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Abstract

Petrophysical property estimation is critical for reservoir predictions. It
generally encompasses all coring, logging, testing, and sampling
procedures. Almost 50 years ago, the evaluation of subsurface
formations related to drilling oil wells got involved. It involves all
techniques for coring, logging, testing, and sampling in general. It
focuses on the process of interpreting logs and how to conduct lab tests
that are important for evaluating formations below the surface, including
a look at the fluids they represent. The casing is occasionally set to
analyze the formations with more accuracy; as a result, this process is
also considered. The scientific field of petrophysics of reservoir rocks is
interested in researching porous materials' physical and chemical
characteristics and the elements of reservoir rocks connected to pore and
fluid distribution. Much research on the characteristics of various rocks,
including their porosity, permeability, capillary pressure, hydrocarbon
saturation, fluid properties, electrical resistivity, self- or natural
potential, and radioactivity, has been carried out in recent years. The
existence or absence of economic quantities of hydrocarbons in
formations penetrated by or around the wellbore is assessed using these
qualities and their relationships. This paper's main goal is to evaluate the
historical evolution of the most popular methods for calculating
petrophysics parameters in the lab and on the ground, mostly based on
the researchers' scientists' knowledge of that field.
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1. Introduction
Interpreting well-log r is critical for engineers and geologists to categorize petrophysical parameters. The
log data is critical in reservoir engineering calculations, particularly in estimating reserves. The optimum
interpretation for any structure of interest is impacted by the quality and quantity of log data accessible to analysts,
as well as the type of Problem [1]. When examining these qualities, there are two forms of data to consider:
Instrumental techniques that measure the attributes vs. depth, known as logs, and actual samples that accurately
replicate the formation under consideration, such as cores and cuttings [2]. Cross-plot techniques are often used to
demonstrate the influence of log combinations on lithology and porosity, and they provide a visual representation
of the kind of lithology mixes [3].
The quantitative assessment of a hydrocarbon unit in any formation needs an accurate estimate of shale volume,
which blocks the pore space and reduces the amount of permeability, lowering reservoir quality [4].
Porosity can be calculated in various ways, including laboratory testing and log data. The accuracy of porosity
determined from drill cuttings can be greatly influenced by cutting size and desaturation time [5].
Similarly, log analysis has been used to determine porosity. Water saturation (Sw) is an important aspect of
formation evaluation that is currently challenging to assess via well-logging analysis. The Archie formula was
initially established for clean development to estimate water saturation based on resistivity and porosity. Following
that, a slew of major water saturation models for shale-bearing sands arose, including the Simandoux model and
the modified Simandoux model [6]. Indonesian model, total shale model, modified total shale model, dispersed
clay
model, and dual water model. That leads to good results for clean sandstone reservoirs.
For petroleum engineers, permeability is a main input and key in reservoir management and development. For
example, when selecting the optimum production rate for the field and water injection patterns [7]. These
properties and their correlations determine the existence or absence of economic amounts of hydrocarbons in
formations penetrated by the wellbore or lying near. The primary objective of this study is to evaluate the evolution
of the most prevalent approaches used to determine petrophysics parameters in the laboratory and field, based
mainly on researchers' and scientists' own experience in this field.

2. Materials and Methods
The petrophysical parameters were subjected to a range of parameter approaches. The subdivisions that follow
provide a quick overview of various approaches.

Petrophysics

Calculation

I I I I
thhqlogy Shale Volume Wate_r Effectl‘ve Permeability
Identification Saturation porosity

Figure 1: Petrophysical Analysis and Flow Units Characterization.

2.1 Shale volume Estimation Methods
Estimating the volume of shale in the formation is the first step in the reservoir characterization, formation
evaluation, and log interpretation processes because it is necessary to determine the formation's porosity and fluid
content [11][12]. The presence of shale in the formation has a variety of effects on the response of logging tools
(Adeoti et al., 2009)[10] and the petrophysical characteristics of the reservoir, reducing its effective porosity and
permeability and increasing the uncertainty surrounding the evaluation of the formation and reservoir
characterization [11]. This section will deal especially with how shale volume determination in the formation is
determined by logging devices such as gamma ray, neutron density log, resistivity log, and sonic log. The
oldest study on the connection between resistivity and the saturation concept indicates [8].
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Poupon and Leveaux (1971) used a computer - generated a cross plot equation between the water saturation
(Sw) and true resistivity of the formation, the range of shale recorded (30-70%) [12]. An Indonesian model was
developed to calculate high amounts of shale and freshwater saturation.

m

1 Vel 02 n
ﬁ:[\/—m-F m]*SWz (l)
where Vclay is volume of shale; Rt, formation true resistivity; Rw, formation water resistivity; a, tortuosity; ¢,
porosity; Sw, water saturation.
Clavier (1971) developed an equation that was used to estimate shale volume using gamma ray, density, and
neutron-density approaches [13],[14]. Total and effective porosities for older rocks were computed using total and
effective porosities. Clavier neutron-density equation [16]:

NPHIjpg-NPHIpq+M, (pma—plog)

Vsh = NPHIghqie— NPHILypq+ M, (pma—pshale) (2)
The gamma-ray index must be determined using the following formula to determine how much shale is

present.

IGR= (GRlog- GRmin) / (GRmax- GRmin) 3

Then, according to Serra (1984), one may use the following calculation to get the shale volume (Vsh) using the
Gamma-ray index [15]:

Vsh = 0.33[2(2xIGR)-1.0] for hard formation (@))]
Vsh =0.083[2(3.7xIGR)-1.0] for soft formation (5)
Vsh =IGR / [3-2IGR] for gas-saturated formation [4] (6)

Hughes (1992), the resistivity device used as a clay indicator is based only on the differential between the
resistivity response in shale and a clean pay zone. The basic equation is [18]:

Rcl Rlim—Rt
— ket (1/1.5)
VClay (Rt * Rlim—Rcl) (7)

Where Rc : Resistivity of clay (Adjacent Shale Bed), Rt : Resistivity of shaly sand, Rlim : Resistivity of a clean
hydrocarbon zone.

Also, Hughes (1992) measured shale volume from the neutron record, which is the content of the formation of
hydrogen by sending neutrons to the formation, and this content of hydrogen can be determined. The following

neutron equation for determining the volume of clay is shown[18]:
@ Nlog @Nlog— ONmim

* - (8)
@Nclay @Nclay— @Nmim

Vclay =

Bassiouni, in 1994 estimated the shale volume from a sonic log, and this method calculates the acoustic logarithm

of the shale volume in the formation. The acoustic equation for estimating clay volume is given below [17]:

Vclay - @s (shale sand) (9)

@s (shale zone)

Where g s (ShalylSand): Sonic porosity at the shaly sand interval, g s (Shale): Sonic porosity at the shale interval.
While Adeoi, Ayolabi, E.A., and James (2009), the shale volume was calculated by adopting neutron porosity
and density. This method relies on the neutron response and density in oil shale to calculate the clay volume.

The characteristics of the clean matrix (neutron values and sand density values) must be recognized or neglected.
When clay content increase, so does the difference between neutron porosity and density. The equation represents
the calculation of clay volume using neutron density [10].

_ ON (shaly sand)— @D (shaly sand)
VCAY = @N (shale zone )— @D (shaly zone) (10)
Where V¢ : Clay volume, g D (Shaly Sand): Density porosity at shaly sand zone; gN (Shaly Sand):
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Neutron porosity at shaly sand zone; g N (Shale): Neutron porosity at shale zone;g D (Shale): Density porosity at
Shale zone. The shale volume was also measured using the sonic-density method. The following is the sonic-
density

The equation for determining clay volume [10]:
@s (shale sand)— @D(shale sand)
@s(shale zone)— @D (shale zone)

Vclay = (11

Finally, they used the neutron-sonic method, which is rarely used to calculate the mud content in shale sand
formations because both neutron and sonic tools are strongly affected by mud. The neutron sonic equation for

slurry volume calculation is given below[10]:
@N(shale sand)— @s(shale sand)

@N(shale zone)—@s(shale zone)

Vclay = (12)

This means there are two groups for measuring the shale volume, where the first group measured it.

The single clay index method contains a segmented method used to calculate the clay volume (gamma

ray log, sonic log, deep resistivity log, and neutron log). While there are three types of dual indices: the volume of
clay from logs measured in terms of neutron density, neutron sonic, and clay volume (acoustic density). Mud
volume results are either too low or too high when utilizing the neutron density technique to estimate mud volume
due to well conditions. Due to the possibility that the distributed mud might affect the sound waves, mud oil from
the Density and Sonic recordings cannot be accounted for in all shales. Water Saturation Estimation Methods

2.2 Water Saturation Estimation Methods based on the resistivity log
Water saturation based on resistance is considered the most reliable method and is more accurate when used
in the Virgen zone. The determination of saturation in the Clen formations will be covered separately in this
section; Resistivity is recorded by logging devices like later log or induction as just an apparent value (qualitative
measurement), which is influenced by several factors like drilling fluid type or invasion. Archie (1942) offers
an experimental method for extending and enhancing the electrical well-logging interpretation technique for clean
and homogenous formations (limestone) saturated with water. This is the earliest investigation of the link
between resistivity and saturation concept. The main goal of Archie's study was to present some of these laboratory
data and to suggest their application to quantitative studies of the electrical log. It should be noted that various
experimental research investigations of the formation of physical features in connection with electrical
observations have been conducted. To determine oil or gas saturation by electrical log, he analyzed the formation
resistivity when all pores are filled with water as indicated in the correlation below [19]:

Ro=F x Rw (13)

Where R : Formation resistance when the water is completely saturated. Rw: Water formation resistivity, and F:

formation resistivity factor. F is a function of type and characteristic of formation and varies based on porosity
(@), and Permeability(K), from the laboratory, the measurement of the more variable effect on F is the porosity,
so the Empirical form of the equation is:

F =1/(@™) (14)

The cementing factor or porosity exponent (m) is one of the most important Archi parameters, a major source of
uncertainty in calculating water saturation for a carbonate reservoir. The parameter m is not a constant, particularly
in heterogeneous reservoirs; its value depends on the type and percentage of the porosity. When applying Arhie's
Equation [19], an inaccurate assessment of m might result in substantial mistakes in the water saturation
computation. Such cementation factor uncertainty always has a large impact on the hydrocarbon saturation values
[20]. The Archie porosity exponent, "m," or cementation factor, is crucial in determining the early water and oil
saturations. The Archie equation describes the relationship between porosity, water saturation, and formation water
resistivity. It is formulated as follows:
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Sw'= (aRw)/ (8™ Rt) (15)
Sxo"= ((a Rmf) /(@™ Rt) (16)

Where: n: is the saturation exponent, (Empirical solution 1.2-2.2), Sxo: water saturation of flashed zone, Rmf":
Mud filtrate resistivity and Rxo: shallow formation resistivity. Companies develop resistivity scales based on the
electrode being a point in a homogenous bed. Archie considers the variables that may influence resistivity results,
such as the presence of a borehole, thickness, and invasion, to be rectified. The following authors also describe
this approach for estimating water saturation properties in clean formations.

2.2.1. Water Saturation from the resistivity concept in clean formation

(Tixier, 1958) provides an example of the phrase "porosity balancing," which describes a confirmation of
saturation values obtained from logs using one of the resistivity ratio methods: The first three methods are the
Induction-Electrical Log, Rocky Mountain, and Rxo/Rt. The porosity balancing check entails calculating a value
for the formation factor (F) using the saturation value obtained using one of the aforementioned techniques and
contrasting this computed formation factor with the formation factor (or, equivalently, the porosity) acquired
from other independent sources. Generally speaking, if the computed formation factor is too low, the
corresponding

saturation value is too low; conversely, if the calculated formation factor is too high, the corresponding saturation
value is too high [21].

2.2.1.1 Induction-Electrical Log Method

The Induction-Electrical log interpretation chart (Schlumberger, n.d.) was used to discover the approximation of
water saturation, and Archie's equation with the new form, as shown below, was used to compute the formation
factor (F) was then compared with an independent technique to confirm the accurate value of SW [22].

F = xSw? (17)

Rw has previously been estimated with Sp or the direct analysis approach, and Rt is calculated with the induction
resistivity log.

2.2.1.2 Rocky Mountain Method
The relations offer the oldest resistivity ratio technique's water saturation and formation factor.
Ri Rw

sw==2 i B2
Rt Rz

(18)
F =RiZRt x RW/Rz2 (19)

Where Ri is the short normal resistivity, and Rz is the resistivity of mixed connate and filtrate water, compare F
computed and F's genuine value.

* When F calculated using Eq. 9 is less than the real value of F: This shows that the water saturation calculated
using Eq. 8 is too low.

* When F calculated using Eq. 19 exceeds the correct value of F, it shows that the water saturation calculated
using

Eqg. 8 is too high.

Since water saturation and formation factor are very sensitive to resistivity value, it is advised to employ this
approach in medium and hard formations when R16/Rm >10 and neither nighttime micro-log nor microliters-log
are available.
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2.2.1.3 Rxo, Rt Method
Rxo may be calculated precisely using the Micro-log or Microlatero-log, and Rt using deep investigation
equipment used in the case of salty muds and hard formations. As a result, the approximation of this technique is

shown below.
_ Rxo Rw
SW =5 2 (20)
based on assumption Sxo= Sw'® (21)
— [RW 1514 [RX05114 1
F=l e 1 (22)

When F is less than the right value of (F), it shows that (Rxo® /Rt)** is too low, and SW is low. In contrast, if F is
bigger than the true F, Sw is too large, as computed by the technique.
(Pickett, 1966)[23] and (Pickett, 1973)[24] have developed some techniques to calculate water saturation, such as,

2.2.1.4 Apparent Resistivity vs. Apparent Porosity Plots

The method presents a graphical solution to Archie's equation for determining reservoir water saturation by
graphing resistivity vs. porosity on a log-log scale. The following are the advantages of this method: (1) A large
amount (fluid) of the section can be quickly assessed in wells with little petrophysical data. (2) No prior knowledge
of water resistivity or the cementation factor is required. The graph paper-driven general equation convention is
as follows [25]:

lo(®) = log(a x Rw) — % log(Rt) — nlog(Sw) (23)

A Pickett plot with a mixture of water and hydrocarbon zone points yields the following features [26]:

3 Different porosity water-bearing (SW = 100%) points are plotted along a straight line with a slope of (-
1/m) and an intercept of (an Rw @ Porosity=100%). In contrast, the cementation exponent (m) and Rw
may be predicted if the tortuosity factor (a) is known (or assumed).

4 Hydrocarbon-bearing (Sw less than 100%) sites are positioned at a distance. Their higher resistivity causes
them to move horizontally to the right of the water-bearing line, dependent on water saturation distribution.
If the saturation exponent (n) is known, the water saturation may be determined (or can be assumed). Lines
of constant water saturation run parallel to the water-bearing line. Although porosity is now frequently
depicted on the Pickett plot, Pickett utilized two extra parameters (pb - pma) instead of density porosity
[27] and (At - Atma) instead of sonic porosity [28].
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W ater line

Figure 2: Pickett plot[24].
2.2.1.5 Rw, Vs. Depth plots

Rwa=Rt/@ "™ (24)
When the water resistivity is unknown, these assessment procedures come in handy. If the ratio of the Rwa for
any interval is 4 or larger when compared to the minimum Rwa, the interval most likely has a water saturation
of less than 50%. If the ratio is between one and four, the method shows that the interval most likely includes
some hydrocarbons. The approach has the disadvantage of requiring continual water resistance.

2.2.1.5 Hingle plot

A graphical solution was proposed. It was the first answer to Archie's equation that was widely adopted. Use
a specially prepared graph paper to understand this approach and search for the cementation exponent value, m,
where the y-axis fluctuates with that value. Assume that the saturation exponent and cementation exponent are
both equal to 2.0 and rewrite the Archi formula as follows [29]:

1 1
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Figure 3: Hingle plot [29].

2.2.2. Water saturation from the resistivity concept in shaly formation.

(Leveaux and Poupon, 1971; Poupon et al., 1954) in the laminated shaly sand model by constructing an empirical
connection utilizing computer cross-plots that produced noticeably better outcomes in several Indonesian

wells as shown below[30][31]:

_ a Rw (1-Vsh) Rsh—Vlam.Rt
Sw= (RN Eiam i, (26)
Where:

Rsh: is the mean value of the shale's deepest resistivity curve measurement (Ohm.m).

Vsh: Denotes the volume of shale in the formation (%).

Vlam: is the percentage of laminated shale volume in the formation (%), and

@: denotes the overall porosity (%).

(Simandoux, 1963) created a model for predicting water saturation during the production of shale sand. In
response to laboratory experiments conducted on a physical product, the model was developed. In the Institute of
English Petroleum, a reservoir model built of synthetic sand and clay, was constructed (IFP). Simandou still exists.
One of the most popular models for water saturation models and a crucial foundation for further study in this area.
The Simandoux formula [32]:

_ a*Rw (—-Vsh Vsh2 4pm \2

Sw = 2% @M [( Rsh ) + \/(ﬁ) N (aRth) ] (27)
Poupan and Leveaux (1971) developed a technique for calculating water saturation in stratified shales. The
Indonesian equation is a common term for this concept since it was built using field findings from Indonesia. As
illustrated below[30][31]:

1 vaRwRsh ]n/2 (28)

Sw = R_t [VSh\/aRW+(Z)m\/RSh

This type of relationship between Rt and Sw expresses that the formation's conductivity is made up of three
components, the first two of which are the conductivities of the clay and formation-water networks, and the third
is the additional conductivity caused by the cross-linking of these two networks.

(Waxman and Thomas,1974)[33] Hence, the Waxman-Smits equation is empirically confirmed for analyzing
resistivity logs in hydrocarbon-bearing shaly sands. The water-bearing equation has been used successfully
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to describe shale conduction [34].
SW? = [(go) * O (1+ )] (29)

Sw
where B is the temperature-dependent equivalent cationic conductance of a sodium ion, and Qv is the cation
exchange capacity per unit pore volume, which varies depending on the type of clay. m and n are similar to Archie
but are derived from core data differently. The effective concentration of clay-exchange cations increases in

proportion to the decrease in water saturation, based on the results of the experiments.

Clavier and colleagues (1984) According to the Dual-Water concept, clay-bound and non-clay water act as two
parallel conductive layers contributing to overall conductivity (Ct). The Dual-Water model looks like this [15]:

Ct = Bt™ x Swn [Cw + 222 Cebw= tw) 4 (30)

Sw

Ccbw : conductivity of clay-bound water, Sm-1;

Q: cation exchange capacity per unit pore volume, meq cm-3

VQ: the amount of clay water associated with milliequivalents of clay counterions, meq-1cm3;
The Archie variables can be used to estimate the parameters (m, n).

The dual model can also represent a function of resistivity as follows [58]:
1 _ Sw? B Qy XSw
Rt FRw F

(31

2.3 Porosity Determination methods
There are several forms of porosity, defined as the proportion of the pore or void volume to the macroscopic or
bulk volume. The bulk Darcy flux is related to the average flow in pores. It ranges from 0.1 to 50%.

2.3.1 Porosity measured in the laboratory by (collecting cutting):

(Onyia, 1988) Warren's roller cone penetration rate model describes the relationship between UCS and porosity.
In this case, the log and drilling data are used to estimate the UCS directly. Shale and sandstone are two lithologies
that the Onyia approach applied to [35].

To evaluate the porosity, Vojko Matko 2003 used the stochastics method, which uses a highly sensitive sensor
with minimal measurement errors and interference from noise signals. Compared to using helium pycnometers,
it is much easier. In addition, the material is not wetted. Instead, water is used to submerge the soil or rock sample.
The porosity sensor uses capacitive-based sensitive crystals with a frequency of 40MHz and temperature stability
of 1ppm for long-term repeatability and stability. The direct digital method (DDM) minimizes the influence of
perturbation, thus reducing the uncertainty of the outcome [36].

(Erfourth et al., 2006) This method calculates porosity using UCS data gathered through laboratory examination
of core, cast, and tuff samples. The Erfourth approach becomes inaccurate for high UCS sectors, whereas the
Onyia

method produces significantly greater porosity values for low UCS sectors than the Erfourth method. At a UCS
value of 100 MPa, the Onyia correlation stabilizes [37].

(Abassi et al., 2013) In this study, the researchers measured the longitudinal ultrasound velocity, porosity, and
tortuosity of meteorites using an ultrasonic reflectivity approach. At two oblique angles of incidence and normal
incidence, the ultrasonic reflection coefficient of polished meteorite thin plates was determined. This approach is
easy, quick, cheap, and non-destructive compared to other existing laboratory processes for evaluating porosity.
They found a strong linear relationship between density and porosity in the meteorite specimens they had studied,
as well as a strong linear relationship between the logarithm of porosity and the longitudinal velocity of ultrasound.
This shows that a straightforward linear mathematical formula based on the longitudinal velocity of ultrasonic
vibrations may be used to determine the porosity of these meteorites[39].

2.3.2 Porosity measured in the laboratory from Drilling Data:
Westbrook and Redmond, in 1946, applied a single-unit arrangement study of the capillary diaphragm. This
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method offered a way to calculate the bulk volume of many particles, including drill cuttings. This technique is
highly precise and avoids inaccuracies shown in previous methods of determining the porosity of drill cuttings
[38].

Chang and Horsund, in 2001, The Gamma Rays technique was employed by the researchers in this study to gather
information from both the core and cuttings analyses. To establish real relationships between the UCS and
porosity in sandstone and shale lithologies, as well as between these two variables [39].

(Siddiqui et al., 2005) This study used laboratory equipment to crush the plug into cuttings with different mesh
sizes to display the full description of a carbonate core plug. The cutting samples were then scanned using a C.T.-
scanner to measure the (bulk densities and porosities) [40].

Fonta and Lenormand, in this study, reconsideration of the CT-scan technology, which is used in the medical field,
and showed that accuracy was worse for cuts with a diameter of less than 2.5 mm. Cutting with diameters as small
as 0.5 mm will provide consistent porosity [41].

2.3.3 Porosity measured from Well log

When the matrix lithology is unknown or comprises two or more unknown characteristics minerals, determining
the accurate porosity is complex. Single-log and double-log indicators can be used to determine porosity. The
single log method for calculating porosity uses measurements of density, sonic, and neutrons. In contrast, the
double log method for calculating effective porosity uses a combination of neutron-density logs and neutron-sonic
logs. According to Hamada (1996), the Neutron-Density equation [42]:

_ @N+ 0D

Je = (32)
2
Where @e: Effective porosity from Neutron-Density logs; @N: Porosity by Neutron log; @D: Porosity by Density
Log.
The porosity can be calculated by neutron-sonic equation [42]:
e = ON+@S (33)

2
(Taud et al.,2005) It is frequently stated as a proportion of space relative to an object's overall volume [43]:

(Volume of pores) %100 (34)

POI’OSIty[%]— (Volume of solid (incl.pores)

2.4 Permeability Determination methods

Typically, permeability statistics are collected by regular analysis in the field or laboratory. Core analysis is one
of the most accurate methods for determining permeability, although expensive and time-consuming. Well-testing
can provide an average permeability value and information on the reservoir's extent and connection. More
precise permeability data may be obtained using the (MDT) approach. The NMR log is now routinely utilized to
provide a quick estimate of the permeability profile along the wells. The essential methods for measuring
permeability have been developed:

Carman-Kozeny developed a formula to assess permeability (k). This computation produced a mixture of
Poiseuille's and Darcy's laws. Poiseuille's law describes the parabolic displacement of a viscous fluid in a straight-
circular tube, whereas Darcy's law quantifies fluid flow macroscopically. The semi-analytical Carman-Kozeny
(C.K.) equation fails to adequately represent the relationship between permeability and porosity because (a) it was
developed for a solid medium with pipe conduits rather than a granular medium, and (b) even if a grain size is
included in the equation, it is not immediately clear that it does not change as porosity changes [44][45].

_4eV 4e  &d
Dh = Sv (1-&)av ~ (1-¢) (35)
Where av = particle surface (36)

particle volume

Rose and Wyllie To determine permeability from irreducible water saturation and formation resistivity factor, they
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suggested modifying the Carman-Kozeny equation. They make a lot of assumptions regarding their equation. First
, there is no difference between minimal and irreducible water saturation. Second, the grain surface’s
linear relationship to this water saturation number makes sense. Lastly, the electrical conductivity and fluid flow
of the wetting phase is both impacted by the porous media's tortuosity [46].
_ pp@

K= —% @37)
Where, the Wyllie-Rose connection is a generalized equation that needs the values of the variables P, Q, and R to
be calibrated based on primary measurements.

100
—
T
N e —
Bt T4
= | T4 E =
Aa-1-- I FPrtd——al- ~H+ 1000
T | [T ek TR 100
&
B Pt 3BT 10
g 1
ﬂ.o = . TH \\ F—
| Wyllie-Rose permeability - e 0.1
— equation: k P P md
= Swi I
1 [ LTI 1 1
0.1 1 10 100
Resistivity, Rt ohm-m

Figure 4: Permeability contours drawn on Pickett plot of Sandstone data, using a WyllieRose relationship with
both porosity and irreducible water saturation [47].

Tixier, the Wyllie Rose equation was used by the Tixier equation to produce the experimental permeability
equation. The results of the Tixier equation roughly matched the results of the Morris-Biggs gas equation's
permeability calculations[48].

Gary and Fatt We looked into how stress affected sandstone permeability and discovered that not only did rock
permeability depend on overburden pressure, but that many sandstones also exhibit permeability anisotropy and
that the ratio of radial to axial stress also affected how much permeability was reduced as a result of stress[49].
Morris Biggs. Based on the Wyllie Rose equation, we offered permeability equations for oil and gas reservoirs.
Timur's permeability calculation and Morris-Biggs' permeability in an area completely gas saturated (at
irreducible water saturation) differ slightly. Unlike the Timur model, which depends on the effective porosity of
gas reservoirs and irreducible water saturation, the permeability equation for gas fields is presented[50].

12 — 0
Ki2=C (38)

Swi

Where , C = constant, oil =250, gas =80.

Asnul Bahar (1997) proposes a method for producing reliable lithofacies distributions and ongoing petrophysical
characteristics. The approach is a conditional simulation method that respects the data's top-notch distribution and
the corresponding spatial connection. The technique successfully generated information about the types,
distributions, and permeabilities of rocks in the sandstone and carbonate fields [52].
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Timur suggested an equation to calculate permeability utilizing in-situ observations of remaining water saturation
and formation porosity. He evaluated various hypotheses in the lab using 155 samples of sandstone from three oil
fields to measure permeability, porosity, and residual water saturation. The main constraint of this equation is the
constant value of the cementation exponent (m), which is equal to 1.5, while this variable may have other values

in specific conditions[51].

Winland Applying the Winland hydraulic flow unit approach to the core data, five groups were created to predict
permeability based on pore throat size at a 35% mercury saturation. Permeability and porosity measurements on

core samples may be used to compute the r35 parameter, combined with additional petrophysical, geological, and
engineering information to identify flow units in five carbonate reservoirs [53].

log 35 = 0.732 + 0.588 log k — 0.8641l0g® (39)
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Figure 5: Empirical model based on regression attributed to Winland [53].

Figure (5), Be aware that permeability rises roughly in proportion to the square of the pore throat radius at a fixed
porosity. The relationship between permeability and porosity for a given neck size is somewhat less than 2.
Additionally, Hartmann and Coalson claim that r35 is a reliable indicator of the biggest connected pore throats in
rock with intergranular porosity depends on entry size and pore throat sorting [54].

Coates and Dumanoir, the connection of permeability estimations of average gravity oil reservoirs, was presented
[55],[56] based on irreducible water saturation and several forms of effective porosity.

I ®2W
K1/2 - m o (40)
Rti
Where:
C=23+465ph - 188ph"2 & 2=(3.75—0) + (logo (2 ) + 2.2)2 (41)

Bo Shen et al. They developed a technique employing well logs to evaluate permeability in gluten reservoirs.
This method is based on the equivalent geometry parameter, the flow porosity, and the K-C model. The authors
also provide a method for calculating flowing porosity that may be used by scientists interested in the flow of
electrical current through pores. This technique yields a constant and precise answer for glutenite reservoirs
with significant variability, although more challenging than the standard permeability estimation method[57].
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3. Conclusion

The primary goal of this paper is to present a comprehensive overview of the evolution of the field of formative
assessment, as well as the research and applications that are accessible to tackle the problem. Following a thorough
study of several research and articles on formation evaluation investigations, the following conclusions were
reached:

1.  The gamma-ray (single clay indicator technigue) to calculate shale volume is the most popular and
accurate method for calculating shale volume. This procedure can be used for any shaly layer generation. The
influencing element in estimating clay volume is The hole size, which relates to the amount of drilling mud in the
hole, affects the gamma-ray record, and environmental changes can alter the reading.

2. Water saturation based on the resistivity concept has been proven with a clear description of Archie's constant,
the many factors that affect SW in this equation, and the updated models in the shaly formation.
Water saturation based on Archie's equation is subject to uncertainty; it is unusual to set Archie's parameters
(m, n, and a) independent of wettability, formation water salinity, porosity, and permeability; all of these factors
contribute to Archie's equation being inaccurate due to heterogeneities where the Archie’s equation is used in the
clean formation.
3. The Pickett plot method is useful for assessing log segments quickly in wells with little petrophysics data.

4. Modified porosity values and UCS values are useful in various configurations. Modifications are only
used in limestone and shale formations, but gamma-ray data make such alterations applicable in many rock
formations. Because Sw is so important in reservoir evaluation, it should be evaluated using a variety of approaches
and compared to core laboratory data to arrive at an appropriate number.

5. Since the rock parameters such as porosity, permeability, and lithology vary vertically or horizontally in
the heterogeneous formation, it is predicted that m values would change according to these variations to produce
accurate findings.

6. Unfortunately, two processes have an impact on the fluid content of the core:

* the flooding of mud and mud filtrate into adjoining formations.
« the release of confining pressure when the core is removed.

7. There are two sorts of permeability approaches: non-experimental and experimental. Some theoretical
methods are used in non-experimental methods to approximate the permeability, considering a fully saturated
domain (Kozeny Carman). In contrast, laboratory methods combine three types of classifications: capillary effects
(saturated and unsaturated), flow regime (constant pressure and constant flow), and flow direction (unidirectional
and radial); then, the mathematical model of the method is established, taking such a combination into account.

NOMENCLATURE

(CEC) Cation Exchange Capacity

(®t) Total Porosity

(pg) Average Particle Density of Rock

(pf)  Effective Fluid Density in Flushed (Invaded) Zone
(pmf) A Density of Mud Filtrate

(pma) A Density of Matrix

(SEM) Scanning Electron Microscopes

(H.1.)  Hydrogen Index

(UCS) Unconfined Compressive Strength

(ROP) Rate Of Penetration

(BVW) Bulk Volume Water

(MDT) Modular Dynamics Tester

(RQI) Reservoir Quality Index

(HFU) Hydraulic Flow Unit

(N) Water saturation exponent

(M) Cementation factor

(r35) The Pore Throat Radius At 35% Mercury Saturation
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(K) Air Permeability
(®) Porosity In Percent Unit
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