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ا على كمية من المواد يسهل اتخاذ القرارات اعتماد الدراسةنتائج هذه  من. الدراسة موضعاختيارها لتكون 

وبالتالي معرفة الجدوى  المحسوبةخصائص المن خلال عليها  يستدلالتي و الطبقةالهيدروكربونية في 
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Abstract 
 This research aims to evaluate the  Aradeiba formation  of  bamboo field of  .by 

calculating the number of physical properties of formation  (porosity, permeability, 

saturation and  pressure) 

  These properties have been calculated based on log data  so as to get the contour 

maps showing the distribution of these properties in the field through five wells have 

been selected to be the case  of study. 

 Results of this study, facilitates decision-making depending on the amount of 

hydrocarbons in the field and inferred through the properties calculated and therefore 

know the economic feasibility of the field. 
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INTROUCTION 
 

This study focused in evaluate Aradieba layer of Bamboo field west through the 

distribution of following properties: porosity, permeability, pressure and saturation in 

the field by using contours maps. 

 Formation evaluation in the oil industry is very important because it is based on 

many operation such as establish reservoir and OOPI and whether or not economic oil 

quantity . It also helps to know optimum well location and the depth of layer 

containing the oil thus where the perforation. In addition, utilized to avoid some 

problem like blow out. 

The basic objective of the project was evaluated Aradieba layer in bamboo west to 

get porosity, permeability, pressure and saturation in the layer . 

There are many problem and constraints encountered in the completion of the 

project, like the difficulty obtaining data of well logging (lass file), but was solved 

through calibration with some engineers. As we faced difficulty with software (IP) but 

processed this problem by consulting number of software professional in the 

petroleum industry. Also couldn’t get chance to visit the field to obtain more 

information  

 After obtaining the data we used the number of equations and assumptions of the 

previous properties to achieve this end, we hired a number of software.  

This research Serve the  purposes exploration and development together, where it 

presents a study of the field based on specific wells data  from the field, allowing the 

opportunity to know zones in the field that are not available them data  as the data is 

available in the zones wells only be in the form of a vertical in the direction of the 

well while when generalize these properties on the entire field, it helps to know what 

the gradient of  these properties at the field level and thus serves the purposes 

exploratory in terms of knowledge of places that can contain these properties 

calculated (porosity, permeability, saturation and pressure) very well and places that 

have these properties from this are inferior results obtained it builds on the basis of 

the methods used to develop the field and increase the productivity of it. 
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1.1. Sudan geological: 
   Sudan geological study was focused on the surface geology mainly for surface 

mapping and limited shallow mining activities. 

 With the recent discovery of commercial hydrocarbon, extensive subsurface data 

has been acquired both offshore and onshore. 

 These  data  revealed  existence  of  several sedimentary basins offshore in the Red 

Sea and  onshore  in  the  interior  Sudan , the Main sedimentary Basins are shown in 

Geological map of  Sudan in  Figure (1-1). 

 These basins are all rift basins, owing their existence to the rifting activities of 

Western, Central and East African Rift Systems. 

Exploration  is  still  at  early  stages  and  the data  collected  is  scarce. based  on  

the available  data  and  from  analogy  to  other basins  it  can  be  concluded  that  

the  major conditions  for  Petroleum  accumulations have been met.  

Hundreds  of  meters  of  rich  source  rocks have  been  penetrated  in  

Muglad, Melut, Blue Nile, Red Sea, Khartoum, and White Nile Basins.(Oil 

Opportunities in Sudan,2013). 
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Figure (1-1)   Geological map of Sudan (Oil opportunities in Sudan,2013) 

 

1.2. Muglad Basin: 

   The Muglad basin is rift basin of Meso-cenozoic, which caused by the shear zone of 

middle-Africa and developed on the firm basement of Precambrian(Vail,1978; 

Whiteman, 1971). There are three superimposed rift formations of different periods in 

Muglad area since Early Cretaceous(Fairhead, 1988). The first one is Abu Gabra Fm - 

Bentiu Fm of Lower Cretaceous, the second one is the Darfour group of Upper 

Cretaceous–Paleocene of Paleogene, and the third is Eocene of paleogene–Neogene. 

There are immense differences in the position of main extensional faults of the three 

rifts, the early rift was cut and changed by the later rift (Fairhead, 1988).  

   The major rift formation in discoveries Abu Gabra and Sharif belong to the first and 
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second periods, deposition formation of the third period is very poor. The rift sign of 

main extensional fault system of the first period is indistinct for the reason of datum. 

The generation of second period rift resulted mostly from the action of dextral slip of 

share zone of middle-Africa, the direction of main faults in work area is NW.       

Though the deposition of third period rift in work area is thin, it changed the early rift 

obviously. The third period rift was under the control of series action of East African 

Rift Valley (Schull 1988; Kaska 1989). 

   The initiation of rifting in southern Sudan might be directly related to Jurassic 

rifting in northern Kenya (Anza Trough) or to the older Karoo rifts known in Eastern 

Kenya and Madagascar. Possible evidence for the timing of the rift initiation is the 

Jurassic  sedimentary sequence encountered in the Blue Nile well or older sediments 

encountered in the deep Muglad and Melut basins (Schlull,1988).  

   The second rifting phase began during the Coniacian-Santonian times and continued 

until the end of Cretaceous(Schull 1988). 

   Changes in the opening of the South Atlantic account for a Late Cretaceous period 

of shear movements on the West and Central African rift system (Santonian shear in 

the Benoue trough) (Fairhead ,1988). 

    The third rifting phase is recorded in a thick accumulation of over 3960 m of 

sediments. The intensely faulted section of the Early Tertiary of the southern Sudan 

basins indicates that this final rifting phase was a significant tectonic event(Lowell & 

Genik 1972).  

  The initiation of this rifting phase is synchronous to the initial phase of the opening 

of the Red Sea and East African rifting: the Muglad, Melut, and Blue Nile basins are 

sub-parallel to the Red Sea(Schull,1988).the following figure (1-2) show a map of 

muglad basins. 
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Figure (1-2) map of Muglad basins (GNPOC, 2009) 

 

1.2.1. Tectono-Stratigraphic Development of Muglad Basin  

    The tectonic development of this area can be divided into a pre-rift phase and three 

rift phases, while each rift phase is followed by a sag phase. These evolutionary stages 

are well documented by geophysical data, well information, and regional geology 

(Schull,1988).  

 The basement adjacent to the Muglad basin is predominantly Precambrian and 

Cambrian metamorphic rocks with limited occurrences rock   of intrusive igneous.  

The following table   (1-1) show the Lithology and Environments of Muglad basins. 

1.2.1.1. Pre-Rifting Phase: 

    By the end of the Pan-African orogenese (550 ±100 Ma), the region became a 

consolidated platform. During the Paleozoic and Early Mesozoic, this highland 

platform provided the sediments for the adjacent subsiding areas. The nearest 

preserved Paleozoic rocks are continental sediments in northwest Sudan, close to the 

Chad and Libyan borders. (Schull,1988). 
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1.2.1.2. Rifting phases:  

    As mentioned above, three distinct periods of rifting occurred in response to crustal 

extension, which provided the isostatic mechanism for subsidence. Subsidence was 

accomplished by normal faulting parallel and sub-parallel to the basin axes and 

margins. The multiphase tectonic history of the Muglad rift includes three discrete 

major extension phases: an Early Cretaceous (145  to 93.5 Ma), a Late Cretaceous 

(93.5 to 58 Ma) and an Eocene-Oligocene (58 to 23.8 Ma) rift phase, resulted in an 

accumulation of up to 5400m, 4200m and 5400m of sediments, respectively. Each 

phase consists of a rift-initiation phase, an active rifting phase and a thermal sag 

phase(Browne and Fairhead 1983; Schull,1988). 

1.2.1.2.1. The Initial Rifting Phase : 

    Cannot be dated precisely. In the case where the basement was penetrated by wells 

in the north-western Muglad basin, it is overlain by Neocomian- Barremian lacustrine 

siltstones and claystones attributed to Abu Gabra Formation. Seismic shows that the 

Abu Gabra is not a monolithic formation, but has a basal member affected by half 

graben tectonic(Schull,1988). This basal member rests unconformably below an upper 

member, which is usually conformable with the overlying Bentiu Formation. Based 

on well and seismic data, it is suggested that the rifting begun during the Jurassic or 

Early Cretaceous (160-130 Ma.) and lasted until the end of the Aptian. The 

termination of the initial rifting without volcanism in Sudan is Stratigraphically 

marked by basin wide deposition of the thick sandstones of the Bentiu Formation 

(Schull,1988).   

  Bentiu Sag Phase: 

   Up to 3500 m of sands attributed to Bentiu Formation were deposited during the 

first sag phase. The average thickness of the Upper Bentiu, present all over the 

graben, is about 2000m. Whereas two local thickenings in the North Kaikang and 

South Kaikang troughs at the base of the formation (Lower Bentiu) amount 1500 m 

(Browne et al., 1985).  

1.2.1.2.2. The Second Rifting Phase: 

    Occurred during the Coniacian up to Campanian-Maastrichtian (Darfur Group, 

Baraka Formation). Stratigraphically, this phase is seen in a widespread deposition of 

lacustrine and floodplain claystones and siltstones (Aradeiba shaly Formation) with 

minor volcanism in the northwestern part of the Muglad basin and in the central Melut 
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Basin. The end of this phase is marked by the deposition of an increasingly sand-rich 

sequence that concluded with thick Paleocene sandstone deposition of the Amal 

Formation (sag phase)(Schull,1988).  

1.2.1.2.3. The Final Rifting Phase:  

   Began in the Late Eocene-Oligocene. This phase is reflected in the sediments by a 

thick sequence of lacustrine and floodplain claystones and siltstones with minor 

volcanism in the southern Melut block. After this rift period deposition became more 

sand-rich throughout the Late Oligocene-Miocene (Schull, 1988). 

  Adok Upper Sag Phase:  

    During the middle Miocene, the basinal areas entered into an intra-cratonic sag 

phase of very slow subsidence accompanied by small or no faulting. This phase is 

marked by the deposition of 3000 m of sandy sediments and locally minor volcanism.      

In the Late Tertiary, the regional stress regime changed resulting in the termination of 

the southern Sudan rifting during the middle Miocene. A maximum of 762 m 

sediment thickness accumulated in these basins during the post-rift sag phase, the 

direction of the faults in work area is NNW. 
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Table (1-1) The Lithology and Environments of Muglad Basin 

(Shams Elfalah, 2009) 

 

 

1.3. Greater Bamboo 
 Greater Bamboo area show in Figure (1-3) lies about 30 km north of 

Heglig field in block 2A of Muglad Basin in Southern part of Sudan and 

covers an area of about 120 Sq.Km. The area is divided into four producing 

fields namely Bamboo, Bamboo West, Bamboo South and Bamboo East 

(Ayah Abdelhai Fadlallah Hussein , 2012). 
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Figure (1-3) Greater Bamboo area map (GNPOC, 2009) 

 

1.3.1.Structure   map and well profile: 

 Bamboo west area was selected as the study area in this study choosing 

five wells are BAW-01, BAW-3, BAW-4, BAW-6, BAW-7 which are spread 

across the field in five different locations show in figure (1-4).
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 Figure (1-4) The Structure Map Of Bamboo West Field (GNPOC, 2009). 

1.4. Aradeiba Formation: 

The Aradeiba Formation consists of thick shale with inter-bedded lenses of sand 

stone. The top of Aradeiba Formation coincides with the onset of a peak which can be 

very well correlated over the entire area. Correlation of Aradeiba top was not 

undertaken since the reservoir sand Aradeiba-E is closer to Bentiu top than that of 

Aradeiba top, Aradeiba-E being the lowermost section of the Aradeiba Formation. In 

the model building process Aradeiba-E was projected from Bentiu top by adding 

isopach of Aradeiba-E to Bentiu top. 
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 Aradeiba Formation sandstone is the main secondary reservoirs in the 

study area, with average thickness about 43 m. The Upper Cretaceous Darfur 

Group is predominantly composed of clay stones and thin interceded 

sandstone. The clay stone is reddish brown to dark brown and moderately 

hard. Sandstone from core description is light brown-grey color, massive to 

large trough cross-bedded. Core analysis of Aradeiba sand in Shelungo 

North_1 shows that the porosity of the Aradeiba E range from 21% to 27% 

averaged 26.2% (Mohammed, 2003). Generally Aradeiba sands are deposited 

in lower energy environment (Late Cretaceous (95-65 Ma)) with a much 

lower Rw. (RRI, 1991). (Shams Elfalah , 2009). 

 

1.4.1.Lateral Seal: 

 

Lateral seal depends on the thickness and the lithology of the Aradeiba shale and 

the amount of fault throw. Figure 4 is schematic illustration of this relationship. The 

Aradeiba Formation is highly variable in thickness and in sand/shale ratio. Thickest 

Aradeiba Formation penetration to date is in 

excess of 1000 m in the central part of the basin , decreasing to less than 20 m along 

the basin edges. Most ofthe perfect lateral seals are due to direct juxta posintion of 

Bentiu sandstone reservoirs against Aradeiba shale. Examples of this situation are 

illustrated in Figures. (1-5) to (1-11).  

In some cases clay smear and shale gouge ratio play an important role in lateral seal 

integrity. The shale gouge ratio seems to depend on shale thickness and amount of 

displacement along the fault plane. Shale gouge will, of course, also depend on clay 

mineralogy, but this aspect has  not been fully investigated. (Giedt, Norman, R., 1990) 
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Figure (1-5). General stratigraphic column - Muglad Basin, Sudan, showing 

three geological cycles—Neocomian to Barremian, Aptian to Maestrichtian, and 

Paleocene to PlioceneMiocene, or Quaternary.  
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Figure (1-6). Schematic illustration of lateral seal de pendence on the Aradeiba 

thickness, lithology, and the amount of fault throw. (a) Footwall block; fault 

throw is less than the thickness of Aradeiba Shale, massive Aradeiba Shale 

provides the top and lateral seal for Bentiu reservoir. Oil column increases with 

increasing fault throw. Where fault throw is larger than the thickness of 

Aradeiba Shale, Bentiu objective is juxtaposed against Zarqa sand, resulting in 

lateral seal failure. (b) Hanging wall fault block; Aradeiba intraformational 

shale and fault smear provide the top and lateral seal for Aradeiba reservoirs; 

for Bentiu Sand, the objective is juxtaposed against the Bentiu massive sand 

across fault causing lateral seal failure. However, fault smear can provide weak 

lateral seal to form a limited oil column.  
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Figure (1-7). An excellent fault-sealing example. (a) The top Bentiu depth map 

shows a field charged to structural spill point with 140-m oil column. (b) 3D 

seismic section illustrates that the thick massive Aradeiba Shale (480 m) 

provided good top and lateral seal for Bentiu reservoir. The fault throw (430 m) 

is less than the thickness of Aradeiba Shale.  

 

Figure (1-8). Another excellent fault-seal example. (a) Oil column is controlled by 

the fault throw in the northern part. (b) The thick (approximately 400 m)massive 
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Aradeiba Shale provided good top and  lateral seal for Bentiu reservoir. (c) 3D 

random section illustrates tha  the oil column is nearly equal  to minimum fault 

throw (80 m) at which point sand is juxtaposed sand. Figure (1-8). (a) Top Bentiu 

TWT map shows a tilted footwall fault block with US-1, water-bearing well, in 

Bentiu, and USS-1 an oil discovery well. The throw of the bounding fault varies 

from 400 m in the north (across US-1) to 300 m in the south (across USS-1). (b) 

The section illustrates that the fault  throw across US-1 well is larger than the 

thickness of Aradeiba shale (360m), juxtaposing Bentiu reservoir against Zarqa 

sands, resulti ng in lateral leakage; hence, Bentiu sand is water-bearing. (c) The 

section illustrates that the fault throw is smaller than thickness of Aradeiba shale 

and thereby provides good lateral seal, resulting inUSS-1 discovery (drilled after 

US-1).  

 

 

Figure (1-9). (a) Top Bentiu TWT map shows a tilted footwall fault block with 

US-1, water-bearing well, in Bentiu, and USS-1 an oil discovery well. The throw 

of the bounding fault varies from 400 m in the north (across US-1) to 300 m in 

the south (across USS-1). (b) The section illustrates that the fault throw across 

US-1 well is larger than the thickness of Aradeiba shale (360m), juxtaposing 

Bentiu reservoir against Zarqa sands, resulting in lateral leakage; hence, Bentiu 

sand is water-bearing. (c) The section illustrates that the fault throw is smaller 

than thickness of Aradeiba shale and thereby provides good lateral seal, 

resulting in USS-1 discovery (drilled after US-1).  

 



 

- 17 - 
 

 

Figure (1-10). (a) Cross-section showing water-bearing zones in upper part of 

Bentiu reservoir, due to lateral seal failure, and pay zone in lower part (Bentiu 

III sand). Bentiu III sand is juxtaposed against Aradeiba Shale resulting in good 

lateral seal. Top seal is provided by intra-Bentiu shale. (b) Cross-section with dry 

hole, where there islack of lateral seal for Bentiu  reservoir. These two cross-

sections illustrate lateral-seal risk associated with footwall closures. Optimum 

fault throw in comparison with Aradeiba Shale section is critical for trap 

integrity 

 

 

Figure (1-11). Example of oil discovery in a hanging-wall fault block. AA, AB, 

and AC sands are  
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production zones with more than 50-m oil columns. AB and AC sands 

juxtaposed against Aradeiba intraformational shale across the fault to provide 

good lateral seal; AA and Bentiu sand juxtaposed against AB sand and Bentiu 

massive sand, respectively, but shale fault smear provided good lateral seal, 

resulting in a small oil column in Bentiu reservoir. 
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Chapter 2 
 

Petrophysics is the study of the physical properties of rock . For rock to form a 

reservoir .(R. cosse,1993). 

1- It must have a certain storage capacity: this property is characterized by the 

porosity. 

2- The fluid must be able to flow in the rock: this property is characterized by the 

permeability. 

3- It must contain a sufficient quantity of hydrocarbon, with sufficient 

concentration: the impregnated volume is a factor here, as well as the 

saturation. 

2.1. Porosity 

2.1.1. Introduction: 

   The porosity of a rock is the fraction of the volume of space between the solid 

particles of the rock to the total rock volume. The space includes all pores, cracks, 

vugs, inter- and intra-crystalline spaces. The porosity is conventionally given the 

symbol f, and is expressed either as a fraction varying between 0 and 1, or a 

percentage varying between 0% and 100%. Sometimes porosity is expressed in 

‘porosity units’, which are the same as percent (i.e., 100 porosity units (pu) = 100%).                                          

However, the fractional form is ALWAYS used in calculations. Porosity is 

calculated using the relationship. ( Glover, 2001). 

 

ф=
     

     
 

             

     
 

                    

     
   .... (2-1) 

 

Where:  

 Vpore   =   pore volume. 

Vbulk    =   bulk rock volume. 

Vmatrix =   volume of solid particles composing the rock matrix. 

 Wdry    =    total dry weight of the rock. 

Rmatrix =    mean density of the matrix minerals. 
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 It should be noted that the porosity does not give any information concerning pore 

sizes, their distribution, and their degree of connectivity. Thus, rocks of the same 

porosity can have widely different physical properties. An example of this might be a 

carbonate rock and sandstone. Each could have a porosity of 0.2, but carbonate pores 

are often much unconnected resulting in its permeability being much lower than that 

of the sandstone. 

The porosity of interest to the reservoir specialist, that which allows the fluids in the 

pores to circulate, is the effective porosity ɸu, which corresponds to the pore 

connected to each other and to other formation. Also defined is the total porosity ɸt, 

corresponding to all the pores, whether interconnected or not  and the residual 

porosity ɸr, which only takes account  of isolated pores. 

ɸt= ɸu+ ɸr….(2-2) 

The effective porosity of rocks varies between less than 1% and over 40% it is often 

stated that the porosity is: 

1- Low if ɸ < 5% . 

2- Mediocre if  5% < ɸ < 10% . 

3- Average if 10% < ɸ < 20% . 

4- Good if 20% < ɸ < 30% . 

5- Excellent if ɸ > 30% . 

A distinction is made between intergranular porosity , dissolution porosity (as in 

limestones, for example), and fracture porosity . For fractured rocks the fracture 

porosity related to the rock volume is often much less than 1%. As a rule, porosity 

decrease s with increasing  depth. (R. cosse,1993). 

2.1.2. Porosity Types: 

 Interparticle Porosity Also called "intergranular" is the predominant type found in 

sucrose (sugar-like) rock. Pore sizes are of the same order of magnitude as, but 

usually less than particular sizes. For uniform spherical grains, interparticle porosity 

range from 47.6% (cubic staking) to 25.9% (close pack). Intraparticle Porosity is 

revealed by the SEM (Scanner Electronic Microscope).it is the pore space network 

within the grains. A significant amount of intraparticle porosity containing connate 

water is nearly impervious. 
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 Fracture Porosity Is encountered in fractured reservoirs usually observed in 

carbonates. The media is then defined as a double porosity media: matrix and 

fractures. 

 Fractures occur in crystalline or amorphous rock, which have no "grain size”, the 

following figure show different type of porosity figure (2-1). ( Glover, 2001). 

 

Figure (2-1) different type of porosity ( Glover, 2001) 

 

 2.1.3. The Range of Porosity Values in Nature: 

 

Table (2-1) the range of porosity values for rocks ( Glover, 2001) 

 Porosity Range (%)                                 Lithology             

35-45 Unconsolidated sands 

15-35 ‘Reservoir’ Sandstones 

5-15 Compact Sandstones 

0-45 Shale 

0-45 Clays 

5-10 Massive Limestone 

10-40 Vuggy Limestone 

10-30 Dolomite 
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5-40 Chalk 

<1 Granite 

<0.5 Basalt 

<2 Gneiss 

1-15 Conglomerate 

 

2.1.4. Porosity Logs: 

In any reservoir, we need to have a certain amount of open space so that 

hydrocarbons have some where to exist.  We call this storage space porosity, and 

typically use three basic tools to determine what porosity (ɸ) might be.  These are the 

Neutron tool, the Density tool, and the sonic tool.  While all of these tools give a 

porosity output, they only infer this from different properties of the rock and fluid in 

the rock. ( Glover, 2001). 

 

2.1.4.1. The Sonic Log  

The Sonic log, as the name implies, uses the travel time of sound through the 

formation to infer porosity.  That is, it sends a sound pulse or a ‘click’ out from a 

transmitter, and then measures the time it takes to travel through the formation and 

back to a receiver on the tool.  By comparing how fast the ‘click’ travels through the 

rock to how fast it should travel if there were no porosity, and knowing how fast 

sound will travel through fluid, we can infer a liquid filled porosity.  Since sound 

travels at different speeds through different types of rock, it is important to know rock 

type (sandstone, limestone, or dolomite).  Also, it is important to note that whatever is 

in the pore space (porosity) will also have a small affect on the porosity (for example, 

sound travels through gas at lower rates than through fluid, therefore porosity 

estimates in gas will appear high).  The equation for finding porosity (commonly we 

use the Wyllie Time-Average Equation which is based on laboratory measurements) 

is a follows  

 

ɸ= ( tLOG- tma )/( tfl- tma)  ....(2-3)    
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Where: 

     ɸ = porosity 

tLOG =sonic travel time read from the log 

  tma =sonic travel time in a clean 0 porosity matrix 

   tfl =sonic travel time in the wellbore fluid  

Some common values for sonic travel times (Dt) are: 

 Sand             Dt = 182 ms/m 

 Limestone Dt = 156 ms/m 

 Dolomite Dt = 143 ms/m  

 Anhydrite Dt = 164 ms/m 

Fresh mud’s Dt = 620 ms/m 

 

2.1.4.2 The Neutron Log  

The second porosity tool we will look at is the Neutron porosity tool.  The neutron 

tool uses the amount of hydrogen in a formation to infer porosity.  Since water / oil 

has a relatively constant amount of hydrogen atoms by volume, the amount of 

hydrogen can be used to infer the amount of fluid in a formation, which in a clean 

formation is the porosity.   

  

2.1.4.3 The Density Log  

The third common type of porosity tool is the Density tool.  The density tool, as its 

name implies, uses the electron density of the formation to infer a porosity.  It makes 

use of a radioactive source which emits medium energy gamma rays into the 

formation.  The amount of number of gamma rays that are received at the detector 

indicates the formation density.  This density that the tool reads is a combination of 

the density of the matrix (solid portion of the formation), the porosity of the 

formation, and the density of the fluid in the pore space.  So, for a clean formation of 

known matrix density (rma), and having porosity (F) that contains a fluid of density 

(rf), the formation bulk density (rb) will be:  

ρb = ɸρf + (1-ɸ)ρma  …. (2-4) 

Or, re writing this for porosity, we can use: 

ɸD = ρma - ρb / ρma - ρfl …. (2-5) 



 

- 25 - 
 

  

Where: 

   ɸD = Density porosity. 

   ρma = density of matrix material. 

   ρb = measured by density tool. 

   ρfl = density of fluid in the borehole 

Some common Densities (r) are: 

  Sandstone -  2650 Kg/m3 

  Limestone - 2710 Kg/m3 

  Dolomite -       2870 Kg/m3 

  Fresh Water -  1000 Kg/m3 

  Oil          - 850   Kg/m3 

2.1.5. Total Porosity Determination: 

We have now seen that the basic porosity measurements are inferred from 

measurements of bulk density, hydrogen concentration, and acoustic travel time.  This 

porosity’s are valid under the following conditions: 

– The porosity type is intergranular, not fractured or secondary 

– The matrix type is known and constant 

– The rock is clean (I.e. no shale present) 

– The porosity is filled with fluid 

If any one of these conditions are not met, the porosity measurements will disagree 

in one fashion or another.  This difference can be used to determine a number of 

factors including: lithology, primary/secondary porosity, gas vs. liquid filled porosity, 

etc.  ( Glover, 2001). 

2.1.6. Calculating The Porosity: 

 Porosity should be calculated from the density log using the equation ( Glover, 

2001). 

ɸ = (ρm - density) (ρm - ρf).... (2-6) 

Where: 

 ρm = matrix density (in g/cc) and ρf = fluid density (in g/cc) 

2.1.7. Porosity by Coring: 

  The best way of determining porosity is to carry out experiments on core extracted 

from the well. The basic techniques will be described here. It should be noted that 
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core determined porosities have a much higher degree of accuracy than porosities 

determined from down-hole tools, but suffer from sampling problems. Taken together 

core and borehole determined porosities optimize accuracy and high resolution 

sampling. ( Glover, 2001). 

There are at least 4 common methods of measuring the porosity of a core. These 

are: 

1- Buoyancy. 

2- Helium porisimetry. 

3- Fluid saturation. 

4- Mercury porosimetry. 

 

2.2. Permeability 

2.2.1. Definition and theory: 

The term permeability has been adopted as a measurement of the porous rock's 

ability to conduct fluid. The measurement of permeability is the measurement of the 

fluid conductivity of the particular material.(J.P.Roy,2007). 

      Permeability characterizes the ability of rocks to allow the circulation of fluids 

contained in their pores. 

The fundamental physical law which governs this is called the Navier-Stokes 

equation, and it is very complex. For the purposes of flow in rocks we can usually 

assume that the flow is laminar, and this assumption allows great simplification in the 

equations. 

 It should also be noted that the permeability to a single fluid is different to the 

permeability where more than one fluid phase is flowing. When there are two or more 

immiscible fluid phases flowing we use relative permeability. 

 The fluid flow through a cylindrical tube is expressed by Poiseuille’s equation, 

which is a simplification of Navier-Stokes equation for the particular geometry, 

laminar flow, and uncompressible fluids. ( Glover, 2001).This equation can be written 

as: 
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                            Q=
          

     
…. (2-7) 

Where:       

Q= the flow rate   (               ). 

r= the radius of the tube (        . 

Po= the outlet fluid pressure (dynes/           . 

Pi= the inlet fluid pressure (dynes/    or Pa). 

L= the dynamic viscosity of the fluid (poise or pa.s).  

µ=the length of the tube (cm or m). 

About 150 years ago Darcy carried out simple experiments on packs of sand, and 

hence developed an empirical formula that remains the main permeability formula in 

use in the oil industry today.  

 

Darcy’s formula can be expressed as: 

 Q = 
            

   
…. (2-8) 

Where: 

Q= the flow rate   (               ). 

P= the outlet fluid pressure (dynes/           . 

P= the inlet fluid pressure (dynes/    or Pa). 

K= the dynamic viscosity of the fluid (poise or pa.s). 

A=the area of the sample (Darcy or   ). 

L=the length of tube (cm or m). 

µ= the length of the tube (cm or m). 
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2.2.2. Controls on Permeability and the Range of Permeability Values in Nature: 

Intuitively, it is clear that permeability will depend on porosity; the higher the 

porosity the higher the permeability. However, permeability also depends upon the 

connectivity of the pore spaces, in order that a pathway for fluid flow is possible. The 

connectivity of the pores depends upon many factors including the size and shape of 

grains, the grain size distribution, and other factors such as the operation of capillary 

forces that depend upon the wetting properties of the rock.  

 However, we can make some generalizations if all other factors are held constant: 

 The higher the porosity, the higher the permeability. 

 The smaller the grains, the smaller the pores and pore throats, the lower the 

permeability. 

 The smaller the grain size, the larger the exposed surface area to the flowing fluid, 

which leads to larger friction between the fluid and the rock, and hence lower 

permeability. 

  The permeability of rocks varies enormously, from 1 nanodarcy, nD (1×10^9 D) to 

1 microdarcy, nD (1×10^6 D) for granites, shale and clays that form cap-rocks or 

compartmentalize a reservoir, to several darcies for extremely good reservoir rocks. 

In general a cut-off of 1 mD is applied to reservoir rocks, below which the rock is 

not considered as a reservoir rock unless unusual circumstances apply (e.g., it is a 

fractured reservoir). For reservoir rocks permeabilities can be classified as in Table 

(2-2) below. ( Glover, 2001). 

 

Table (2-2) Reservoir permeability classification ( Glover, 2001) 

Permeability Value (mD) Classification 

<10 Fair  

10-100 High 

100-1000 Very high  

>1000 Exceptional 
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2.2.3. Permeability Determination: 

Permeability is measured on cores in the laboratory by flowing a fluid of known 

viscosity through a core sample of known dimensions at a set rate, and measuring the 

pressure drop across the core, or by setting the fluid to flow at a set pressure 

difference, and measuring the flow rate produced. ( Glover, 2001). 

           

2.2.4. Type of Permeability: 

 Relative Permeability depends upon many factors. Perhaps not surprisingly, one of 

those factors is the degree to which the available pore space is saturated with the 

flowing fluid. The pore space may not be completely saturated with one fluid but 

contain two or more. For, example, there may be, and generally is, both oil and water 

in the pores. What is more, they may both be flowing at different rates at the same 

time. Clearly, the individual permeability’s of each of the fluids will be different from 

each other and not the same as the permeability of the rock with a single fluid present.     

These permeability’s depend upon the rock properties, but also on the saturations, 

distributions, and properties of each of the fluids. 

If the rock contains one fluid, the rock permeability is maximum, and this value is 

called the absolute permeability. 

 If there are two fluids present, the permeability’s of each fluid depend upon the 

saturation of each fluid, and can be plotted against the saturation of the fluid, These 

are called effective permeability’s.                                                                                     

 Both effective permeability’s are always less than the absolute permeability of the 

rock and their sum is also always less than the absolute permeability of the rock. The 

individual effective permeability’s are most often expressed as a fraction of the 

absolute permeability of the rock to either of the two fluids when present at 100% 

saturation, and these are called relative permeability’s. 

 Absolute Permeability Initially the Darcy work was carried out to describe the flow 

of one fluid (water) saturating 100% of porous media (water). The permeability to a 

particular fluid is independent of the fluid properties (viscosity) Therefore; the 

permeability to a 100% saturating fluid is a constant and characteristic of the porous 

media that is called the absolute permeability or specific permeability.  ( Glover, 

2001). 
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2.2.5. Permeability Relationships: 

    The complexity of the relationship between permeability and pore geometry has 

resulted in much research. No fundamental law linking the two has been found. 

Instead, we have a plethora of empirical approximations for calculating permeability, 

some of which are given in Table (2-3). ( Glover, 2001). 

Table (2-3) empirical approximations for calculating permeability  
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2.3. PoroPerm Relationships 

     The most obvious control on permeability is porosity. This is because larger 

porosities mean that there are many more and broader pathways for fluid flow. 

Almost invariably, a plot of permeability (on a logarithmic scale) against porosity for 

a formation results in a clear trend with a degree of scatter associated with the other 

influences controlling the permeability. For the best results these poroperm cross-

plots should be constructed for clearly defined lithologies or reservoir zones. If a 

cross-plot is constructed for a whole well with widely varying lithologies , the result 

is often a disappointing cloud of data in which the individual trends are not apparent.  

 

Figure (2-2) shows a poroperm cross-plot for clean sandstone and a carbonate. 

 Figure (2-2) poroperm cross-plot for clean sandstone and a carbonate( Glover, 

2001) 

 

  It is clear from this figure that the permeability of the sandstone is extremely well 

controlled by the porosity (although usually there is more scatter than in this figure), 

whereas the carbonate has a more diffuse cloud indicating that porosity has an 

influence, but there are other major factors controlling the permeability. In the case of 

carbonates (and some volcanic rocks such as pumice), there can exist high porosities 

that do not give rise to high permeabilities because the connectivity of the vugs that 

make up the pore spaces are poorly connected.  

 Poroperm trends for different lithologies can be plotted together, and form a map 

of poroperm relationships, as shown in Figure (2-3) below. It would be time 

consuming to describe the figure in detail, but interpretation is not difficult. For 

example, fractured rocks fall above the sandstones because their porosity (fracture 
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porosity) is very low, yet these fractures form very connected networks that allow the 

efficient passage of fluids, and hence the permeability is high. Such permeability may 

be directional because of preferred orientations of the fractures. By comparison, clay 

cemented sandstones have high porosities, but the porosity is mainly in the form of 

micro-porosity filled with chemically and physically (capillary) bound water which is 

immobile. This porosity does not take place in fluid flow, so the permeability is low.  

    Figure (2-3) Poroperm relationships  ( Glover, 2001) 

 

   It might be expected that grain size also has some control on permeability. Figure 

(2-4) shows a poroperm cross-plot for a well in a carbonate reservoir where the grain 

size, porosity and permeability were measured for each core taken. Taking the data as 

a whole, there is little in the way of a clear trend. However, trends emerge when the 

individual grain size fractions are considered. Now it is clear that rocks with smaller 

grain sizes have smaller permeabilities than those with larger grain sizes. This is 

because smaller grain sizes produce smaller pores, and rather more importantly, 

smaller pore throats, which constrain the fluid flow more than larger grains which 

produce larger pore throats.  

  

 In summary, permeability: 

 Depends upon porosity. 
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 Depends upon the connectivity of the flow paths in the rock. 

 Depends, therefore, in a complex way upon the pore geometry of the rock. 

Is a directional quantity that can be affected by heterogeneous or directional 

properties of the pore geometry. ( Glover, 2001). 

 

 

 

Figure (2-4) Poroperm cross-plots and the influence of grain size. ( Glover, 2001) 
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CHAPTER 3 
 

This chapter will present the origins of pore pressure and principles its 

determinations and fluid saturation.  

  hence the emphasis will be placed on the practical utilization of pore pressure in 

the well planning process; it is hoped that the ideas will help to better understand 

lithological columns and deduce potential hole problems before producing a final well 

plan (knowledge of formation pressures is vital to the safe planning of a well). 

 Accurate values of formation pressures are used to design safe mud weights to 

overcome fracturing the formation and prevent well kicks. The process of designing 

and selection of casing weights/grades is predominately dependent on the utilization 

of accurate values of formation pressure. Cementing design, kick control, selection of 

wellhead and Xmas trees and even the rig rating are dependent on the formation 

pressures encountered in the well. 

  All formations penetrated during the drilling of a well contain pressure which may 

vary in magnitude depending on depth, location and proximity to other structures. In 

order to understand the nature, extent and origin of formation pressures, it is 

necessary to define and explain basic wellbore pressure concepts.  (H.Rabia,2001) 

3.1. Hydrostatic Pressure: 
  Hydrostatic pressure is defined as the pressure exerted by a column of fluid. 

Mathematically, hydrostatic pressure is expressed as (H.Rabia,2001) 

  HP = g x ρf x D... (3-1)    

Where: 

HP = hydrostatic pressure  g = gravitational acceleration 

ρf = average fluid density  D = true vertical depth or height of the column 

      In field operations, the fluid density is usually expressed in pounds/gallon 

(ppg), psi/foot, pounds/cubic foot (ppf) or as specific gravity (SG). In the Imperial 

system of units, when fluid density is expressed in ppg and depth in feet, the 

hydrostatic pressure is expressed in psi (lb/in
2
): 

  HP (psi) = 0.052 x ρf (ppg) x D (ft).... (3-2)  

       For the purposes of interpretation, all wellbore pressures, such as formation 

pressure, fracture pressure, fluid density and overburden pressure, are measured in 

terms of hydrostatic pressure. 
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3.2. Overburden Pressure: 

  The overburden pressure is defined as the pressure exerted by the total weight of 

overlying formations above the point of interest. The total weight is the combined 

weight of both the formation solids (rock matrix) and formation fluids in the pore 

space. The density of the combined weight is referred to as the bulk density (ρb). The 

overburden pressure can therefore be expressed as the hydrostatic pressure exerted by 

all materials overlying the depth of interest (H.Rabia,2001) 

  σov = 0.052 x ρb x D.... (3-3)  

Where: 

σov = overburden pressure (psi) ρb = formation bulk density (ppg) 

D = true vertical depth (ft) 

And similarly as a gradient (EMW) in ppg: 

σovg = 
     

     
 ρb ....(3-4) 

 

σovg = overburden gradient, ppg 

ρb = formation bulk density (gm/cc). 

(The factor 0.433 converts bulk density from gm/cc to psi/ft). 

3.3. Pore Pressure: 
  Pore pressure is defined as the pressure acting on the fluids in the pore spaces of 

the rock. This is the scientific meaning of what is generally referred to as formation 

(pore) pressure. Depending on the magnitude of pore pressure, it can be described as 

being normal, abnormal or subnormal. (H.Rabia,2001) 

3.3.1. Normal Pore Pressure:     

     Normal pore pressure is equal to the hydrostatic pressure of a column of formation 

fluid extending from the surface to the subsurface formation being considered. In 

other words, if the formation was opened up and allowed to fill a column whose 

length is equal to the depth of the formation then the pressure at the bottom of the 

column will be equal to the formation pressure and the pressure at surface is equal to 

zero. Normal pore pressure is not a constant. The magnitude of normal pore pressure 

varies with the concentration of dissolved salts, type of fluid, gases present and 

temperature gradient. For example, as the concentration of dissolved salts increases 

the magnitude of normal pore pressure increases. 
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3.3.2. Abnormal Pore Pressure: 

   Abnormal pore pressure is defined as any pore pressure that is greater than the 

hydrostatic pressure of the formation water occupying the pore space. Abnormal 

pressure can be thought of as being made up of a normal hydrostatic component plus 

an extra amount of pressure. Abnormal pore pressure can occur at any depth ranging 

from only a few hundred feet to depths exceeding 25,000 ft. The cause of abnormal 

pore pressure is attributed to a combination of various geological, geochemical, 

geothermal and mechanical changes. However for any abnormal pressure to develop 

there has to be an interruption to or disturbance of the normal compaction and de-

watering process. 

3.3.3. Subnormal Pore Pressure: 

   Subnormal pore pressure is defined as any formation pressure that is less than the 

corresponding fluid hydrostatic pressure at a given depth. Subnormal pore pressures 

are encountered less frequently than abnormal pore pressures and are often developed 

long after the formation is deposited. Subnormal pressures may have natural causes 

related to the stratigraphic, tectonic and geochemical history of an area, or may have 

been caused artificially by the production of reservoir fluids. The Rough field in the 

Southern North Sea is an example of a depleted reservoir with a subnormal pressure. 

. 

 3.4. Pore Pressure Evaluation: 

Some of the primary methods used to predict pore pressures are enumerated as 

follows (H.Rabia,2001) 

 

1/ Sonic log 

2/ Resistivity log. 

3/Density log. 

 

3.4.1. Sonic Logs: 

      In general, the acoustic logs are considered to provide the most reliable 

quantitative estimations of pore pressure. The main benefits of acoustic logs are that 

they are relatively unaffected by borehole size, formation temperature and pore water 

salinity. The parameters that do affect the acoustic log are formation type and 
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compaction related effects such as porosity/density and are therefore directly 

applicable to pore pressure evaluation. 

 

Theory of Sonic Logging 

 The sonic log measures the transit time (Δt) for a compression sonic wave to travel 

through the formation from transmitter to receiver. The time to travel through one foot 

(or one metre) is termed the Interval Transit Time (ITT). In a shale sequence showing 

a normal compaction profile (and therefore normal pressure); the transit time should 

decrease with depth due to the decreased porosity and increasing density show in 

figure (3.1). Abnormally pressured shale tend to have higher porosity and lower 

density than normally pressured shale at the same depth. Hence the ITT values will be 

higher. 

 

Figure (3-1) Shale interval travel time vs. depth (H.Rabia,2001) 

pp =σov-(σov-Pn)ₓ(
   

   
  ....(3-5) 

Where: 

PP =Pore pressure (ppg). 

σov =Overburden (ppg). 

Pn =Normal pore pressure (ppg). 

Δtn =Normal pore pressure trend line t value  at depth of interest. 

Δto =Observed t value at the depth of interest. 
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3.4.2. Resistivity Logs: 

 Shale resistivity values were obtained originally from the amplified short normal 

log. However, in recent years the use of deep induction logs is preferred as these 

enable the use of data in all types of drilling fluid and affording a greater depth of 

investigation. Shale resistivity increases with depth.  

The resistivity (the reciprocal of conductivity) of shale depends upon the following 

factors: 

• Porosity 

• Salinity of the pore water 

• Temperature. 

 The salinity of the pore water does not normally vary greatly with depth and hence 

its effect is often discounted. In addition, temperature normally increases uniformly 

with depth and hence resistivity values can be corrected for the temperature increase. 

Porosity is thus the major factor affecting resistivity values. 

 

Theory of Resistivity Logging 

The basic theory relies upon shale resistivity increasing with depth in normally 

pressured shale as the porosity decreases. An increasing porosity, and thus higher pore 

water content, is indicative of abnormally pressured shale and will result in lower 

resistivity. A logarithmic plot of shale resistivity vs. linear depth figure (3.2), is 

constructed. A normal pore pressure trend line is established through known normally 

pressured shale and thus any decrease in shale resistivity value away from the trend 

line indicates abnormal pore pressure. The magnitude of the abnormal pore pressure 

can be calculated using an Eaton type equation pressure.  

Also we can plot the response of the shale point acoustic transit time to abnormal 

pressure show in figure (3-3). 

 



 

- 41 - 
 

 

Figure (3-2) a logarithmic plot of shale resistivity vs linear depth (H.Rabia,2001) 

Figure (3-3) response of shale acoustic transit time to abnormal pressure 

(H.Rabia,2001) 

3.4.3. Formation Density Logs: 

A typical formation density logging tool consists of a radioactive source which 

bombards the formation with medium energy gamma rays. The gamma rays collide 

with electrons in the formation resulting in scattering of the gamma rays. The degree 

of scattering is directly related to the electron density and therefore the bulk density of 

the formation.  

A plot of shale bulk density versus depth will show a straight line normal 

compaction trend line; the shale bulk density will increase with depth due to the 

increased compaction. This results in reduced porosity and pore water expulsion. In 

abnormally pressured shale, compaction is often retarded, resulting in increased 

porosity and thus lower density than normally pressured shale at an equivalent depth. 

As such a decrease in shale bulk density values from the normal compaction trend line 

is observed when entering a zone of abnormal pore. (H.Rabia,2001) 

3.5. Saturation: 
To the engineer there is important factor to be determined. What is the fluid content 

of the rock ? in most oil-bearing formation it is believed that the rock was completely 

saturated with water prior to the invasion and trapping of petroleum. The less dense 

hydrocarbon are considered to migrate to position of hydrostatic and dynamic 

equilibrium, thus displacing water from the interstices of the structurally high part of 
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the rock. The oil will not displace all the water which originally occupied these pores. 

Thus, reservoir rock normally will contain both petroleum and hydrocarbons and 

water (frequently referred to as connate water) occupying the same or adjacent pores. 

To determine the quantity of hydrocarbons accumulated. In a porous rock formation, 

it is necessary to determine the fluid saturation (oil, water and gas) of the rock 

material.(JAMES  W.AMYX & others , 1988     ) 

  Fluid saturation is defined as the ratio of volume of fluid phase in given reservoir 

rock sample to the pore volume of the sample. In another words fluid saturation is 

defined as percent of the pore volume occupied by a particular fluid phase (oil & gas). 

We have seen that the viability of a reservoir depends upon three critical 

parameters. The first two of these are the porosity of the reservoir rock, which defines 

the total volume available for hydrocarbon saturation, and the permeability, which 

defines how easy it is to extract any hydrocarbons that are present. The final critical 

parameter is the hydrocarbon saturation, or how much of the porosity is occupied by 

hydrocarbons. This and the related gas and water saturations are controlled by 

capillary pressure. 

The important of accurate fluid saturation information can also be highlighted 

because hydrocarbons in place (oil & gas) are calculated on the basis of simple 

volumetric balance of hydrocarbons present in the effective pore space of the system. 

For example; if a reservoir is 50% saturation with water; this means the half of the 

available pore space in the reservoir actually contains oil. (Dandekar, Abhijit Y, 2006) 

 

3.5.1. Mathematical expressions for fluid saturation: 

Fluid saturation is defined as percent of the pore volume occupied by a particular 

fluid phase (oil & gas). 

 

 

Fluid saturation = 
                               

            
 .... (3-6) 

 

Sg = 
             

           
 .... (3-7) 

Sw = 
               

           
.... (3-8) 



 

- 42 - 
 

 

So = 
             

           
 .... (3-9) 

 

Sg+So+Sw=1.... (3-10)   

    

Where: 

Sg= gas saturation. 

 So= oil saturation.                                           

Sw= water saturation. 

3.5.2. Methods to Determination Saturation: 

There are in general two ways of measuring original fluid saturations: 

The direct approach and in the direct approach. The direct approach involves either 

the extraction of the reservoir fluids or the leaching of the fluid from a sample of the 

reservoir rock. The in direct approach relies on a measurement of some other 

property, such as capillary pressure, and the derivation of a mathematical relationship 

between the measured property and saturation . 

Direct methods include retorting the fluids from the rock, distilling the fluid with a 

modified ASTM (American Society For Testing and Materials) procedure, and 

centrifuging the fluids. Each method relies on some procedure to remove the rock 

sample for the reservoir. Experience has found that it is difficult to remove the sample 

without altering the state of the fluids and/or rock. The indirect methods use logging 

or capillary pressure measurement. With either method, errors are built into the 

measurement of saturation. However, under favorable circumstances and with careful 

attention to detail, saturation value can be obtained within useful limit of 

accuracy.(B.C.Craft and M.F.Hawkins,1991).  

For rock sample saturated with a fluid and surrounded by another fluid: 

1-If the saturating fluid is wetting, it is displaced by the surrounding fluid only 

if the excess pressure applied to the surrounding fluid is at least equal to the 

capillary pressure for the largest pores. 

2-If the saturating fluid is non-wetting, it is displaced spontaneously by the 

surrounding fluid. (R. cosse,1993). 
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Chapter 4 
 

This chapter will review the theories and calculation effected by calculating the 

formation prosperities for better understanding of formation.  

4.1. Porosity calculation  

The base of the calculation depends on the following relationship: 

4.1.1. Total porosity: 

Porosity by density:  

The porosity by density was calculated using equation (4-1). 

       ɸ = 
ρ    ρ 

ρ    ρ 
 .... (4-1) 

Where: 

 ɸ = Density porosity. 

ρma = density of matrix material. 

ƿb = measured by density tool. 

ρfl = density of fluid in the borehole.  

 

Porosity by sonic: 

The porosity from sonic was calculated using equation (4-2). 

ɸ = 
        

       
….(4-2) 

Where: 

ɸ =Sonic porosity. 

tLOG= sonic travel time read from the log. 

tma= sonic travel time in a clean 0 porosity matrix. 

tfl= sonic travel time in the wellbore fluid. 

 

Porosity by Neutron: 

Their direct methods which mean that don’t need to calculate, that gives direct 

values of porosity. 

The Neutron log is presented in porosity units based on a particular matrix type 

(sandstone, limestone, or dolomite).  
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 The tables below (4-1) , (4-2) , (4-3)  , (4-4) , (4-5)  explain the data required to 

calculated total porosity from data log : 

Table (4-1): log data required for Well 1: 

Sand  Zone Depth 

M 

Thickness 

M 

Neutron 

V/V 

Sonic 

µS/F 

Density 

G/CC 

1 915 – 1020.45 105.45 

 

0.452 123.57 2.2 

2 1023.45 – 1054.8 31.35 0.505 135.1 2.15 

3 1068.8 – 1070.4 1.6 0.352 116.34 2.144 

4 1072.05 – 1074.45 2.4 0.325 114.74 2.14 

 

Table (4-2): log data required for Well 3: 

Sand  Zone Depth 

M 

Thickness 

M 

Neutron 

V/V 

Sonic 

µS/F 

Density 

G/CC 

1 932 – 1072.6 140.6 0.442 128.48 2.169 

2 1090 – 1096.8  6.8 0.379 117.49 2.46 

3 1099- 1107.5 8.5 0.367 117.32 2.176 

4 1119.5 – 1123 3.5 0.462 126.74 2.79 

5 1134.5 – 1186.4 51.9 0.504 141.1 2.093 

6 1196.8 – 1197.89 1 0.516 150.32 2.130 

7 1200 – 1202.6 1.09 0.499 112.1 2.35 

8 1219.4 – 1245.7 26.3 0.440 122.1 2.73 

9 1247.7 – 1261.3 13.6 0.499 112.51 2.044 

10 1263.5 - 1266 2.5 0.265 101 2.288 
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Table (4-3): log data required for Well 4: 

Sand  Zone Depth 

M 

Thickness 

M 

Neutron 

V/V 

Sonic 

µS/F 

Density 

G/CC 

1 897.03 – 937.87 40.84 0.448 125.357 2.178 

2 948 – 972.92 

 

24.84 0.507 125.676 2.242 

3 942.07 – 989.99 7.92 0.494 136.283 2.247 

4 1032.1 – 1063 30.9 0.421 121.586 2.209 

5 1088.3 – 1098.1 6.8 0.363 114.56 2.188 

6 1211.1 – 1220 8.5 0.528 129.57 2.125 

7 1251.1 – 1253.9 2.8 0.279 87.53 2.437 

 

 

Table (4-4): log data required for Well 6:  

Sand  Zone Depth 

M 

Thickness 

M 

Neutron 

V/V 

Sonic 

µS/F 

Density 

G/CC 

1 900.07 – 904.95 4.85 0.444 129.84 2.042 

2 911.05 – 920.95 9.9 0.440 145.31 2.077 

3 991.06 – 998.98 7.92 0.440 141.876 2.081 

4 1009 – 1019.9 10.9 0.422 140.868 2.07 

5 1034 – 1248 250 0.487 132.035 2.136 
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Table (4-5): log data required for Well 7: 

Sand  Zone Depth 

M 

Thickness 

m 

Neutron 

V/V 

Sonic 

µS/F 

Density 

G/CC 

1 867 – 981.91 114.91 0.432 127.767 2.222 

2 990.4 – 1058.9 68.76 0.457 117.3 2.89 

3 1081.1 – 1097.9 16.8 0.362 118.813 2.96 

4 1133.1 – 1140.9 7.8 0.549 133.785 2.037 

5 1144 – 1154.9 9.9 0.569 133.502 1.0948 

6 1205 – 1229.9 24.9 0.531 128.106 1.912 

7 1261.1 – 1266.9 5.8 0.233 93.95 2.297 

 

Determine the Porosity by density: 

By using equation (4-1) where: 

ρma=2.65   (g/c3)   

ρf=1.1  (g/c3)   

 Determine the Porosity by sonic: 

By using equation (4-2) where: 

tma=55.5  (µS/F) 

tf=185 (µS/F) 

 

 

 

 

 

 

The tables below (4-6) , (4-7) , (4-8)  , (4-9) , (4-10)   explain the total porosity 

calculated by sonic ,density and neutron: 
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Total porosity: 

Table (4-6): Total porosity for Well 1: 

Sand Zone Depth 

M 

Фdensity Фsonic Фneutron 

1 915 – 1020.45 0.289 0.525 0.452 

2 1023.45 – 1054.8 0.323 0.614 0.504 

3 1068.8 – 1070.4 0.326 0.47 0.351 

4 1072.05 – 1074.45 0.328 0.457 0.335 

 

Table (4-7): Total porosity for Well 3: 

Sand Zone Depth 

M 

Фdensity Фsonic Фneutron 

1 932 – 1072.6 0.31 0.563 0.442 

2 1090 – 1096.8  0.325 0.478 0.378 

3 1099- 1107.5 0.306 0.477 0.367 

4 1119.5 – 1123 0.303 0.55 0.461 

5 1134.5 – 1186.4 0.359 0.66 0.503 

6 1196.8 – 1197.89 0.335 0.734 0.515 

7 1200 – 1202.6 0.331 0.437 0.499 

8 1219.4 – 1245.7 0.307 0.514 0.439 

9 1247.7 – 1261.3 0.39 0.44 0.498 

10 1263.5 – 1266 0.233 0.35 0.264 
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Table (4-8): Total porosity for Well 4: 

Sand Zone Depth 

M 

Фdensity Фsonic Фneutron 

1 897.03 – 937.87 0.304 0.539 0.448 

2  948 – 972.92 

 

0.263 0.541 0.507 

3 942.07 – 989.99 0.26 0.592 0.494 

4 1032.1 – 1063 0.284 0.51 0.421 

5 1088.3 – 1098.1 0.272 0.432 0.361 

6 1211.1 – 1220 0.338 0.571 0.527 

7 1251.1 – 1253.9 0.137 0.247 0.278 

 

 

Table (4-9): Total porosity for Well 6: 

Sand Zone Depth 

M 

Фdensity Фsonic Фneutron 

1 900.07 – 904.95 0.392 0.551 0.444 

2 911.05 – 920.95 0.369 0.672 0.440 

3 991.06 – 998.98 0.367 0.647 0.439 

4 1009 – 1019.9 0.374 0.639 0.422 

5 1034 – 1248 0.331 0.573 0.386 
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Table (4-10): Total porosity for Well 7: 

Sand Zone Depth 

M 

Фdensity Фsonic Фneutron 

1 867 – 981.91 0.275 0.558 0.432 

2 990.4 – 1058.9 0.336 0.477 0.456 

3 1081.1 – 1097.9 0.292 0.488 0.362 

4 1133.1 – 1140.9 0.395 0.604 0.548 

5 1144 – 1154.9 0.453 0.602 0.568 

6 1205 – 1229.9 0.476 0.56 0.531 

7 1261.1 – 1266.9 0.227 0.296 0.233 

 

4.1.2. Effective Porosity: 

Calculated using density-neutron combination: 

ФeD = фD-VSh*(
       

      
)….(4-3)  

Where: 

ρsh= density of near shale zone.  

ФeD= effective porosity from density. 

Vsh =shale volume. 

фD =Porosity from density. 

 

фeN= фN-Vsh (
       

      
)….(4-4) 

фeN=effective porosity from neutron. 

фN= porosity from neutron. 

 

фe COM=(
ф   ф  

 
)….(4-5) 

фe COM=Density –neutron combination. 

The tables below (4-11) , (4-12) , (4-13)  , (4-14) , (4-15)   explain effective 

porosity calculated from density-neutron: 
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 Table (4-11): Effective porosity for Well 1: 

Sand  Zone Depth 

M 

Ρsh фeD фeN ФeComp 

1 915 – 1020.45 2.189 0.2088 0.3771 0.292 

2 1023.45 – 1054.8 2.156 0.2918 0.4439 0.317 

3 1068.8 – 1070.4 2.213 0.2036 0.2288 0.216 

4 1072.05 – 1074.45 2.16 0.21 0.2412 0.225 

 

Table (4-12): Effective porosity for Well 3: 

Sand Zone Depth 

M 

ρsh фeD фeN ФeComp 

1 932 – 1072.6 2.18 0.21 0.34 0.282 

2 1090 – 1096.8  2.18 0.19 0.24 0.219 

3 1099- 1107.5 2.18 0.16 0.23 0.205 

4 1119.5 – 1123 2.13 0.13 0.29 0.216 

5 1134.5 – 1186.4 2.06 0.2.2 0.34 0.272 

6 1196.8 – 

1197.89 

2.16 2.17 0.35 0.264 

7 1200 – 1202.6 2.21 0.21 0.37 0.295 

8 1219.4 – 1245.7 2.14 0.17 0.31 0.244 

9 1247.7 – 1261.3 2.29 0.238 0.39 0.336 

10 1263.5 – 1266 2.29 0.14 0.17 0.16 
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Table (4-13): Effective porosity for Well 4: 

Sand  Zone  Depth 

M 

Ρsh фeD фeN ФeComp 

1 897.03 – 937.87 2.131 0.239 0.383 0.311 

2 948 – 972.92 

 

2.235 0.184 0.429 0.306 

3 942.07 – 989.99 2.167 0.121 0.355 0.238 

4 1032.1 – 1063 2.207 0.18 0.321 0.252 

5 1088.3 – 1098.1 2.2 0.104 0.2 0.169 

6 1211.1 – 1220 2.303 0.237 0.427 0.332 

7 1251.1 – 1253.9 2.303 0.007 0.149 0.078 

 

 

 Table (4-14): Effective porosity for Well 6: 

Sand  Zone  Depth 

M 

Ρsh фeD фeN ФeComp 

1 900.07 – 904.95 2.28 0.369 0.336 0.352 

2 911.05 – 920.95 2.05 0.193 0.264 0.228 

3 991.06 – 998.98 2.17 0.22 0.368 0.293 

4 1009 – 1019.9 2.15 0.27 0.318 0.293 

5 1034 – 1248 2.15 0.257 0.312 0.284 
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Table (4-15): Effective porosity for Well 7: 

Sand  Zone  Depth 

M 

Ρsh фeD фeN ФeComp 

1 867 – 981.91 2.189 0.193 0.350 0.277 

2 990.4 – 1058.9 2.221 0.217 0.337 0.277 

3 1081.1 – 1097.9 2.09 0.122 0.182 0.147 

4 1133.1 – 1140.9 2.114 0.21 0.364 0.287 

5 1144 – 1154.9 2.084 0.266 0.412 0.339 

6 1205 – 1229.9 2.064 0.3 0.355 0.327 

7 1261.1 – 1266.9 2.2 0.84 0.09 0.087 

 

By using surfur8 software  the effective  porosity data  calculated by using 

density-neutron combination  used to extract contour map which illustrate the   

effective  porosity distribution for Aradeiba formation in bamboo field  for the five 

wells show in figure (4-1) below . 

 

Figure (4-1) this map explain the effective porosity distribution for Aradeiba 

formation in bamboo field.  
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4.2. Permeability 

There are several methods to determine permeability, the accurate method  coring. 

We estimate the permeability distribution for Aradeiba formation at bamboo field 

using coring method. 

 Coring data: 

Ten samples were taken from the layer Aradeiba of five wells from depth (1250 to 

1287) meters and although itis not the subject of study within the wells, but in the 

same field and the same layer and based on that samples are  taken for the same layer 

have been adopted for the rest of the wells. 

Plot the porosity versus permeability where porosity at X -axis and permeability at 

Y-axis:  

 

Figure (4-2): porosity versus permeability from coring data  

This equation below extracted from the   plot above to determine the permeability 

for Aradeiba formation by substitute the effective porosity value in the equation and 

the result will be the permeability.  

Y=0.052e^(31.96*X)….(4-6) 

Where: 

Y=Permeability. 

X=Effective porosity. 

y = 0.0523e31.967x 
R² = 0.868 
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The tables below (4-16) , (4-17) , (4-18)  , (4-19) , (4-20)  explain the permeability 

calculated from coring data: 

Table (4-16): Permeability for Well 1: 

Sand  Zone     Depth 

        M 

ɸe Permeability 

        Md 

1 915 – 1020.45 0.292 86.49 

2 1023.45 – 

1054.8 

0.317 57.166 

3 1068.8 – 1070.4 0.216 3372.7 

4 1072.05 – 1074.45 0.225 16440.06 

 

Table (4-17): Permeability for Well 3: 

sand  Zone     Depth 

        M 

ɸe Permeability 

        md 

1 932 – 1072.6 0.282 82.47 

2 1090 – 1096.8  0.219 92970.45 

3 1099- 1107.5 0.205 867.72 

4 1119.5 – 1123 0.216 929.97 

5 1134.5 – 1186.4 0.272 267.85 

6 1196.8 – 1197.89 0.264 9510.69 

7 1200 – 1202.6 0.295 103.21 

8 1219.4 – 1245.7 0.244 155.36 

9 1247.7 – 1261.3 0.336 638.87 

10 1263.5 – 1266 0.16 1804.75 
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Table (4-18): Permeability for Well 4: 

Sand  Zone     Depth 

        M 

ɸe Permeability 

        Md 

1 897.03 – 937.87 0.311 10672.3 

2 948 – 972.92 

 

0.306 3983.4 

3 942.07 – 989.99 0.238 140 

4 1032.1 – 1063 0.252 749 

5 1088.3 – 1098.1 0.169 96.6 

6 1211.1 – 1220 0.332 5113.4 

7 1251.1 – 1253.9 0.078 13.5 

 

Table (4-19): Permeability for Well 6: 

Sand  Zone     Depth 

        M 

ɸe Permeability 

        md 

1 900.07 – 904.95 0.352 2387.34 

2 911.05 – 920.95 0.228 936.54 

3 991.06 – 998.98 0.293 2772.63 

4 1009 – 1019.9 0.293 2960.14 

5 1034 – 1248 0.248 18681.52 
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Table (4-20): Permeability for Well 7: 

Sand  Zone     Depth 

        M 

ɸe Permeability 

        md 

1 867 – 981.91 0.272 860.66 

2 990.4 – 1058.9 0.277 6040.43 

3 1081.1 – 1097.9 0.147 27.42 

4 1133.1 – 1140.9 0.287 7479.23 

5 1144 – 1154.9 0.339 40490.1 

6 1205 – 1229.9 0.327 11397.52 

7 1261.1 – 1266.9 0.087 19.138 

 

By using surfur8 software the permeability from the equation above   used to 

extract contour map which illustrate the   permeability distribution for Aradeiba 

formation in bamboo field for the five wells show in figure (4-3) below. 

Figure (4-3): explain  permeability distribution for Aradeiba formation in 

bamboo field 
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4.3. Saturation: 
The saturation was determined by two methods and makes a comparison between 

them. 

The first method by Archie equation: 

     Sw= 
    

     

 
….(4-7) 

M = Cementation factor 

N = Saturation exponent 

A = Tortuosity factor 

Sw = Effective water saturation 

Rw = Formation water resistivity 

Rt = Input resistivity curve 

 

The  second method by Indonesian method from IP software. The tables below 

(4-21) , (4-22) , (4-23)  , (4-24) , (4-25)   explain the saturation by Archie equation 

and by Indonesian method: 

 

Table (4-21): Saturation for Well 1: 

Sand zone Depth     Sw(Archie)   Sw(Indonesian) 

1 915 – 1020.45 0.997 0.999 

2 1023.45 – 1054.8 1 1 

3 1068.8 – 1070.4 0.899 0.892 

4 1072.05 – 1074.45 0.896 0.895 
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Table (4-22): Saturation for Well 3: 

Sand zone Depth     Sw(Archie) Sw(Indonesian) 

1 932 – 1072.6 0.987 0.988 

2 1090 – 1096.8  0.993 0.992 

3 1099- 1107.5 0.888 0.889 

4 1119.5 – 1123 0.997 0.996 

5 1134.5 – 1186.4 1 1 

6 1196.8 – 1197.89 1 1 

7 1200 – 1202.6 1 1 

8 1219.4 – 1245.7 0.998 0.999 

9 1247.7 – 1261.3 0.993 0.992 

10 1263.5 – 1266 0.65 0.65 

 

Table (4-23): Saturation for Well 4: 

Sand zone Depth     Sw(Archie) Sw(Indonesian) 

1 897.03 – 937.87 0.997 0.974 

2 948 – 972.92 

 

0.994 0.992 

3 942.07 – 989.99 1 1 

4 1032.1 – 1063 0.941 0.937 

5 1088.3 – 1098.1 0.573 0.566 

6 1211.1 – 1220 0.999 0.997 

7 1251.1 – 1253.9 0.441 0.422 
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Table (4-24): Saturation for Well 6: 

Sand zone Depth     Sw(Archie) Sw(Indonesian) 

1 900.07 – 904.95 0.992 0.993 

2 911.05 – 920.95 1 1 

3 991.06 – 998.98 1 1 

4 1009 – 1019.9 1 1 

5 1034 – 1248 0.93 0.932 

 

 

 

  

Table (4-25): Saturation for Well 7: 

Sand zone Depth     Sw(Archie) Sw(Indonesian) 

1 867 – 981.91 0.994 0.994 

2 990.4 – 1058.9 0.977 0.977 

3 1081.1 – 1097.9 0.864 0.864 

4 1133.1 – 1140.9 1 1 

5 1144 – 1154.9 0.968 0.969 

6 1205 – 1229.9 0.971 0.972 

7 1261.1 – 1266.9 0.462 0.462 

 

By using surfur8 software the Saturation data by Archi equation used to extract 

contour map which illustrate the saturation distribution by Archi equation   for 

Aradeiba formation in bamboo field for the five wells show in figure (4-4) below. 
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Figure(4-4): Explain Saturation distribution by Archie equation for Aradeiba 

formation in bamboo field  

4.4. Pore pressure 

4.4.1. Numerical Methodology for Pressure Estimation: 

The accurate prediction of pore pressure and fracture gradients has become almost 

essential to the drilling of shallow and deep wells with higher than normal pore 

pressures. Costs and drilling problems can be reduced substantially by the early 

recognition of abnormally high pore pressure. 

 In this study, as mentioned in Chapter 3 the study is focusing on utilize wire-line 

logging data primarily using sonic reading from conventional composite logs in five 

different wells located at Bamboo west field. Those wells are spread / distributed 

across the field to represent the pore pressure pattern or profile within this area. The 

first well BAW-01 located at the right side of the area of study                                                     

, the second well BAW-03 is at the top of the field (North West of bamboo west 

field), the third well BAW-04 is located at the left side of the area of study                                   

, the fourth well BAW-06 is located at the bottom of the area of study (South East of 

bamboo west field), and the last well BAW-07 in the middle.  

The base of the calculation depends on a relationship between pressure, density and 

depth:  
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 P=ƿ* g*h….(4-8) 

 Where: 

g: Gravity acceleration (m/s^2). 

4.4.2. Pressure Numerical Estimation: 

All available data of 5 wells were collected, those data include the following: 

1- Sonic (∆t) transient time readings in µs/ft. 

2- Bulk Density (RHOB) readings in g/cc. 

One method was used for formation pore pressure prediction; treating data of all 

wells as one single group to estimate pressure in Aradeiba formation. 

The base of this work as mentioned previously is to build an equation to estimate 

pressure based on some log data as explained in figure (4-5) .Only one correlation 

will be created, based on sonic data. 

In order to create sonic –based equation, density (ρ) must be  a function of sonic , 

this is achieved by plotting bulk density with log data; as for depth , same as density it 

must be a function of sonic as well thus by plotting depth versus sonic. 

To obtain the target of this work, the method was utilized to come out with the most 

reliable equations. This method used to deal with the data of all five wells as a single 

well and do the calculation once to get an equation for pore pressure estimation for 

Aradeiba formation. 

4.4.3. Pore pressure Estimation Method: 

 After plotting wells BAW – 01, 03,04,06,07 sonic data against bulk density results 

were found as in figures (4-5) and (4-6) below: 

Figure (4-5): Sonic vs Density 
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From the above figures Bulk density – Sonic equation is: 

Y=-0.00587X+2.939….(4-9)  

Next   figures showing the plot of sonic data for selected wells against their depth 

and results are shown as in figures below: 

Figure (4-6): Sonic versus Depth 

 

Depth – sonic equation is: 

Y=-0.78X+1200 ….(4-10) 

Pressure is estimated by using above equation, therefore the pore pressure equation 

for Aradeiba formation is expressed as  

P=0.0031X
2
 -6.8579X+3299.724 ….(4-11) 
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The result where plotted against depth to give the pressure profile for Aradeiba 

formation using sonic data 

Figure (4-7): Pressure calculated versus depth   

 

Finally, comparison for pore pressure distribution in Aradeiba formation 

represented by contour lines was constructed by surfer software as in figure (4-8) 

below. This comparison involves pressure results from the sonic method. Figure (4-6) 

plotted using surfer software, showing that the pressure distribution for calculated 

pressure in sonic log. 
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 Figure (4-8): Explain Pressure estimated distribution for Aradeiba formation 

using sonic equation. 
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Chapter 5 
 

RESULT AND DISCUSION 

For previous accounts have reached the results  illustrate the distribution of 

characteristics in the Aradeiba layer , and this section will discuss these result that 

they  expose to it  in the form of contour maps to illustrate the distribution  of these  

properties and best drilling location .  

 The water saturation is extremely high Sw = 0.9 Figure (5-1) 

 From the Porosity map, it’s have a good range; however a good 

porosity range from 20 to 32 Figure(5-2). 

 The permeability has a good value also; above 400 the permeability 

considered fine. Figure(5-3).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 The pressure gradient map will help the drilling engineer to control 

the well; and it will be with great benefit if compared  with the Depth 

structure map Figure(5-4). 

 From the plotting of the pressure VS depth, it has been seen that the 

pressure range from 2200-2800 psi in reservoir thickness around 

500m Figure(5-5). 

 From the water saturation  by Arch equation and by Indonesian(IP) 

plotting the reservoir considers as shallow water pouring reservoir 

with 100% water saturation; the possibility to find any oil 

accumulation will be impossible Figure(5-6). 

  From the permeability plotting the permeability range from 10-

100MD which was very good Figure(5-7). 

 From the porosity plotting; the porosity range from 0.2-0.4 which was 

a very good Figure(5-8). 

 In a proper discussion for the maps it should start by the porosity, 

permeability, water saturation and pressure gradient.  

 The NE part has a high porosity but have a low permeability and high 

water saturation Figure(5-1),(5-2),(5-3). 

 The NW part has a high permeability but have a moderate porosity 

and high water saturation Figure(5-1),(5-2),(5-3). 
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 The SW part has a relatively low water saturation; but that probably 

due to low porosity consequently with low permeability Figure(5-

1),(5-2),(5-3). 

 The SE part has low water saturation in addition to good porosity, & 

in the company of excellent permeability range. Figure(5-1),(5-2),(5-

3). 

 The central west has low water saturation and good porosity along 

with good permeability Figure(5-1),(5-2),(5-3). 

 If we take a look to the tow maps permeability and water saturation 

we will find that there are two compartments on the trend of the 

contours and to explain that we need to see the structure map of the 

reservoir. Figure(5-1),(5-3). 

 The two possible locations are:  1/ on the central west 0.96-0.92. 2/ on 

the SE 0.96-0.92 on the water saturation map. Figure(5-1). 

 So we have two locations with good probability. The SE and the 

Central W prospects between W7 & W6 and around W4.Figure(5-9).  

  The Pressure gradient map will play a very important roll to rank our 

proposed prospects wells in term of production. Figure(5-4). 

  Because SE prospect (between W7 & W6) has low pressure gradient 

will be ranking No. 2; and prospect Central W (around W4) has high 

pressure gradient will be ranking No. 1.  Figure(5-4). 

 Finally we have a prospect well location west W4 between the 

contours 0.96-0.90 on the water saturation map. Figure(5-1). 
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Figure (5-1): saturation  contour map 

 

 

 

 

 

 

 

 

 

 

Figure(5-2): effective porosity contour map 
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Figure(5-3): permeability contour map 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(5-4): pressure contour map 
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Figure(5-5) plot Pressure VS Depth 

 

 

comparing with IP: 

Figure(5-6) plot Saturation by Arch equation and by Indonesian(IP) VS 

Depth 
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Figure (5-7) plot calculated permeability and permeability by IP VS Depth 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5-8) plot calculated porosity and porosity by IP VS Depth 
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Figure (4-9) locations with good probability 
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Conclusion and Recommendation 

Conclusion : 
The new in this project is the attention of these properties calculated (porosity, 

permeability, saturation and pressure) at the field level and not at the level of the wells 

only, depending on the data set of wells we can expect the distribution of these 

properties through the field (Area straitened between wells) to determine the direction 

of increase and decrease (gradient) of these physical properties. 

Finally from the evaluation of Aradeiba formation of bamboo field by calculating 

the physical properties (porosity, permeability ,saturation and pressure ) by using 

logging data , we think more researches must be focusing  in physical properties of  

formation to give certain overview to the future decision will be taken. 

 Also is  this research has included the evaluation of the formation  entirely  ? Of 

course not, therefore advise those who come after us to study the area that starts from 

the point where we stood then. 

 Results of the study were to come to know the distribution of properties of the 

layer in the field, where he found that the values of effective porosity in the layer was 

good and ranged between (20-32%) and good distribution and increase as we head 

east. As for the permeability values,  find that in a good layer and higher than 400 

MD, but distributed irregularly in the layer where the field than on the outskirts of 

east and west. As for the saturation and found that the high value of up to almost 

100%, which reduces the chances of the presence of hydrocarbons in the layer and 

that is the greatest probability of the presence of water . Pressure was found to be 

distributed in layer was gradual and regular and appropriate as comparing the 

experimental method was found in the range of 2200-2400 psi . 

layer can be considered as a good reservoir porosity and permeability values and 

distributed in the field, but in view of the values of saturation found that the layer 

containing quantities of oil in and it's not economically feasible. 
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Recommendation: 
After studying the results obtained, we find that there are a few recommendations:  

1 – Don't  production  from this formation in spite of it oil contain , but it  is not 

economically feasible.  

2 –Give  more attention to physical properties calculated in the search field on the 

level and not only at the level of the well, which helps in the development of the field 

and make the most of it.  

3 – Design a software to calculate  these properties, including the work of the contour 

map showing the distribution of properties in the field. 
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Appendix 

 
 

   Figure 1: Log Data 
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Figure 2: Coring Data 

 

 

AIR-BRINE CAPILLARY PRESSURE

BY POROUS PLATE METHOD

TABLE : 3.1

 

COMPANY :  GNPOC WELL :BAMBOO WEST-5 JOB NO. : C35100

Sample Depth Ka Porosity Brine Saturation (% Pore Space)

No. (meter) (mD) (%) 1* 4 10 30 60 100 200

1 1250.58 8.45 9.3 92.0 82.7 76.3 70.0 66.2 64.2 62.5

2 1253.15 4.38 14.9 94.3 83.1 77.4 71.6 67.9 65.7 64.2

3 1254.40 0.02 2.5 98.7 93.0 86.4 79.1 74.9 72.9 69.9

4 1256.38 0.89 6.1 86.5 83.5 80.9 75.6 71.2 68.4 66.6

5 1259.44 744 33.3 40.6 31.2 24.3 21.0 20.0 19.4 19.1

6 1272.49 0.07 2.1 98.1 90.3 83.9 76.9 72.0 70.0 68.0

7 1273.10 0.02 2.3 90.4 87.2 83.5 77.6 73.3 70.8 69.0

8 1285.67 611 21.5 43.9 27.9 19.4 16.3 15.0 14.9 14.8

9 1286.61 917 36.2 39.1 28.3 19.6 17.2 16.3 16.0 16.1

10 1287.71 731 25.4 40.0 25.9 18.7 15.6 14.7 14.5 14.5

*    : Capillary Pressure (Psig)

Ka : Air Permeability (millidarcies)
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Figure 3: Gama Ray For Well 1 

 

Figure 4: Gama Ray For Well 3 
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Figure 5: Gama Ray For Well 4 

 

Figure 6: Gama Ray For Well 6 
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Figure 7: Gama Ray For Well 7 
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