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Abstract:  

   This study presents is a classification of reservoir properties (porosity and shale 

volume) into rock types for carbonate Rumaila reservoir in Central Iraq (Ahdeb Field). 

The Cluster analysis method is used to identify rock types and to recognize well log 

clusters of similar characteristics. For most subsurface research, the determination of 

the rock type (lithofacies and petrofacies) is not adequate enough because of a lack of 

cores and cuttings. An interactive petrophysics software program was used to get the 

results of a cluster analysis technique, in order to determine the rock typing (log facies) 

in Rumaila formation units in the Ahdeb oil field. Initially, petrophysical parameters 

such as porosity, shale volume and quantity of various reservoir minerals were 

determined using the probabilistic evaluation process. In the second stage, the multi-

resolution graphic clustering method was employed to separate the sequential 

electrofacies which resulted in the identification of four electrofacies with different 

geological reservoir properties. The vertical variations of the rock type for Rumaila 

formation are based on four log facial groups. These log groups are categorized 

according to porosity and shale volume of formation based on responses to well logs 

after division of Rumaila formation into four units (Ru-1, Ru-2, Ru-3, and Ru-4).A 3D 

rock type model for Rumaila Formation was performed using Petrel software in order to 

illustrate the horizontal distribution of rock type along the Ahdeb field and showing the 

best characterized of reservoir rock type in any unit of Rumaila Formation. Cluster 

analysis technique classified porosity and shale volume, which were calculated for 

Rumaila Formation using well logs, into four similar characteristics rock types: rock 
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type-1, rock type-2, rock type-3 and rock type-4. A 3D Petrel model of rock type shows 

that rock type-2 has better reservoir quality than other rock types in Rumaila Formation 

which is characterized by high porosity and low shale volume. The model clarifies the 

distribution of rock type-2 in the Ahdeb field at units Ru-1 and Ru-3 of Rumaila 

Formation.  

Key Words: Logfacie,  Rumaila Formation, Ahdeb Field, Cluster Analysis.   

 الخلاصة:

رًثم هزِ انذساسخ رظُُف انظفبد انًكًُُخ يثم انًسبيُخ انًكًُُخ وحجى الاطُبٌ )انسجُم( انً أطُبف يخزهفخ  

يٍ انظخىس انكبسثىَبرُخ انًكًُُخ انًخزبسح نًكًٍ انشيُهخ فٍ حمم الاحذة انُفطٍ فٍ وسظ انؼشاق. اسزخذيذ 

ثُبَبد انًجسبد انجئشَخ انً يجبيُغ يزشبثخ  طشَمخ انزحهُم انؼُمىدٌ نًؼشفخ اَىاع انظخىس يٍ خلال رًثُم

 انسحُخ انهُثىنىجُخ) انظخىس َىع رحذَذ فإٌ انسطحُخ، رحذ الأثحبس نًؼظى انخىاص انًكًُُخ. ثبنُسجخ

 َىع نزحذَذ انؼُمىدٌ رحهُم رمُُخ رطجُك. ثُبَبد انهجبة وانفزبد انظخشٌ َمض ثسجت كبفٍ غُش( وانظخشَخ

 ثشَبيج ثبسزخذاو الأحذة، َفظ حمم فٍ انشيُهخ ركىٍَ وحذاد يٍ وحذح أٌ فٍ( logfacies) انظخىس

interactive petrophysics ٍوكًُخ انسجُم وحجى انًسبيُخ يثم انجزشوفُضَبئُخ انًؼبيلاد رحذَذ رى انجذاَخ، ف 

 .الاحزًبنُخ انزمُُى ػًهُخ ثبسزخذاو انًخزهفخ انًكًٍ يؼبدٌ

 أدي يًب انًزسهسهخ انسحُبد انظخشَخ نفظم انذلخ يزؼذد انؼُمىدٌ انزجًُغ طشَمخ اسزخذاو رى انثبَُخ، انًشحهخ فٍ

 انظخىس نُىع انؼًىدَخ الاخزلافبد رى رحذَذ. يخزهفخ جُىنىجُخ يكبيٍ ثخظبئض سحُبد جسُخ أسثؼخ رحذَذ إنً

 ثُبءً  انسجُم وحجى نهًسبيُخ وفمًب هزِ جبيُغ انجسُخًان رظُُف َزى. يجبيُغ سحُُخ جسُخ أسثغ إنً انشيُهخ نزكىٍَ

(. Ru-1، Ru-2، Ru-3، Ru-4) وحذاد أسثغ إنً انشيُهخ ركىٍَ رمسُى ثؼذ اِثبس نسجلاد الاسزجبثبد ػهً

 طىل ػهً انظخىس نُىع الأفمٍ انزىصَغ نزىضُح Petrel ثشَبيج ثبسزخذاو رنك إجشاء رى انشيُهخ، نزكىٍَ ثبنُسجخ

 انزحهُم رمُُخ طُفذ. انشيُهخ ركىٍَ وحذاد يٍ وحذح أٌ فٍانًكًُُخ  انظخىس أَىاع أفضم وإظهبس Ahdeb حمم

 أَىاع أسثؼخ إنً اِثبس، سجلاد ثبسزخذاو انشيُهخ نزكىٍَ حسبثهب رى وانزٍ انسجُم، وحجى انًسبيُخ انؼُمىدٌ

 مانًىدَ َىضح. 4 انظخىس وَىع 3 انظخىس َىع ،2 انظخىس َىع ،1 انظخىس َىع: انظخىس يٍ يزشبثهخ

 ثًسبيُخ َزًُض وانزٌ انشيُهخ ركىٍَ فٍ َىع أفضم هٍ 2 انُىع يٍ انظخىس أٌ Petrel نجشَبيج الأثؼبد انثلاثٍ

-Ru و Ru-1 ثبنىحذرٍُ أحذة حمم فٍ 2 انُىع يٍ انًىدَم رىصَغ انسحُبد َىضح. يُخفض سجُم وحجى ػبنُخ

  .انشيُهخ ركىٍَ يٍ 3

1. Introduction 

   Logs are essential sources of geological sub-surface exploration. Well logs provide 

valuable information on composition, texture, petrophysical characteristics and 

sedimentary structures, including porosity and permeability. Through gathering data 

from specific logs, distinguishable geologic units with the same log attributes were 
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identified. The sedimentary units identified on this basis and characterized by cable logs 

are known in the literature as electrofacies or logfacies [1].  

The most important tools for research on crude oil, depositional basin are the rock type 

and log facies analysis, particularly when accurate information is only available on 

wireline logs. Rock type analysis can be carried out manually or automatically using 

mathematical methods. One of the most reliable and affective approaches to oil storage 

in a reservoir is a multi-varian cluster analysis (as the best data grouping method). This 

technique is used with both detrital and carbonate rocks [2]. 

The determination of the kind of reservoir rock type is the most important activity in the 

oil industry and relies mainly on the essential characteristics of rocks. Specific rock 

properties are usually known in a detailed field definition (lithofacies evaluation) and in 

the laboratory (petrofacies study) [3]. 

The purpose of well log cluster analysis is to look for similarities/dissimilarities 

between data points in the multivariate space of logs, in order to group them into classes 

also called electrofacies. 

The clusters analysis defines electrofacies on the basis of the unique characteristics of 

well log measurements reflecting minerals and lithofacies within the logged interval [4]. 

The classification of well logs not includes a synthetic division of the set of data, but it 

follows normally the specific characteristics of log-based measurement data 

representing minerals and lithofacies within the logged interval.  

Tthe vertical variations of logfacies for Khasib Formation are carried out based on five 

groups of logfacies. These groups of logfacies are classified based on responses of well 

logs after divided Khasib Formation into three units: (upper, middle and lower Khasib) 

[5]. 

In this study, Interactive Petrophysics program V4.4 made this classification. 

Furthermore, the horizontal and vertical distributions of rock types in Ahdeb Oil Field 

for Rumaila Formation are carried out on the basis that these clusters are classified into 

four classes of rock type. Rumaila Formation has been selected from the ten Ahdeb 
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Area (AD-1, AD-2, AD-3, AD-5, AD-9, AD-11, AD-12, AD-13, AD-14, and AD-15) 

as a carbonate reservoir penetrating and uniformly distributing it in a carbonate 

reservoir for units of rock type. In order to obtain presence and distributed rock types 

based on cluster analysis, Petrel software is used to implement the 3D rock type model 

per area of Rumaila Formation. 

Geological and Structural Background: 

  The Ahdeb field is located between Nomina and Wasit cities, in central Iraq, 180 

kilometers South-East of Baghdad [6] in Figure (1). The petroleum field is located in 

the river plain between the Euphrates and the Tigris. The field is situated in the central 

region of Mesopotamia according to Iraq's tectonic zones. It is situated on the northeast 

edge of the Arab plate, on the Arabian platform inside an intra-platform basin. The 

Ahdeb oil field is the NWW-SEE anticlinal structure. It is distinguished by two small, 

low-amplitude NW-SE rising crests (the south dome, with a wide spread) and three 

structural crests along its length referred to as the AD-1 at the north dome and divided 

into the two AD-2 crests and the AD-4 crests separated by the saddles. There is no fault 

in this area above Mauddud Formation. The dip angle from the south side of the 

anticline is 0.7 to -0.9 to the south, the dip angle from the north side is 2 to the south 

side, and the north limb is more moving than the south limb [8]. 

The Ahdeb oil field consists of several reservoir formations comprising major oil-

bearing formations in the Ahdeb region: Khasib Formation of the upper Cretaceous, 

Mishrif, Rumaila and Mauddud of the Middle Cretaceous formations. Based on the 

study of the possible test performed in exploration wells. Horizontally, Khasib 

petroleum bearings are spread throughout the region, while Mishrif, Rumaila and 

Mauddud oil - bearing formations are mostly spread in the eastern area in Figure (2). 

The Rumaila formation is the most common Cenomanian group in middle and southern 

Iraq. It was initially identified from the Zubair wells of the Mesopotamian region [10]. 
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In the area of type, the formation includes fine, marly, oligosteginal limestone with 

marbles, which fall into fine grain, limestone calystone below [11]. The formation in the 

type area usually is 90 m – 120 m thick. The top portion of the Ahdeb oil field rumaila 

formation primarily consists of red, brown, brownish white, soft-hard calestone, 

interspersed with thin clay calestone. The middle and bottom parts are brownish gray, 

porous calcareous sediments off-white to red [12].  

 
Fig. (1) Location map of the study area. [7] with the structural contour map of 

Rumaila Formation in Ahdeb Oil field which is built by author. 
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Fig. (2) Stratigraphic Column of the Ahdeb oil field in well AD-1 [9]. 
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2. Methodology:  

  This study included analysis of lithological properties based on data derived from the 

open hole logs of wells under research such as gamma, density and neutron logs using 

of cluster analysis. The software Neuralog has been used to digitize the logs. One 

reading per 0.25 m of depth is chosen to record the measurements of input data used in 

this analysis. Using interactive petrophysics (IP) tools, environmental corrections and 

interpretations of well logs were carried out and designed for evaluating cluster 

properties of Rumaila Formation. After the results of cluster analysis were exported to 

Petrel, Petrel software was used to build the model of a 3D reservoir of rock type. 

3. Experimental Works  

3.1 Clustering Procedure: 

    Different log responses can arise because of several factors affecting the logs. Data 

are clustered into a minimum distance and maximum homogeneity during the clustering 

stage since the use of statistical processes is compulsory. It is evident that a collection 

of data, such as rock type, can be used by geologists to further examine various 

geological parameters. Both log readings for this calculation are known as 

"observations" and logs used as the "values of observations"[13]. 

   The smallest distances are linked to a pair in cluster analysis. The number of rock type 

is normally less than the number of readings, since vector pairs (log readings couples) 

have been combined to form a cluster. In order to build higher classes, the lower classes 

are related. This procedure goes on until a single cluster has been generated (which 

represents the entire data). Two clusters are related by different methods. Any of these 

are related by the minimum distance of the components of the clusters. The two-stage 

clustering module used in interactive petrophysics software (IP) is divided into handling 

data clusters. First, information (porosity and shale volume). The number of clusters 

should be sufficient enough to cover the various data sets in the logs. In most data sets, 
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15 to 20 clusters tend to be a decent number. The second and more manual step is to 

group these 15-20 clusters into a number of geological faces that are achievable. This 

may involve reducing the data to four groups identified by four rock types. 

  The important data used in the clustering model is porosity and shale volumes which 

are measured based on data from well logs imported into software Interactive 

Petrophysics. Estimate of the gamma ray index is the first stage in evaluating the shale 

volume of a gamma ray log; [14] is used for old rocks: 

     
            

            
  …………… (1) 

The shale volume was computed by using the following [15] formula 

                          -1) ……… (2) 

Where  

IGR = gamma ray index. 

GRlog= gamma ray reading by log(API). 

GRmin= minimum gamma (clean sand or carbonate). 

GRmax= maximum gamma ray (shale). 

Vsh = volume of shale. 

      The neutron and density calculation combination is the most common This provides 

a more precise porosity, commonly used for the calculation of the mean neutron density 

porosity   ND. This combination is called the total porosity (total porosity), which is 

the overall volume of voids [16, 17]. The combination formula is 

     
     

 
     ……………………..(3) 

Φe can be computed by the following equation [18] that used in the current study.  

 e =  t × (1-VSh) ……………………..(4) 

Where 

 N.D = neutron and density porosities combination (total porosity  t).
 

  N = neutron porosity.
 

  D = density porosity. 
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 e= effective porosity. 

  The clustering module carried out in two stages using Interactive Petrophysics 

software (IP): Firstly, the data (effective porosity and shale volume) are divided up into 

manageable data clusters. The number of clusters should be enough to cover all the 

different data ranges seen on the logs. Fifteen to 20 clusters would appear to be a 

reasonable number for most data sets. The second step, which is more manual, is to take 

these 15 to 20 clusters and group them into a manageable number of geological facies. 

This may involve reducing the data to four clusters 

  A first step of 'rock clustering' is using K-mean statistical techniques to cluster data 

into a known number of clusters attempted to enter by using comprehensive logs to 

determine porosity and shale thickness. Initially, for each input log, the average value of 

each cluster must be determined. Original measurement influences outcomes. For 

reasonable results, the initial values should cover the entire log range. K-mean 

clustering works by assigning a cluster to each input level. This approach aims to 

reduce the internal cluster square gap from data point to cluster mean [19]. This loop 

continues until the mean values between loops do not change. Such are the outcomes. 

Before beginning, all log data is standardized and each log input has the same dynamic 

range. Normalization is done by measuring the log's average and standard deviation and 

then normalizing the data by extracting the mean and separating it into the standard 

deviation. 

3.2 Cluster Consolidation: 

   Cluster aggregation can be achieved entirely by using the results for group data from 

the cross plot and log plot using the hierarchy technique of data grouping. Hierarchical 

clustering operates by calculating distances between all clusters and fusing them 

closely. The next two clusters combine. The current cluster distance has been 

republished. The loop continues until there is one cluster. Prüfungen can be represented 

as a dendrogram. The dendrogram indicates how clusters were grouped and merged. 
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The top numbers of each branch give the order of merge. Initial K-mean is checking. IP 

has five different approaches to clustering to assess whether clusters have merged which 

are: 

1. Minimum distance between all objects in clusters—the distance from Z to C is the 

minimum of the distances (A to C and B to C as shown in Figure (3))  

2. Maximum distance between all objects in clusters—the distance from Z to C is the 

maximum of the distances (A to C and B to C). 

3. Average distance between merged clusters—the distance from Z to C is the average 

distance of all objects that would be within the cluster formed by merging clusters and 

C. 

4. Average distance between all objects in clusters—the distance from Z to C is the 

average distance of objects within cluster Z to objects within cluster C. 

5. Minimize the within-cluster sum of squares distance— clusters are formed so as to 

minimize the increase in the within-cluster sums of squares. The distance between the 

two clusters is the increase in these sums of squares if the two clusters were merged. 

 

Fig. (3) Dendrogram plot shows distance between clusters (A, B, and C). 

   The default method 'Limit the in-cluster square distance number' produces good 

results in separating the different types of log rock from clusters as shown in Figure (4). 

The clusters are grouped into a known number of groups by stopping the grouping at a 
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certain interruption point. Groups may be evaluated to decide which level to add a 

particular cluster provides more information or only adds noise. This information is 

given in the 'Cluster Randomness Plot', Figure (5). 

The randomness is determined first by calculating the average number of depth levels 

per cluster – i.e. the average cluster thickness. It is achieved with the original log data. 

The theoretical average thickness is then estimated to conclude that the clusters are 

randomly distributed at each depth level. Randomness is the interaction between the 

two. A 1 value would be entirely random, higher values would be less random. 

Av. Thickness = Number of depth levels / Number of cluster layers   …………..(5) 

 Random Thickness = Σ pi / (1 – pi) ……………..(6) 

Where; pi is the proportion of the depth of the ith cluster allocated. 

Randomness index = Av. Thickness / Random Thickness 

The plot is represented by choosing the least random numbers of clusters (highest 

points). 

 

Fig. (4) Dendrogram plot shows distribution of the fifteenth clusters with its 

groups. 
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Fig. (5) Cluster randomness plot shows the relation between number of clusters 

and randomness Ratio. 

 

3.3 Petrel Model 

   The goal of this project is to create a 3D rock model for the Rumaila formation in the 

Ahdeb region using software from Petrel after cluster analysis of the technique vertical 

distribution of rock types is performed. The key steps in constructing a 3D model of a 

petroleum reservoir using petrel software are the following: The structure, layer and 

reservoir properties (X, Y and Z). 

1-Data Control, including: 

Georeferencing. Georeferencing. 

Import of data that includes hands, well logs, rock forms, and well tops. 
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Editing and quality control of input data (Q.C). 

2-Model of stratigraphy. 

3-Structural modeling, including: 

Floor gridding. Floor gridding. 

Make horizons, make horizons. 

Layering. Layering. 

4-Modeling of properties, which includes: 

Scale logs up well. 

Modeling of facies (model type of rock). 

3.4 3D rock types (log-facies) model 

   One of the most critical tasks of reservoir design is the protection of the key 

geological features and heterogeneities in the reservoir. In certain cases the modeling of 

facies of reservoirs is the most critical aspect of reservoir modeling as the rock type can 

be the main control factor of reservoir heterogeneity. If rock modeling technology has 

been used, the geometry and distribution of key facies and petrophysical properties in 

the facies must also be generated and populated. 

Modeling rock type is a way of spreading distinct rock form around the model grid. 

Typically, by analyzing this data in the process data analysis phase, the processor would 

have up-scaled logs with discreet properties in the model grid and theoretically 

identified patterns within the reservoir (Fig.6). In this study, the 3D rock type model of 

Rumaila Formation is constructed from study of main rock types which are deduced 

using well logs data by cluster analysis technique. 

After making layering for reservoir units for Rumaila Formation, the layers for each 

reservoir unit is recognized with specific Rock type. Petrel provides several algorithms 

for modeling rock type distribution in a reservoir environment Sequential indicator 

Simulation Algorithm is used as a statistical tool for creating a model type that suits the 



Journal of Petroleum Research and Studies 

P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 31, June 2021, pp.49-73                                 
 
 

 

 
62 

 

amount of available data. Initially, data processing was carried out to measure standard 

score transformations and experimental variogram ranges. 

4. Results and Discussions  

      The results of this study showed cluster technique has identified four key 

electrofacies with different levels of four rock types which have been predicted from 

this technique. The k-mean clustering analysis was the most accurate method where 

each predicted electrofacies reflects the same vertical distribution of the lithofacies in 

the reservoir. On the other hand, the Ward's Hierarchical electrofacies prediction 

represents specific petrophysical properties with minor differences from real lithofacies 

distribution in the reservoir. The Rumaila Formation according to the dendrogram 

shown in Figure (4) is divided into 15 clusters and subsequently grouped into four 

groups, classifying them based on match or difference between groups. 

Each cluster is characterized by average shale volume and porosity measurements. 

Table (1) displays the results of "Cluster Means," which display the mean values plus 

other statistics for the data used by each cluster (15 clusters). After classifying the data 

used in 15 clusters, these clusters were used to create groups of rock types. Rumaila 

Training has been divided into four groups. The group of logfacies has a well-log 

answer, and each group can contain one or more clusters. Figure (6) shows histograms 

and cross-plots for the Rumaila Formation groups between the wells used as generated 

by a k-means cluster analysis. Researchers in [20] were built four rock types and groups 

which are identified in the Yamama formation depending on the FZI method but in the 

current study, four rock types were defined and distributed vertically and horizontally 

among the 10 wells examined depending on Cluster Analysis Technique as shown in 

Figures (8) and (9).Each rock type is characterized by response of porosity and shale 

volume as well as microfacies type: 
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Rock Type-1 

 Represents poor to moderate rock types (blue); effective porosity is 0.04 to 0.1 and less 

than 30 percent of shale volume. This form represents a good reservoir quality and 

matches the style of microfaces (wackestone). 

Rock Type-2 

It is perfect for a very good form of calcareous rock (Aqua colour) in which the 

effective porosity is greater than 15% and the shale volume is less than 35%. This form 

represents the ideal reservoir quality and corresponds to the class of microfaces 

(packstone to grainstone). 

Rock Type-3 

This contains fair to strong calcareous rocks, with effective porosity varying from 0.15 

to 0.25% but shale volume approaching 45%. This type of rock represents a moderate 

quality in the reservoir and coincides with the type of microfaces. 

 

Rock Type-4 

The poor (green) one has an effective porosity of less than 0.1 and shale of more than 

45%. This type of rock represents a weak reservoir quality and is associated with bad 

microfaces.   

The 3D rock type model was built for each unit of Rumaila Formation after import all 

rock types into petrel software in order to shows the horizontal and vertical distribution 

of rock type along of Ahdeb domes. 
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Table (1) Cluster analysis results for each rock type 

Cluster Color Points 
VSH PHIE 

Mean Std Dev. Mean Std Dev. 

1  593 0.40578 0.072 0.0174 0.0178 

2  334 0.72806 0.1 0.0382 0.0401 

3  639 0.15058 0.0587 0.0388 0.0246 

4  545 0.49596 0.0604 0.0721 0.0219 

5  1452 0.28904 0.0454 0.0883 0.0195 

6  1590 0.14616 0.0494 0.1122 0.0162 

7  1794 0.25648 0.035 0.148 0.016 

8  1454 0.3929 0.0405 0.1493 0.0201 

9  827 0.55143 0.06 0.1574 0.0179 

10  1763 0.13879 0.0382 0.17 0.0139 

11  1780 0.29453 0.037 0.2018 0.0168 

12  2861 0.19107 0.0277 0.2069 0.014 

13  2352 0.09536 0.0357 0.2156 0.0159 

14  237 0.51522 0.119 0.2694 0.0354 

15  972 0.23953 0.0592 0.2791 0.018 

 

Rock Type-1 Rock type-2 Rock Type-3 Rock Type-4 
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Fig. (6) Scale up of well logs for rock type model showing the average value of 

reservoir properties at well AD-1. 



Journal of Petroleum Research and Studies 

P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 31, June 2021, pp.49-73                                 
 
 

 

 
66 

 

 
Fig. (7) Final graphical results of clustering analysis which show the relation 

between porosity and shale volume. 

 
Fig. (8) Porosity and shale volume section and vertical distribution of rock types 

for wells AD-1, 2, 3, 5 and 9 in Rumaila Formation. 
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Fig. (9) Porosity and shale volume section and vertical distribution of rock types 

for wells AD-1, 2, 3, 5 and 9 in Rumaila Formation. 

The units of Rumaila Formation are characterized by the following: 

  Unit Ru-1  

   It is the highest oil-bearing unit. This unit consists of packstone and grainstone facies 

due to consists mainly of rock type -2 that represents the highest percent about 95% 

from this unit as well as 5% of wackstone to packstone of rock type-3 distributed near 

to well AD-15 at northern dome,  Figure (10).  

Unit Ru-2  

 The unit is characterized by major differences and variations in  Facies which consists 

mainly of rock type-2 about 38% and change to rock type-1 about 28% with 28% 

mudstone facies of rock type-4 as well as 5% of rock type -3. This unit represents 

morally bad facies in all domes of Ahdeb field, Figure (11).   
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Unit Ru-3 

    Represents the second good unit in Rumaila Formation which consists mainly of 

packstone and grainstone of rock type-2 with a small percentage of rock type -1 and 

rock type-3 especially near the well AD-5 at northern dome. According to distribution 

of rock type, this unit is oil bearing unit in Rumaila Formation especially at southern 

dome, Figure (12).  

Unit Ru-4 

   This unit is fair oil bearing unit which becomes moderate rock type towards southern 

dome but becomes bad facies towards northern dome. It is characterized by wackestone 

to packstone facies which range from rock type-2 about 56% to rock type -1 about 42% 

and 2% of rock type-3, Figure (13).  

       Figure (14) shows the vertical rock type distribution model using vertical cross 

section in the rock type model for Rumaila Formation included the Ahdeb wells. This 

section was taken along axes of southern and northern domes of Ahdeb field toward SE-

NW direction in order to shows the rock type variations and all side changes along 

Ahdeb model.  
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Fig. (10) 3D Rock type model for unit 

Ru-1 at Ahdeb field. 

Fig. (11) 3D Rock type model for unit 

Ru-2 at Ahdeb field. 
 

  

Fig. (12) 3D Rock type model for unit 

Ru-3 at Ahdeb field. 

Fig. (13) 3D Rock type model for unit 

Ru-4 at Ahdeb field. 
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Fig. (14) Vertical cross section along SE-NW in 3D rock type model of Rumaila 

Formation. 

 

5. Conclusions: 

   The function of multivariate cluster analysis based on response well logs 

determination has been documented in this study by comparing with thin section 

examination. Based on different cutoff levels, a desirable number of logfacies for any 

given formation has been achieved. Rock type construction represents the essential 

method to deduce the log-facies based on well logs data when the core and cutting is 

absent in drilled wells. The Cluster Analysis technique is a useful method to classify the 
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available well log data into many clusters and then to groups. These groups have similar 

characteristics and represent each one is log facies. 

The Rumaila Carbonate Reservoir, depending on the Microfacies and Electrofacies 

Character, the pattern for well logs, Porosity and cluster analytical process, was divided 

into four units and rock types.Four rock types were classified based on cluster analysis; 

those categories are: Type 1 rock was poor-black, Type 2 represented a very good form 

of calcareous rock (aqua color), Type 3 rock was a fair to good type of calcareous rock 

(Fuchsia colour) and Type 4 rock was a bad rock.3D rock type model is built by using 

Petrel software and depending on log-facies and microfacies analyses which are 

deduced by cluster analysis technique after classification of porosity and shale volume. 

This model showed that the limestone rock type-2 that deposited in middle ramp is the 

essential oil-bearing facies at units Ru-1 and Ru-3 of Rumaila Formation. 
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