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microscope. When its diameter exceeds 5 microns, it is called sparry calcite.
Soil is one of the most important indicators to determine the strength of
subsidence energy. Micrite mud is deposited in an environment with calm
subsidence energy (Flugel, 1982). Microcrystalline calcite is referred to as
"Micrite". The term currently refers to rocks composed of fine-grained calcite
crystals and in situ-generated grains or aggregates of fine-grained, pre-existing
carbonate material. (plat 2-2. C)
2.3.2 Sparite

Besides carbonate grains and micrite, the third major constituent of
limestone 1s sparry calcite. Sparring calcite crystals are larger (0.02-0.1 mm)
(Booge, 2009). The origin of spar is the recrystallization of micrite-sized calcite
crystals during recrystallization, or as a one-step process of aragonite precursor

cementation and calcification (Flugel, 2004)
2.4 Microfacies of Mishrif Formation

The thin section of Mishrif Formation was studied and examined, and the
main microfacies were distinguished based on the classification of
(Dunham,1962).

Six major microfacies were diagnosed the Mishrif Formation, Mudstone,
Wackestone, Packstone, Grainstone, Boundstone, and Rudstone associated
with twelve submicrofacies include: Bioclastic Packstone submicrofacies with
rich Echinodermat, Coral and Rudist fragment and high dolomatiztion,
Rudestone submicrofacies with large Rudist fragment and vug porosity |,
Boundstone submicrofacies with very large coral, Plankton Foraminefral
Packstone submicrofacies with Globigerinelloides sp. and Calcispheres,
Bioclastic Wackestone to Packstone submicrofacies with dolomite and
calcareous algae, Peloidal Packstone with coral, pillites, pieces of Rudist

Bioclastic Packstone to Grainstone submicrofacies, Peloidal to Bioclastic
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Packstone submicrofacies, Benthonic Foraminiferal Mudstone submicrofacies,

Rudist fragmented Mudstone. The important microfacies that identified are:
2.4.1 Mudstone Microfacies

This facies was observed in all wells of the Eridu oilfield, and it mainly
consists of lime mud, as the environment in which this type of facies is
deposited is characterized by the calmness of the movement of sea currents
(Dunham, 1962), and therefore it is an unsuitable environment for the growth
of organisms, the production and formation of granules, and it is free of fossils
.The existence of this facies was observed mainly in the environment of the
restricted and when it contains planktonic foraminifera, its environment is deep
marine. Submicrofacies include benthonic foraminiferal mudstone (plate 2-2,
fig. B), rudist fragmented mudstone wackestone (plate 2-2. D) and bioclastic
mudstone (plate 2-6. C) (Figs. 2-3,2-4 and 2-5)

2.4.1.1 Benthonic Foraminiferal Mudstone

This facies is characterized by the presence of a percentage of fossils that do
not exceed (10%), which includes smull fragment of Nezzazat.This secondary
facies was diagnosed in the Eridu 1 well of Mishrif formation (1702m, 1758
m) and in the Eridu 2 well of Mishrif formation (1847m, 1936 m) and in the
Eridu 3 well within the depths (1818m, 1888m) . (plate 2-2. B) (Figs. 2-3,2-4
and 2-5).

2.4.1.2 Rudist fragmented Mudstone toWackestone

This facies is characterized by the presence of echinodes , large rudist
fragment with intrafossils porosity. These secondary facies have been identified
in the Eridu 1 well, at different depths .This facies are deposited within the
environment ristrected marine. Comparing this facies with the standard facies
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suggested by (Wilson 1975), it was found to be similar to the (SMF-24) facies.
and within the range (FZ-8). (plate 2-2. D) (Figs. 2-3,2-4 and 2-5).

2.4.1.3 Bioclastic mudstone

This facies is characterized by the presence algae and fine grins of
pellets. This secondary facies was diagnosed in the Eridu 3 well of Mishrif
formation. Comparing this facies with the standard facies suggested by (Wilson
1975), it was found to be similar to the (SMF-20) facies. and within the range
(FZ-8). (plate 2-6. C) (Figs. 2-3,2-4 and 2-5).

2.4.2 \Wackestone Microfacies

This facies was observed in all wells of Eridu oilfield, its floor consisted of
micrite, and it contained very few percentages of the benthic Foraminifera
genera Textularia sp. sp. Pseudolituonella sp in addition to the soft living
fragments and living pieces of echinoderms and the scarcity of the benthonic
Foraminifera genera, especially in the lower part of the formation of some
wells, and this facies are sometimes graded in proportion to the facies of
packstone. Submicrofacies include bioclastic wackestone (plate 2-9. D),
fossiliferous wackestone to packstone (plate 2-6. D), planktonic wackestone
(plate 2-7. A) and bioclastic wackstone to packstone (plate 2-9. A). The
presence of this facies was observed in the shallow open marine , restricted and
deep marine environments, depending on the biological content of the facies.
(Figs. 2-3,2-4 and 2-5).

2.4.2.1 Bioclastic Wackestone

This facies is distinguished by its high level of life fragments and inclusions.
The floor of this facies consists of micrite. This facies are deposited within the
environment shallow open marine in the wells of this study, for which the rock

slides were studied. Comparing this facies with the standard facies suggested
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by (Wilson 1975), it was found to be similar to the (SMF-9) facies. and within
the range (FZ-7). (plate 2-9. D) (Figs. 2-3,2-4 and 2-5).

2.4.2.2 Fossiliferous Wackestone to packstone

This facies consists of structural granules, which are immersed in a micrite
floor, where the structural components are the benthic foraminifera in addition
to the presence of dissolution that was distinguished in the Eridu 2 well.
Comparing this facies with the standard facies suggested by (Wilson 1975), it
was found to be similar to the (SMF-9) facies. and within the range (FZ-7).
(plate 2-6. D) (Figs. 2-3,2-4 and 2-5).

2.4.2.3 Planktonic wackestone

This facies commonly consists of an abundance of planktonic foraminifera
represented by genera of (Globigerinelloides sp., Heterohelix sp. and
Hedbergella sp.) and a smaller percentage of bio-fragments and rhudist as well
as benthic foraminifera. The floor of this facies consists of micrite in most of
the segments of this facies. Comparing this facies with the standard facies
suggested by (Wilson ,1975), it was found to be similar to the (SMF-3) facies.
and within the range (FZ-1 and FZ-3). (plate 2-7. A) (Figs. 2-3,2-4 and 2-5).

2.4.2.4 Bioclastic wackstone to Packstone

This facies consists mainly of structural granules and non-skeletal granules,
where it was found that the structural components are benthic foraminifera and
planktonic foraminifera as well as biological alge , echinoderma and rudist
pieces. Comparing this facies with the standard facies suggested by (Wilson
1975), it was found to be similar to the (SMF-5) facies. and within the range
(FZ-4). (plate 2-9. A) (Figs. 2-3,2-4 and 2-5).
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2.4.3 Packstone Microfacies

This facies contained a small percentage of mud, and its content gradually
increased in the proportions of living fragments and pieces of echinoderms
from the previous facies, as it also contained pieces of rudest. Depending on
the biological content of the facies, where it was observed that it was deposited
mainly in the environment of the shallow open marine , deep marine and shoal
. Submicrofacies include planktonic packstone (plate 2-9. B), peloidal
packstone (plate 2-1. B), peloidal to bioclastic packstone (plate 2-8. C) and
bioclastic packstone to grainstone (plate 2-8. D) (Figs. 2-3,2-4 and 2-5).

2.4.3.1 Planktonic Packstone

This facies is distinguished by its high level of life fragments
,Echinoderma,calssisfere and small fragmented of planktonic foram . The floor
of this facies consists of micrite. This facies are deposited within the
environment shallow open marine. Comparing this facies with the standard
facies suggested by (Wilson 1975), it was found to be similar to the (SMF-2)
facies. and within the range (FZ-2). (plate 2-9. B) (Figs. 2-3,2-4 and 2-5).

2.4.3.2 Peloidal Packstone

This facies contains mainly peloid, in addition to pieces of echinoderms and
foramnefral , characterized by being well sorted due to the high energy of the
waves, and characterized by the presence of high porosity. When comparing
this facies with standard facies, it falls within the (SMF-14) facies in the (FZ-
6) range, indicative of the shoal environment. (plate 2-1. B) (Figs. 2-3,2-4 and
2-5).
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2.4.3.3 Peloidal to Bioclastic Packstone

This facies abundantly consists of pelletes, as well as the presence of
biogenic crumps and pieces of foraminifera and rudest. This type of secondary
facies is formed under a special environment represented by sedimentary
energy and the medium wave movement responsible for the washing of clay
materials and the micrate base. The specifications of this microfacies were
compared with the standard (Wilson,1975) facies, and it was found that they
are comparable to the standard (SMF-16) facies, which fall within the (FZ-7)
facies represented by the environment of the shallow open marine. (plate 2-8.
C) (Figs. 2-3,2-4 and 2-5).

2.4.3.4 Bioclastic Packstone to Grainstone

This facies is characterized by the dominance of packstone stacked on top
of each other in a sparite floor, and the presence of macrite is less, as the
granules form a high percentage of this structure within a floor that is often
made of sparse calcite. Biological fragments constitute a high percentage of the
components of this facies. Certain types of granules may prevail over other
types, as in the previous ones from the aforementioned main facies, so the
secondary facies were named depending on the dominant granules in them.
This facies can be considered as the environment (Shoals) and environments
with high energy. When comparing this facies with standard facies, it falls
within the (SMF-11) facies in the (FZ-6) range. (plate 2-8. D) (Figs. 2-3,2-4
and 2-5).

2.4.4 Grianstone Microfacies

This facies was observed in some wells of the oilfield, the grounds of which
consist of Sparite. The facies contained pieces of rudest and echinoderms, as

well as peloids . This facies was deposited in the environment of shallow open
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marine , deep marine and shoal. Submicrofacies include piloidal grainstone
(plates 2-8.A). (Figs. 2-3,2-4 and 2-5).

2.4.4.1 Piloidal grainstone

This facies is characterized by the predominance of non-skeletal granules
represented by peloid resulting from the micratiztion process to which the
skeletal granules are exposed. It also includes crumpes, biological fragments
and Echinoderma, which constitute a high percentage of the components of this
facies, in addition to a few bottom planctonic foraminifera and some rarely
benthonic foraminifera. The ground of this facies is composed of fine sparite
resulting from the process of new formation of fine sparite, noting that the
grains of this facies range from large to medium in size. The specifications of
this microfacies were compared with (Wilson's ,1975) standard facies, and it
was found to be comparable to the standard (SMF-16) facies, which fall within
the facies range (FZ-6) represented by the environment of the Shoal and the

shallow open marine. (plates 2-8.A) (Figs. 2-3,2-4 and 2-5).
2.4.5 Rudstone Microfacies

This facies was observed mainly in the Eridu 1 well, and to a lesser extent
in the Eridu 2 well. Depending on the comparison between the wells, it is
considered mainly visible in wells 4 and 7, and it consisted of small and large
pieces of rudist in addition to coral. This facies was observed in the
environment of the shoal , shallow open marine and rudist biostrum. (plate 2-
7.D) (Figs. 2-3,2-4 and 2-5).

2.4.6 Boundstone Microfacies

This facies was observed mainly in the Eridu 1 well, and depending on the
comparison between the wells, it is considered mainly visible in wells 4 and 7

and consisted of rudist structures and some pieces of coral. These structures
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were affected by solubility forming a secondary porosity of the type (Growth

Framework porosity).

This facies was observed in the environment of the rudist biostrum. The two
facies of the rudestone and the boundstone are considered among the most
important formation facies in the oilfield because they contain large porous
voids resulting from the dissolution process that allow the presence of oil in
them in large quantities. (plate 2-7.C). (Figs. 2-3,2-4 and 2-5).

2.5 Diagenetic processes

Diagenesis is the totality of the chemical, physical, and biological processes
that rocks go through between the time of deposition and the time of
metamorphism (Tucker, 1982). Without directly involving crustal movement,
all those alterations in sediment at the earth's surface that occur at low

temperatures and pressure are examined (Taylar, 1964 in Land, 1967).

Understanding the processes and products of carbonate rock diagenesis is
crucial to the exploration and optimal development of hydrocarbon reservoirs
in carbonate rocks (Longman, 1980). Diagenesis can start from the seafloor
(syngenetic or eogenetic alteration), continue through deep burial (mesogenetic
alteration), and extend to subsequent uplift (telognetic alteration). It can mask
information about key features and also leave behind basic information about
post-depositional setting history, pore water composition and temperature. It

can also reduce or increase porosity (Scholle and Ulmer- Scholle, 2003).

2.5.1 Dissolution

The dissolution process improves the reservoir specifications by dissolving
the rocks and the components they contain depending on the mineralogy of the
dissolved parts and the degree of saturation of the interfacial water with calcium
carbonate and the depth of these deposits in addition to being affected by
temperature and carbon dioxide pressure. The effect of this process varies
according to the size of the crystals, which are proportional Reversible with
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him (Flugel, 2004) forming different types of porosity, as calcareous rocks are
among the rocks most affected by this process, as the solutions work to dissolve
the minerals and shells of fossils that make up these rocks. (plats2-3. C)
2.5.2 Compaction

Compaction represents the mechanical and chemical reactions that occur
due to increased silt loading and increased temperature and pressure conditions
during maintenance. A suture is a suture thread whose surface is usually
covered with an insoluble material such as clay or organic debris. Sutures are
usually parallel to the sediment, but may also occur as bedding at different
angles, thus generating reticular or nodular confinement patterns (Ahr, 2008)
(plate 2-8, fig.C). Stylolites were observed in muddy deep marine facies and
the most of them have irregular configuration associated with calcite-cemented
grains, which were commonly occurred along the stylolite surfaces indicating
their late origin (plate 2-9. C).
2.5.3 Recrystallization

This refers to changes in crystal size, crystal shape, and crystal lattice
orientation without changes in mineralogy (Flugel, 2004). This process affects
the evolution of some parts of micrite to microsparite. This process was
characterized in the lower parts of the Mishrif Formation within the studied
wells.
2.5.4 Dolomitization

Dolomitization is the conversion of limestone to dolomite, which takes place
when magnesium carbonate replaces the initial calcium carbonate by the action
of magnesium-bearing water (Flugel, 2004). When compaction and
cementation processes are absent, late diagenetic dolomatiztion enhances the
porosity of the rocks, improving reservoir quality, (Moore, 2004). Within the
studied wells, dolomitization was identified in the upper and middle parts of
the Mishrif Formation (plates 2-4. A and C).
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2.5.5 Cementation

According to Flugel (1982), the process is defined as the process of chemical
precipitation of calcium carbonate from a saturated solution present in the
primary pores between the structural grains or the secondary cracks created by
the solution during dissolution, resulting in the growth of calcite crystals,
Affect the coagulation and solidification of sediments, reduce porosity. (Flugel,

1982) divided cement into two main phases, namely:

1. The first phase: It is represented by cement formed during the early
stages of the Diagenetic processes, where it is called (cement - A) and
consists of fine, fibrous crystals composed of either the mineral
Aragonite or high-magnesium calcite is deposited in shallow or deep
marine environments with limited sedimentation as well as in coastal.

2. The second phase: It is represented by the cement formed during the
late stages of the Diagenetic processes, which is called (Cement B).
General type after hardening of the sediment and its provisions.

The obvious result of this process is in the Lower part in the Mishrif Formation.
Among the most important types of cement that were distinguished in some of
the cavities and chambers of fossils and in some cracks and fractures of the
facies of the study area are the following:
2.5.5.1 Equivalent granular cement

This cement consists of transparent calcite crystals, fully to half-faceted and
almost identical in size, as its crystals are characterized by their small size and
abundance, as this type of cement is developed from saturated to The calcium
carbonate deposited during the process hydrates near the surface and then
begins to gradually grow toward the center of the cavity, forming specific types
of micro pores between the crystals (Flugel, 1982). This cement is commonly

found in the Wackestone and Packstone facies as cement filling the
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intercrystalline voids as it exists in some facies of the formation in diffuse form
and fills some structures and some bio fractures (plates 2-4. B).
2.5.5.2 Blocky Cement

It occurs as fully to half-faceted and large calcite crystal blocks. It is usually
shed at a later stage of the metamorphic process (Flugel, 1982). Some crystals
may be the result of Druze cement crystals growing at the expense of other
crystals (Blatt et al., 1980). This type of cement is found in the cavities and
chambers of some fossils. (plates 2-3. B).
2.5.5.3 Druzy mosaic cement

Cement used in fractures, molds, and intergranular pores for void filling and
pore lining. Drusy cement crystals have a shape of equant, elongated, and
anhedral to subhedral. Its size is commonly less than (10 um). The fabric
characteristic by increase of crystal size toward the center of the void. Drusy
cement may forms near-surface meteoric and within burial environments,
(Flugel, 2010). (plates 2-2. A).
2.5.5.4 Radiaxial Cement
Large calcite crystals are characterized by undulose extinction often turbid and
cloudy, inclusion-rich. The crystalline size ranges from medium to coarse.
Occasionally extending several millimeters in length and varying in diameter
from 30 to 300 microns. The ratio of length/width in the crystal is 1:3 to 1:10.
(plates 2-8. B).
2.5.6 Micritization

This process Micritization results in fine-grained precipitation. However,
decomposition has been included here as a very early action because it causes
changes in previously formed sediments. The most important type of biological
modification of sediments results from the grazing activities of organisms.
Drilling by algae, fungi, and bacteria is a particularly important process for the

modification of structural materials and carbonate grains (Boogs, 2009). In the
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upper part of the Mishrif Formation and to a lesser degree in the lower part, this
process (Micritization) was identified. (plates 2-6. B).
2.6 Porosity in Carbonate Rocks

The pore system in carbonate rocks is much more complex than in
siliciclastic (Choquette and Pray, 1970; Lucia, 2007). This complexity is a
result of the overwhelming biological origin of carbonate deposits and their
chemical reactivity. In carbonate sediments, the shape of the grains and the
presence and sorting of porosity within grains have a major impact on porosity.
The presence of pore space in the shells and spheres that make up the carbonate
sediment grains increases porosity beyond that expected from intergranular
porosity alone (Dunham, 1962).

Although there is no simple relationship between porosity and structure, it
can be seen by inspection that as the grain size decreases and the grain packing
becomes tighter, the pore size grains decreases. Porosity also decreases with
denser packing, resulting in a correlation of intergranular pore size with grain
size, gradation, and intercrystalline porosity. The size and volume of pore space
in grains is related to the type of sediment and its post-deposition history
(Lucia, 2007).

Idealized Carbonate Porosity Types
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Figure (2-2) Types of pores in carbonate rocks (Choquette & Pray,1970)
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2.6.1 Primary Porosity
Primary porosity is a material-selective porosity that forms during pre-
depositional stages, such as intragranular pores in foraminifera, and during
deposition, such as scaffold growth and intergranular porosity (Flugel, 2010).
2.6.1.1 Intragranular (Intraparticle) porosity
Intragranular porosity is found within the grains, especially in the
framework grains. The effectiveness of this porosity often depends on the
overall structure of the rock within the grain, (Tucker and Wright, 1990) (plates
2-5. D).
2.6.1.2 Intergranular (Interparticle) porosity
Pore space exists between grains (Booge, 2009), but there is also secondary
porosity created by the partial dissolution of aragonite peloid cortices. (Flugel,
2010) (plates 2-3. D).
2.6.2 Secondary porosity
The two main forms of secondary porosity were non-fabric selective and
fabric selective (Flugel, 2010). Any time following deposition during the
diagenesis process, secondary porosity occurs. Dissolution, which creates
secondary porosity and can happen at any point throughout the burial process,
can considerably improve reservoir performance.
2.6.2.1 Fabric Selective Porosity
1. Mold when granules are selectively removed by solutions; porosity is
created (e.g. peloid or fossils). This calls for a characteristic distinction
between the matrix or cements and the solubility of grains in terms of
microstructure framework or mineral composition. Mold may also
develop in burial environments, although it is more common for them to
grow in meteoric-phreatic rocks with mixed mineralogy, (Flugle,2010).
(plates 2-6. A).
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2.

Intercrystalline porosity Fabric selective porosity between almost equal-
sized crystals is frequent during the early and late diagenesis phases of

dolomitization and recrystallization, (Flugel, 2010)

2.5.2.2 Non fabric selective Porosity

1.

The dissolved voids known as vug porosity are larger than the nearby
crystals or grains (Ahr,2008). Pores of varying sizes, ranging from
millimeters to meters, are created at early and late diagenesis by uneven
dissolution that slashes through grains and/or cement boundaries.
Dissolution may start in a mold pore or between two particles, (Flugel,
2010). (plates 2-5. A).

Channel porosity often develops along cracks when limestone within
under saturated waters dissolves. The length of this elongate hole is 10
times greater than its diameter, (Tucker and Wright,1990). (plates 2-5.
B).

Fracture porosity is formed by the components of the rock structure, and
fractures that often occur due to tectonic deformation, collapse or
solution collapse accompanied by evaporation, or dissolution of
limestone, are what cause the occurrence of porosity. It is very diffuse
and may significantly increase the effective porosity of limestone several
times. (Tucker and Wright, 1990). (plates 2-5. C).

2.7 Depositional Environment and Facies Association

A depositional environment is defined as a specific portion of the Earth's

surface "geographical environment in which sediments are deposited,

characterized by complex physical, chemical, and living conditions that

distinguish them from other environments (Selley, 1982).

Facies are associated with each facies the overlapping of others, their

vertical and lateral succession is the result of lateral changes in the depositional

environment, so what is the difference. Except those sediments, especially

carbonate rocks, are affected by depositional environmental conditions, such as
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water energy, salinity, temperature and other factors. As well as the influence
of climate, these factors play a fundamental role in the generation and
distribution of carbonate rock deposits. It can be seen from the above that the
depositional environment of the core-containing borehole can be identified by
delineating the core and preparing rock thin sections to identify the primary and
secondary microfacies, and then linking these microfacies with the depositional
environment for identification (Alsultan et al., 2021).

Five association facies were distinguished: Deep Marine, Shallow open
marine, Rudist biostrum, Shoal and Restricted marine. Each of these Facies
represents a different sedimentary environment.

And due to the unavailability of rock core for all study wells, a comparison
was made between the wells that contain rock core and wells that do not contain
core. Thus, the sedimentary environments of Mishrif Formation units were
determined in all study wells in Figs. 2-6,2-7 and 2-8.

Well log analyzes were established and performed for the boreholes
referenced in Figs. 2-3,2-4 and 2-5. The following is a description of the main
depositional environment of the Mishrif Formation in the Eridu oilfield:

2.7.1 Facies Association: Deep marine Environment

The facies of this environment consist of the Mudstone and Wackestone
containing the fragments of the neighborhoods located between the facies of
the open sea and the facies of the shoal environment. The facies of this
environment are characterized by a small thickness and intermittent extension.
The facies of this environments are Planktonic Foraminiferal Packstone,
Bioclastic Wackestone to Packstone, Fossiliferous Wackestone with
dissolution and the carrying planktonic foraminifera such us Calcispheres,
Echinoderms, Globigerinelloides, Heterohelix, Hedbergella and Bioclastic
Packstone (Figs. 2-3,2-4 and 2-5).
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2.7.2 Facies Association: Shallow Open Marine Environment

It represents a transitional environment between the facies of the Mishrif
Formation, as sediments abound in the deep regions. Among the microfacies
characteristic of this sedimentary environment are the Bioclastic Packstone,
Peloidal to Bioclastic packstone, Peloidal packstone facies, and the carrying
benthonic foraminifera such us Textularia, Nezzazata, Milliode and bioclastic
fragments. It is distinctively downslope and seaward of the rudist biostrum
habitat. Mostly bioclastic wackestone and packstone make up its texture.

A particular form of bioclastic may regionally predominate at different
stages within the succession, particularly the rudist bioclastic, which appear as
well-worn (sand-size or coarser) angular or tabular grains. The bioclastic range
in size from silt to sand and, in some circumstances, are even coarser.
Benthonic foraminifera like Dicyclina and Praealveolina, calcareous green
algae, coral and coralline algae, echinoderms, and gastropods are some of the
more significant fossils. Less often found were brachiopods and pelagic
foraminifera.

The shallow open marine facies association was formed on the foreslope
portion of the Mishrif carbonate platform, and its sediments are mostly made
up of bioclasts that were created when rudist biostrum were destroyed by tidal
currents or storms. In the Mishrif Formation, the shallow open marine facies is
one of the more prevalent facies in the wells studied (Figs. 2-3,2-4 and 2-5).
2.7.3 Facies Association: Shoal Environment

The shoal environment is characterized by significant tidal current and wave
activity near the seaward border of the carbonate substrate. Deposition depths
are less than (5-10) meters above wave-base in this environment (Tucker,
1985). This environment is characterized by the facies of Grainstone to
Packstone rich in pieces of bioclastic fragments, and the facies of Peloidal
Packstone (Flugel, 1982). (Figs. 2-3,2-4 and 2-5).
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2.7.4 Facies Association: Rudest Biostrum Environment

The facies of this environment are characterized by the presence of large
sized pieces of rudest fragments deposited in facies ranging from Rudstone
with a few algae and corals. The facies of the Boundstone facies it has a high
initial porosity affected by the secondary dissolution process leading to the

development of primary porosity. (Figs. 2-3 and 2-5).

2.7.5 Facies Association :Restricted marine environment

Benthic foraminiferal mudstone constitutes the main body of this facies
relationship, Nezzazata, Textularia and many more benthic foraminifera are
diverse. Other fossils found include coral fragments and red coral fragments.
The matrix is basically fine mudstone, in some cases containing a large amount
of argillaceous material. (Flugel, 1982) (Figs. 2-3,2-4 and 2-5).
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Plate 2.1

A; Nezzazata sp. (ER-2 depth 1881.81m)

B; Peloidal packstone (ER-2 depth 1888.8m)

C; Calcispheres (ER-2 depth 1909.3m)

D; Globigerinelloides sp. and Heterohelix sp. with planktonic foram (ER-3 depth
1882m
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Plate 2.2

A; Drusy cement (ER-1 depth 1839.71m)

B; Benthonic foraminiferal mudstone (ER-2 depth 1847.95m)

C; Textularia sp. (ER-3 depth 1877.7m)

D; Rudest fragmented mudstone to wackestone with intrafossils porosity (ER-
2 depth 1866.30 m)
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Plate 2.3

A; Echinoderm and calcareous alga (ER-2 depth 1891.90 m)
B; Blocky cement (ER-3 depth 1850.73m)

C; Dolomatiztion (ER-2 depth 1838.95 m)

D; intergranular porosity (ER-2 depth 1850 m)
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Plate 2.4

A; Dolomatiztion (ER-1 depth 1783.95 m)

B; Equivalent granular cement (ER-1 depth 1777.10 m)

C; Dolomatiztion with rudest fragment (ER-1 depth 1790.95 m)
D; Stylolite cement (ER-1 depth 1792.50 m)
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Plate 2.5

A; Vug porosity (ER-2 depth 1837.05 m)

B; Chunnel porosity (ER-3 depth 1845.05 m)

C; Fracture porosity (ER-2 depth 1909.30 m)

D; intergranular porosity (ER-2 depth 1843.40 m)

42




Chapter Two Petrography and Microfacies Analysis

Plate 2.6

A; Moulid porosity (ER-1 depth 1780.5 m)

B; Micritization (ER-1 depth 1773.95 m)

C; Bioclastic mudstone with fine grins of pellets (ER-3 depth 1839.73 m)
D; Fossiliferous Wackestone to packstone (ER-3 depth 1871.24 m)
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Plate 2.7

A; Planktonic Wackestone (ER-3 depth 1812.05 m)

B; Bioclastic packstone with small fragment of planktonic (ER-3 depth 1861.20
m)

C; Boundstone with rudest fragment (ER-1 depth 1808.90 m)

D; Rudstone with very fine grain of coral (ER-1 depth 1800 m)
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Plate 2.8

A; piloidal grainstone with rudest fragment (ER-1 depth 1790.95 m)

B; Radiaxial Cement into rudest (ER-1 depth 1786.50 m)

C; peloidal to bioclastic packstone (ER-1 depth 1780 m)

D; Bioclastic packstone to grainstone with high peloidal, coral and rudest
fragment (ER-1 depth 1782 m)
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Plate 2.9

A; Bioclastic Wackestone to packstone with fragment of dolomite (ER-2 depth
1855.40 m)

B; planktonic packstone (ER-2 depth 1909.30 m)

C; Bioclastic mudstone with compaction (ER-2 depth 1831.50 m)

D; Bioclastic Wackestone with dissolution (ER-2 depth 1837.05 m)
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Chapter Three Well Log Interpretation

3-1 Introduction

In this chapter, the various well logs of the study area were studied,
especially with regard to the open wells, from which all the petrophysical
characteristics that help in evaluating the reservoir units and then evaluating
the performance of the reservoir for production were concluded. The wells of
ER-1, ER-2, ER-3, ER-4, ER-6 and ER-7were also studied for the formation of
the Mishrif Formation through the Tichloge ve.15 program. Table (3-1)

The ultimate aim of well log interpretation is, however, the evaluation of
potential productivity of porous and permeable formations encountered by
drilling. Successful logging program, along with core analysis, can supply data
for the determination of the physical properties, define the lithology, identify
the productive zones and accurately describe their depth and thicknesses,
distinguish between oil and gas, and permit a valid qualitative and quantitative
interpretation of reservoir characteristics. These petrophysical properties
cannot be measured directly and, therefore, they must be inferred from the
measurements of other parameters of the reservoir rocks, such as resistivity,
density, and interval transit time, spontaneous potential, and natural

radioactivity well-logs.

Table (3-1) tops of reservoir and cap units for Eridu oilfield

Well. ID kifil CR-I MA CR-II MB Rumaila
ER-1 1676.2 1695.80 1714.30 1749 1762.30 1885
ER-2 1731 1744.5 1752 1815.3 1828.72 1898
ER-3 1703.30 1717.90 1728.40 1800.70 1817.30 1879.5
ER-4 1751 1763 1769 1820.3 1832.90 1941
ER-6 1719.60 1734.5 1741 1810 1825 1889
ER-7 1639.20 1649.90 1657.60 1721.80 1739.2 1841.5
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3-2 Qualitative interpretation

Qualitative interpretation is done by studying the behavior of the curves of
the open well logs used in the current study. Through the (SP) log, the
permeable and impermeable layers are determined, as well as determining the
thickness of the layers. Since the deviation of the SP log depends on the
contrast in salinity between the drilling mud infiltrate and the formation water,
SO it gives a negative deviation in the case of the mud filter less salinity than
the formation water, while it gives a positive deviation when the formation
water is fresh (Schlumberger, 1989). Since the study formation is under great
depths and its water content is salty, the (SP) deviates in a negative left direction
against the permeable layers and towards the hale base line against the
impermeable layers.

As for the (GR) log, which measures the content of shales in the formation,
this is because the radioactive elements tend to be concentrated in mud and
shales, while clean formations have a low concentration of radioactive elements
(Schlumberger, 1989), we notice through the behavior of the (GR) log in wells
Study area: The Mishrif Formation is considered one of the clean formations
because the log's readings are few in some areas of the cover rocks that contain
a percentage of shale.

The well log, Caliper logs, can also be used to determine the permeable
areas in the formation, as this log is used to measure the diameter and shape of
the well with depth. Through the change in the reading of the log, it is possible
to identify the areas of collapse and the occurrence of cavities (caving),
especially against the layers of the shale.

As for the neutron log, it is used in qualitative and quantitative
interpretations, mainly in giving an image of the formation pores and
determining their porosity directly. And since the neutron log is designed to
specifically sense the hydrogen present in the formation (Cubitt, 2015),

therefore, it is possible to depend on this log to determine the porous areas in
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the formation by recording high readings against the layers containing oil or
water, since these fluids contain a high amount of hydrogen. A resistivity log
can also be used to confirm the type of fluid that fills the pores. While the log
records a low reading in front of the gas-containing layers in the pores of the
rocks because it contains a small amount of hydrogen compared to oil and
water. Among its other applications, and in partnership with the density log, is
the determination of the rockiness in the formation of the Mishrif, which is
represented by calcareous limestone with the overlapping of dolomitic
limestone at some depths.

As for resistivity logs, which are a function of the type of rock fluid
(Asquith and Krowski 2004), resistivity logs are used to determine the watER-
bearing and hydrocarbon-bearing regions, that is, they are used to indicate the

permeable regions. (Figs 2-3,2-4 and 2-5)
3-3 Borehole Environment

A tool that is attached to a wireline or cable is lowered into a borehole to
measure the reservoir's parameters. Drilling mud with an oil or water base, air,
or both, may be used to fill the borehole. Drilling mud intrudes into the rock
around the borehole during the drilling operation, which has an impact on
logging measures and the flow of fluids into and out of the formation. While
logging and analyzing logs, each of these considerations must be made.
Understanding the well-log environment and the following elements is crucial,
including the uninvaded zone, flushed zone, invaded zone, mud cake, and mud
filtrate (Hilliburton, 2001).

The rock-fluid system, which is affected when a hole is bored into a formation,
changes in the area around the borehole. The drilling fluid contaminates the
borehole and the rock around it, which has an impact on the logging measures
(Asquith &Krygowski, 2004). Figure displays a few of the more significant
symbols (3-1).
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Figure (3-1) Borehole environment (Hilliburton,2001)
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Probe behavior and qualitative interpretation in the study wells:

Er-1
Reference
(M)
badhole
k 1202 160
1:500 Borehole Shape
B 2.17284 12.0298 | O
L 1700 %
- 1750 |y ©
z S
o £
O o~
- 1800
H 4
- 1850

Figure (3-2) Qualitative interpretation of Mishrif Formation in the for well
ER-1
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Figure (3-3) Qualitative interpretation of Mishrif Formation foe well ER-2
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Figure (3-4) Qualitative interpretation of Mishrif Formation for well ER- 3
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3-4 Quantitative interpretation includes

3-4-1 Determining the volume of oil shale

The presence of shale rocks in the formation affects the petrophysical
properties of the reservoir such as total and effective porosity and water
saturation. Therefore, it is necessary to calculate the volume of shale in the
formation. It was calculated through the (GR) log, which is the best in
calculating the volume of oil shale due to its sensitivity to fine radioactive
materials concentrated in shale rocks. Shale Volume Determination (Asquith
and Krygowski, 2004)

Vsp = 0.33 x (2 @*1GR) _1) (3-1)
The log size, gamma radiation coefficient (IGR) must be calculated by the

following equation: (Asquith and Krygowski, 2004)

GRL()g — GRl’l’lln

GRumix- GRmin (3-2)

ler =

Icr = gamma ray index.

GRiog= gamma ray reading by log (API).

GRmin= minimum gamma (clean sand or carbonate).

GRmax= maximum gamma ray (shale).

And depending on the volume of oil shale extracted from equation (1-2) for
each well, areas free of oil shale were determined in which the value of (Vsp)
is less than (10), and areas containing oil shale (not clean) then the value of

(Vsh ) is greater than or equal to (10%).

3-4-2 Calculating Porosity

Calculating Porosity is the most important characteristic of a reservoir rock as
it is a measure of the hydrocarbon storage capacity (Lucia 2007). There are
several ways to calculate it, either by analyzing the underlying data or through

investigation data.
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3-4-2-1 Neutron log Porosity:

The neutron log is used in qualitative and quantitative interpretations,
mainly in giving an image of the formation pores and determining their porosity
directly. And since the neutron log is designed to specifically sense the
hydrogen present in the formation (Cubitt, 2015), therefore, it is possible to rely
on this log to determine the porous areas in the formation by recording high
readings against the layers containing oil or water, since these fluids contain a
high amount of hydrogen. A resistivity log can also be used to confirm the type
of fluid that fills the pores. While the log records a low reading in front of the
gas-containing layers in the pores of the rocks because it contains a small
amount of hydrogen compared to oil and water. Among its other applications,
and in partnership with the density log, is the determination of the rockiness in
the formation of the Mishrif, which is represented by calcareous limestone with

the overlapping of dolomitic limestone at some depths.

As for resistivity logs, which are a function of the type of rock fluid,
resistivity logs are used to determine the watER-bearing and hydrocarbon-

bearing regions, that is, they are used to indicate the permeable regions.

The neutron log directly measures the porosity of the shale-free depths. As
for the shale-containing depths, the (Tiab and Donaldson ,2004) equation was

used:

One = On— (D neshy X Vsh) (3-3)

@n: porosity derived from neutron Log
@ne: porosity derived from neutron Log and corrected by the effect of the shale

@ nesh): Neutron porosity of the adjacent shale

Vsh: is the shale volume

61



Chapter Three Well Log Interpretation

3-4-2-2 Sonic Log Porosity:

A sonic log is a type of porosity log that estimates the time it takes for a
compression sound wave to travel through the foot of a formation. One or more
sound transmitters and two or more receivers form a sound recording device.
Borehole compensation equipment is used in the modern sound protocol
(BHC). These devices significantly reduce the disturbing effects of borehole
size variations and errors caused by sonic tool tilt. (Schlumberger, 1972). The
reciprocal of the compression sound velocity in feet per second is the interval
time (At), in microseconds per foot. Interlayer transit time (At) is affected by
lithology and porosity. Therefore, the matrix velocity of the formation (Table
3-2) (Badr, 2022)

Through the sonic log, the porosity was calculated as in the equation (Wyllie

et al. 1958), which uses shale-free depths in (Clean Zone)

o= 1— Atlog — Atma 3.4
ST Atf — Atma (3-4)

Where:

@s: porosity derived from Sonic Log

Atiog: The transmission distance of the sonic wave from the sonic log is

measured (usec / ft)

Atma: The transition interval of the vector through the matrix (usec / ft) by using
the table (3.2) (Schlumberger, 1972).

Aty The transition time interval of the wave through the fluid and is measured
depending on the type of mud if the mud is salty (185usec / ft) and if the mud
is fresh (189usec / ft)
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Table (3-2): Sonic velocity and interval time for different matrices. These

constants are used in the sonic porosity formula above (Schlumberger, 1972).

Lithology/Fluid Matrix Velocity Atmatrixor Atruid(WYllie) Atmatrix(RHG)
ft/sec psec/ft (usec/m) psec/ft(psec/m)
Sandstone 18,000 -19,500 55.5-51.0 56(184)
(182 - 186)
Limestone 21,000 -23,000 47.6 (156) 49(161)
Dolomite 23,000 -26,000 43.5 (143) 44(144)
Anhydrite 20,000 50.0 (164)
salt 15,000 66.7 (219)
Casing(iron) 17,500 57.0 (187)
Freshwater mud filtrate 5,280 189 (620)
Saltwater mud filtrate 5,980 185 (607)

3-4-2-3 Density log porosity:

Density is measured in grams per cubic centimeter g/cm3 and is indicated
by the Greek letter p. Two separate density values are used by the density log:
the bulk density (p, or RHOB) and the matrix density (pma). The bulk density
IS the density of the entire formation (solid and fluid parts) as measured by the
logging tool. The matrix density is the density of the solid framework of the

rock.

Porosity is derived from the bulk density of clean liquid-filled formations
when the matrix density pma and the density of the saturating fluids pf are
known (Asquith and Krygowski, 2004): Porosity can also be calculated using
the density log, which is one of the porosity logs. Wiley's equation (Wiley et
al., 1958):

O = (pma - pb)

°~ (pma- pf) (3-9)

@p = porosity measured from Density log.
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Pma = Density of the dry rock (g/cm?)

P = Density of fluid (g/cmq)

Pp = The total density of formation is taken from the log reading and measured
in units (g/cmd).

Taking into account that the porosity of the fill is equal to 2.71 (g/cm?)
because in this study the formation is limestone, and a value equal to 1 (g/cm?)

for fresh water or 1.1 (g/cm?q) for salt clay.
3-4-3 Neutron-Density cross plot for lithology identification

Neutron- Density crossplots help determine the lithology of pure lithology's
such as sandstone, limestone, or dolomite, which are oil- or water-filled
formations. If the formation is heterogeneous, such as for dolomitically
cemented sandstone, density-neutron crossplot analysis can be misleading

(Hartmann and Beaumont, 1999).

Neutron- Density multi-crossing plots for many wells, marked with red dots,
showing the best match for the set of points Figures (3-5) to (3-7), most of
which lie on the limestone curve in units of (CRI, MA, CRII and MB), which
are the main components of Mishrif Formation lithology. There are fewer

points distributed on the dolomite and sandstone curves in Eridu oilfield.

Cross-plot: Er-1.LQ¢C
Reference (M): [1533.6 - 2861.85]

RHOZ (G/C3}

NNNNNNNNN

cccccc

Zonation: Zonation
- SR~ - e

Figure (3-5) Shows the crossplot of Neutron log and Density log for well ER-1
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Figure (3-6) Shows the crossplot of Neutron log and Density log for well
ER-2
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Figure (3-7) Shows the crossplot of Neutron log and Density log for well
ER-3
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3-4-5 Determination porosity

Porosity is defined as the ratio of the pore volume (or void space) to the total
volume (volume) of a reservoir rock as a percentage. Pore volume is the total
volume of all pore spaces in a given reservoir rock (Dandekar, 2013). This
important reservoir rock property has been symbolized and expressed

mathematically as follows:

_ pore volume
= (3-6)
total or bulk volume

3-4-5-1Total porosity

The total porosity (PHIT) was calculated using the equation (Schlumberger,
1997): It is possible to determine the total porosity through density and neutron
logs for depth periods containing less than (10) the percentage of shale rocks

using the (Schlumberger, 1997) equation:

_ @®N +@ND

. (3-7)

T

@+ The total porosity, calculated from the density and neutron logs, for the oil

and gas carrier regions.

Table (3-3) The classification of porosity according to (Leverson, 1972)

Type of porosity %
Negligible 0-5
Poor 5-10
Fair 10-15
Good 15-20
Very good 20-25
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3-4-5-2 Effective porosity

The pore volume associated with a reservoir or void space that facilitates
fluid flow or penetration. Isolated pores and pore volume occupied by water
adsorbed on clay particles or other particles are not included in the effective
porosity. Total porosity is the total amount of free space in a rock, whether or
not it facilitates fluid flow. Usually, the effective porosity is smaller than the

total porosity (Schlumberger, 1998).

Effective porosity (PHIE) is calculated by subtracting the volume filled with
clay and bound water from the total porosity, which is always less than or equal

to the total porosity depending on the amount of shale (Cannon, 2016).

Pe=01 x (1 —Vsn) (3-8)
@+ : The total porosity

@k : The effective porosity
Vsh: Volume of shale
3-4-5-3 Secondary porosity:

Porosity that develops inside a reservoir after deposition is known as
secondary porosity. Secondary porosity index (SPI) measurements show that
the secondary porosity in the Mishrif reservoir is too small or insignificant,

vuggy or fracture secondary porosity (Bowen, 2003).
SPI= @1 - Dsonic (3'9)

After the deposit of sediments, geological processes (diagenesis) produce
the secondary porosity (Tiab and Donaldson, 2004). It comprises fracture gaps
developed in fractured reservoirs or vugular spaces produced in carbonate rocks
by the chemical process of leaching (Ezekwe, 2010).
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While having somewhat higher values in some Mishrif Formation intervals,
the overall porosity continues to be the greatest. These periods of increased
secondary porosity indicate that dolomitization and dissolution, two digenesis

processes, have an impact on the porosity of the Mishrif Formation.
3-4-6 Determination of Archie’s parameters using Pickett's method

Pickett's (1966) suggested a method that depends on a cross plot between
resistivity vs. porosity to calculate (m) and/or (a) from well logs. The following
logic describes this method. According to Pickett (1966):

ReE— x 2w (3-10)

Where,

Sw: Is the water saturation (fraction),
Rw: is the water resistivity (ohm-m),
@™: is the porosity (fraction)

Ri: Resistivity of uninvaded zone (ohm-m), and, a, n, and m: Archie's

parameters (dimensionless).
In a watER-bearing zone S,y = 1; Equation (3-11) is an equation of a straight

line on log-log plot, where m is the slope and (a.Rw) is the intercept at @=1. As

Rw is known from other sources, (a) may be easily found.
logR, = —mlog(®) + log(a X R, ) —nlog(S,) (3-11)
In a watER-bearing zone Sy, = 1; thus Eq. (3-12) may be reduced to:
logR; = —mlog(®) + log(a X R,,) (3-12)

Archie's parameters obtained by Pickett's plot for Wells ER-1, ER-2, Er,3, ER-
4, ER-6 and Er,7 (a=1, m=1.94, n=2) either value (Rw=0.027). The figures (3-
8, 3-9,3-10 and 3-11) show the results of pickett plot in all study wells.
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Figure (3-8) Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (Cr-1)
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Figure (3-9) Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (MA)
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Figure (3-10) Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (CR-II)
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Figure (3-11) Shows the crossplot of Deep Resistivity and Effective Porosity
in all wells of the study unit (MB)
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3-4-7 Determination of fluid saturation:

Porosity and liquid saturation are the main reservoir properties used to
estimate hydrocarbon reserves. Given the heterogeneity of most deposits,
continuous plots of these attributes as a function of depth are essential for

accurate assessment (AL-Mosawy, 2014)

Saturation was mainly calculated by differentiating between the different
fluid components (water and hydrocarbons). After determining water saturation
that is the most important step in well analysis for hydrocarbon movement.
Water saturation in the uninvaded area at depths where the shale content is less

than (10) was determined using Archie's equation (1942).

1

S, = (FXRW)H (3-13)

Re

Sw: Water saturation of the uncontaminated area with the drilling mud

infiltrate

F: Formation factor.

Rw: Resistivity of water formation.

Rt True formation resistivity.

n: Saturation exponent (assumed to be 2.0)

When the porosity and formation water are compromised by the drilling mud
filter, the mud filter will replace the formation water, and accordingly, the water
saturation in the flashed zone of the (Archie equation) is determined by
replacing the resistance of the formation water (Ry,) with the resistance of the
drilling mud filter (Rns). and the true configurable resistance (R;) by the
resistance in the washed range recorded from the shallow resistance log reading
(Reo)
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1

0T )? (3-14)

Sox: Water saturation of the washed area (contaminated by drilling mud filtrate)

In order to apply the Archie's equations, it is necessary to clarify how to

determine their variables:

3-4-7-1 Calculating the formation factor (F)

Between Archie's (1942) that the resistance of the saturated formation
(100%) water (Re) is linked to the resistance of the formation water (Rw)
through a constant called the formation coefficient (F)

Ro=F x Ry, (3-15)

Archie also showed that the formation coefficient (F) is related to the
formation porosity through the following equation To calculate the formation
factor (F) :

F=— (3-16)
Where:
m: Cementation factor

a: Tortuosity factor

3-4-7-2 Bulk Volume Analysis (BVW and BV XO)
Total water in the contaminated range (BVy,) and non-polluted (BVy,) using

the two equations below Schlumberger (1998):
BV = Sw x @T (3-17)

BVxo = Sxox Ot (3-18)
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Where:

BVw = bulk volume of water of uninvaded zone
BVxo = bulk volume of water of flushed zone
Sw = water saturation of uninvaded zone

Sxo = water saturation in the flushed zone

@ = porosity

A relationship between the total volume of water and the porosity in the
carbonate rocks Table (3-5) (Asquith and Krygowski, 2004)

Table (3-5) It shows the BVW values of carbonates as a general guide to

the types of porosity
Type of porosity Bulk volume water ( BVW )
Vuggy 0.005-0.015
Vuggy and intercrystalline 0.015-0.025
(intergranular)
Intercrystalline 0.025-0.04
Chalky 0.05

3-5 Application of Elan Model

According to available data and Quanti’s model results, the mineral and
fluid components of Mishrif Formation that used in this model are selected as

the following:

* [llite

* Quartz

* Calcite

* Dolomite

* Invaded water

» Uninvaded water
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* Invaded oil
 Uninvaded oil

The reconstruction log for well ER-1, ER-2and ER-3 was illustrated in the
figure (3-12, 3-13, 3-14). Track 1 shows the difference and matching ratio
between the gamma ray log (GR) and the reconstruction gamma ray (Gr-QE),
bulk density, neutron porosity, sonic log, invaded zone resistivity, and
uninvaded zone resistivity, which were shown respectively in the next track to
show the difference between both logs. The final track sees the percentage error

of the Quanta-Elan track.
3-6 Spectrometry Log Analysis

The potassium (K), uranium (U), and thorium (Th) components of the
natural gamma rays produced by a formation are separated using the natural
gamma ray spectral log (Th). KUT logs are another name for these logs. The
contents of KTH, U, Th, and K may also be obtained from a natural gamma-
ray spectrometry log in addition to the total gamma-ray of production. The
information acquired may be applied to the study of sedimentary environment
and formation features. The thorium, potassium, and uranium content of the
rock will be revealed in this case by the natural gamma ray spectral log. The
rock is not shale if uranium is abundant and thorium and/or potassium are low.
The porosity and rock type are then determined using other data, such as sonic,

density and neutron.
3-6-1 The Clay Minerals Analysis:

Using typical POTA-THOR crossplots, the clay minerals were inferred from
the spectral gamma ray (SGR) (Stephen, 2001). Figure (3-12) to (3-14) POTA-
THOR maps a cross-section of Mishrif Illite-montmorillonite mixed layer clay

and montmorillonite are the two primary clay minerals, with a little amount of
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glauconitic and chlorite. The crossplots below can be used to see a variety of

possible mineral pairings.

3-6-2 Analysis of the sedimentary environment

The SGR spectral gamma ray can be used to study the sedimentary

environment by measuring the ratio of thorium to uranium (Th/U) (Ehrenberg,

2000). If the environment is one of continental deposition, oxidation, and

weathering zone, Th/U > 7. Th/U 7 if the formation is gray shale or sea

sediment. Th/U is less than 2 when the deposit is carbonate or marine black

shale. As the most important Eridu formation, Mishrif is a limestone reservoir

Th/U is less than 2 in a superstructure formation figure (3-12, 3-13, 3-14)

which determines that the sediment is carbonate .
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Figure (3-12) Shows the crossplot of Potassium- Thorium in ER-1 well

75




Chapter Three

Well Log Interpretation

THQOR {ppm)

Cross-plot: Er-2.LQC_ 0_0 ¢

Reference (m): [1649.88 - 1959.71] 0 1%8 0

0 0.5 1 1.5 2 25 3 3.5 4 45 0% 0
35 35
30 30

Possible 100% Kaaolinite,

-5 -5
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
POTA (%)
o T unknown 255

Scale:

®Scale 1: [POTA - THOR]

Zonation: Zonation o

M CR-1 ECRr-11

Figure (3-13) Shows the crossplot of Potassium- Thorium in ER-2 well
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Figure (3-14) Shows the crossplot of Potassium- Thorium in ER-3 well
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3-7 Reservoir units for the formation of the Mishrif

Based on the results of computer processing interpretation (Tichlog ve.15)
to determine the petrophysical properties, the formation was divided into main

reservoir units separated by (non-reservoir units) buffer units. As follows:

e Cape Rock (CR-1)

e Upper Mishrif Reservoir (MA).

e Cape Rock (CR-II)

e Mishrif Reservoir (MB).

The most important parameters used in the interpretation process are shale
volume (VSH), effective porosity (PHIE), total porosity (PHIT), water
saturation (SW), total water volume (Sxo): water saturation in the flushed zone
and (BVXO) the total water volume in the uninvaded zone (BVW) All these
factors affect the quality and quantity of oil in each reservoir unit, as the greater
the porosity and the less water saturation, the more productive the unit will be,
as all these factors affect the quality and quantity of oil in each reservoir unit,
where the higher the porosity and the less water saturation the unit will be more

productive.
3-7-1 Cap rocks (CR-1):

This unit has a thickness of around (6-19) meters in the Eridu oilfield wells,
and it is composed of limestone shale rocks with basic reservoir characteristics.

This unit exists in all study wells and shows the Mishrif Formation rock cover.

All 6 wells are having a porosity range between (0.09-0.28) for Eridu
oilfield and water saturation ranges between (0.52-0.78) for Eridu oilfield.

3-7-2 Upper Mishrif Reservoir (mA).
It has a thickness of (35-72) meters in the Eridu oilfield wells, and it is

composed of limestone, with minor clay content in certain wells and pure in
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others. During which time weak oil evidence and oil stains occurred in Eridu-
2, and the results of the analysis and interpretation of the probes revealed that

it contained reservoir water in the Eridu oilfield.

a porosity ranges between (0.17-0.20) for Eridu, and water saturation ranges
between (0.87-0.98) for Eridu oilfield.

3-7-3 Cap rocks (CR-11)

The thickness of this unit is around (13-20) meters in the wells of the Eridu
oilfield, and it is composed of limestone rocks with a high shale percentage,
with extremely poor reservoir properties. This unit can be found in all of the
study's wells. This unit exemplify by porosities ranges between (0.16 and 0.25)

and water saturation ranging (1.00) for Eridu oilfield
3-7-4 Lower Mishrif Reservoir (MB).

The thickness of this unit is around (62-123b) meters in the wells of the
Eridu oilfield, this part of the formation is determined between the rocks of the
Rumaila Formation, which is located below it, and ma layer that lies above it,
in terms of the thickness of the wells in this unit of the Eridu oilfield, it will be
similar to the previous unit in terms of increase and decrease. The highest value
of porosity is in the wells ER-1 ,ER-4 and ER-7(0.24,0.24,0,22), and the lowest
value in the wells ER-3 and 6 (0.11) but the water saturation highest value in
the well ER-3 and 6 (0.63,0.62), the lowest value in the well ER-7 (0.03). This
unit is considered the most important component in Mishrif Formation and is

considered to have good characteristics for the reservoir.

figure (3-15, 3-16 and 3-17) represent the representation of (CPI) the
interpretation of the probes and the petrophysical calculations of the reservoir
units of the Mishrif Formation in the study wells and Tables (3-6) to (3-11)
Interpretation value of Mishrif Formation in wells ER-1, ER-2, ER-3, ER-4,
ER-6 and ER-7
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Table (3-6) Interpretation value of Mishrif Formation in well ER-1

WellNA.| ER-1 MD BW | BVXO | PHIE | PHT | SW | SXO | VSH
MIN 000 | 0Ir | 017 | 023 | 010 | 100 | 000
CR-L | MAX |16980-171430{ 022 | 035 | 035 | 035 | 048 | 100 | 083
AVG 016 | 02r | 027 | 028 | 061l | 100 | 0L/
MIN 007 | 007 | 007 | 008 | 065 | 040 | 000
MA~ | MAX | 171430-1749 | 026 | 032 | 032 | 033 | 100 | 100 | 0.26
AVG 019 | 018 | 020 | 020 | 098 | 091 | 004
MIN 002 | 002 | 002 | 012 | 100 | 100 | 000
CRAl | MAX | 1749-176230 | 044 | 044 | 044 | 046 | 100 | 100 | 098
AVG 018 | 018 | 018 | 025 | 100 | 100 | 066
MIN 000 | 000 | 009 | 011 | 001 | 001 | 000
MB | MAX | 176281885 | 012 | 046 | 046 | 046 | 054 | 100 | 041
AVG 004 | 015 | 024 | 024 | 019 | 060 | 007

Table (3-7) Interpretation value of Mishrif Formation in well ER-2

WellNA | ER-2 MD BW | BVXO | PHIE | PHIT | SW | SXO | VSH
MIN 003 | 004 | 005 | 005 | 046 | 064 | 000
CRL | MAX | 174451752 | 020 | 022 | 033 | 040 | 100 | 100 | 076
AVG 008 | 010 | 013 | 015 | 0/8 | 090 | 022
MIN 007 | 008 | 009 | 009 | 054 | 060 | 000
MA“ | MAX | 175218153 | 025 | 025 | 025 | 025 | 100 | 100 | 005
AVG 019 | 019 | 019 | 019 | 097 | 098 | 000
MIN 011 | 01 | 01 | 015 | 100 | 038 | 003
CRA | MAX | 18153-182872 | 024 | 020 | 024 | 03 | 100 | 100 | 0.7
AVG 016 | 016 | 016 | 022 | 100 | 100 | 058
MIN 000 | 005 | 007 | 007 | 002 | 026 | 000
MB | MAX | 1828721898 | 009 | 017 | 027 | 027 | 100 | 100 | 027
AVG 004 | 008 | 016 | 016 | 032 | 054 | 004
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Table (3-8) Interpretation value of Mishrif Formation in well ER-3

Well Log Interpretation

WellNA. | ER-3 MD BW | BVXO | PHIE | PHIT | SW | SXO | VSH
MIN 000 { 007 | 007 | 010 | 018 | 05 | 000
CR-1 | MAX |1717.90-172840( 020 | 024 | 030 | 036 | 100 | 1200 | 0.72
AVG 008 | 014 | 018 | 020 | 054 | 083 | 042
MIN 003 | 006 | 006 | 007 | 032 | 058 | 000
MA | MAX |172840-1800.70| 026 | 026 | 028 | 028 | 100 | 100 | 025
AVG 019 | 019 { 020 | 020 | 0% | 098 | 002
MIN 000 { 000 | 000 | 008 [ 100 | 1200 [ 019
CRI | MAX |1800.70-1817.30 019 | 019 | 019 | 025 | 100 | 1200 | 097
AVG 010 { 010 | 010 | 018 | 1200 | 100 [ 076
MIN 001 | 005 | 006 | 006 | 007 | 030 [ 000
MB MAX | 1817.30-18795| 010 | 010 | 028 | 029 | 100 | 100 | 0.4
AVG 005 | 007 | 0L 0.1 063 | 076 | 006
Table (3-9) Interpretation value of Mishrif Formation in well ER-4
WellNA | ER-4 MD BW | BVXO | PHIE | PHIT | SW | SXO | VSH
MIN 000 | 01t | 01 | 01 | 009 | 095 | 000
CR1 | MAX 1763-1769 014 | 025 | 02 | 028 | 100 | 100 | 039
AVG 007 | 019 | 019 | 02 | 043 | 100 | 010
MIN 003 | 010 | 010 | 010 | 028 | 100 | 000
MA | MAX | 176918203 | 025 | 025 | 025 | 025 | 100 | 100 | 002
AVG 019 | 020 | 02 | 02 | 09 | 100 | 000
MIN 003 | 003 | 003 | 008 | 100 | 100 | 000
CRI | MAX |1820.3-1832%0 | 023 | 023 | 023 | 027 | 100 | 100 | 088
AVG 014 | 014 | 014 | 02 | 100 | 1200 | 074
MIN 000 | 01 | 017 | 017 | 000 | 045 | 000
MB | MAX | 183290-1941 | 004 | 017 | 030 | 030 | 028 | 090 | 018
AVG 000 | 013 | 024 | 024 | 006 | 057 | 004
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Table (3-10) Interpretation value of Mishrif Formation in well ER-6

Well Log Interpretation

WellNA. | ER-6 MD BW | BVXO | PHE | PHIT | SW | SXO | VSH
MIN 000 | 004 | 004 | 005 | 040 | 054 | 000
CR-1 | MAX | 173451741 | 012 | 019 | 028 | 036 | 078 | 100 | 074
AVG 017 | 01 | 015 | 019 | 055 | 081 | 034
MIN 004 | 006 | 006 [ 007 | 053 | 062 | 000
MA | MAX 1741-1810 025 | 025 | 02 | 02 | 100 [ 1200 | 027
AVG 018 | 018 | 018 | 018 | 094 | 097 | 001
MIN 002 ( 002 | 002 [ 007 | 100 | 100 | 0.0
CRIl | MAX 1810-1825 0L7  0Ir | 0Ir | 020 | 1200 | 1200 | 09%
AVG 008 | 008 | 008 | 016 | 1200 | 100 | 079
MIN 002 ( 007 | 007 [ 007 | 011 | 03 | 000
MB MAX 18251889 0L | 012 | 023 | 023 | 091 | 100 | 014
AVG 006 | 0086 | 011 | 01 | 062 | 081 | 003
Table (3-11) Interpretation value of Mishrif Formation in well ER-7
Well NA. | ER-7 MD BW | BVXO | PHE | PHIT | SW | SXO | VSH
MIN 002 | 005 | 005 | 005 | 033 | 05 | 000
CR-1 | MAX |1649.90-165760{ 013 | 015 | 024 | 024 | 072 | 100 | 02
AVG 004 | 007 | 009 | 009 [ 052 | 08 | 002
MIN 003 | 007 | 007 | 007 | 044 | 065 | 000
MA* | MAX |165760-172180( 024 | 024 | 024 | 024 | 100 | 100 | 014
AVG 015 | 017 | 017 | 017 | 087 | 097 | 002
MIN 000 | 000 | 000 | 003 | 1200 | 100 | 000
CRAl | MAX |172080-17392 | 019 | 016 | 016 | 024 | 100 | 100 | 083
AVG 010 | 009 | 010 | 017 | 100 | 100 | 0.9
MIN 000 | 004 | 011 | 012 { 001 | 018 | 000
MB | MAX | 1793218415 | 003 | 008 | 027 | 027 | 028 | 055 | 0.6
AVG 000 | 006 | 02 | 02 | 003 | 02r | 003
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Figure (3-15) Petrophysical calculations for Mishrif Formation for well ER- 1
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Figure (3-17) Petrophysical calculations for Mishrif Formation for well ER-3
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4.1 Introduction

It was vital to develop a science that compiles all of this information while
also taking into consideration time. The concept of stratigraphy, which is
concerned with studying the geological history of stratified rocks by dividing
the rocky record and distributing rocks during time and space, is therefore the
most organized and comprehensive concept of stratigraphy, and it came about
as a result of the principle of convergence of evidence.

Sequence stratigraphy is the separation of sedimentary basin fill into genetic
packages that are chronostratigraphic markers that characterize periods of
relative sea level changes.

These genetic packages are connected by unconformities and their
correlated conformities (Emery and Myer, 1996). According to (Van Wagoner
et al,.1988), sequence stratigraphy is the study of rock connections within a
chronostratigraphic framework of cyclic genetically linked strata.

Through the use of and integrating numerous types of data, such as seismic
data, well data, and outcrop data, and taking into consideration several geologic
disciplines, it has become a useful tool or strategy in petroleum exploration and
reservoir characterization. The method was frequently used in shallow water
carbonates as well as siliciclastic systems. The development of contemporary
sequence stratigraphic ideas can be attributed to the work of Slows (1962, 1963)
and (Wheeler ,1959). The need and value of linking time synchronous surfaces
across geological sections were understood. They paved the path for seismic
stratigraphy by incorporating chronostratigraphic into stratigraphic analysis.

These sequences depict several occurrences of deposition that took place in
relation to the rising and dropping of the sea level (Mitchum et al., 1977). The
combination of tectonics, eustasy, and climate led to the stratigraphic signatures
and stratum patterns in the sedimentary rock record (Emery and Myers, 2003).

Sequence stratigraphy's strength resides in its capacity to forecast facies
within a chronostratigraphic limited framework of depositional sequence
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confined by unconformities (Haq et al., 1987). Applying stratigraphic series
ideas to stratigraphic successions can be done in one of two ways. The first
method entails creating age models using the world cycle chart published by
(Hag et al.,1987) as a foundation.

The inclusion of the identification of predicted lithological succession
brought on by relative sea level variations is tasteful. To create a stratigraphic
structure that is useful for reservoir characterization, the application is more
pertinent than the first was (Kerans and Tinker, 1997). It may be summed up in
a few stages, as those (VVan Buchem et al.,1996,2002) employed.

4.2 Concepts of Sequence Stratigraphy

Sequence stratigraphy is based on the assumption that sedimentary succession
may be broken down into unconformity-bounded units (sequences) that emerge
over the course of a single cycle of sea level fluctuation. A sequence can be
divided into more manageable pieces (called system tracts). These reflect
several phases of a single sea level cycle and are genetically related. In
sequence stratigraphy, the term "sequence" refers to a stratigraphic unit made
up of genetically related strata that are fairly conformable, with unconformities
or their accompanying conformities at the top and bottom (Mitchum et al.,
1977). The surfacies of marine floods and their associated surFacies serve to
define the generally conformable or bed sets that are genetically connected beds
in the parasequence (Van Wagoner et al., 1988).

System tracts are formed of one or more Parasequence, which are asymmetrical
sedimentary cycles representing growth of the sedimentary succession during
a few hundred thousand years.

4.3 Accommodation

Jervey (1988) defined accommodation as "the space available for potentially
accumulating sediment and it is measured by the distance between base level
and the depositional surface." It is the result of three variables working together
(Figure 4-1).
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Which are:

- The sea surface (eustasy: global sea level measured from a datum such as the
center of the earth)

- The seafloor (tectonics)

- Changes in rates of sediment accumulation

Accommodation = eustasy + subsidence + compaction

Therefore, basin subsidence and eustatic increases in the global sea level are
the two factors that govern the establishment of accommodation space.

Basin inversion, eustatic sea level rises, and a higher rate of sediment input are
the three factors that reduce the amount of available area for housing (Sharland,
2001).
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Figure (4-1) Sediment accommodation space and its relationship to
eustatic sea level and tectonic uplift and subsidence (Jervey,1998).

4.4 Key surface
The depositional sequences of the Study Formation were correlated and
subdivided using a variety of stratigraphic surfaces. The maximum flooding
surfaces, transgressive surface, and sequence boundaries were those.
4.5 Sequence boundaries (SB)

The definition of the sequence boundary by (Vail et al.,1977), which is wide
and gives opportunity for further elaboration figure (4-2), is an unconformity
or correlative conformity that separates conformable succession of strata. There

are three different kinds of sequence boundaries: Type 1, Type 2, and Type 3.
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If the pace of eustatic fall clearly exceeds the rate of subsidence, exposing
the platform and fore slope, type 1 (SB1) sequence boundary develops (Sarg,
1988). If the rate of eustatic fall is less than or equal to the rate of subsidence,
exposing the inner-platform and shoal area, a type 2 (SB2) sequence boundary
is created (Sarg, 1988). When sea levels rise faster than the system can aggrade,
type 3 (SB3) sequence boundaries occur, and transgression system tracts with
substantial marine hiatuses overlie the previous highstand tract.

4.5.1 Maximum Flooding surface (MFS)

According to Glalloway (1989), the Maximum Flooding Surface (MFS) is
the boundary between the maximum transgression and regressive strata. The
surface designates the transgression of the shelf's shelf at its maximum flooding
or Chapter Four Sequence stratigraphy, and it divides the transgressive systems
tracts from the highstand systems tract figure (4-2). According to Helland and
Gjelberg (1994), the Maximum Flooding frequently delineates the boundary
between coarsening and fining upward cycles and is utilized to connect these
cycles for deepening and shallowing in the geological section. (MFS) have a
rich and varied fossil assemblage that frequently includes pelagic marker
species, according to (Sharland,2001).

4.5.2 Transgressive surface (TS)

The Transgressive surface separates the lowstand systems tract from the
transgressive systems tract figure (4-2), It is characterized by in situ reworking
and winnowing of sediment (Emery and Myers, 1996).

5.6 Systems Tracts

System tracts are characteristic units that may be used to further break down
the sequence. According to Brown and Fisher (1977), they are a connection
between contemporaneous depositional systems. Their internal geometry and
boundary characteristics are what define them (Emery and Myers, 2003).
According to Posamentier et al. (1988), systems are classified as a combination

of modern depositional systems defined by strata geometry of bounding
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surfaces, sequence location, and stacking pattern of internal parasequences, and
are thought to be connected to a specific eustatic curve segment figure (4-2)
4.6.1 Lowstand systems tracts (LST)

The deposition that occurred during the relative sea level decrease and the
early period of the succeeding relative sea level rise, which occurs before the
commencement of transgression, are indicative of this basal subdivision of a
series (Van Wagoner et al. 1988). Basin floor fans and slope fans deposition
grading to the lowstand wedge depict the LST. figure (4-2)

4.6.2 Transgressive systems tract (TST)

The landward shift in deposition settings, which is a reflection of an increase
in relative sea level, is traced by the transgressive systems tract. The
transgressive surface serves as the unit's bottom, while the maximum-flooding
surface serves as its top. Accommodation outweighs sediment intake, resulting
in an a retrogradational facies-stacking pattern. The deposits of the
transgression system tracts are most developed landwards of the underlying off
lap break; they onlap the transgressive surface of the merged sequence
boundary in a landwards direction and downlap on it in a basin wards manner
(Mclaughlin, 2005). figure (4-2)

4.6.3 Highstand System Tract (HST)

According to Emery and Myers (1996), the most recent tract in the sequence
of types one and two forms during the last phases of sea level rise and is
characterized by rapid sedimentation rates. According to (Catuneanu,2002),
figure (4-2), these two tracts' sedimentation was initially characterized by
staking patterns (aggradation), which later gave way to progradation patterns.
figure (4-2)

4.7 Carbonate response to sea level changes

Carbonate geometry, Facies, and digenesis are all impacted by relative sea

level displacement (Kendal et al., 1991). The following factors can represent

whether the relative sea level increase is quick or slow:
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Give up: Complete halt to carbonate manufacturing.

Back-step: carbonate deposition ceases producing at the basin margin
and retreats to a new position back across the shelf.

Catch-up: carbonate accumulation is initially unable to keep pace with
the sea level rise but then aggrades to sea level.

Keep up: carbonate accumulation match sea level rise.

Prograde: carbonate accumulation is greater than the needed to match
sea level rise, so causing the platform margin to advance in a seaward

direction.

Carbonate response to sea level fall is reflected by:

Deep-water slop and basin fans deposition, if the basin remains deep
deposit the fall.
Shelf -margin wedges when the adjacent basin becomes shallow enough

to maintain shallow water carbonate deposition.

When the fall isolates a basin of deposition, replacement by evaporates.

The interior platform is exposed. Figure (4-3)

EUSTACY

Low

SUBSIDENCE

Depth

HIGH

Figure (4-2) System tracts and sequence boundaries (after Van Wagoner et

al.)

4.8 Carbonate sequences

According to Sarg (1988), four key factors tectonic subsidence, eustacy, the

volume of deposited sediments, and climate control facies patterns in carbonate

rocks.
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They work together to create relative sea level changes that are visible in
the stratigraphic succession as units of shallowing, deepening, and down
stepping. These units produced the highstand, transgressive, and lowstand

systems tracts of siliciclastic and carbonate sequences (Handford and Loucks,

1993).

Most carbonate sedimentation has been reported in the (TST) and
(HST). The carbonate deposition in the lowstand system tract (LST) is

restricted to narrow areas and is characterized by abundant siliciclastic

input and exposure surface of carbonate platform.

HGH
EUSTASY

SUBSIDENCE

SUBSIDENCE |

RATE OF
EUSTATIC
CHAGNE

MiNUS

RATE OF
SUBSIDENCE

EQUALS I

FALL |

Relative Sea-level

Figure (4-3) Carbonate depositional response to sea level changes

(Posamentier&Jervey&Vail,1988)
4.9 Sequence Development

According to (Scott et al.,1994), depositional cycles are sedimentary

deposits that,
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environmental circumstances. These deposits must be recognized by the
physical and biological information they carry.

Changes in eustasy, tectonism, climate, and other processes occurring within
depositional settings impose these cycles or sequences over a range of
timescales (1st = longest term, 6th = shortest term). Figure (4-4)

The most crucial phase in the building and analysis of the sequence
stratigraphic model is the selection of a datum or datum from which to" hang
"the available interpretive data (Kerans and Tinker, 1997).

In this study, the choice of dates was based on the considerable
generalization of (Kerans and Tinker ,1997); some of them may be relevant to
mention:

e According to the stratigraphic interval of interest, the choice of date

should be change.

e There are very few (if any) stratigraphic marked beds stored and/or kept
flat.

e The stratigraphic interpretation process is iterative, in that usually an
initial correlation pass is made with a single datum, and then other
datums are added to achieve a final interpretation. Usually, multiple
dates are required to explain the stratigraphic structure.

e A reasonable choice of date can be made for the shales.

e |f erosion non-conformities.

The succession of the Mishrif Formation consists of five third order cycles (A,
B, C, D and E) representing successive intervals of relative sea level rises and
stillstand. The nature of cycle asymmetry and thicknesses suggest that the
tectonic component is the main controlling factor on cycle development in

highly subsiding basin. figure (4-5, 6 and 7).
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Figure (4-4) An interplay of four main controlling factors influence

sequence stratigraphic (Adapted from Vail, 1987)

4.9.1 Sequence development of Mishrif Formation at Eridu-1 well

The Mishrif succession in Eridu-1 is represented by five third order

asymmetrical cycles and recognizes by alternation of the transgressive systems

tract (TST) and highstand system tracts (HST). The lower contact of the studied

sequence with the Rumaila Formation is the gradual contact, which represents

a transitional period that separates a marine progression consisting of limestone

and chalk of the Rumaila Formation, and thus they gradually progress upward

to the Mishrif Formation during the period of marine fall, figure (4-5).

Cycle A represents the Highstand System Tract (HST), which is a

continuation of the sedimentary cycle extending from the sedimentation of the
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Rumaila Formation and represents the beginning of the marine fall and
transition from the deep Rumaila sediments towards the sedimentation of the
shallow open marine of the Mishrif Formation. The Highstand System Tract is
composed of bioclastic packstone, rudstone with large rudist fragment,
mudstone to Wackestone, peloidal Wackestone to packstone and mudstone
with benthonic foraminifera Textularia, Nezzazata and Milliode with
fragmented of coral and algae it represented by shoal, rudist Biostrum and
restricted marine.

Cycle B (TST) consists rudstone with rudist fragment, boundstone with
coral, bioclastic packstone and wackestone it is represented by shallow open
marine and rudest biostrum. The cycle B (HST) is composed of piloidal
grainstone it represented by shoal.

Cycle C (TST) consists bioclastic packstone it is represented by shallow
open marine. The cycle C (HST) is composed of rudstone it represented by
shoal.

Cycle D (TST) consists planktonk packstone and benthonic foraminiferal
mudstone it is represented by shallow open marine and deep marine. The cycle
D (HST) is composed of rudstone and peloidal grainstone it represented by
shoal and restricted marine.

The cycle E (TST) consists bioclastic packstone microfacies, peloidal
grainstone microfiches, bioclastic Wackestone microfacies and bioclastic
mudstone to Wackestone microfacies, it is it is represented by shoal and
restricted marine, the HST) is composed of. The cycle E (HST) is composed of
peloidal packstone with rudist fragment and peloidal packstone to grainstone
which consist mainly of tiny equally size Peloids with some benthic
foraminifera, Textularia, Nezzazata and Milliode, it is represented by shoal.

This cycle ended at (SP1) over by Kifil formation.
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4.9.2 Sequence development of Mishrif Formation at Eridu-2well

The fourth third order asymmetrical cycles that make up Eridu-2 for Mishrif
succession are used to identify it through the alternation of transgressive and
highstand system tracts (TST and HST). Figure (4-6) shows that the studied
sequence gradually advances upward to the Mishrif Formation during the
period of marine fall from its lower contact with the Rumaila Formation, which
represents a transitional period separating a marine progression made up of the
Rumaila Formation's limestone and chalk.

Cycle A represents the Highstand System Tract (HST), which is a
continuation of the sedimentary cycle extending from the sedimentation of the
Rumaila Formation and represents the beginning of the marine fall and
transition from the deep Rumaila sediments towards the sedimentation of the
shallow open marine of the Mishrif Formation. Planktonic Foraminiferal
Packstone such us Calcispheres, Echinoderms, Globigerinelloides,
Heterohelix, Hedbergella and Bioclastic Packstone, Benthic foraminiferal
mudstone it represented by deep marine, shallow open marine and restricted
marine. The cycle A (TST) consists Bioclastic Packstone, Piloidal to Bioclastic
packstone, Piloidal packstone facies, and the carrying benthonic foraminifera
such us Textularia, Nezzazata, Milliode and bioclastic fragments it is
represented by shallow open marine.

Cycle B (TST) consists rudstone with bioclastic packstone it is represented
by shallow open marine. The cycle B (HST) is composed of piloidal grainstone
it represented by shoal.

Cycle C (TST) consists peloidal to bioclastic packstone, shale and mudstone
it is represented by shallow open marine and deep marine. The cycle C (HST)
Is composed of peloidal packstone and bioclastic wackestone it represented by
shallow open marine.

The cycle D (TST) consists Planktonic Foraminiferal Packstone, Bioclastic

Wackestone to Packstone, Fossiliferous Wackestone with dissolution and the
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carrying planktonic foraminifera such us Calcispheres, Echinoderms,
Globigerinelloides, Heterohelix, Hedbergellait is it is represented by deep
marine. The cycle D (HST) is composed of bioclastic Wackestone and
bioclastic packstone it is represented by shallow open marine. This cycle ended
at (SP1) over by Kifil formation.

4.9.3 Sequence development of Mishrif Formation at Eridu-3 well

Transgressive and highstand system tracts (TST and HST) are utilized to
distinguish the five third order asymmetrical cycles that make up Mishrif
succession in Eridu-3. During the period of marine fall from its lower contact
with the Rumaila Formation, which represents a transitional period separating
a marine progression made up of the limestone and chalk of the Rumaila
Formation, Figure (4-7) demonstrates how the studied sequence gradually
advances upward to the Mishrif Formation.

Cycle A represents the Highstand System Tract (HST), which is a
continuation of the sedimentary cycle extending from the sedimentation of the
Rumaila Formation and represents the beginning of the marine fall and
transition from the deep Rumaila sediments towards the sedimentation of the
shallow open marine of the Mishrif Formation. Cycle A (HST) is composed of
bioclastic Packstone with Planktonic Foraminiferal such us Calcispheres,
Echinoderms, Globigerinelloides, Heterohelix, Hedbergella, bioclastic
Wackestone to packstone and bioclastic mudstone it is represented by deep
marine. The cycle A (TST) consists fossiliferous Wackestone to packstone and
bioclastic packstone with peloid it is represented by shallow open marine.

Cycle B (TST) consists planktonk packstone it is represented by deep
marine. The cycle B (HST) is composed of piloidal packstone it represented by
shallow open marine.

Cycle C (TST) consists bioclastic mudstone to wackestone it is represented
by deep marine. The cycle C (HST) is composed of peloidal grainstone it

represented by shoal.
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Cycle D (TST) consists rudstone and bioclastic packstone it is represented
by shallow open marine and rudist biostrum. The cycle D (HST) is composed
of rudstone and bioclastic wackestone it represented by restricted marine.

The cycle E (TST) consists Planktonic Wackestone, Bioclastic mudstone
and bioclastic packstone it is represented by deep marine. it is represented by
deep marine and shallow open marine. This cycle ended at (SP1) over by Kifil
formation.

4.10 Basin development

e First stage: - this stage was represented the deposition in the basin of

Rumaila Formation and continued to deposition the lower part of Mishrif
Formation within the deep marine environment. The end of this basin
(Rumaila basin) was represented by the shallow open marine associated
facies in the studied area.
The highstand sequence distinguished by deposition the deep marine
Facies and the shallow open marine as two cycle. The first stage was
finished by deposition of the shoal facies in all studied area to marked a
sequence boundary type Il (prograde stage A).

e Second stage: - during this stage the basin was developed from the shoal
to rudest biostrum dominated facies with slow sea level rise. The
deposition of the open marine associated facies within the rudest
biostrum-shoal sequence marked the mfs surface. The final step of this
stage was shown the shallowing up-ward by overlaying the shallow open
marine association facies upon the rudest biostrum and shoal. At the end
of deposition this sequence, the restricted facies were spread in the
studied area to formed the prograde stage B as sequence boundary type
.

e Third stage: - the sea level was raised in the southwest direction as open
sea association facies, while to the northeast the restricted facies was
dominated. This sequence appeared the shoal facies underlay the open
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sea facies marked the mfs surface to start the final high stand deposition
overly the restricted facies. This stage is representing the prograde stage
D for the Mishrif Formation, where ended the deposition to mark the

unconformable surface (SBI) with Kifil Formation.
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5.1 Introduction

The majority of operations fields use 3D geological models to obtain the
most accurate descriptions of subsurface reservoir attributes and quantities
through data on reservoir characteristics. In order to determine the distribution
of these features, it is necessary to comprehend and cover the majority of
geological features with respect to porosity, water saturation, kinds of rocks
and barriers (faults and folds). Structure modeling, stratigraphic modeling,
Petrophysical modeling, and lithological modeling are the four key steps of a
geological model. The complicated applications and methods. Improved
hydrocarbon bearing zone quantification required high-resolution geological
models and more accurate data collection. (Doyle and Sweet,1995).

Creating a 3D Petrophysical model for a reservoir in the Eridu field is mostly
illustrated in this chapter. Basic data that may be utilized in 3D geological
models often comprises sources, types of data, sizes, and then numerous steps
to describe how geologic modeling is conducted.

5.2 Model Design

To create the geological model for the reservoir in the Eridu oilfield, Petrel
2018 software was chosen. Petrel software offers a wide range of tools for
modeling, interpretation, and the construction of accurate subsurface models.
Petrel really takes into account the most recent software modeling created by
Schlumberger. The data base was created using the Petrel program, which
included specific information needed to finish this investigation. The primary
data source input into Petrel contains geology and petrophysical data, which
enables visualization of simulator results in 3D and 2D for optimal reservoir

exploitation. (Schlumberger,2008).
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5.3 Data Import

This project will use a variety of data kinds to create a 3D geological model,
which must be export to the Petrel software. These data types include well
heads, well tops, and well logs, which will be used to digitize structural maps.
4.3.1 Well Heads

each well's 3D topographic position (Eastern, Northern). The well heads
include the well's location and the path's measured depth.
5.3.1 Well Tops

In order to indicate the depth of each zone of the Mishrif Formation, well
tops are points along the course of each well.
5.3.2 Well Logs

The Mishrif Formation's raw data and findings are included in the well logs
together with CPI (Porosity, Water Saturation), Neutron, Density, Sonic, and
Resistivity measurements.

5.4 Structure Contour Map

Surface data may be used to create a contour map that is connected with well
tops. After digitizing a geological report with surfer software, a structural map
for geologic units in reservoirs was created that took well tops and the top of
the Mishrif Formation into consideration. The Mishrif Formation units were
then built on top of well tops in accordance with the trend of the Mishrif top
map.

5.5 Vertical wells correlation

The distribution of petrophysical parameters (Porosity and water saturation),
as well as the extents and thickness of various lithological units in reservoirs,
may be shown via well correlation ideas (Schlumberger, 2008). (Figures 5-1
and 5-2).
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In the great majority of log correlation investigations, the following

calculated logs are used:

e Clay volume (Vcl).
e Effective Porosity (PHIE).
e Water saturation (Sy).

Some basic logs also make good correlation as:

o Caliper
e Variation between Neutron (¢p) and Density (@) porosity.

e Variation between R; and Ry, (deep and shallow resistivity)
5.6 Structural Model

To incorporate and explain unique geologic characteristics inside the
geomodel, structural modeling might be employed. Geologic construction
mapping typically forms the basis of structural modeling, assuming it is

accessible.

The three procedures that make up structural modeling are pillar gridding,
creating horizons, and layering zones. Using a single amount of data, each of

these stages was implemented in turn to create 3D grids.

For the Mishrif formations, five contour maps have been created. These units
(CR-I, MA, CR-11, MB, and Rumaila) are based on the well tops of each well
that was used in the Eridu oilfield. A 3D structural contour map for the Mishrif
Formation is shown in figure (5-3), and other units are shown in figure (5-4 to
5-8) These structural maps illustrate a stratigraphic trap, or Rudest
accumulation, particularly in the MB unit around the ER-7, ER-1, and ER-4
wells, with anticlines that have their axes in the same directions as the wells
and the area's major slope running from west-south and west to north-east and

east.
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Figure (5-1) Vertical Cross section in direction N-S shows correlation of
Mishrif Formation in Eridu oilfield in wells (ER-1, ER-4 and ER-7).
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Figure (5-3) Structure modeling of Mishrif Formation in Eridu oilfield.
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Figure (5-5) Structure map for top Mishrif Formation (MA) in Eridu oilfield.
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Figure (5-7) Structure map for top Mishrif Formation (MB) in Eridu oilfield.

3456000

3432000 3440000 3448000

3424000

552000

560000

568000

576000

584000

592000

I

Depth(m)

-1780.00

' -1800.00

-1820.00
-1840.00
-1860.00
-1880.00
-1900.00

-1920.00

[-1940.00
-1960.00
[-1980.00
[ -2000.00
-2020.00
-2040.00
-2060.00

T
552000

T
584000

T
592000

000¥ZveE

0000¥¥€ 0008Y¥E 00095¥€

000ZEveE

Figure (5-8) Structure map for top Rumaila formation in Eridu oil field.
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5.7 Pillar Gridding

To make a 3D structure, the procedure known as pillar gridding is used to
produce a surface for (X, y, and z) locations. Top, middle, and base skeleton
grids are used to illustrate the skeleton. These skeletons were joined together at
places, which made their locations clear.

Building a 3D grid is the initial step in the construction of a 3D model. A
grid cell is introduced for each box of grids. Each grid cell's reservoir
characteristics, also known as cell properties, such as porosity and rock type,
were completed. The majority of the 3D gridding employed in the structural
model is made up of several cubic cells that are stratified along faults and lined
up with horizons. (Jean-Claude Dulac,2008)

A 3D grid model has been constructed Mishrif Formation by using
(100x100 m) on x, and y-axis pillar gridding increasing in order to construct a
structure for a 3D grid. Figure (5-9) displays a 3D pillar gridding skeleton for
Mishrif formation.
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Figure (5-9) The Skeletons of Mishrif Formation in Eridu field.
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5.8 Make Horizons and Zones

The horizontal plane means the boundary, which is made up of two distinct
top zones or beds. In a 3D grid, the method of making the horizon is utilized to
introduce layers in the vertical direction. Real 3D statistical methods portrayed
layer surfaces as 2D while preserving the structure's well tops and well picks
in place. All crossing locations between the horizon and the 3D pillar grid are
known as points after establishing the horizon. (Morten Bendiksen,2013).
Depending on geologic unit for Mishrif Formation in Eridu oilfield, there are
five horizons have been built in structural model.

The next step in selecting the vertical resolution of the 3D grid is the create
zones procedure. Zones are formed between each horizon by this technique. By
including thickness information in the form of isochrones, constant thickness,
and percentages, zones may be introduced to the model. As demonstrated in 3D
view figure (5-11) and intersection view figure, well points may also be used
to connect top constructions to well picks or to simply measure the thickness

from top horizon to bottom one (5-10).

Zones
Ezom CR1 © 590000
~1800 = Zone MA {
Zare [_lzone CRAl Ty
[_1Zone M8 .« 572000

Figure (5-10) shows the top horizon and zones of Mishrif Formation in
Eridu oilfield.
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Figure (5-11) Intersection of 3D structure model which illustrate thicknesses
of zones of Mishrif Formation in Eridu oilfield in wells (ER-7, ER-3 and ER-
6).

5.9 Layering

The primary horizon of the 3D grid cell in the pillar gridding has numerous
vertical levels. Each unit's reservoir parameters, like as porosity, were
specified. These characteristics are thought to be crucial for estimate and fluid
flow calculations. Depending on the quantity or thickness of cell layers, the
final two steps making the horizon and layering can be utilized to introduce the
choice of vertical direction in a 3D grid. Grid cells may be used to identify the
top and bottom of geological units, and well tops that must be depicted in well

sections can also be found there. (Al-Hajeri,2009)

Mishrif Formation units in Eridu oilfield have been divided into many layers
depending on reservoir properties and unit thickness. Figure (5-12) illustrates

layers of each zones Mishrif Formation reservoir. MB unit it is best geological
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unit divided more than once as compared other units due to have good
Petrophysical properties which explained in table (5-2).
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Figure (5-12) Layering division for each unit of Mishrif Formation in Eridu
oilfield.

Table (5-2) Number of layers and average thickness for each unites of

reservoir of Mishrif Formation in Eridu oilfield.

Zones | No. of Layers Average Thickness(m)
CR1 S 8.9

MA 10 62.37

CR2 S 15.75

MB 20 76

5.10 The Scale up of Well Log

Scale up of well log is a technique of average values of well log in grid cell

by employing statistical methodologies. Each cell 3D grid is perforated by
number of wells.
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For each Petrophysical property, each cell has a value of 1. Only the grid
cells with the given value are shown in the final 3D grid results. Scaled-up well
logs from this procedure can be applied to petrophysical modeling. For
modeling reservoir characteristics, the region is divided into a 3D grid. The
density of samples obtained from logs is often substantially lower than the size
of grid cells. Any modeling procedure that relies on well log data should be
scaled up so that it can produce 3D grids with precise dimensions. (Servet
Unalmiser et, al ,1998).

There are a lot of statistical techniques used to scale up well log such as
(harmonic, arithmetic average and geometric) methods. Average Petrophysical
such as, porosity, and water saturation value which scaled up by arithmetic
average. Figure (5-13) shows (PHIT, PHIE and SW) predicate are scaled up for

(ER-1) and other wells were shows in appendix A.
5.11 Quality Control

When the well logs have been scaled up, a delicate and required operation
has been carried out in order to visualize Units of the Mishrif have been
captured. This technique is dependent on layering, which defines layer

thickness.

If the layer thickness is too thin, it's possible that too much data will be lost.
Thus, modifications for layer thickness are required. Comparison of the
histogram window's scaled-up log data with the original log data. Clarity
characteristics of the histogram are scaled up to the original log data. Figures
(5-14), (5-15) and (5-16) show histogram for total porosity, effective porosity

and water saturation.

116



Chapter Five

CR-Il
mB

3D Geology Model

@ Er_1[SSTVD]

SSTVD PHIT

PHIT [U]

PHE (U]

SW

SW (U]

1:14050.0000 m3/m3 0.3500

0.1263 m¥m3 0.2504 10.0000 m3¥m3 0.2500

0.0650 m¥/m3 0.3536

0

110016179 1.0694

[CoIOr fil_JJPoro g tom

Color fill Fter smraﬂ

16462

Color fiIIIosity'!- eﬂectT\([

1660 .

CR-14

1580
17001

1720

1780 4

1740

1760 3

Rumaila (-

1800

1820 ]

1840

1860

1880

|
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Figure (5-14) Quality histogram for PHIT of Mishrif Formation in Eridu
oilfield.
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Figure (5-15) Quality histogram for PHIE of Mishrif Formation in Eridu
oilfield.
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Figure (5-16) Quality histogram for SW of Mishrif Formation in Eridu
oilfield.

Generally, these properties in Mishrif units shows good sampling after
upscaling where each percent of unit are very close to well log value except
some Sharp value of well log so the upscaling process made it with the general

trend of unit properties.
5.12 Petrophysical Model

The process of giving each cell of the 3D grid a petrophysical property value
(such as porosity, etc.) is known as petrophysical property modeling. For
simulating the distribution of petrophysical attributes in a reservoir model,
Petrel ve.18 provides a number of methods. Geostatistical techniques were used
to create the Petrophysics model (Schlumberger, 2010, b).
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The Petrophysics models include:
5.12.1 Porosity Model

Based on the density and neutron porosity log findings that were adjusted
for and evaluated using the Tichloge ve. 15 software, a porosity model was
constructed. A statistical approach that matches the volume of available data

was the statistical sequential simulation technique (Schlumberger, 2010, b).

In this study, two type of porosity has been calculated (total and effective
porosity (PHIT and PHIE). From porosity model the following conclusions can

be shown:

e The PHIT model generally shows a high porosity reaches 33% specially
in section of wells ER-7, ER-1, ER-4 while other had low porosity
overall wells of ER-6, ER-2, ER-3. The PHIE model gives a high
porosity up to 30% in the same trend line, in the other direction also its
percent lower than this range.

e The PHIT of the unit MB reaches 32% in well ER-1 at the middle of the
unit. The porosity decreased at the top of same well and reach 15%, in
well ER-7, its opposite and increased at the top to reach 26%.

e The PHIE of the unit MB reaches 28% in well ER-1 at the middle of the
unit. The porosity decreased at the south-west to reach 23% in well ER-
7, and decreased at the north-east to reach 25% in well ER-4, while the
porosity decreased at the north to lower than 12% in well ER-6.

Figures (5-17 and 5-18) show the total and effective Porosity 3D model
respectively for Mishrif Formation in the Eridu field. Figure (5-19 and 5-20)
shows intersection of the PHIT and PHIE along the direction of ER-7-ER-1-
ER-4 while other section direction is in appendix A. Figures (5-21,5-22) are
showing the porosity model for MB unit the other units shown in appendix A.

Histogram window has been applied to recognize Petrophysical properties of
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original log data and up scaling log data in order to check accuracy of the final
3D porosity model (PHIT and PHIE) shown in figure (5-23 and 5-24)

X-axis

Figure (5-17) Total porosity of Mishrif Formation in Eridu oilfield.

X-axis

Figure (5-18) Effective porosity of Mishrif Formation in Eridu oilfield.
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Figure (5-19) Total porosity intersection line of Mishrif Formation in Eridu
oilfield in wells ER-7, ER-1 and ER-4.
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Figure (5-20) Effective porosity intersection line of Mishrif Formation in
Eridu oilfield in wells ER-7, ER-1 and ER-4.
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Figure (5-22) Effective porosity for MB unit in Eridu oilfield.
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Figure (5-23) Histogram plot for total porosity of Mishrif Formation in Eridu
oilfield.
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Figure (5-24) Histogram plot for effective porosity of Mishrif Formation in
Eridu oilfield.
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5.12.2 Water Saturation Model

The water saturation model was constructed using the same geostatistical
methodology as in the porosity model. Each unit of the Mishrif Formation in
the Eridu oilfield has a water saturation model constructed after the scale-up of

water saturation that exports from Tichloge ve.15 software.

e The CR-II unit's water saturation ranges from 75% to 55%, particularly
at the upper section of the structure high in well ER-1, and that range is
mostly due to various types of clay minerals.

e In contrast to other units in the Eridu oilfield, the MA and CR-II units
are distinguished by high water saturation levels that exceed 100%.
Nevertheless, certain MA units in wells ER-7 and ER-4 had water
saturation levels of less than 70%, which indicates that they did not
exhibit any hydrocarbon.

e The Rudest build up with a very high rate forming a high structure and
good hydrocarbon caused the water saturation in the MB unit to decrease
to less than 10% in intersection direction SW-NE along ER-7, ER-1, ER-
4 while in other will location specifically ER-2, ER-3, ER-6 reach up to

80% in some layers due to the shoal environment.

The Mishrif Formation's final water saturation model for the Eridu field is
shown in Figures (5-25). Figures (5-26, 5-27) depict the water saturation
section in the well's ER-7, ER-1, ER-4 and ER-7, ER-3, ER-6 directions.
Appendix A depicts other directions. Figure (5-28) shows histogram window
which has been applied to recognize water saturation of original log data and
up scaling log data in order to check accuracy of the final 3D SW model. Unit
MB in the Mishrif Formation of the Eridu field is shown to be water saturated

in Figure (5-29), and appendix A contains the remaining units.
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Figure (5-25) Water saturation of Mishrif Formation in Eridu oil field.
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Figure (5-26) Water saturation intersection line on wells ER-7, ER-1 and ER-
4,
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Figure (5-28) Histogram plot for water saturation of Mishrif Formation in
Eridu field.
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Figure (5-29) Water saturation for MB unit in Eridu oil field.

5.12.2 Facies and Environmental Model

Facies modeling is distributing discrete Facies throughout the model grid.
Normally, the user will have upscaled well logs with discrete properties in the
model grid, and possibly defined trends within the reservoir, by analyzing this

data (Schlumberger, 2010, b)
Mishrif is divided into 5 depositional environments according to the thin

sections, logs interpretation those environments are deep marine, shallow open

marine, shoal, restricted marine and rudist Biostrum were generally interpreted

for each well.

In this study, the 3D depositional model of Mishrif Formation was
constructed from study of microfacies and sedimentary environments for ER-1

,2and3 as obtained in chapter two.
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The 3D environment model of the Mishrif Formation has been built by
studying the microfacies for ER-1,2 and 3 and examining the available thin

section as well as the logs data.

The facies model subdivides units of Mishrif as follow:

e CR-I unit consist of deep marine environment which represents a cap
rock that has no oil bearing or shows.

e MA unit mainly of shallow open marine with some facies of shoal and
restricted marine, this unit has poor petrophysical properties such as
effective porosity and oil shows with little oil show in shoal layer.

e CR-II unit also consist of open marine environment which cover the
main reservoir unit and it represented as a key layer deposited in most of
south Iraq oil field.

e Rudist Biostrum and shoal facies which have good reservoir properties
represent the reservoir unit and oil bearing zones in MB unit specially in
the trend of wells ER-1,7 and4 (Rudist buildup zone) while other facies
of restricted and open shallow marine had some oil shows but it doesn’t
regard as oil bearing layer in the other well of the Eridu oilfield.

Figure (5-30) show the final Facies and Environmental model for Mishrif
Formation. Figures (5-31- 5-32) show the Facies and Environmental map for
MA and MB of Mishrif Formations the other unit are in Appendix A.
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Figure (5-30) 3D view of Facies and Environmental distribution in Eridu
oilfield.
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Figure (5-31) Facies and Environmental map of MA unit in Eridu oilfield.
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Figure (5-32) Facies and Environmental map of MB unit in Eridu oilfield.
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6.1 Conclusion

1. This study showed that the Mishrif Formation in Eridu oilfield consists
of six major microfacies and ten secondary microfacies. They are
Bioclastic Packstone, Rudstone, Boundstone large Rudist fragment,
Plankton Foraminiferal Packstone, Bioclastic Wackestone to Packstone,
Peloidal Packstone, Bioclastic Packstone to Grainstone, Peloidal to
Bioclastic Packstone, Benthonic Foraminiferal Mudstone Packstone,
Bioclastic Packstone to Grainstone, Peloidal to Bioclastic Packstone,
Benthonic Foraminiferal Mudstone, and Rudist fragmented Mudstone.
These microfacies were deposited in restricted, shoal, shallow open
marine, rudist biostrum, and deep marine environments, which indicates
a clear variation in sea level and tectonic activity that accompanied the
sedimentation process.

2. Depending on the examination of the thin section and the interpretation
of the behavior of the different logs, the Mishrif Formation was divided
into four main units, which are the two reservoir units (MB, MA), the
cover unit (CR 1) and the barrier unit (CR 2), where the covering unit
deposited in the deep marine. The reservoir unit (MA) deposited in the
shallow open marine, restricted marine and shoal, the unit (CR-II)
deposited in the deep margin, while the main reservoir unit (MB)
deposited in different environments that extended between rudist
biostrum, restricted marine, shoal, shallow open marine and deep marine.

3. There are six diagenetic processes (Micritization, Dissolution,
Compaction, Recrystallization, Dolomatiztion and Cementation)
affected the rocks of the Mishrif formation, and the dissolution process
had an important role in improving the reservoir specifications through
what it consisted of different types of porosity, especially secondary

porosity of a large type such as cavern, vugs growth framework, on the
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other hand, the cementing process negatively affected the reservoir
specifications by filling the porous spaces with cementitious materials.

4. From the Pota-Thor cross-plots for Mishrif Formation it is indicated that
the main clay minerals are montmorillonite and illite-montmorillonite
mixed layer clay, and chlorite.

5. Water saturation was calculated and show that water saturation increases
in units (CRI, MA and CRII) and decrease in units (MB) which
characterize good reservoir properties.

6. The residual hydrocarbon and movable hydrocarbon are few in the (CRil,
CRII) units and are almost non-existent, while the (MA) unit contains
few oil evidence, and for the (MB) unit, the value of the residual
hydrocarbons is very high in the (7,1,4) wells, while the (6,2,3) wells
contain oil, but at a lower rate from those wells, the percentage of water
saturation is almost high in these wells.

7. For the Mishrif formations, five contour maps have been created. These
units (CR-11, MA, CR-1I, MB, and Rumaila) are based on the well tops
of each well that was chosen in the Eridu oilfield. These structural maps
depict a stratigraphic trap, or Rudest accumulation, particularly in the
MB unit around the ER-7, ER-1, and ER-4 wells, with anticlines that
have their axes in the same directions as the wells and the area's major
slope running from west-southwest to north-east and east.

8. Each reservoir unit in Mishrif Formation has been divided into many
layers depending on petrophysical properties and facies. CRI has been
divided into 5 layers, MA has been divided into 10 layers, CRII has been
divided into 5 layers and MB has been divided into 20 layers, because
they are important layers with good reservoir properties.

9. Sequence stratigraphic analysis show there are five stratigraphic surfaces
based on the abrupt changing in depositional environments, and intra-

Mishrif four surfaces are maximum flooding surfaces which represents
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the deepening up-ward association facies. Two major sequences
(sequence | and sequence Il) are identified based on the behaviors of
facies association within sequence stratigraphic boundaries and TST and

HST system tracts.
6.2 Recommendations

1. The study recommends providing core samples for wells that do not
contain cores in order to study them in more detail from the lithological
and petrophysical aspects.

2. New wells must be drilled in the northern dome of the field and drilled
into the Mishrif Formation to cover this portion of the field in order to
improve the accuracy of the formation evaluation.

3. Two and three dimensional seismic data are very important for building
advanced geological models, so sufficient seismic geophysical studies

must be provided to form a Mishrif Formation in the Eridu oilfield.
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Figure (A,20) Total porosity intersection line of Mishrif Formation in Eridu
oilfield in wells ER-6, ER-2 and ER-4.
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Figure (A,21) Total porosity intersection line of Mishrif Formation in Eridu
oilfield in wells ER-7, ER-3 and ER-6.
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Figure (A,25) Effective porosity for CR-1 unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,26) Effective porosity for MA unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,27) Effective porosity for CR-I1 unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,28) Total porosity for CR-1 unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,29) Total porosity for MA unit of Mishrif Formation in Eridu
oilfield.
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Appendix (A)

Figure (A,30) Total porosity for CR-11 unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,31) Water saturation for CR-1 unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,32) Water saturation for MA unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,33) Water saturation for CR-11 unit of Mishrif Formation in Eridu
oilfield.
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Appendix (A)

Figure (A,34) Facies model for CR-I unit of Mishrif Formation in Eridu
oilfield.
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Figure (A,34) Facies model for CR-I1 unit of Mishrif Formation in Eridu
oilfield.
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