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Abstract

This study presents causes and reasons for lowering resistivity logs in carbonate deposit. Moreover this abstract elucidate
methods for relieving of challenge water saturation estimation in cretaceous carbonate deposits with Low Resistivity Pay, in
Persian Gulf. Reservoirs in the Cretaceous like Zubair, Buwaib, Shuaiba and Khatiyah formations of Southern fields have
been analyzed as low resistivity carbonate. Resistivity responses reach less than 6 and even less than 1 ohm.m. Significant
hydrocarbon accumulations are “hidden” these Pay zone, (LRPZ). Experimental analysis shows that reservoirs contain
clay-coated grains of Lithocodyum algal and is along with Micrtization, Pyritization of digenetic process are reasons for
effect on resistivity response. On the other side Smectite and Kaolinite of main clays types have high CEC and greater impact
on lowering resistivity. Lonay method applied to address pore throat sizes which contain Inter crystalline porosity, Chalky
Limestone, Mudstone micro porosity. NMR (Nuclear magnetic resonance and Pulse Neutron-Neutron logs have been used to
modify the calculated water saturation of the wells. The study shows that reduced specific resistivity is due to texture change
and presence of microscopic porosity. For defining reliable water saturation, Core NMR and Log NMR results have been
used. NMR results explain that decreasing of resistivity in pay zone is related to texture and grain size variation not being
existence of moved water. Irreducible water for the reservoirs is estimated between 30 to 50 %. Low resistivity zone related to
microspores with less than 3 micron. Variable T2 cut off'is allows to choice suitable T2 cut off values to differentiate movable
from bound fluids adapted for the specific carbonate rock. T2 cut off varies between 45 to 110ms. The proper T2 cut off for

these formations are extremely crucial to being able to estimate permeability and water saturation.

Introduction

Remarkable hydrocarbon accumulations are “hidden” in the reservoir
intervals with low resistivity characteristics, which known as Low
Resistivity Pay Zones (LRPZs). The LRPZ reservoir were first
discovered in a sandstone reservoir within the Gulf of Mexico and
then in carbonate layers [1,2]. These zones are commonly identified
with high water saturation based on interpretation of resistivity
logs which makes such intervals of low interest to exploration and
perforation. LRPZ take place and have reported from both clastic
and carbonate reservoirs, in carbonates. It has been reported to be as
aresult of either or a combination of deep high saline mud invasion,
presence of conductive minerals, presence of microporosity, and
anisotropic effect due to drilling high angle wells within reservoirs
[3,4]. Typically, LRP zones are characterized by formation interval,
with moderate to high porosities, showing extremely low resistivity
less than 1 ohm meter. Evaluating aspect of LRPZ is crucial
because it is a hinder for many log analyses to define reliable water
saturation. In hydrocarbon carbonate reservoirs, due to the influence
of diagenetic processes, it is important to know the type of pore and
pore distribution. For this study, with considering on low resistivity
formations, due to having comprehensive data, Dariyan formation
were selected for detailed studied.

Geology and location of the region
In Persian Gulfregion the Cretaceous succession is normally divided
into three distinct parts. At the beginning of the Cretaceous global

sea level was relatively high and consequently, most of the Basin
accumulated almost exclusively shallow-marine carbonates of
Tamama group (Fig 1). The Zubair carbonate (lithostratigraphic
equivalents of Gadvan Formation) is considered to have good
reservoir potential in the Persian Gulf. This formation is one of
the subordinate reservoir rocks in the Persian Gulf Basin. Buwaib
Formation is characterized by inter-bedded porous carbonate and
tight argillaceous limestones or marls. The Aptian carbonates
Shuaiba Formation) forms prolific reservoirs in the eastern Persian
Gulf, particularly in the UAE. During the middle Cretaceous in late
Albian —Cenomanian time the khatiyah (Sarvak of Iran) inter shelf
basin formed in the southern part of Persian Gulf. The khatiyah
consisted of calcareous shales grading upward into argillaceous
pelagic lime mudstone with abundant calcisphere and planktonic
foraminifera. The borders of the continental shelf of Iran have been
selected Reshadat, Salman and Soroosh Fields. Dariyan Formation
was selected for detailed study. During the Middle Aptian, a large
carbonate plateau is deposited in a peloidbioclastic limestone which
develops in an intrashelf basin with deeper waters in the south and
north of the Persian Gulf (Geological Report of the Company Off
shore oil (2006). In these deep water masses, carbonaceous clays
(rock origin) are deposited. By increasing the relative surface of seas
in Aptian, a large carbonate platform (Dariyan / Shuaiba) expands.
In the former Albian, the sea level has fallen, and in the relatively
deeper basins of the Kazdumi, Nahrumr, part of the sandstone
basin has been deposited from the limestone deposits of Sarvak

Petro Chem Indus Intern, 2018

Volume 1 | Issue 1|1 of 7



or Madudd. Stratigraphic sequences, formations in the upper and
lower parts of the Shuiba Formation in the Persian Gulf and Arab
countries are shown in Fig. 1.
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Figure 1: Stratigraphy and determination of the upper and lower
boundary of Studied Formation in the Persian Gulf and Arab
countries [5].

Methodology

In this study, wells in the south-east of the Persian Gulf are used to
analyze microfacies and determine the rock fabric properties. This
current study is based on geological reports, thin sections, routine
and special cortical analysis results, and advanced petrophysical
charts. In this study, the results of core and log nuclear magnetic
resonance (NMR-Nuclear Magnetic Resonance) have also been
used. In the description and interpretation of microfacies and fabric
of rocks from 300 thin sections painted with alizarin red, the results
of routine and special cortical analysis have been used. The name
of the microfacies is based on the classification [8]. The study of
the Fabric of Limestones by the method of is used to determine the
system of pores (Pore system) [3]. Core polished samples and CT
scan analysis are also used to describe microfacies.

Descriptions and Interpretations of the Facies of the Shuiaba
Formation

Laboratory investigations have led todefining 8 microfacies. The
investigated microfacies include Mudstone and PackstonBioclast,
LithoccidiumPackston and Floatston which often have microscopic
porosity. Micritic matrix is often developed in algae microfacies, algae
Bundstone with an abundance of Lithocodium algae. The presence of
coating grains, the processes of micritization and boring in samples
are common. The Shuiba Formation. Which includes 1- Pelagic
ForamWackestone 2- Pelagic GastropodaWackestone 3- Bioclastic
Wacke / Mudstone 4- Bioclastic, Orbitolina Wacke / Mudstone
5- Foram, LithocodiumFloatston 6- Lithocodiumboundstone 7-
Intraclast, Foram Wacke / Packstone -8- Mixed bioclastwack /
Packestone. Diagenetic processes can also be such as Micritization,
Pyritization, Cementation, mechanical and chemical Compaction,
Neomorphism, Dissolution, Dolomitization. Due to the variation of
facies and the absence of Reef dams, the sedimentary environment
model of the carbonate ramp platform is considered as the
Homoclinal type (HR) for the studied rock deposits. Microfacies
have been identified in the internal, middle and outer ramp section.
Porosity systems are more than microscopic porosity, intergranular,
intergranular, and crystalline. The presence of microscopic porosity
in the microfacies in the form of equant porosity, whose average

diameter is less than 1.16 mm, is one of the important factors in
the reduction of specific resistivity. Which, this reservoir results
in a decrease in the resistivity of between 6 and 1 ohm. Effective
diagenesis processes such as micritization, pyritization in the
specimens are effective in reducing the specific resistance of the
reservoir. Based on the analysis of microfacies on hydrocarbon
deposits with low resistivity, due to the changes in the facies and
the absence of Reef dams, the sedimentary environment model of
the carbonate ramp platform is considered as Homoclinal for the
rock deposits studied by the Dariyan Formation. Fig 2 presents
polished samples of 8 facies of the Shuaiba Formation, which are
well characterized by texture, boring, bioturbation, andLithocodium
texture. Figs 3 and 4 show Core photos and photomicrographs of
studied facies. Fig5 illustrates Hemoclinal sedimentary model based
on laboratory studies and microfacial changes.
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Figure 2: Polished samples have been shown in the facies of the
Shuaiba Formation, which are well characterized by texture, boring,
bioturbation, and fractures

Figure 3: Core photos and photomicrographs of Bioclastic,
orbitolina wacke/mudstone,Zubair,andDariyan (Shuaiba) Salman
Field.A and B: Orbitolina (A) and Bioturbation (B) in the cores
C and D: Glauconite (C, 6H) and Orbitolina foraminifers in the
dolomitized matrix Formation
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Figure 4: Core photos and photomicrographs of Lithocodium bound/
float/wackestone in the Dariyan (Shuaiba) formations, Salman
Field.A: Large lithocodium fragments (A, 11H) in the core samples,
Dariyan (Shuaiba) Fm.B: Porous nature of this facies in slabbed core
face, ShuaibaFm.;C and D: Lithocodium talus in the thin section
microphotographs and E and F: Intrafossil pores in the lithocodium
fragments

[ MidRamp Outer Ramp Basin

Figure 5: a Hemoclinal sedimentary model based on laboratory
studies and micro facial changes

Fabric study

Since most microfacies can be varied due to various diagenetic
processes and flow characteristics, finding the correct relationship
between porosity and permeability is one of the important issues in
the evaluation of carbonate reservoirs. In this regard, presents models
that describe the importance of porosity distribution, pore size, and
pore types in the classification of pore system porosity systems [6].
Most of the samples in Class 3 of Lucia are in the range of mud
dominated limestones (Fig. 6). Carbonate samples of the formation,
three types of pore systems, such as intercrystalline, intraparticle
and microporosity, have been identified. The texture does not follow
the models of the porosity system of macro and macro-crystalline
porosity and does not follow the classification of one and two Lucia
Figs 6 and 7. The porosity of the Mudstone microporosity system
was investigated, which is ultrafine porosity of several micrometers.
Mud stones with a finer porosity, between the grains of planktonic
calcareous algae or between the mud particles affected by washing
or burial diagenesis. Table 1 illustrates,determination the pore sizes
in order of macro, micro, mesopore and rock system according to
the classification and [6,7]. According to the scattering of the data,
porosity and permeability are also followed by a chalky Cretaceous

lime system according to the Leney method (Fig. 7 and Fig 8).
Mudstones with a fine porosity between the grains of calcareous
algae or between the mud particles affected by washing or diagenetic
burial. Based on core analysis studies using Mercury injection
(Mercury Injection Capillary Pressure), samples often have a pore
size of fewer than 3 microns in Fig 9. The results of experiments
on capillary pressure on the studied well of core samples. The
minimum non-decreasing water saturation rate is based on these
capillary pressure data is 20% Fig10.

The SEM analysis on the Shuaiba sample is shown that the calcite
crystals of the sample are in the form of a rhombus with small
crystalline porosity and an average size of about 3 microns, Figl1.
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Figure 6: According to the scattering of the data, porosityand
permeability of an Aptian limestone system follow the class mud
dominated at class 3 Lucia
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Figure 7: Pore deposition systems of Shuaiba Formation follow the
model of defined Cretaceous chalk, separate Vugs, and mudstone
microporosity in class 3 Lucia
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Figure 8: Pore systems of Shuaiba Formation .Yellow data shows
Mudstone Microporosity
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Pore Type Pore Size Pore Distribution Pore Fabric
Interparticle Micropores (10-50 um) Uniform Interparticle, uniform micropores
Patchy Interparticle, patchy micropores
Mesopores (50-100 um) Uniform Interparticle, uniform mesopores
Patchy Interparticle, patchy mesopores
Macropores (>100 um) Uniform Interparticle, uniform macropores
Patchy Interparticle, patchy macropores
Intercrystalline Micropores (10-20 um) Uniform Intercrystalline, uniform micropores
Patchy Intercrystalline, patchy micropores
Mesopores (20-60 um) Uniform Intercrystalline, uniform mesopores
Patchy Intercrystalline, patchy mesopores
Macropores (>60 um) Uniform Intercrystalline, uniform macropores
Patchy Intercrystalline, patchy macropores

Intraparticle
Moldic

Intraparticle
Micropores (<10-20 pm) Moldic micropores
Macropores (>20-30 um) Moldic macropores
Vuggy Vuggy
Mudstone microporosity ~ Micropores (<10 um) Tertiary chalk
Cretaceous chalk
Chalky micropores, uniform
Chalky micropores, patchy

Uniform
Patchy

Table 1: Determine the pore size and rock system according to the
classification and Lucia 1999 [6,7]
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Figure 9: MICP data show that the size of the pore throat radii less
than three microns
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Figure 10: The results of experiments on capillary pressure on
studied well of core samples. The minimum non-decreasing water
saturation rate is based on these capillary pressure data is 20%

Figure 11: The SEM analysis on the Shuaiba sample is shown that
the calcite crystals of the sample are in the form of a rhombus with
small crystalline porosity and an average size of about 3 microns

The fabric of porosity systems of the Chalky model, intercrystalline
and untouched vuggy defined by Leoney and Lucia. The studied
facies are microscopic porosity, which is porosities in the form of
equant pores with an average diameter of less than 1.16 mm. Micritic
matrix is often developed in algaec and muddy algal facies, facies
with orbitolina dominated frequency and facies with an abundance
of lithocodium algae in Shuaiba. The matrices have euhedral crystals
of up to subhedral, micro-rhombus, with an average diameter of
5 microns. Among other factors, in addition to the presence of
micritic texture, the processes of the pyritization to more than 10%
in the samples of the studied formations, It is recognizable that it
can be effective in reducing the specific resistivity. The study of
clay minerals shows, the effect of minerals such as smectite and
montmorillonite, but their role is not as high as those mentioned
above and not in the studied reservoirs.

NMR answers

With the usual petrophysical investigations and reliance on
conventional charts, the amount of high water saturation is calculated,
which is due to the reduction of specific resistivity. Accordingly,
in this study, the NMR nuclear magnetic resonance tool has been
used to accurately determine the saturation of water for low specific
resistance reservoirs using Variable T2(relaxation time). The nuclear
magnetization resonance directly measures the density of hydrogen
nuclei in the reservoir fluid, since the density of the hydrogen nuclei
in the water is clear, the data can directly represent the apparent
porosity filled with water. The resonance of nuclear magnetism is
related to the response of the atomic nucleus to magnetic fields.
The magnetism generated by the rotation of atomic nuclei with the
external magnetic field produces measurable signals. Based on the
measurement of the nuclear magnetism, the pore size, fluid type,
and porosity are measured. The experiments were carried out on
15 core specimens in the Air Brine and Oil brine tests of nuclear
magnetic resonance to investigate the size of cavities containing
oil and water fluids. Table 2 presents, the results of the analysis
of nuclear magnetic resonance in the Oil Brine system in Shuaiba
reservoir, reservoir fluids can be partially divided into the water of
the clay, the water of moving water, gas, light oil and heavy oil.
The distribution of cutoff behavior is determined on the basis of
rocky species (Fig. 12). The average relaxation time for the rock
is 1:15 milliseconds, the rock is 2: 50 milliseconds, the rock is 3:
70 milliseconds, the rock is 4: 300 milliseconds and the rock is 5:
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20 milliseconds and rock are 6:90.The results of the analysis shown in table 2 of nuclear magnetic resonance in the Oil Brine system in
Shuaiba reservoir. Table 2 illustrates variable T2 cutoff from 12 to 182 milliseconds for each rock types.

Table 2: The results of the analysis of nuclear magnetic resonance in the Qil Brine system in Shuaiba reservoir. In the table, the
corresponding depths of the rock species, the variables of the cutoff T2, the logarithm of T2, the percentage of clay water porosity,
the indispensable porosity of the water, Porosity of removable water, free fluid porosity, effective porosity, and absolute porosity,
porosity of the laboratory and helium, permeability and saturation of non-reducing Sirr

o LRockType [ Depth [T2cutoff| T2um | mcew [ wevi [ weev | wri [ weri [ wsiG Qv | Porosty | Porosity | pem | Sin
' ) | (msec) | (mse) | () | 09 | 06 | (6 | (9 %) (Frac) |(weighting, % )| (HePhi, %) | Kg(MD] | NMR (%)
MWRL| 1 [17e26] 122 | 1248 | 210 [on [ un || e asn | oz 795 | 182 | o0al 52,13
NMR2| 1 | 172677] 1708 | 1835 | 130 | 793 | 792 | 698 | 1360 | 1490 | 024 B | B3 | 0B 52,14
NMR3 | 2 | 173558] 2803 | 2913 | 150 | 774 | 924 | 103 | 1810 | 1360 | 021 691 | w41 | 0n | 41
NMR4 |2 | 17429 | 2004 | 2315 | 230 | 742 | 972 | 1508 | 2250 | 2480 | 036 064 | 2097 | 030 | 398
NMRS | 1 |174359| 1708 | 2303 | 160 | 491 | 651 | 703 | 1210 | B0 | 032 B | B2 | ow | 4%
NMR6 175539 603 | 6888 | 190 | 799 | 949 | 1831 | 2630 | 2820 | 019 65 | 58 | L5 35.06
NMR7 176018 5385 | 5995 | 100 | 818 | 9.8 | 1422 | 2240 | 2340 | 0.2 Ba | 05 | og | B
NMRS 176177| 6190 | 7105 | 250 | 56 | 843 | 1307 | 1880 | 2130 | 03 v | 15 | o8 | 3819
NMRY 17039| B9 | 129 | 140 | 247 | 387 | 383 | 610 | 750 051 5.4 7,66 060 | SLe
NMR 10 76| 1025 | 632 | 240 | 32 | 562 | 18 | 500 | 740 0.89 5.7 8 07 | 5%
NMR1L| 300 | 178482| 17306 | 17014 | 130 | 552 | 682 | 1838 | 2390 | 2520 | 014 Bl | 2% | 20 21.05
NMR12| 4 | 178547 18294 | 20865 | 110 | 700 | 81 | 029 | 2730 | 40 | 01 51 | un | B | %8s
NMR13| & | 1797.05| 1190 | 14673 | 160 | 878 | 1038 | 1962 | 2840 | %000 | 0.5 %18 | 218 | 1655 | 3459
nvR1a | 4 [1s0066] 105.69 [ 10228 150 | 741 | 891 [ w99 || wm | o B4 | »8 | 267 | 310
ik 15 RN 175247 ] 5956 | 6303 | 140 | 258 | 388 | 22 | 1030 | u0 | 033 | 1049 | 10% | 013 | 30
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Figure 12: Determination of rock species of Shuaiba Formation, based on the distribution of pore size, behavior, shows NMRresults.
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For the Shuaiba Formation, the results of the T2 cutoff of the cores are used to determine the exact saturation of water. The values of the
time of comfort are the supposed disconnection in the range of removable fluid hair and fluid, which varies between 12 and 170 milliseconds
of microfacies with a low specific resistivity, and is suitable for microscopic porosity deposits. The study has shown that by decreasing
the amount of comfort time for a given discontinuation, the amount of water saturation and vice versa increase with the increase in the
amount of time the comfort of suppressing the amount of saturation is increased. The average of water saturation is calculated from the
results of petro physical assessment and analysis of the graphs from nuclear magnetic resonance defines 50 % (Figl3).
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Figure 13: Combination between full set logs and NMR logs with NMR core results in Shuaiba formation. Water saturation varies between
35% to 50% results extract based on 15 core samples selected for NMR analysis in oil brine and air brine condition to get information
about pore size clay bound water, moved oil and water and residual water saturation.

Conclusion

In general, the causes and factors which have led to the reduction of
specific resistivity in the studied formations can be mentioned for
the following reasons. Reducing the specific resistivity to texture
changes and the presence of microscopic porosities in the deposits
is not an increase in the displacement of water. The average radius
of the diameter of pores is less than 3 microns. The matrices have
euhedral to subhedral crystals, microcrystalline, with an average
diameter of 5 microns. The microscopic porosities in the samples
of the facies, the formations studied, are equant porosities with an
average diameter less than 1.16 mm. In the dominant facade of the

lithocodium, which is the cortex, there is an incrustation activity that
can produce their mercury buildings. Micritization and pyritization
in the samples are the dominant diphasic processes that can play a
role in reducing the reading of the resistance chart. These diagenetic
processes, as much as the presence of microscopic porosity, can
reduce the strength of the main agent.

Based on microstructural analysis and fabrication of rocks of low-
resistance hydrocarbon zones of Dariyan Formation in the eastern
part of the Persian Gulf, 8 microfacies have been identified in the
carbonate ramp section, which is classified in five rock categories,
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and only in the class III Lucia (Mud dominated). The resistivity
in the reservoir zones has also reached up to one-ohm meter,
with microscopic porosities with radial dimensions of less than
3 microns. The processes of pyritization, micritization are also
observed in facies, which can be effective in reducing specific
resistivity. In microfacies such as Muddy AlgalBundstone facies,
orbitolina facies, andfacies with the frequency of lithocodium algae,
a micritic matrix is found. The carbonate deposit of formation
studied follow the defined models of Leney and Lucia, between
porous microcrystalline porosity, Chalky, and Mudstone porosity
models with microscopic porosity. In order to study the reservoir,
the results of nuclear magnetic resonance intensification have been
used on core samples and logs to determine the amount of water
saturation. Based on the diverse distribution of pore size resulting
from the results of the intensification of nuclear magnetism, six
rock types can be identified that have average water saturation 50
% in the reservoir zone.
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