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Abstract 
 

   Carbonate reservoirs are an essential source of hydrocarbons worldwide, and their petrophysical properties play a crucial role in 

hydrocarbon production. Carbonate reservoirs' most critical petrophysical properties are porosity, permeability, and water saturation. 

A tight reservoir refers to a reservoir with low porosity and permeability, which means it is difficult for fluids to move from one side 

to another. This study's primary goal is to evaluate reservoir properties and lithological identification of the SADI Formation in the 

Halfaya oil field. It is considered one of Iraq's most significant oilfields, 35 km south of Amarah. The Sadi formation consists of four 

units: A, B1, B2, and B3. Sadi A was excluded as it was not filled with hydrocarbons. The structural and petrophysical models were 

built based on data gathered from five oil wells. The data from the available well logs, including RHOB, NPHI, SONIC, Gamma-ray, 

Caliper, and resistivity logs, was used to calculate the petrophysical properties. These logs were analyzed and corrected for 

environmental factors using IP V3.5 software. where the average formation water resistivity (Rw = 0.04), average mud filtrate 

resistivity (Rmf = 0.06), and Archie's parameters (m = 2, n = 1.9, and a = 1) were determined. The well-log data values calculated the 

porosity, permeability, water saturation, and net-to-gross thickness ratio (N/G). 
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1- Introduction 
 

   Carbonate reservoirs are an essential source of 

hydrocarbons worldwide, and their petrophysical 

properties play a crucial role in hydrocarbon production 

[1-3]. Porosity, permeability, and saturation are the 

carbonate reservoir’s most important petrophysical 

properties [4-6]. Tight carbonate reservoirs typically have 

porosities of less than 10% and permeabilities of less than 

0.1 MD [7]. Tight carbonate reservoirs with low 

porosities and permeabilities make it challenging to 

produce hydrocarbons from these reservoirs [8-10]. One 

of the pressing challenges in petroleum applied research is 

the characterization of reservoirs [11, 12]. The reservoir's 

flow and fluid recovery behavior are influenced by 

significant reservoir characteristics, including water 

saturation, permeability, and porosity [13, 14]. Porosity 

and permeability in reservoirs are influenced by various 

factors such as rock fabric, lithology, diagenesis, and 

environmental settings [15, 16]. The prediction of 

porosity and permeability in carbonate reservoirs is 

crucial for reservoir evaluation and modeling [3, 17-

20]. Even though the porosity classification relies on 

outward appearances that may or may not be connected to 

a specific formation process, the type of rock is based on 

its fundamental characteristics, and conclusions about 

depositional environments can be drawn from the 

classification of rocks [21, 22]. Without considering the 

method of conception through porosity categories, it is 

impossible to determine the porosity's formation 

environment, when it was modified, or even which 

genetic pore sorts have the most significant permeability. 

Identifying and explaining the correspondence between 

the pore characteristics of the rock matrix and those of the 

rock matrix and the genetic and temporal relationships 

between them are necessary for a thorough description of 

the reservoir [23-25]. Core samples are used to evaluate 

porosity directly, and some types of borehole logs are 

used to measure it indirectly. According to Darcy's 

porous-media equation, permeability is determined by the 

proportionality coefficient. The benchmark for many 

reservoir quality rankings is derived directly from core 

samples. So, a reservoir's porosity, permeability, and 

saturation depend on how well it can transmit fluids [26-

28]. Analyzing measurements from inside the wellbore, 

such as cores, fluid properties measured in a lab, and well 

logs, to assess wells for potential hydrocarbon-bearing 

rocks is known as formation evaluation [29-32]. Well logs 

are an essential source of information for the geological 
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and petrophysical properties of reservoir formations [33-

35]. 

   According to this study, the Sadi Formation, which was 

first identified by Owen and Nasr (1958) [36] from the 

southern Iraqi well Zubair-3, where the Sadi Formation 

overlies the Tanuma Formation, is the youngest, thickest, 

and most widespread formation of the Santonian-

Campanian Sequence in the Late Cretaceous. Packstone is 

very common in the Sadi Formation, which consists of 

chalky, argillaceous, and globigerina limestones with a 

well-developed marl bed at the top [36]. The Sadi 

formation was developed in the Late Cretaceous, as 

shown in Fig. 1. It was divided into two sublayers 

according to the variation in reservoir properties: Sadi A 

and Sadi B. It is 124 meters thick. Sadi A consists of mud 

lime and has no hydrocarbons. Sadi B is oil-bearing with 

an average thickness of 75 m [37]. The majority of the 

limestone in the Sadi Formation is anticline. The Sadi 

reservoir has low to extra-low permeability, about less 

than 0.01 MD, while its porosity ranges from very poor to 

excellent, from 8% to 21% [38]. 

   The SADI Formation / Halfaya oil field in Iraq poses a 

significant challenge for hydrocarbon production due to 

its complex petrophysical properties. The low porosity 

and permeability of tight carbonate reservoirs like Sadi B 

make it difficult to recover hydrocarbons efficiently [39]. 

The characterization of these reservoirs, which includes 

critical attributes such as water saturation, permeability, 

and porosity, is essential for reservoir modeling and 

evaluation. 

   This study addresses these challenges by utilizing well 

log data from five oil wells in the Halfaya oil field. 

Through advanced analysis and corrections for 

environmental factors, we have determined key 

parameters such as formation water resistivity, mud 

filtrate resistivity, and Archie's parameters. These data 

allow us to estimate petrophysical properties, including 

porosity, permeability, water saturation, and net-to-gross 

thickness ratio, which are critical for optimizing 

hydrocarbon production from the SADI Formation. This 

research contributes valuable insights to the field of 

formation evaluation and provides a deeper understanding 

of carbonate reservoirs. It paves the way for more 

effective oilfield management and development in the 

future. 

 

 
Fig. 1. Stratigraphy and Logging Characteristics of Sadi Formation [37] 

2- Materials and Methods 
 

 Well-log data 
 

Logging the contents of drilled wells is crucial for 

reconstructing the various geological frameworks of an 

investigation area [40]. The lithology, the depth 

distribution of fractures, and the fundamental physical 

parameters (temperature, pressure, gamma, neutron, 

resistivity, etc.) can all be found through the logging 

process of a well [41, 42]. Well-logging interpretation 

requires specialized software for digitizing and 

visualizing well data [43, 44]. Well-data arrangement: 
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building a 2D or 3D profile or model, the oil and gas 

industry, and similar fields require well-data 

interpretation [45, 46]. Interactive Petrophysics software 

v3.5, interactive software for interpreting and correcting 

log readings for borehole environment and invasion 

effects, was used for the readings and corrections. The 

available well logs (including GR, SP, Neutron porosity 

NPHI, RHOB bulk density, etc.). 
 

a. Environmental corrections of well logs 
    
   Some downhole conditions, such as salinity, drilling 

mud, filter cake, and borehole size, can affect the well 

logs and thus necessitate correction using environmental 

correction software [47]. The Interactive Petrophysics 

software, which provides an environment correction 

module that uses Schlumberger-produced algorithms, 

performed all environment corrections. The gamma-ray, 

density, neutron, and resistivity logs were changed to 

account for the effects of the size of the borehole, the 

salinity, the drilling mud, and the filter cake [48]. Log 

headers were used to obtain the information required for 

the corrections, such as Rmf, Rmc, and bit size. An output 

sample of environmental modification is shown in Fig. 2. 

 

Fig. 2. Well Log Environmental Corrections Results from the Sadi Formation in Well HF001-M276 

 

b. Porosity calculation 

 

   Porosity is an essential property of rocks that measures 

how much space they have that could be used to store 

hydrocarbons. Porosity is equal to the pore volume 

divided by the bulk volume. 

 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =
𝑝𝑜𝑟𝑒 𝑣𝑜𝑙𝑢𝑚𝑒

𝐵𝑢𝑙𝑘 𝑣𝑜𝑙𝑢𝑚𝑟
 = 

𝐵𝑢𝑙𝑘 𝑣𝑜𝑙𝑢𝑚𝑒−𝑀𝑖𝑛𝑒𝑟𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝐵𝑢𝑙𝑘 𝑣𝑜𝑙𝑢𝑚𝑒
                            (1) 

 

   Engineers calculate fractional porosity. However, 

geologists frequently use a percentage to express porosity 

(porosity x 100). Effective porosity and "connected" pore 

space are the porosity that best facilitates fluid flow. 

Porosity is a scalar quantity because it is the bulk volume 

to evaluate sample size. Visual techniques and laboratory 

tests are used to determine porosity—for instance, the 

more obvious pore space. Porosity is frequently calculated 

throughout reduced microscope examination of core 

slabs. The Archie 1952 classification provides a method 

for determining total porosity based on visible and 

textural criteria. Visible porosity can be calculated 

through thin-section porosity estimation or image analysis 

equations to determine pore space through thin-section 

photos [49, 50]. Visual estimates can be off without point 

counts [51, 52]. Visual estimates of porosity through thin-

section photos can be less accurate compared to point 

counts, which are considered the gold standard for 

measuring porosity [53]. 

   The rock's porosity can be determined using neutron, 

formation density, and sonic logs. The lithology, pore 

fluid composition, and shaliness of the rock are a few 

other variables besides porosity that might alter these 

logs. Merging logs is a reliable method for determining 

porosity. The characteristics of the formation close to the 

borehole determine this equipment's readings. The sonic 

log isn't the best place to conduct in-depth research. 
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Neutron and density logs typically show notable changes 

within the flushed zone, though the precise depth at which 

this occurs depends on the porosity [54, 55]. See Table 1 

and Table 2 for ways to estimate each parameter's 

porosity and proposed fluid and matrix properties. Also, 

Fig. 3. Shows the methods to estimate the porosity logs. 

 

Table 1. Porosity Estimates based on Logs Are 

Summarized [56] 

Logs Required Data  Formula 

Density(RHOB) 
ρma, ρf, ρb matrix, fluid, 

and log density 
φ =

𝜌𝑚𝑎 − 𝜌𝑏

𝜌𝑚𝑎 − 𝜌𝑓
    

Neutron(NPHI) NPHIφ 

𝜑

=
𝜑𝑁 − 𝜑𝑁.𝑚𝑎

𝜑𝑁,𝑓 − 𝜑𝑁,𝑚𝑎
 

Sonic(DT) 
△tma,△tf   matrix, and 

fluid transit time 

𝜑

=
△ 𝑡𝑚𝑎 −△ t

△ tma −△ t𝑓
 

 

 Effective Porosity (PHIE) 

 

   As stated by Dodge et al. (1996), engineers frequently 

refer to the interconnected pore volume of the rock when 

defining effective porosity. The effective porosity equals 

the total porosity minus any water dissolved in the rock's 

clay minerals [57]. 

 

φ𝑒𝑓𝑓 = φ𝑡 ∗ (1 − 𝑉𝑆ℎ)                                                                         (2) 
                          
Table 2. Proposed Fluid and Matrix Properties [56] 

Parameters values Lithology, fluid 

ρma = 2.71 g/cm3 

ρf = 1  g/cm3 for 

freshwater 

 

(φN,ma , φN,f) = 0 Limestone 

△tma = 47.5 μsec/ft 

△tf = 189 μsec/ft for 

freshwater 

 

 

 Total porosity (PHIT) 

 

   Total porosity(φt) is defined as the ratio of the volume 

of all pores to the bulk volume of a material. With neutron 

and density logs, the following equation could be used to 

figure out the total porosity [58]: 

 

𝜑𝑡 =
𝜑𝑁+𝜑𝐷

2
                                                                                           )3( 

 

 
Fig. 3. Neutron, density, sonic, and practical porosity compared with core porosity in well HF005-M316

c. Permeability Prediction 

 

   Permeability is a term used to describe a rock's ability to 

allow fluids to pass through it. Darcy's law for flow 

through a porous medium is as follows: 

 

𝑄 = 𝐾𝐴 △ 𝑝/µ𝐿                                                                                   (4) 
                                                               

   In this case, Q represents the rate at which a fluid with 

viscosity flows through a body with dimensions L and A 

and a pressure gradient p. For laminar flow, we can define 

the permeability, k, using Darcy's relation, which is as 

follows [56]: 

 

𝐾 = 𝑞µ𝐿/𝐴 △ 𝑝                                                                                    (5) 

   Log-derived permeability formulas for formation 

permeability estimates call for an infinite water saturation 
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(Schlumberger-1977). At any time, possible, a geologist 

should compare the permeability values of close 

production wells to the same formation when evaluating a 

formation utilizing log-derived permeability equations. 

Estimating productivity from log-derived permeabilities 

requires comparing the evaluated formation to wells in the 

area with good and bad production histories. To compare 

permeabilities measured in different wells, a geologist 

does not use an absolute value for the permeability from 

the log [59]. 

Several methods are used for permeability calculation: 
 

 Classical method 
 

   It is one of the most famous methods of predicting 

permeability. The classical method can be defined as 

finding a mathematical relationship between core porosity 

and core permeability, then applying this formula to the 

uncored sections using the log porosity as input to obtain 

permeability. 

   The general expression for the permeability-porosity 

correlation is usually expressed as [59]: 
 

𝑙𝑜𝑔 𝐾 =  𝑎𝜑 +  𝑏                                                                                (6) 
 

   Where: K = permeability, MD. 𝜑 = porosity. a and b = 

constants to be determined for each case. 

   To determine the constants a and b, a cross plot is made 

between porosity on the x-axis versus the logarithm of 

permeability on the y-axis, as Eq. 6 shows a liner 

relationship between these parameters, with a as the slop 

and b as the intersect. 
 

 Empirical Method 
 

   The second method was determining the log's 

permeability through three processes (Timur, Morris, and 

Schlumberger). The 'Timur,' 'Morris Biggs oil,' and 

defaults come from the Western Atlas chart book, while 

the 'Schlumberger Chart K3' is from the Schlumberger 

chart book. These equations are applied only over zones 

at irreducible water saturation, i.e., hydrocarbon zones 

above the transition zone. Eq. 7 can be used to calculate 

the permeability from the log (Timur, Morris, and 

Schlumberger), where a, b, and c are constant. Fig. 4 

shows the results of this method [60]: 

 

𝐾 = 𝑎 (𝑃ℎ𝑖𝑏/𝑆𝑊𝑐)                                                                             (7) 

 

 
Fig. 4. Permeability Estimation from the Well Log for Well HF005-M316
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 Flow Zone Indictor (FZI) Methods 

 

   The FZI method is the third method to measure 

permeability. Flow zone indicator depends on the 

geological characteristics of the material and various pore 

geometry of a rock mass; hence, it is a suitable parameter 

for determining hydraulic flow unit. High-productive 

zones, low-quality rocks, and diagenesis effects can be 

identified by a flow zone indicator (FZI) [61-63]. FZI is 

estimated from core data within the cored wells, and it's 

sometimes applied to un-cored wells through correlations 

with log attributes. The final approach is given influent 

equations: 

 

𝑅𝑄𝐼 = 0.0314√
𝐾

𝜑
                                                                                 (8( 

 

𝜑𝑧  = 𝑃𝐻𝐼𝑧 = (
𝜑

1−𝜑
)                                                                            (9) 

 

𝐹𝑍𝐼 = (
𝑅𝑄𝐼

𝜑𝑧  
)                                                                                        (10) 

 

   By taking the logarithm of both side of Eq. 11, the final 

approach can be written as follow: 
 

Log RQI = Log FZI + Log φz                                                            (11) 
 

   The above equation represents the straight line on the 

log-log plot of RQI vs. φz. The intercept of the straight 

line at φz=1 is each group's specific flow zone indicator. 

Other FZI values of core samples will show on different 

lines.  Points that lie on each straight line got the same 

pore throat description and, therefore, the same flow unit. 

Sadi formation was divided into four FZI, and four 

porosity-permeability relations are applied by different 

equations with decisive correlated factors for each one, as 

in Fig. 5 and Fig. 6; the equation results of the regression 

analysis for the hydraulic flow units are given in Table 3. 
 

Table 3. FZI Permeability Formula for Sadi Formation 

FZI Formula R2 

FZI=1 K= φ^3 * ( 0.037 / (0.0314 * (1.0- φ)) )^2 0.6789 

FZI=2 K= φ^3 * ( 0.064 / (0.0314 * (1.0-φ)) )^2 0.7485 

FZI=3 K= φ^3 * ( 0.139 / (0.0314 * (1.0-φ)) )^2 0.8473 

FZI=4 K= φ^3 * ( 0.41 / (0.0314 * (1.0-φ)) )^2 0.9056 

 

d. Water Saturation Estimation 
 

   One of the primary inputs for evaluating hydrocarbon 

reserves is the calculated water saturation obtained from 

open-hole resistivity measurements [64]. The water 

saturation level is calculated using a model called 

Archie's equation. Since the Archie equation's parameters 

depend highly on carbonate characteristics, applying them 

in carbonate reservoirs is challenging. These findings 

highlight the importance of precise measurement of a, m, 

and n in core samples to obtain representative a, m, and n 

values, significantly affecting the water saturation values. 

Archie proposed in 1942 that there is a relationship 

between a rock's porosity, the amount of water it holds, 

and its resistivity Rt. See Fig. 7. 

𝑆𝑊
𝑛 =

𝑎𝑅𝑊

𝜑𝑚𝑅𝑡
= 𝑅𝑂/𝑅𝑡                                                                           (12) 

 

   Then, he explains the resistivity of rock that is 

completely 100% saturated with brine and how it relates 

to the resistivity of brine [56]. The value of rock 

resistivity can be expressed as a function of formation 

factors using the formula [56]: 

 

𝑅𝑂 = 𝐹/𝑅𝑊                                                                                        (13) 

 

 
Fig. 5. Permeability vs. Porosity Cross Plot for Specific 

FZI 

 

 
Fig. 6. RQI versus. Phiz Cross Plot 

 

e. Shale Volume 

 

   Although shale is typically more radioactive than sand 

and carbonate, the amount of shale in porous reservoirs 

could be calculated using gamma rays. Vshale denotes the 

shale volume like a decimal percentage or fraction. This 

value can then be applied to sandy shale formations to 

evaluate them. The gamma-ray index from a gamma-ray 

log (VCLGR), Neutron(VCLN), and Neutron-Density 
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(VCLND) is used to determine the shale volume by Eq. 

14 [65] and shown in Fig. 8: 
 

Vshale =
𝐺𝑅𝑙𝑜𝑔−𝐺𝑅𝑚𝑖𝑛

𝐺𝑅𝑚𝑎𝑥−𝐺𝑚𝑖𝑛
                                                                              (14) 

 

   Where: GRlog: Gamma-ray reading of the formation. 

GRmin: Minimum Gamma-ray. GRmax: Maximum 

Gamma-ray. 
 

 
Fig. 7. Water Saturation Log Plot in Well HF001-M276 
 

 
Fig. 8. Shale Volume for Well HF001-M276 
 

3- Results 
 

3.1. Cut-off estimation 
 

   The selection of petrophysical cutoffs for calculating net 

pay has been a significant source of uncertainty in earlier 

methods. Traditionally, a shale volume fraction (Vshc) 

cutoff is used to determine net sand, followed by applying 

a porosity cutoff to define the net reservoir. Finally, the 

cutoff is used to determine net pay and water saturation 

(Sw) in the net reservoir [66]. Cutoffs must be carefully 

chosen to ensure that the hydrocarbons excluded are truly 

unproducible. 

 

a. Porosity Cut-off 

 

   The core porosity cutoff was established by analyzing 

the data at hand. To do so, a plot was selected in which 

"permeability (log scale) vs. porosity (linear scale) with 

the best-fit line intersecting a straight line at a 

permeability value of (0.01 MD). The porosity cutoffs for 

the Sadi B1 and B2 units and Sadi B3 units are 12% and 

10%, respectively. Fig. 9 and Fig. 10 show the 

relationship between the core permeability vs. core 

Porosity to find cut-off porosity in Sadi B1, B2 and B3 

units. 

 

 
Fig. 9. Core Permeability vs. Core Porosity to Find Cut-

off Porosity in Sadi B1and B2 Units 

 

 
Fig. 10. Core Permeability vs. Core Porosity to Find Cut-

off Porosity in Sadi B3 Unit 
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b. The water saturation cut-off 
 

   We determined the water saturation cut-off values for 

the Sadi formation reservoir units by drawing a cross plot 

between water saturation and log porosity. Then, we used 

the point where the log porosity cut-off value and the 

drawn curve intersected as a criterion. All units in the 

Sadi formation have a 50% water saturation cutoff. Fig. 

11 and Fig. 12 show the water saturation cut-off for three 

Sadi units.  
 

 
Fig. 11. Log Porosity vs. Water Saturation in Sadi B1and 

B2 Units 
 

 
Fig. 12. Log Porosity vs. Water Saturation in Sadi B3 

Unit 
 

c. Shale Volume cut-off 
 

   By constructing a plot of log porosity vs. shale volume 

for reservoir units in the Sadi formation, cut-off values for 

shale volume were determined. Then, the shale volume 

cut-off value was found where this curve met the log 

porosity cut-off value. All Sadi formation units have a 

cut-off for the amount of shale at 25%. 
 

3.2. Net-To-Gross (NTG) 
 

   The net-to-gross ratio measures the thickness of 

productive (net) reservoir rock compared to the thickness 

of the entire reservoir (gross) [67]. This term describes the 

reservoir areas that can be used to get hydrocarbons. 

Researchers' most common parameters are φ, Vsh, Sw, and 

k [68]. Cut-offs for porosity, permeability, and water 

saturation have been used to calculate net-to-gross ratios 

for the Sadi formation, along with the cut-offs. A net-to-

gross pay thickness is the thickness of pay zones relative 

to reservoirs. The term "net pay" refers to the depth of the 

porous and permeable zones that contain economically 

viable amounts of hydrocarbons, as shown in Fig. 13. The 

results show that the Sadi A region, which is in the upper 

part of the chart, does not have any hydrocarbons, so it 

did not contain any results. As for the other three layers, 

B1, B2, and B3 are suitable oil reservoirs. Fig. 14 shows 

an example of converting NTG thickness for well HF001-

M276. 
 

 
Fig. 13. Net-To-Gross Ratio [28] 
 

 
Fig. 14. Shows an Example of Converting N/G Thickness 

for Well HF001-M276 
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3.3. Lithology Identification 

 

a. Neutron-density cross plot 

 

   The lithology of the Sadi formations is primarily 

limestone porous, with calcite as the main mineral 

content; this result is consistent with the geological 

reports from the wells [69], which identify the Sadi 

formation as limestone porous with some dolomite, as 

seen and inferred from the description by the two types of 

cross-plots. The first cross-plot to determine lithology is 

Neutron porosity (PhiNeu)-Density, based on density and 

neutron porosity logs. Fig. 15 and Fig. 16 show the 

different lithologies of Sadi from Logging Interpretation. 

 

 
Fig. 15. Comprehensive Lithology of Sadi from Logging 

Interpretation, Well HF001-M276 

 

b. M-N cross plot 

 

   The lithology-dependent variables M and N must be 

calculated for the sonic, neutron, and density log, which 

are all required for the M-N plot. Matrix porosity has little 

effect on M and N values (inter-granular and 

intercrystalline). Lithology is more pronounced when 

these two variables are plotted crosswise. Fig. 17 shows 

the M-N cross plot, and the following equations are used 

to calculate the values of M and N. [59]: 

 

𝑀 = ((𝛥𝑡𝑓𝑙𝑢𝑖𝑑 −  𝛥𝑡𝑙𝑜𝑔))/ (𝜌𝑏𝑢𝑙𝑘 –  𝜌𝑓𝑙𝑢𝑖𝑑) × 0.01                           (15) 
 

𝑁 =  (Ø𝑁𝑓𝑙𝑢𝑖𝑑 – Ø𝑁𝑙𝑜𝑔 ) /(𝜌𝑏𝑢𝑙𝑘 –  𝜌𝑓𝑙𝑢𝑖𝑑)                                       (16) 

 

 
Fig. 16. Density-Neutron Lithology Cross Plot of All 

Wells in Sadi Reservoir (Generated by IP Software) 

 

 
Fig. 17. M-N Lithology Cross Plot of All Wells in Sadi 

Reservoir (Generated by IP Software) 

 

4- Conclusions 

 

 The porosity determined from the core data for the 

two wells (M276 and M316) was compared to the 

porosity information inferred from the well log data 

for those two wells. The density porosity(PHID) was 

the most consistent with the porosity data from the 

core analyses. In contrast, the neutron 

porosity(NPHI) was the least compatible. This study 

used PHID rather than NPHID to calculate the PHIE 

to achieve higher accuracy. 

 The permeability of uncored wells was predicted by 

the FZI approach, which presented the best-

determined match from other methods: classical and 

empirical methods. 

 Using the neutron-density and M-N Cross Plots, it 

was determined that the Sadi formation's lithology is 
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primarily limestone and that its significant mineral 

content is calcite with some dolomite. 

 Cutoffs are used to define terms such as "net pay" 

and "reservoir rock," where the value of reservoir 

rock is described using a 12% cutoff for porosity and 

a 50% cutoff for water saturation. The 12% porosity 

cut-off value calculates the reservoir's net thickness. 

If the reservoir has less than 50% water saturation, it 

is deemed to contain hydrocarbons to calculate net 

pay. The saturation cutoff and unique core analysis 

can predict the relative permeability ratio. A portion 

of the hydrocarbons-in-place is left out of the 

reserves calculation to calculate net pay using 

cutoffs. Cutoffs must be carefully chosen to ensure 

that the hydrocarbons excluded are truly 

unproducible. 

 The results show that the Sadi A region lacks 

hydrocarbons and thus contains no results. The other 

three layers, B1, B2, and B3, are suitable oil 

reservoirs that cover 75 m of the total area of 124 m. 
 

Nomenclature 
 

Nomenclature Description 

ρma The matrix's density g/cm3 

ρf The density of fluid g/cm3 

ρb The formation fluid's density of g/cm3 

SW Water saturation fraction 

Sw arch 
Water saturation Archie equation 

fraction 

Rw formation water resistivity Ωm 

Rt The resistivity of rock Ωm 

RO The resistivity of rock Ωm 

Rmf Mud filtrate resistivity(ohm-m) Ωm 

Rmc Mudcake resistivity(ohm-m) Ωm 

Q Flow rate (m3/s) 

L Length of the sample in units [2] 

A 
Cross-sectional area(m2) in Darcy 

equation 

K Permeability coefficient(m2) 

IP Interactive Petrophysics software 

IGR Gamma-ray index 

Grmin Minimum Gamma-ray 

GRmax Maximum Gamma-ray 

Grlog Gamma-ray reading of the formation 

GR Gamma Ray 

F Formation resistivity factor 

a,m,n Archie’s parameters 

µ Fluid of dynamic viscosity(pa.s) 

△tma The transit time of the matrix(μsec/ft) 

△tf 
The transit time of the formation 

fluid(μsec/ft) 

△t 
The transit time from the sonic 

log(μsec/ft) 

RQI                      The reservoir quality index (μm) 

FZI Flow Zone Indicator (μm) 

HFU  Hydraulic Flow Unit 
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 حكممي الخصائص البتروفيزيائية في خزان كربون حسابل استخدام تحليلات سجلات الآبار

 حلفايا النفطيفي حقل 
 

 3جلال هاكان كانباز، و 2، 1 عمر الفتلاوي ، ، *1 صفيه عطاالله جسام
 

 ، بغداد، العراقجامعة بغداد، كلية الهندسة، هندسة النفطقسم  1
 استراليا ،جامعة كيرتن ،الكيميائيةأستراليا للعلوم والتعدين والهندسة  غربيمدرسة  2 

 شركة كليمباتش للاستشارات، إزمير، تركيا 3 

 
  الخلاصة

 
ائية تروفيزيوتلعب خواصها البتعد خزانات الكربونات مصدرًا أساسيًا للهيدروكربونات في جميع أنحاء العالم ،    

اذية والنف دورًا مهمًا في إنتاج الهيدروكربونات. أهم الخصائص البتروفيزيائية لخزانات الكربونات هي المسامية
ل أن ، مما يعني أنه من الصعب على السوائمنخفضه مسامية ونفاذية ذوخزان هو الخزان المحكم  وتشبع الماء.

الواقع في حقل حساب الخصائص البتروفيزيائية لمكمن السعدي  الدراسة هي هدفتنتقل من جانب إلى آخر. 
تكون يالعمارة. مدينة كم جنوب  35يقع على بعد و  يعتبر من أهم حقول النفط في العراق ،الذي  النفطي حلفايا

 تفتقر ا طبقة مائيةلأنه Sadi A، تم استبعاد  B3، و A ،B1  ،B2تكوين السعدي من أربع وحدات: 
ة آبار نفطية.  خمسالداتا المتوفرة من  على بالاعتماد هيدروكربونات. تم بناء النماذج الهيكلية والبتروفيزيائية لل

ت وسجلا RHOB , NPHI ,SONIC, Gamma-Ray , (Caliper من أهمها) سجلات الآبارب متمثلة
ية ت وتصحيحها للعوامل البيئتم تحليل هذه السجلاحيث حساب الخصائص البتروفيزيائية. من اجل المقاومة ،

( ، ومتوسط Rw = 0.04) لتكوين السعدي الماء مقاومة. حيث تم تحديد متوسط IP V3.5باستخدام برنامج 
وبالتالي تم (. a = 1، و  m = 2  ،n = 1.9) Archie( ، ومعلمات Rmf = 0.06) الطين ترشيح مقاومة

يم قبناءً على  (N/G) المسامية والنفاذية وتشبع الماء ونسبة السماكة الصافية إلى الإجمالية حساب كل من
 الآبار. تبيانات سجلا
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