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Abstract 
     This paper is studying the Evaluation of the performance of reservoir facies of Yamama Reservoir in 
Ratawi oil Field which locats about 70 kilometers west of the city of Basra and to the west of the North 
Rumaila where away about 12 kilometers, and to the south of Hor Al-Hammar reality along the Euphrates 
River in Mesopotamia zone in Zubair subzone. The study includes a petrophysical evaluation 
performance of the reservoir by using several methods for each unit especially the three reservoir units 
comprising the Yamama Formation in four boreholes which are Rt-3, Rt-13, Rt-14, and Rt-15 distributed 
around the crest of the Ratawi structure that are carried out in the present study. Yamama formation 
boundaries were determined using well logs , available core intervals and Petrophysical data and found 
that it can be subdivided into three main reservoir units that separated by two insolate ( non – reservoir ) 
units. Petrophysical analysis of  Yamama rocks revealed that YB unit has the best properties comparing 
with the other two units because the majority of effective porosity is primary through the whole succession 
within the studied area. 

 
Introduction  

     Yamama reservoir is heterogeneous and the reservoir quality is highly variable both 
laterally and vertically and can consider one of the important productive formations that  
deposited into shallow marine environments during (Tithonian – Early Turonian) period 
in the Tithonian – Hautervian sequence within the Stratigraphic column of Lower 
Cretaceous in south of Iraq [3]. Intelligent reservoir characterization using soft 
computing is considered one of the most powerful techniques currently widely used by 
geoscientists. It relies on the ability to locate and extract hydrocarbons from beneath the 
ground’s surface and is tied directly to the evolution of technologies, concepts, and 
interpretative sciences. The technologies that are commonly used in such domain are 
the mainly methods for imaging features beneath the ground’s surface and supported 
by petrophysical well log data and available core data to optimize the highest production 
rates and evaluate the performance of reservoir facies in the Yamama Formation.  

Petrophysical Evaluation  

     Well log interpretation is an important tool to understand and provides the 
information about lithology, petrophysical analysis, fluid saturation. As well as its use in 
the comparison between different wells and help in drawing structural maps, equal 
thickness of reservoir units, also used in describing the facies relationships of 
sedimentation environments and in the end helps with evaluate the performance of 
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reservoir facies. Well logs interpretation give more accurate results when the log data is 
combined with core data [1].  

The present study depicts evaluate the performance of reservoir facies by an 
interpretation of Open hole logs responses such as Gamma ray logs (GR), and caliper 
logs were used for the correlation of depth and determine the boundaries of the study 
formation and identification of permeable zones ,also can calculate the permeability 
zones for intervals has no core in reservoir units by using Wyllie equation [9]., in 
addition to identifying the same lithofacies in the wells, which have a lack of core data 
with helping of Porosity logs (density logs, neutron logs, sonic logs) were used to 
calculate total and effective porosity after correcting its values at each point by knowing 
and calculating the ratio of shale volume (Vsh) to get more accurate results. Diagenesis 
can improve or destroy porosity and permeability. However, with increased time and 
depth, the porosity and permeability were reported to be reducible [5]. 

Petrophysical interpretation for Yamama reservoir  

     Before entering an interpretation of the reservoir characteristics of each unit, it 
should be noted here that is done calculated the effective porosity values and found its 
correspond to the values of the total corrected porosity (which includes the total porosity 
of the clean interval depths, i.e. those in which the ratio of Vsh is less than 10% plus the 
total corrected porosity from the effect of the shale volume of the dirty interval depths 
which are having Vsh more than  10%) for all wells in the study area and for all units. 

     The formation is divided into three reservoir units from up to down which are YA at 
the top, YB in the middle, and YC at the bottom of the formation. The following is the 
petrophysical interpretation of the reservoir units of Yamama formation from top to 
bottom according to the arrangement and according to the location of each well of the 
study area in Ratawi field by using petrel software 2017.  

1- Petrophysical interpretation for reservoir unit – YA 
     According to the locations of the distribution of the study wells in Ratawi field (see 

the locations of the distribution of the study wells in the figures of surface maps 
for the reservoir units YA,YB , and YC), Whereas the wells are located near the 
center of the field (near Crest); RT-3, RT-13, RT-14, and RT-15 have good 
reservoir characteristics at this unit where they have good hydrocarbon 
saturation (Sh), porosity, and permeability, but the ratio of shale volume (Vsh) 
increases at the bottom of YA unit.  

2- Petrophysical interpretation for reservoir unit – YB 
      This reservoir unit (YB) can be considering have the best petrophysical properties in 

Yamama formation, whereas the wells are located near the center of the field 
(near Crest); RT-14 and RT-15 have very good reservoir characteristics at this 
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unit where they have very good hydrocarbon saturation (Sh), porosity, and 
permeability, low ratio of shale volume (Vsh) compared with YA unit. while, RT-3 
has less petrophysical properties compared with Rt-14, RT-15, whereas the best 
characterization in Rt-14. For RT-13 has the lowest ratio of petrophysical 
properties for the wells are located near the crest or center of the field, where has 
lower hydrocarbon saturation (Sh) and a higher ratio of water saturation (Sw) 
with good porosity and less permeability compared with other wells near the 
crest, and the percentage of shale volume increases in the lower part of this unit; 
and this is evidence that Yamama formation was deposited during several small 
sedimentary cycles (multiple transgression - regression stages) associated by 
clastics and mud deposits that transported from the basin's adjacent positive 
areas and eventually caused to variation in petrophysical properties for the 
formation. 

3- Petrophysical interpretation for reservoir unit – YC 
     For the petrophysical properties in Yamama formation of reservoir unit (YC), the 

wells are located near the center of the field (near Crest); RT-14 and RT-15 have 
good reservoir characteristics at this unit but less compared with the properties in 
the unit YB, where they have good hydrocarbon saturation (Sh), porosity, and 
permeability, low ratio of shale volume (Vsh). while, RT-3  has good 
petrophysical properties but less compared with Rt-14, RT-15, whereas the best 
characterization in Rt-14. For RT-13 has the lowest ratio of petrophysical 
properties for the wells are located near the crest or center of the field, where has 
good hydrocarbon saturation(Sh),  porosity, and permeability just in the lower 
part of this unit (YC); this is because of the multiple transgression - regression 
stages of Yamama formation (the type of deposition during several small 
sedimentary cycles). 

 

Flow zone indicator method 

The fow zone indicator (FZI) defnes as a unique parameter that incorporates the 
geological attributes of texture and mineralogy in th discrimination of pore geometrical 
(hydraulic units), and it is used to identify the geologic variables that control the flow of 
fuids, especially when the geological attributes that are based on variations in por throat 
sizes that control Permeability are considered and can be expressed as follows:  

[2], introduced the concepts of Reservoir quality index (RQI) and Flow zone indicator 
(FZI) to derive flow units. The RQI and FZI is written mathematically as the following:  
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where RQI: is the reservoir quality index (μm).  

 z: is a normalized Porosity (pore volume-to-grain volume ratio) (fraction). 

 FZI: is a function of reservoir quality index and void ratio (μm).  

 eff: is the efective Porosity (fraction). 

 z plot for each reservoir unit have been established for all the study wells. The 
similar values for FZI fall on a line (same slope), and the data with same line can be 
refected similar fow unit or pore throat.  

Figures (4,6,8,and 10) present a plot for Porosity versus Permeability with reservoir 

quality index (RQI) versus logarithm of the normalized Porosity ( z) consequently, 
for various values of the fow zone indicator (FZI). All points with similar (FZI) line 
have same pore throat. 

 

Porosity–Permeability relationship  

There are two main microscopic scale rock properties that control fluid storage and flow 
in a reservoir are Porosity and Permeability. Collectively, these two properties are 
referred to as “reservoir quality” [8]. 

The permeability values which are gotten in petrophysical properties two plotted versus 
the porosity values by using the Empirical model based on regression attributed 
Winland’s equation which considers powerful methods used to utilize the reservoir 
properties as Permeability and Porosity to classify the number of rock types available in 
a reservoir, from Kolodzie [4] Labels for four ranges of r35 a taken from Martin et al [6] 
and used the relationship between porosity and permeability in evaluating the 
performance of reservoir facies, for the reservoir units (A, B and C).  

Martin et al. [6] used the r35 parameter, along with other petrophysical, geological, and 
engineering data, to identify flow units in five carbonate reservoirs. Flow units are 
grouped by the size of pore throats using the designations, as shown in Figure 
(4),(6),(8), and(10) of Megaport ˃ 10 micron, macroport (2-10), mesoport (0.5-2) and 
microport ( 0.5). 
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     The following equation to calculate R35 for a rock sample using measured Ka 
and   values [7] is as follows: 

Log R35 = 0.732 + 0.588 Log Ka − 0.864 Log   
………………………………………….(4) 

where R35: port radius (micron) at 35% mercury saturation, 

Ka: air Permeability (md), and  : core Porosity (%). 

 

The relationship between the Porosity–Permeability and the diagenesis effects on 
Reservoir facies 

By comparing Porosity–Permeability relationship for each reservoir units for all wells for 
the study area with facies through Figtures (4,5,6,7,8,9,10, and 11), they are showing 
that the best reservoir units is YB , and the facies almost are Wackestone facies, 
Wackestone – Packestone, Packestone and Grainstone Facies  with good primary 
porosity and good Permeability axcept some Mustone – Wackestone with bad porosity 
and Permeability due to the diagenesis processes effects. 

The diagenesis processes are effective with different ways of reservoir facies here 
especially the Micritization, cementation, and dissolution, besides compaction. So, we 
can see Wackestone facies and Wackestone- Packestone facies with low reservoir 
impact due to the cementation in some interval depths in  YA and YC. While it has been 
seen good reservoir impact in other depths in these reservoir units due to the good 
primary porosity or due to the dissolution processes. So, we can say the performance of 
reservoir units is improved in the wells in the crest of the field and toward the wells in 
the west, and gets worse towards the wells in the east and north of the field, and the 
best unit is the second unit (YB). 

Four rock types and groups have been recoginized in the Yamama formation, where the 
first group represents bad reservoir quality (FZI-1), the second group refects moderate 
quality of reservoir (FZI-2), the third group represents good reservoir quality (FZI-3), and 
the fourth group shows a high trend of the Permeability and Porosity which represent a 
very good reservoir quality (FZI-4). 
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Fig. (1): Surface map of top of YA of the formation and distributed of studied wells. 
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Fig. (2): Surface map of top of YB of the formation and distributed of studied wells. 
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Fig.(3): Surface map of top of YC of the formation and distributed of studied wells 
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Fig. (4) Porosity–Permeability plot and FZI for  Reservoir units for Yamama formation for well (RT-3) 
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Fig. (5) The relationship between the Porosity–Permeability and the diagenesis effects on Reservoir facies for well 

(RT-3) 



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/ 
Journal of Tianjin University Science and Technology 
ISSN (Online): 0493-2137 
E-Publication: Online Open Access 
Vol:54 Issue:09:2021 
DOI 10.17605/OSF.IO/BNGWT 

 

 

Sep 2021 | 111  

 

 

  

 

Fig. (6) Porosity–Permeability plot and FZI for  Reservoir units for Yamama formation for well (RT-13) 
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Fig. (7) The relationship between the Porosity–Permeability and the diagenesis effects on Reservoir facies for well (RT-

13) 
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Fig. (8) Porosity–Permeability plot and FZI for  Reservoir units for Yamama formation for well (RT-14) 
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Fig. (9) The relationship between the Porosity–Permeability and the diagenesis effects on Reservoir facies for well (RT-

14) 
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Fig. (10) Porosity–Permeability plot and FZI for  Reservoir units for Yamama formation for well (RT-15) 
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Fig. (11) The relationship between the Porosity–Permeability and the diagenesis effects on Reservoir facies for well (RT-

15) 
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Conclusions 

1- Basically, it can be said that the reservoir characteristics of the first reservoir unit 
which is YA is better near the center of the field and towards the west, and the 
characteristics deteriorate more we head towards the east of the field. 
2- As a summary for reservoir properties in unit (YB), it can be said is better near the 
center of the field and towards the south part of it at RT-14, and RT-15, toward the north 
at RT-13. 
3- The summary for reservoir properties in unit (YC), it can be said is better near the 
center of the field and towards the south part of it at RT-14, and RT-15. 
4- The porosity types in Yamama rocks in limestone is usually not homogeneous. It has 
different origins, not like clastic rocks, due to the influence of limestone by diagenesis 
processes, most notably dissolution, fracturing, dolomitization, and cementation, which 
can change the size and quantity of pores in limestone, some of these diagenesis 
processes may increase and others, on the contrary, may decrease the size of pores 
and thus reduce the values of porosity. Porosity is mainly divided into two types, 
depending on its stages of formation: Primary porosity,where the porosity formed at the 
end of the sedimentation process and Secondary porosity, where the porosity formed 
after sedimentation and due to diagenesis processes. 
5- When comparing the main facies with the well logs used to identify Electrofaies, the 
following main limestone facies will be (Mudstone facies, Mudstone –Wackestone 
facies, Wackestone facies, Wackestone – Packstone facies, Packstone facies, 
Packstone –Grainstone facies. , and Grainstone facies).Where by comparing Porosity–
Permeability relationship for each reservoir units for all wells for the study area with 
facies through Figtures (4), (6),(8), and (10), they are showing that the best reservoir 
units is YB , and the facies almost are Wackestone facies, Wackestone – Packestone, 
Packestone and Grainstone Facies  with good primary porosity and good Permeability. 
6- Four rock types and groups have been recoginized in the Yamama formation, where 
the first group represents bad reservoir quality (FZI-1), the second group refects 
moderate quality of reservoir (FZI-2), the third group represents good reservoir quality 
(FZI-3), and the fourth group shows a high trend of the Permeability and Porosity which 
represent a very good reservoir quality (FZI-4) , as the following :  
 Group 1 = 0 < FZ1 <1 , Group 2 = 1 < FZ1 <2 
 Group 3 = 2 < FZ1 <3, Group 4 =  FZ1 >3 
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