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ABSTRACT  
 
The Upper Rudeis sand is the third most important reservoir in July oil field, Gulf 
of Suez, Egypt. Its lithology is mixed and complicated, so we need to characterize 
the reservoir using integrated and different techniques. Many studies discuss the 
petrophysical parameters, petrographic and fluid properties of the Upper Rudies 
reservoir rock based on wireline log data and core data. The present study 
attempts to integrate the elastic attributes (acoustic impedance, shear impedance, 
bulk modulus, shear modulus and poisson’s ratio, etc), rock physics templates and 
well log data to assist the discrimination of lithology and fluid content of the 
reservoir. All these attributes provided a better understanding of the reservoir 
quality supported by other studies. The petrophysical analysis shows that the 
reservoir has excellent reservoir and fluid flow potential. Based on seismic 
attributes and rock physics templates the lithology of the reservoir is 
discriminated into sandstone and shale zones and the fluid content is 
discriminated into oil and brine water. 
 
Keywords: Reservoir characterization, petrophysics, elastic attributes, rock 
physics. 

 
 
 
INTRODUCTION 
 
Seismic data attributes provide us with valuable 
knowledge about the elastic properties of the reservoir 
rocks and thus allows assessing seismic delectability and 
discrimination of different lithology and fluid content. It 
can give the seismic interpreter new images that enhance 
the physical and geometric descriptions of the sub-surface. 
The structural and stratigraphic framework of the sub-
surface is facilitated by using the geometric attributes, 
while hydrocarbon or lithologic discrimination can be 
facilitated using physical attributes (Adigun and Ayolabi, 
2013).  

The main objective of this study is to use physical 
attributes to characterize and enhance lithology and fluid 
discrimination for the Upper Rudeis reservoir in July oil 
Field, Gulf of Suez, Egypt. The reservoirs’ lithology consists 
of sandstone, cyclic clastic carbonates and shale.  

Integration   of    seismic,   petrophysical   and   geological 

information is important to obtain accurate reservoir 
characterization, because each of them has information 
that helps us to delineate or describe a reservoir (Walls et 
al., 2004).  

An integrated study for  the Upper Rudeis reservoir 
rocks was carried out by Wafaa and Alaa (2013) using 
multiple data evaluation techniques and multiple data 
scales (using a core-based rock typing approach 
supplemented by well logs)  to identify the different rock 
types of the reservoir.  

The aim of this study is to characterize the Upper Rudies 
reservoir by using seismic attributes indicating that 
seismic attributes are effective to differentiate lithology 
and fluid in a clastic reservoir. The output of this work can 
be useful for static model building and volumetric 
calculation; therefore, it might be valuable in future field 
development.   In   this   study, one well was considered for 
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Figure 1: Location map of the study area. 

 
 
the detailed study, SG310-well. 
 
 
DATASET OVERVIEW 
 
The study area is located to the west of July oil field, 
Central Gulf of Suez, Egypt, (Figure 1). The Upper Rudeis 
reservoir rocks of early Miocene age, are extremely 
heterogeneous as it has multiple lithologic types 
(sandstone sub-zones separated by shale and often 
carbonates intervals), porosity (11 to 18%), permeability 
(3 to 881 md), pore fluid composition (oil-water) and 
depositional environment (deltaic, near shore and 
submarine-fan system), with excellent reservoir and fluid 
flow properties, respectively (Wafaa and Alaa, 2013).  

Only one well in the study area is considered for detailed 

rock physics modeling, (SG310-5A well). A complete set of 
logs are available for the studied well: Gamma-ray (GR), 
resistivity (RD), density (Rho), neutron porosity (NPHI) 
and compression sonic log (DTC) (Figure 2). Dipole sonic 
data (DTS) is not available, so shear wave velocity log is 
estimated from a measured compression velocity by 
Greenberg-Castagna equation (1992) given as: 
 
𝑉𝑃 = 1.16 𝑉𝑆 + 1.36 
 
Two main steps are used in this study; the first step is 
petrophysical analysis as the starting point. This step 
involves preparing the well logs to generate new log 
attributes, namely, Vp/Vs, bulk modulus, shear modulus, 
Poisson`s ratio and Lambda-Mu-Rho, etc, followed by the 
second   step   in   which   well   base cross plot analysis for 
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Figure 2: Available logs for well SG310-5A. 

 
 
lithology and fluid determination together with 
identification of reservoir takes place.  
 
 
FLUID-LITHOLOGY DETECTION AND DISCRIMINATION  
 
During reservoir characterization, the first step was to 
discriminate between fluids and lithology; this was done 
through cross-plotting by combining different seismic 
attributes.  
 
 
Vp/Vs and P- wave velocity 
 
Lithology and fluid identification can be determined from 
the ratio between P-wave velocity and S-wave velocity that 
is derived from seismic or sonic log data (Avseth et al., 
2005). The sensitivity of P-wave velocity to fluid changes is 
higher than the sensitivity of S- wave velocity. This means 
any changes in the VP⁄VS ratio inside a reservoir would 
indicate different fluid saturation. Figure 2 shows VP⁄VS 
ratio log for SG310-5A well. The value of VP⁄VS in the oil 

saturated zones are approximately 1.55 to 1.77 while brine 
saturated sand area has a VP⁄VS ratio value of about 1.86. 
Figure 3 is a cross plot between P-wave velocity and 
VP⁄VS ratio for the study well; the oil sand zone is 
delineated by the polygon in the cross plot. Low values of 
P-wave velocity and VP⁄VS ratio are observed in the 
presence of oil; however, in higher velocities (stiffer rock) 
there is poor fluid discrimination. Predicted porosity from 
the values of VP⁄VS ratio show that one zone in the study 
reservoir is characterized by connected moldic porosity 
(VP⁄VS ratio>2) while the rest of the reservoir is 
characterized by well connected interparticle porosity 
(VP⁄VS ratio<2). Lithology analysis using VP⁄VS indicate 
that about six zones of the Upper Rudies reservoir are 
carbonates (VP⁄VS ratio 1.81 to 1.98), while the rest of the 
reservoir consists of sandstone (VP⁄VS ratio 1.66 to 1.81). 
 
 
P-and S-wave acoustic impedance cross-plot  
 
P-impedance also called acoustic impedance (AI), is a 
popular  technique   for lithology and pore fluid prediction; 
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Figure 3: P-wave velocity versus VP⁄VS ratio cross plot. 

 
 

 
 

Figure 4: Acoustic impedance (P-impedance) versus S-impedance cross plot. 

 
 
it is calculated by multiplying P-wave velocity and density, 
while S-impedance, on the other hand, is calculated by 
multiplying S-wave velocity and density. Oil-saturated 
sand reservoir is characterized by a reduction in acoustic 

impedance as compared to the surrounding non-reservoir 
area (shale and shaly sand). 

Figure 4 represents the relationship between P-
impedance and S-impedance. We can see that the presence
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Figure 5: Acoustic impedance versus VP⁄VS ratio cross plot. 

 
 
of oil decreases S-impedance, moreover, the fluids can be 
discriminated as illustrated by the colored polygons.  

Based on the values of P-impedance the study reservoir 
is subdivided into about 27 non- reservoir zones 
[AI<12((m/s)*(g/cc))] and about 24 reservoir zones 
[AI>12((m/s)*(g/cc))]. These results are in line with the 
conclusions of Wafaa and Alaa (2013). 
 
 
Vp/Vs and P- wave impedance (AI) cross-plot  
 
Figure 5 is a cross plot of acoustic impedance versus Vp/Vs 
from which we can discriminate between oil sand and 
brine sand as well as, the separation between sand and 
shale. 

Figure 5 shows three clusters in the cross plot domain 
and separate lithology and pore fluid. Oil sand area with 
low values of Vp/Vs and acoustic impedance are 
represented by the blue polygon. Shaly sand is presented 
by a grey polygon with a high value of Vp/Vs and acoustic 
impedance. Brine sand is also indicated by a green polygon 
with higher acoustic impedance and Vp/Vs values than oil 
sand.  
 
 
Poisson`s ratio and Vp/Vs ratio  
 
Poisson’s ratio is a diagnostic lithological indicator. It 
measures the change of a body of material when it is 

affected by compression or tension (David and Ravalec-
Dupin, 2007). Any change in Poisson’s ratio could indicate 
a change in pore fluid. In this work, Poisson's ratio log was 
constructed using velocity method and Lambda-Mu-Rho 
(LMR) calculation (Figure 2). The oil saturated zones 
possess high Poisson's ratio (0.23 to 0.4) as compared to 
the surrounding zones. The shalier lithology was plot at 
relatively higher Poisson`s ratio than the sand lithology. 

Identification of hydrocarbon zones can be established 
by examining the relationship of Poisson`s and Vp/Vs 
ratios. Figure 6 shows the guideline plot for hydrocarbon 
detection using a cross plot of Poisson's ratio against 
Vp/Vs ratio. Oil, water and shale zones in the study area 
can be classified using the guideline plot based on 
additional log information. Figure 7 shows a cross plot of 
Poisson's ratio versus Vp/Vs ratio. The selected area on 
the cross plot show a good fit with our preceding 
observation about the location of oil reservoir. 
 
Lambda- Mu-Rho (LMR) cross-plot 
 
Rock properties can be extracted from the relationship 
between lamé parameters, λ (Incompressibility), μ 
(rigidity) and ρ (density) and their ability to perform 
inversion (Goodway, 1997). The relationship of Mu-Rho or 
rigidity is related to the rock matrix, so it can be used for 
lithology discrimination. 

High rigidity is usually associated with sandstone 
because the dominant mineral in the sand matrix is quartz 
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Figure 6: Guideline plot for Vp/Vs ratio versus Poisson`s ratio (Per Avseth lecture notes). 
 
 

 
 

Figure 7: VP⁄VS ratio versus Poisson`s ratio cross plot. 

 
 
and as a result sand matrix has a higher value of Mu-Rho 
(MR) than shale and coal.  

Fluid        content       can       be       distinguished     using 

incompressibility or Lambda-Rho, where the density of 
sandstone containing hydrocarbon is less than the density 
of    sandstone    containing     water.   As  a  result, in a sand 
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Figure 8: LMR cross plot. 

 
 
reservoir containing hydrocarbon, the Lambda-Rho (LR) 
values are low. We should consider the fact that neither 𝜆 
nor 𝜇 are powerful and accurate indicators individually, 
however, the combination of λ and μ exerts a direct 
indicator for both lithology and fluid content (Hazim, 
2011).  

In the present study, lithology and fluid content are 
identified using the LMR cross plotting, where 𝜇ρ is plotted 
in the y-axis and 𝜆ρ is plotted in the x-axis. Figure 8 shows 
the LMR cross plot for the study. The sand reservoir zones 
are captured with a polygon in the cross plot, it 
corresponds to a low a value and a high 𝜇 value well. The 
results confirmed that this method can be used with 
confidence to characterize a reservoir and to separate oil-
bearing sandstone reservoirs from brine-bearing sands 
and shale. 
 
 
CONCLUSIONS 
 
This study is an integrated work to characterize the Upper 
Rudies reservoir by using elastic attributes, Rock physics 
Templates (RPT) and well log data to predict lithology and 
fluid content of the studied reservoir. The attributes of 
Vp/Vs, acoustic impedance, Poisson’s ratio and Lambda- 
Mu-Rho are good tools to differentiate lithology and fluid 
nature of the reservoir. It is recommended to run dipole 

sonic logging (DTS) such that reliable values of shear wave 
velocity (Vs) can be estimated. 
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