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Abstract 

Porosity, shale volume, and fluid saturation are the most important parameters used to determine the 

characteristics of oil reservoirs. The kupal oil field has located in Dezful embayment. Illam formation 
introduced as a fractured reservoir at the southwest of Iran. In this study, wells No.48 and 54 
investigated. Based on this study and using well logging diagrams, the main lithology determined 

Limestone. It is worth mentioning that substrates of shale, dolomite and in some cases anhydrite can 
see. As well as based on the performed study, this formation divided into three zones, including two 
permeable zones and one non-permeable zone. In the non-permeable section, main minerals have 
determined as clay, being types of Montmorillonite, Mix layers, and Illite. Base on Gr log, the average 
volume of shale in wells No. 48 and 54 was 8% to 17% respectively, that overall shows Low percent 
volume of shale. In this field, the amount of porosity increased from SE to NW. Accordingly, the well 
log plot, there are appropriate porosity and water saturation in this horizon. To enhance the accuracy 

of formation of water saturation calculations, we calculate it by software using Indonesian and 
Simandoux methods. Such that the average effective porosity and water saturation are 7.9 and 43.4 
%, respectively.  Finally, it can be stated this formation has poor to mean reservoir characteristic, but 
it can achieve reservoir capacity from some wells and adjacent fields. 

Keywords: Petrophysical evaluation, Porosity, Water Saturation, Illam formation, Kupal oil field, Geolog Ver 
6.7.1. 

 

1. Introduction  

Achieve the information related to porosity and permeability of formations is one of the 

major problems of oil engineers [1]. These parameters are among the most important infor-

mation in designing and controlling discovery operation [2]. The most significant application of 

wire line logs is an evaluation of petrophysical characteristics of the formations in order to 

survey the reservoir quality of different sections of reservoir formation and find the most 

appropriate zones for efficient exploitation of the reservoir and for a more assured develop-

ment of oil fields [3]. Porosity, shale volume, and fluid saturation are the most important pa-

rameters that were used to determine the characteristics of oil and gas reservoirs [4]. For the 

first time, Illam formation was studied by James and Wynd [5]. 

Since Illam formation was considered one of the most prominent oil reservoir rocks in 

southwest of Iran, a comprehensive and precise revision of this formation and surveying petro-

physical and petrofabric characteristics of this formation is of great importance in the oil in-

dustry. 

2. Geological setting 

The Kupal oil field located in the middle of Dezful Embayment. This anticline is an asym-

metrical structure with NE-SW trend, and southern flank dip is higher than northern flank and 

causes to change the axis to follow the west trend in the northern part and southern trend in 

the west. The thickness of the Asmari reservoir in this field is 347m and divided into 8 zones 
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based on petrophysical data. The most important character of the Asmari presence of ex-

tended natural fracture systems, which causes high productivity of wells not withstanding low 

matrix porosity (Figure 1). 

 

Figure 1. Located of Kupal oil field in Dezful embayment, near the other oil fields, Southwest of Iran 

3. Methodology 

In this study, 2 wells (Wells No. 48 and 54) in Kupal oilfield have considered for petrophys-

ical studies. These wells have almost complete information and logging data. In this study, 

the raw data from two wells with Geolog ver. 6.7.1 software has been using to determine 

reservoir parameters affecting the reservation quality of Illam formation. 

Recognition of lithology, calculation of shale volume (Vsh), total porosity (PHIT), effective 

porosity (PHIE) and water saturation (Sw), are the most important parameters in the petro 

physical evaluation, and these are necessary to find the quality of the formation [6]. 

4. Result and discussions 

In this study, 2 wells (Wells No. 48 and 54) in Kupal oilfield have considered for petrophys-

ical studies. These wells have almost complete information and logging data. In this study, 

the raw data from two wells with Geolog ver. 6.7.1 software has used to determine reservoir 

parameters affecting the reservation quality of Illam formation. 

4.1. Shale volume calculation 

There are various methods for calculating shale volume. In some cases, only a log can be 

calculated, and in some cases, a combination of two or more logs can be used to calculate 

shale volume. Here, for more accuracy and removal of the effect of uranium, we use the 

available CGR results to calculate. Among of Shale volume has calculated for this Formation 

(Table.1). 

𝑉𝑠ℎ =
𝐶𝐺𝑅−𝐶𝐺𝑅𝑚𝑖𝑛

𝐶𝐺𝑅𝑚𝑎𝑥−𝐶𝐺𝑅𝑚𝑖𝑛
                       (1) 

Table 1. Shale volume (Vsh) in Kupal wells (Well No. 48 and 54). 

Well No. Min Shale volume Average Shale volume Max Shale volume 

48 0 0.1741 1.000 
54 0 0.0808 1.000 

4.2. Type of clay mineral 

Shale does not have fixed mineralogy. Among clay minerals, Illite is found more often than 

other minerals, and chlorite is abundant, while kaolinite is relatively rare [7]. We need a CGR 

logs to determine the type of clay minerals in different wells, and thorium-potassium cross-
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plots (Th vs. K) have used [8]. As shown in Figures 2 and 3, clay minerals are dominant in both 

wells. 

  

Figure 2. Type of clay minerals determination in 
well 48, Kupal oil field 

Figure 3. Type of clay minerals determination in 
well 54, Kupal oil field. 

4.3. Porosity calculation 

There are several methods for calculating porosity, depending on the type of logs available 

in each well. Porosity logs, i.e., neutron-density logs and sonic logs, used to calculate porosity. 

Porosity can be obtained from a log or a combination of different logs [9]. In this study, the 

porosity calculation (Table.2) was performed using the Sonic logs (Equation 2) and the neu-

tron-density logs (Equation 3). 

∅𝑆𝑜𝑛𝑖𝑐 =
𝐷𝑇−𝐷𝑇𝑚𝑎

𝐷𝑇𝑓𝑙−𝐷𝑇𝑚𝑎
                      (2) 

∅𝑁𝐷 = √∅𝑁
2+∅𝐷

2

2
                      (3) 

Table 2. Calculation of sonic, neutron-density, effective, and total porosity 

Well No. ∅𝑺𝒐𝒏𝒊𝒄 (𝒗/𝒗) ∅𝑵𝑫 (𝒗/𝒗) ∅𝑻 (𝒗/𝒗) ∅𝑬 (𝒗/𝒗) 

48 0.059 0.130 0.0963 0.074 
54 0.070 0.064 0.079 0.084 

4.4. Detection of porosity types based on velocity log 

The velocity deviation log will be computed from the composition of the sonic logs with the 

neutron or density log (Table.3), and it can be used to get information on the types of porosity 

(Table.4) in carbonates, the tracing of distribution of empty digenetic spaces and prediction 

of permeability. In order to construct this log, in the first step, porosity log data will be con-

verted to artificial velocity using the mean time-Willey equation, and its difference plotted with 

the actual velocity derived from the sonic log as the velocity deviation log [10]. 

In the well No.48, by examining the velocity deviation log, because most of the positive 

and zero deviations shown, we conclude that the porosity types in this well are moldic and 

intra porosity due to positive zones and intergranular and intercrystalline porosity due to zero 

zones. In two depths of 4146 and 4163 meters, with negative deviation in the velocity log, 

according to the Caliper logs, we conclude that the negative zone is due to casting.  
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In the well No.54, by examining the velocity deviation log, because of most positive devi-

ations, we conclude that the porosity types in this well are moldic and intra, and in small 

amounts of zero deviation, we expect intergranular and intercrystalline porosity. 

Table 3. Maximum, minimum and mean velocity deviations calculation 

Well No. VDL(m/s) min VDL(m/s) mean VDL(m/s) max 

48 -2511.773 -85.3341 23152.0078 
54 -267.778 149.6735 2842.0579 

4.5. Secondary porosity 

Given availability of neutron-density porosity logs to calculate total porosity and sonic logs 

to calculate initial porosity (this log ignores vuggy porosity), it is possible to calculate the 

secondary porosity which introduced as a secondary porosity index (SPI) [11]).  

Table 4. Secondary porosity calculation 

Well No. SPI 

48 0.0496 
54 0.0271 

 

The most common method for determin-

ing the secondary porosity (Table.4), is to 

deduct porosity of the sonic logs (φsonic) from 

porosity of FDC or CNL [8]. In this study, the 

following formula used to calculate the sec-

ondary porosity: 

∅𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 = ∅𝑁𝐷 − ∅𝑆𝑂𝑁𝐼𝐶                  (4) 

4.6. Lithology 

One of the main uses of well logs is Lithologic detection. There are several methods for 

determining the lithology that their application is dependent on the availability and type of 

Lithologic-sensitive logs [12]. There are various cross-plots that combine two or three charts, 

suggest two or three different mineralogy; one of the most suitable are M-N plots. Considering 

the complex lithology of Asmari reservoir in the studied field, a combination of different logs 

can useful for lithology detection, the best way to use M-N plot. This cross-plot obtained by 

combining three neutron, density, and sonic porosity logs. In this graph, the parameter M is 

the integration of the sonic-density measurement, and the N is cross plot slope of the neutron-

density. M and N obtained according to the following equations (5 and 6) and drawn against 

each other [13]. 

𝑀 = [
∆𝑡𝑓−∆𝑡

𝜌𝑏−𝜌𝑓
] × 0.01                    (5) 

𝑁 =
∅𝑁𝑓−∅𝑁

𝜌𝑏−𝜌𝑓
                       (6) 

 
 

Figure 4. M-N Plot in Well No.48, Kupal oil field and 
lithological detection 

Figure 5. M-N Plot in Well No.54, Kupal oil field 
and lithological detection 
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Based on cross-plots drawn from the two wells, and according to the color range of CGR 

chart, the dominant lithology of carbonate detected (In well No.48, calcite is more than dolo-

mite and in well No.54 is almost lime shale). Also, well No.54 shows shale’s more (Figure 4 and 5). 

 

In well logging with consideration to the 

well situation, some appropriate physical 

parameters chosen for surveying the geo-

logical layers. Among them, the ratio of 

pressure wave to cutting (Vp/Vs) can use as 

a key factor in diagnosing some important 

characteristics of the reservoir such as li-

thology [14]. In order to distinguish lithol-

ogy, this ratio calculated in wells (Well No. 

48) (Fig. 6). 

 
Figure 6. Dispersion diagram of the ratio of 
Vp/Vs. in well logging data of Kupal oil field (Well 

No. 48) 

4.7. Calculation of water saturation 

There are different methods to calculate water saturation [15]. Among these methods, the 

Indonesian equation is more efficient in carbonate rocks. In this study, the Indonesian equa-

tion used as follows [8,16]: 

1

𝑅𝑡
= [

∅𝑚

𝑎×𝑅𝑤

0.5

+
𝑉𝑠ℎ

(1−0.5×𝑉𝑠ℎ)

𝑅𝑠ℎ
0.5 ]

2

× 𝑆𝑤
𝑛                 (7) 

To enhance the accuracy of formation of water saturation calculations, we calculate it by 

software using Indonesian and Simandoux methods. The volume of water in each well can be 

obtained in this way as a result of these calculations, as shown in Table 5. 

Table 5. Calculation of water saturation in well No. 48 and 54, Kupal oil field 

Well No. SW-E SW-SIM SW-INDO V_UWat 

48 0.427 0.441 0.448 0.018 

54 0.473 0.419 0.420 0.023 

Considering that in the previous calculations, the effective porosity and effective water 

saturation values calculated in each well, equation (8) can be used to calculate the volume 

of oil. 
𝑉𝑂𝐿 − 𝑈𝑂𝐼𝐿 = (1 − 𝑆𝑊𝐸)𝑃𝐻𝐼𝐸                 (8) 

5. Conclusion 

Based on the analysis of well logs and calculation of petrophysical reservoir parameters, 

the results are as follows: 

Illam Formation in this field has a low average shale volume, and the upper part of this 

formation is important in production, the reservoir made of clean lithology and the amount of 

shale in the lower parts of the formation is slightly higher. The low amount of shale is probably 

due to sedimentation of the formation in an energetic environment. Well logs analysis shows 

that this reservoir has good porosity, especially in the upper part of the formation. Porosity 

variations are not high at the surface of the field, but due to the low amount of shale, we 

conclude that most of this porosity is effective. Proper porosity in this field can be affected by 

sedimentation. For determining the porosity types, artificial velocity deviation logs have used. 

The tendency of these logs to the positive side indicates porosity of the mold, vuggy, and 

intra. The lithology of Illam Formation has estimated using various methods including two 

logs, three logs, and a variety of cross-plots. All of these methods indicate the predominance 

of carbonate lithology (calcite, dolomite). In this study, Indonesian and Simandoux equations 

have used to calculate water saturation. Due to the low amount of shale, the values obtained 
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from these equations are very close. Based on the thresholds defined for separation of gross 

and net sections, the thickness of these segments has calculated. Due to the amount of low 

shale and good porosity, almost all of the formation is a good reservoir, but due to the amount 

of water saturation, the thickness of the produced zone varies in wells. According to the lith-

ological and petrophysical characteristics of Illam reservoir in the studied wells, this formation 

classified into different zones. Based on thorium-potassium cross-plot, in both wells the dom-

inant clay minerals have identified as Illite. 
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