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ABSTRACT 
 
Reservoir characterization of W-field, onshore Niger Delta was carried out using 
petrophysical evaluation of well logs. Three reservoir sand intervals (A, B, C) were identified 
and correlated across four wells (W1, W2, W3, W4) in W-field using the gamma ray, while 
the fluid identification of each reservoir was achieved using the resistivity log. The reservoir 
C interval was selected and utilized for petrophysical interpretation was penetrated at depths 
11741-11945ft, 11933-12173ft, 11658-11847ft and 11926-12095ft across all wells 
respectively.The average values of gross thickness, volume of shale, effective porosity, total 
porosity, permeability, water saturation and hydrocarbon saturation of the delineated 
reservoir sand are 200.5ft  for gross thickness, 18% for shale volume, 21% for effective 
porosity, 26% for total porosity, 1071.74mD for permeability, and 28% for water saturation 
and 77% for hydrocarbon saturation. Petrophysical evaluation revealed that porosity and 
permeability are very good to excellent in the field. The reservoir is classed as clean sands 
based on the high net to gross ratio (>70%) and the low shale volumes (<30%). 
Consequently, the low value of shale volume, low value water saturation, high value of 
hydrocarbon saturation and the good porosity and permeability properties of the reservoir of 
interest suggest economical and commercial quality and viability of the wells within this field. 
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1. INTRODUCTION 
 

“Characterizing the reservoir is a process which describes various properties in reservoirs 
using all the available data to provide reliable reservoir geologic models for accurate 
prediction of the performance of a reservoir” [1]. [2] described “reservoir characterization as 
a process that involves the integration of various qualities and quantities of data in a 
consistent way to describe the reservoir properties of interest in inter well locations”. 

“Reservoir Characterization and depositional study was carried out over J-P Field in the 
Niger Delta, Nigeria by estimating the  petro- physical parameters and  assessing the 
environment of deposition in the J-P Field” [3]. “Seven reservoirs were identified, mapped 
and correlated across the four drilled wells in J-P Field and petro- physical parameters such 
as porosity, volume of shale, water saturation and hydrocarbon saturation were estimated” 
[3]. “Conversely, gamma ray responses were used to determine the depositional 
environments of each reservoir in J- P Field. the result showed that the the range of 
petrophysical parameters across the delineated reservoirs; for porosity varies from 19 to 



 

 

21%, thickness varies from 24 to 122 m, volume of shale varies from 15 to 29%, water 
saturation varies from 22 to 60% and hydrocarbon saturation varies from 40 to 78%” [3]. 
“Furthermore, the result of the depositional environment comprises the prograding deltas, 
transgressive marine sands, fluvial channels and deltaic settings. The study concluded that 
the field porosity range varying from good to very good in quality, high in hydrocarbon 
saturation of oil and falls within the marginal marine depositional environment” [3]. 
 
[4] evaluated “the depositional environments and hydrocarbon reservoirs in the Otuma oil 
field, Niger Delta basin using well logs”. “The gamma motif/model within thezone of interest 
study in the drilled well showed blocky, symmetrical, and serrated shapes, which suggest a 
deltaic front with mouth bar to a regressive - transgressive shoreface delta respectively” [4]. 
“Ten wells were correlation and used to evaluate the petrophysical characteristics of the 
reservoirs. The reservoirs showed highly porous and permeable channels where the wells 
were used for the characterization. The ten reservoirs were mapped at a depth range of 
2395 m to 2919 m with thicknesses varying from 4m to 135m” [4]. “The petrophysical results 
showed that the porosity of the reservoirs ranges between 0.10 to 0.30, and permeability 
from 48 md to 290 md. The water saturation result ranges from 0.39 to 0.52, and 
hydrocarbon saturation from the field 0.48 to 0.61. From their result, bypassed hydrocarbons 
were identified and evaluated in low resistivity pay sands D4 and D3 at depth 2649 m to 
2919 m, respectively” [4] 
 
“Integration of well logs and core to build reservoir model for the Useni-1 oil field was carried out 
by” [5]. “They used the Core data and well logs to evaluate the petrophysical characteristics of the 
reservoirs and the paleodepositional environment was deduced from the wells and cores data. The 
depositional facies model result showed highly permeable channels where the wells where positioned 
and the environments identified that the fluvial channel facies with highly permeable zones 
constituted the reservoirs. Four reservoirs were mapped at depth range of 8000ft to 8400ft with 
thicknesses varying from 20ft to 400ft” [5]. “Petrophysical results showed that porosity, permeability, 
water saturation and hydrocarbon saturation of the reservoirs varied from 12% to 28 %, 145.70 md to 
454.70md, 21.65% to 54.50% and 45.50% to 78.50 % respectively.The combination of the Core data 
and the gamma ray log trends with right boxcar trend indicate fluvial point bar and tidal channel fills 
in the lower delta plain setting. By-passed hydrocarbons were identified and evaluated in low 
resistivity pay sands D1, D2 at depth of 7800 – 78100ft in the field” [5]. 
The aim of the study is to characterize quantitatively reservoirs in W-Field, Onshore Niger 
Delta by identifying, correlating and carrying out a petrophysical evaluation of reservoir rocks 
in this field using the well log. The petrophysical parameters to be evaluated includes 
effective porosity, permeability, shale volume, net to gross and hydrocarbon saturation 
 
2. LOCATION OF THE STUDY AREA 
The study area is located in the Niger Delta Basin of Nigeria and named ‘W-Field’. It is within 
the longitudes 6°14′40″E to 6°33′38″E and latitudes 4°50′10″N to 4°58′22″N in the coastal 
swamp depobelt (Figure 1), onshore Niger Delta. “The Niger Delta Basin has a combination 
of excellent petroleum system elements” [6,7]. “Hence, the Niger Delta ranks as the world’s 
most prolific petroleum producing Tertiary Delta [8],which holds approximately 2.3% of the 
world’s known oil and gas reserves (79.5 billion bbl of oil and 127.2tcf)” [9,10]. 
 

 



 

 

 
Figure 1: (A) Location of the study area [11] and (B) the base map of W-field 

 

 
 
3. GEOLOGY OF THE STUDY AREA 
The Niger Delta is located in the Gulf of Guinea on the West Coast of Africa. It lies between 
latitudes 403’N to 502’N.  and longitudes 30E to 90E [12, 13]. According to [10], “the Niger 
Delta Basin extends eastward to the Rio-del Rey Basin in Cameroon, with the eastern 
boundary of Cameroon-Annobang volcanic axis. Volcanic activity occurred during Miocene 
along this axis. This volcanic activity made the eastern Niger Delta uplifted, creating a shale 
ridge that led to later shale diapirs [10,14,15,16]. The southeastern Niger Delta is located in 
a complex tectonic setting that is slightly different from the rest of the onshore and offshore 
parts of the basin”. The delta was formed in late Jurassic time as the failed arm of the triple 
junction, during the extensional rifting that separated the South America and Africa plate with 
the evolution of the South Atlantic Ocean, [17]. It has an area extent of about 300,000-km2 
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[18] and 500,000-km3 volume of sediment [19.  The sediments in the depocentres are 10-12 
km thick [20]. [18, 21] proposed one petroleum system for the delta. However, its formation 
and regional tectonic history can be deduced from the geologic formations in the basin. [22] 
distinguished the sequence stratigraphy of the Tertiary Niger Delta into three 
lithostratigraphic units. These include progradational deltaic facies known as Akata 
Formation, delta front facies that is the paralic Agbada Formation and continental Benin 
Formation. 
“Akata Formation is the basal unit of the delta” [23]. “It is Paleocene in age, and as well the 
source rock of the delta” [21, 24]. “The source rocks in the delta are Cenozoic organic-rich 
marine shale of both the Akata Formation and the interlude transgressive marine shale of 
the Agbada Formation” [7, 25]. “The formation is composed predominantly of under 
compacted thick shale, lenses of sandstones, turbidities sand and a small amount of silt with 
20% sand and 80% shale” [26].  “The formation has an estimated thickness of 7000m” [27].  
“Its lateral equivalent in the North-Eastern zone is the Imo Shale while in offshore areas it 
outcrops in diapirs” [23]. 
 
“Agbada Formation overlies the Akata Formation. It is Eocene in age and the major reservoir 
unit of the delta” [28]. “The upper portion comprises sand with only minor shale interbeds 
while the lower portion comprises sand-shale intercalations, with the shale sequence forming 
the cap rock in the delta. The primary seal rocks of the Niger Delta Petroleum System are 
essentially the interbedded transgressive marine shales within the Agbada Formation” [7, 12, 
22]. “This shale is dominant in all depobelts.  The sequence has 60% sand and 40% shale” 
[26].  “Also, it has an estimated thickness of 3700m” [29]. “The lateral equivalent of the upper 
part of Agbada formation is the Ogwashi-Asaba Formation, which outcrops around Ogwashi 
and Asaba, Southern Nigeria [27] while the Ameki Formation is the lateral equivalent of the 
lower part of the formation”. According to [30, “the oil resources at the Niger Delta are mainly 
accumulated in the Tertiary paralic Agbada Formation reservoir”.  
“Benin Formation is Oligocene in age.  It is the uppermost part of the unit and it overlies the 
Agbada Formation.  It consists mostly of continental sands with 90% sand and 10% shale” 
[26].  “The thickness of the formation is about 2100m” [17].  The stratigraphic columns, as 
well as the formations in Niger Delta (Figure 2) 
 



 

 

Figure 2: Lithostratigraphy showing the formations in Niger Delta [27] 

4. MATERIALS AND METHODS 

Data utilized for this research includes; 3-D seismic data in segy format, well data (well 
header, well logs, well deviations) in LAS format and a checkshot in ASCII format. The 
seismic data covers an area of 840 sqkm and four (4) wells were provided. Table 1 shows 
details on the well data provided for the study. Details on the data provided are enumerated 
in subsequent headings. The well header holds information regarding the exact geographic 
locations of the wells in time and space. Also, the total well drilled depth, the well reference 
datum and the well names are all included in the well header data file. Well headers were 
provided for all wells. 

 



 

 

The well deviation contains information regarding the original well trajectory. The deviation 
data contains the measured depth, the dip and the azimuth for each well. It is the information 
contained in the deviation file that aids in the conversion from measured depth (MD) to true 
vertical depth (TVD). Well deviations were available for all four wells (W-1, W-2, W-3, W-4). 
Well logs were provided for all wells in ASCII format (Table 1). The well logs available 
included gamma ray (GR), deep resistivity (LLD), density (RHOB), neutron (NPHI) and sonic 
(DT) (for only W1) (Table 1). The logs were used for lithologic identification, reservoir 
identification, fluid discrimination, seismic well tie and hydrocarbon volumetric estimation. 
The log depths were provided in feet, GR in GAPI, LLD in Ohm.m, RHOB in g/cm3, NPHI in 
m3/m3 and sonic in µs/ft. 

 
Table 1: Data inventory showing the wells information utilized for this study 

Wells 
Logs 

W1 W2 W3 W4 
    

Well Header YES YES YES YES 
Well Deviation YES YES YES YES 
GR log YES YES YES YES 
Resistivity Log YES YES YES YES 
Density Log YES YES YES YES 
Neutron Log YES YES YES YES 
Sonic Log YES NO NO NO 
Checkshot YES NO NO NO 

4.1 Petrophysical Evaluation 
To quantify the volume of hydrocarbons found within the identified reservoir prospects, 
petrophysical evaluation was conducted using well logs. These properties include; shale 
volume, porosity, water saturation and permeability were estimated using the empirical 
formulas stated in Table 2.  
 
 
5. RESULTS AND DISCUSSION 
From the four wells, three reservoirs (A, B and C) were identified and picked across the 
wells. The sands (colour coded yellow) are capped by shale (colour coded black) (Figure 3). 
These reservoirs were identified using gamma ray and resistivity logs. Several serrations are 
found within the sands on the GR log(which was set at 0-150 gAPI, with zero at the left and 
150 at the right side of the gamma ray tract while the mid-point (75 gAPI) is considered the 
sand/shale cutoff) indicating the presence of shales. The left side deflections of the 
established cut-off from the gamma ray curve indicated sands while deflections to the right of 
the curve are termed shales. Reservoir C was utilized in this study for petrophysical 
interpretation based on high thickness, hydrocarbon presence in all wells and availability of 
logs for computation. Petrophysical logs generated for the four wells are presented in 
Figures 4 - 7 respectively. The petrophysical properties estimated includes shale volume, 
porosity, net to gross, permeability and water saturation. 
 
 



 

 

Table 2 : Empirical formulas of shale volume, porosity, water saturation and permeability  
 

Petrophysical parameters Empirical formulas 
Volume of Shale (Vsh) 

ோீܫ =
௟௢௚ܴܩ ௠௜௡ܴܩ−
௠௔௫ܴܩ ௠௜௡ܴܩ−

 

IGR = Gamma ray index describes a linear response to shale content 
GRlog = Log reading at the depth of interest 
GRmin = Gamma Ray value in a nearby clean sand zone 
GRmax = Gamma Ray value in a nearby shale [31] 
 

ࡴࡿ܄. = ૙.૙ૡ૜ ∗ ൫૛(૜.ૠ∗ࡾࡳࡵ) − ૚൯ 
ௌܸு 	=  ℎ݈ܽ݁ݏ	݂݋	݁݉ݑ݈݋ܸ	

ோீܫ =  [32] ݔ݁݀݊݅	ݕܽݎ	ܽ݉݉ܽܩ	
 

Porosity Estimation ∅் =
௠௔ߩ − ௕௨௟௞ߩ
௠௔ߩ − ௙௟ߩ

 

∅் =   ݕݐ݅ݏ݋ݎ݋݌	݈ܽݐ݋ܶ
௠௔ߩ = ݕݐ݅ݏ݊݁݀	ݔ݅ݎݐܽܯ = 2.65  

௕௨௟௞ߩ =  ݃݋݈	ݕݐ݅ݏ݊݁݀	݉݋ݎ݂	݀ܽ݁ݎ	݃݊݅݀ܽ݁ݎ	ݕݐ݅ݏ݊݁݀	݈݇ݑܤ
௙௟ߩ =  ݕݐ݅ݏ݊݁݀	݀݅ݑ݈ܨ

,ݏܽ݃	ݎ݋݂	0.74)  (ݎ݁ݐܽݓ	ݎ݋݂	1.0	݀݊ܽ	݈݅݋	ݎ݋݂	0.9
 

∅e = (1 − ௌܸு) × ∅் 
∅௘ =   ݕݐ݅ݏ݋ݎ݋݌		݁ݒ݅ݐ݂݂ܿ݁ܧ	
∅் =   ݕݐ݅ݏ݋ݎ݋݌	݈ܽݐ݋ܶ	
ௌܸு = 	ܵℎ݈ܽ݁	[33] ݁݉ݑ݈݋ݒ 

Permeability Estimation 
 

(ܦ݉)ܭ = 307 + 26552(∅௘ଶ) − 34540	(∅௘ × ܵ௪)ଶ 
 

(ܦ݉)ܭ =  ݕܿݎܽܦ݈݈݅݅݉	݊݅	ݕݐ݈ܾ݅݅ܽ݁݉ݎ݁ܲ
∅௘ =   ݕݐ݅ݏ݋ݎ݋݌	݁ݒ݅ݐ݂݂ܿ݁݁
ܵ௪ =  [34] ݊݋݅ݐܽݎݑݐܽݏ	ݎ݁ݐܽݓ
 

 

Water Saturation 
 S୵ = ටୖ౥

ୖ౪
 

 
 

  

Hydrocarbon saturation Sୌ = 1− S୵ܵு = ௪ܵ ,݊݋݅ݐܽݎݑݐܽݏ	݊݋ܾݎܽܿ݋ݎ݀ݕܪ =  ݊݋݅ݐܽݎݑݐܽݏ	ݎ݁ݐܹܽ
[36] 
 

 

Net-To-Gross Net− to − gross =
NT
GT × 100 

ܰܶ = ܶܩ ,ݏݏℎ݅ܿ݇݊݁ݐݐ݁ܰ =  ݏݏℎ݅ܿ݇݊݁ݐݏݏ݋ݎܩ

 

ܴ௢ =  ݈݃݁	݈݅݋	ℎ݁ݐ	݂݋	ݕݐ݅ݒ݅ݐݏ݅ݏܴ݁
ܵ௪ =   ݊݋݅ݐܽݎݑݐܽݏ	ݎ݁ݐܹܽ

ܴ௧ =  [35] ݃݊݅݀ܽ݁ݎ	ݕݐ݅ݒ݅ݐݏ݅ݏ݁ݎ	݁ݑݎܶ
 



 

 

Table 3: Characterization of reservoir based on Porosity, Permeability  and Volume of shale 
[3, 37, 38] 

Porosity 
% 

Interpretation Permeability 
mD 

Interpretation Volume 
of Share% 

Interpretation 

0 – 5 Negligible < 10mD Poor to fair <5 Clean  sand 
5 – 10 Poor >10-50 mD Moderate 5 – 15 Slightly shaly 

sand 
10 – 15 Fair >50-250 mD Good 15 – 25 Shaly sand 
15 – 20 Good >250-1000 

mD 
Very good 25 – 35 Very shaly 

20 – 30 Very Good >1000 mD Excellent > 35 Shale 
 

 
Figure 3: Well section window showing correlation of A, B and C reservoir sand bodies 

 



 

 

 
Figure 4: Petrophysical logs for three reservoir intervals in W1 well 

 



 

 

 
Figure 5: Petrophysical logs for three reservoir intervals in W2 well 

 

 
Figure 6: Petrophysical logs for three reservoir intervals in W3 well 

 



 

 

 

 
Figure 7: Petrophysical logs for three reservoir intervals in W4 well 

 
 
Gross Thickness 
The gross thickness of a reservoir is the entire thickness from the top of the reservoir to the 
base of the reservoir (Figures 4-7). The thickness of the reservoirs varies from one well to 
the other across the field. The thickness of reservoir C is 204ft in W1 well, 240ft in W2, 189ft 
in W3 and 169ft in W4 well (Table 4 and Figure 8). The average gross thickness of reservoir 
C is 200.5ft for the four wells. The gross thickness of the wells shows that W2 well has the 
highest thickness while W4 has the lowest thickness. These results show that the reservoir 
sands are of sufficient thickness to accumulate hydrocarbons in economical quantities. 
 
Shale Volume (Vsh) 
Shale volume is the percentage of shale contained within the reservoir (Figures 4-7). The 
higher the shale content the poorer the reservoir quality to yield hydrocarbons. This is 
because shales act as barrier to the flow of hydrocarbons. In reservoir C, shale volume is 
23% in W1, 18% in W2, 16% in W3 and 15% in W4 well (Table 4 and Figure 9). On average, 
shale volume thickness is 18% suggesting that about 18% of the average gross thickness of 
reservoir C in the four wells is occupied by shale. 
 



 

 

 
Net to Gross 
The net to gross is the ratio of the thickness of the clean sand (net sand thickness) divided to 
the total gross thickness of the reservoir. The net to gross gives an indication of the total 
amount of the reservoir section that can be produced. The larger the net to gross value (in 
percentage), the better the quality of the reservoir. For Reservoir C, net to gross ratio is 77% 
in W1, 82% in W2, 84% in W3 and 85% in W4 well (Table 4 and Figure 9). The average net 
to gross ratio for reservoir C is 82% (Table 4).This result shows that on average, over 82% 
of the entire gross thickness of the reservoir C can produce if they contain hydrocarbons.  
 
 
Porosity 
Total porosity is the sum total of both the interconnected pores and the isolated pore spaces 
(Figures 4-7). The porosity relevant for hydrocarbon production is the effective porosity. The 
effective porosity is the sum of all the interconnected pore throats. In this study, the total and 
effective porosity of reservoir C are 24% and 17% for the W1 well, 29% and 26% for W2 
well, 26% and 21% for the W3 well and 24% and 20% for the W4 well (Table 4 and Figure 
9). The average total and effective porosity for reservoir C is 25.75% and 21% respectively 
(Table 4). According to [3, 36, 37, 38], porosity measurements <5% are negligible, between 
5-10% are poor, >10-20% are good, >20-30% are very good and >30 are excellent (Table 
3). Based on this classification scheme which is globally accepted for porosity classification, 
the total porosity recorded from reservoir C are classed as very good to excellent while 
effective porosity recorded for C are classed as good to excellent.  
 
Permeability 
Permeability is the ability of fluids to flow through a reservoir rock. Figures 4 - 7 shows the 
permeability measurements calculated in this study. The results of permeability for reservoir 
C are 410mD in W1 well, 2932.1mD in W2, 810.54mD in W3 and 134.33mD in W4 well 
(Table 4). On average, permeability value is 1071.74mD in reservoirs C (Figure 10). [36] 
classification of reservoir quality based on permeability values are as follows; < 10mD (poor 
to fair), >10-50 mD (moderate), >50-250 mD (Good), >250-1000 mD (very good) and >1000 
mD (excellent) (Table 3). Based on this classification scheme, reservoir C can be classed as 
very good to excellent reservoirs because they have average permeability values ranges 
between 250-1000mD and >1000mD except for well W4 that good only.  These results show 
that all the reservoirs in the field have good to excellent permeability values which are 
necessary requirements for hydrocarbon flow and production in economical quantities. 
 
 
Fluid saturation 
The fluids saturation in the reservoirs was determined using the Archie’s equation and the 
logs generated are presented in Figures 4-7. Water saturation estimated for reservoir C is 
2% in W1 well, 12% in W2, 21% in W3 and 58% in W4 well (Figure 9). This accounts for an 
equivalent hydrocarbon saturation of 98%, 88%, 79% and 42% in W1, W2, W3 and W4 wells 
respectively (Table 4). W1 has the highest hydrocarbon and lowest water saturation, while 
W4 has the lowest hydrocarbon and highest water saturation measurements. The average 
hydrocarbon and water saturation values for reservoir C are 77% and 28% respectively 
(Table 4).  

 
Fluid type 
In a reservoir rock, three types of fluids are commonly found in the pores. The fluids can 
either be gas, oil, water (fresh or brine) or a combination of two or the entire three fluid 
phases. The resistivity log was used to determine the presence of oil and water in the 
reservoirs because oil is much more resistive and water is less resistive. Hence a sharp 



 

 

increase in the resistivity log measurement indicated the presence of an oil water contact in 
the reservoir. In this study, reservoir C is oil bearing in well W1, W2 and W3 while oil and 
water bearing in W4 (Table 4). These results show that the reservoir C in all the wells are 
hydrocarbon bearing and can be produced. 
 

 
 

Table 4: Results of petrophysical evaluation estimated for Reservoir C in four wells 

 
 

 
Figure 8: A plot of gross thicknesses for reservoir C sand across all wells 

 

Well Reservoir 
Interval 
(MDft) 

Gross 
thickness  

ft  

Shale 
volume 

(%) 

Net to 
Gross 
(%) 

Total 
Porosity 

(%) 

Effective 
Porosity 

(%) 

SW 
(%) 

Permeability 
(mD) 

SH (%) Fluid 
type 

W1 11741-
11945 

204 23% 77% 24% 17% 2% 410 98% Oil 

W2 11933-
12173 

240 18% 82% 29% 26% 12% 2932.1 88% Oil 

W3 11658-
11847 

189 16% 84% 26% 21% 21% 810.54 79% Oil 

W4 11926-
12095 

169 15% 85% 24% 20% 58% 134.33 42% Oil 
and 
Water 

Mean  200.5 18% 82% 25.75% 21% 28% 1071.74 77%  



 

 

 
Figure 9: A plot of shale volume, net to gross ratio and porosity for reservoir C sand across 
all wells 
 

 
Figure 10: A plot of permeability for reservoir C sand across all wells 

 



 

 

6. CONCLUSION 
Three representative reservoir intervals (A, B, C) were identified and correlated across four 
wells (W1, W2, W3, W4) in W-field. The reservoir C interval was selected and utilized for the 
petrophysical interpretation. The results for petrophysical properties were presented in Table 
4 and Figures 8 – 10. The gross thickness of the reservoirs ranged from 169 to 240 ft with an 
average of 200.5ft. Average shale volume and net to gross (NTG) ratio for the reservoir are 
0.18 (18%) and 0.82 (82%) respectively. Generally, shale volume is < 30% and NTG 
exceeds 70% for reservoir C in all wells suggesting that the reservoir is clean enough for 
hydrocarbon production. On average total and effective porosity recorded are 0.26 (26%) 
and 0.21 (21%) respectively (Table 4). This result falls within 21-30% of Riders classification 
scheme, which classes the reservoir as having very good porosity. The results of 
permeability ranged from 134.33 to 2932.1 mD with an average of 1071.74 mD (Table 4).  
Based on classification scheme, the reservoir is classed as having very good to excellent 
permeability values. Results of water saturation shows that the reservoir sand is 
hydrocarbon bearing with average water saturation value of 28% with an equivalent 77% 
hydrocarbon saturation (Table 4). 
 
Petrophysical evaluation revealed that porosity and permeability are very good to excellent 
in the field. The reservoir is classed as clean sands based on the high net to gross ratio 
(>70%) and the low shale volumes (<30%). Therefore, the reservoir is hydrocarbon-bearing 
reservoir. 
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