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affron Gas Field, situated within the West Delta Deep Marine (WDDM) concession on the north-

western margin of the Nile Delta. The hydrocarbons in this field are extracted from the Saffron 

sand reservoirs. Many wells have been drilled and have penetrated these reservoirs. The petrophysical 

evaluation, conducted using well-log data, aims to identify hydrocarbon-bearing reservoirs and 

examine reservoir properties based on data from four wells. This study utilizes the Tech-log 

Schlumberger software packages for its analyses.  

The four wells provided ample data for detailed analysis, allowing evaluation of some petrophysical 

parameters such as shale volume (Vsh), total porosity (PHT), effective porosity (PHE), water 

saturation (Sw), hydrocarbon saturation (Sh), and net-to-gross reservoir thickness. Both conventional 

log tools and advanced CMR tools (Combinable magnetic resonance) were used in the present study, 

with a comparison between traditional and advanced techniques. 

 

Keywords: Petrophysical Evaluation, Porosity, Permeability, Saturation, Lithology, Density, Neutron 

and CMR logs, Saffron Gas Field. WDDM (West Delta Deep Marine). 

 

1. Introduction 

The Nile Delta is considered as gas-producing region 

with substantial reserves in its deep-water areas. 

Spanning approximately 50,000 km², the modern Nile 

Delta's area is evenly distributed between onshore and 

offshore regions. The offshore, Saffron Field, is a part 

of the West Delta Deep Marine concession. It 

contains multiple reservoirs within the Pliocene 

sandstones of the El Wastani Formation. The present 

study aims to provide a comprehensive geological and 

petrophysical analysis of the Saffron Field to enhance 

understanding of its hydrocarbon potentiality. The 

field features a stacked channel system with six 

distinct reservoirs, categorized as Channels A North, 

B, C, and E, collectively referred to as the Saffron 

North Complex, and two separate reservoirs, the A 

South Channel and Channel 11. (Figs.1, 2&3). 

 

The Saffron reservoirs are situated within the Pliocene 

sandstones of the El Wastani Formation, interpreted 

as deep-water canyon fill deposits. These reservoirs 

comprise a heterogeneous succession of sandstones 

and mudstones, arranged in a broadly upward-fining 

sequence. The lower part of the section is dominated 

by high-quality, blocky sands, while the upper section 

features isolated sand bodies encased in thin-bedded 

sands and mudstones. 

2. Data and Methods 

2.1 Data Availability 

Four wells were selected to investigate the Saffron 

Field reservoirs and assess the hydrocarbon 

potentiality in the study area. The open-hole log data, 

including conventional tools such as Gamma Ray, 

resistivity, calliper, sonic, neutron, and density logs, 

and advanced tools like CMR logs, were collected and 

digitized for the units studied. 

 

The study employed both qualitative and quantitative 

analyses using the Techlog-v.2019 Schlumberger 

software. Cross-plots were utilized to illustrate the 

lithological and mineralogical components of the 

Saffron reservoirs. The shale content (Vsh) was 

calculated from gamma-ray and neutron-density logs. 

The minimum shale content indicated by these shale 

indicators is likely close to the actual Vsh value. 
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Corrected porosity was estimated using a combination 

of the density and neutron logs after applying various 

corrections. Water saturation (Sw) was computed 

using the Indonesian equation for conventional 

evaluation. For advanced evaluation, CMR logs were 

used to estimate Vsh, total porosity, and effective 

porosity after correction with the density log. CMR 

logs also facilitated the estimation of water saturation 

and permeability. 

 

2.2 Determination of Lithology from Wire Line 

Logs 

A systematic computer-based interpretation of the 

lithology for the studied wells was conducted using all 

the registered logs. The initial step involved 

corroborating and comparing the gross lithology 

horizontally to the gamma-ray log at the same depth. 

This interpretation process then extended horizontally 

through other logs, including resistivity, sonic, 

density-neutron, and CMR logs, ensuring a 

comprehensive analysis of the lithological 

characteristics. 

 

2.3 Estimation of Petrophysical Parameters 

Listings of the various reservoir parameters by depth 

were also generated during the study. 

 

2.3.1 Shale and Clay Volume 

For the estimation of the Volume of shale from 

conventional tools, the minimum of gamma-ray was 

used to compute Vsh, as shown in equation 

1(Schlumberger, 1972). 

    
           

             
                                        ( ) 

Where: 

Vsh= Volume of Clay 

GR log= GR Log reading of formation 

GR min= GR Matrix (Clay free zone) 

GR max= GR Shale (100% Clay zone) 

 

Estimation Vsh from CMR logs we used 

(Freedman, 1997) 

    
                

                 
                                ( ) 

Where: 

CBF2= Porosity of clay bound water 

CBF2 log= CBF2 reading of formation 

CBF2 min= CBF2 (Clay free zone) 

CBF2 max= CBF2 (100% Clay zone) 
2.3.2 Porosity 

Total porosity was calculated from the density-

neutron log as shown in the following relationship, 

Asquith, G.B. and Gibson, C., (1982): 

   √
     

 
                                                          ( ) 

Where: 

φ t= Porosity derived from density log 

φ N =Neutron porosity read on log 

φ D= density porosity (measured by this equation 

{(ρma – ρb)/ (ρma – ρfl)}) 

 

Effective porosity was estimated according to the 

following equation (Schlumberger, 1972) 

        (      )                                           ( )  

Where: 

φ eff = Effective porosity 

Vsh = Volume of shale 

φ sh=porosity of shale 

 

Porosity from CMR tool (Freedman, 1997) (Fig.4) 

                                           ( ) 

Where: 

DMRP= Total CMR porosity corrected 

TCMR= Total CMR porosity 

DPHI= Total Density porosity 

 

Effective corrected porosity from CMR 

(Freedman, 1997) 

                                                 ( ) 

Where: 

DMRP.eff= Effective CMR porosity corrected 

DMRP= Total CMR porosity corrected 

CBF2= Porosity of clay bound water 

 

2.3.3 Water Saturation 

Water saturation was estimated using the following 

Indonesian equation. (Schlumberger, 1972) 

 

√  

 [
   

(        )

√   

 
(√  )

 

(√   )
] (√  )

 
             ( ) 

Where, 

Rd= Deep Resistivity 

Rsh= resistivity in clay (read from log) 

Rw= Down hole water resistivity 

m= cementation factor 

n= Saturation exponent, it is the gradient defined on 

the plot. 

 

Water saturation from the CMR tool, (Freedman, 

1997) 

    
  

       
                                                        ( ) 

Where: 

CW= capillary water. 

DMRP.eff= Effective corrected porosity from CMR 
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2.3.4 Permeability from the CMR tool 

We used a Timur-Coats model (Timur, A. 1969) to 

estimate the permeability from CMR logs. 

 

           (          )                                     ( ) 

Where:  

Porosity (ɸ) = Total CMR porosity corrected 

FFV= Free Fluid Volume  

BFV= Bound Fluid Volume  

 

2.3.5 Net Pay 

A porosity cut-off of 10% was used along with a shale 

volume cut-off of 60% to define the quality of the 

reservoir rock. Water saturation, Sw, a cut-off value 

of 70% was used to determine pay. The reservoirs 

were represented by a porosity greater than 10% and 

shale volume less than 60%. For the net pay, if the 

water saturation within the reservoir is less than 70%, 

it is considered to contain hydrocarbon. 

 

2.3.6 Cross-Plots 

In this study, two types of well-log cross-plots 

between two variables were done and the resulting 

series of points were used to define the relationships 

between the variables. The cross-plots include: 

 

I. Cross-plots of compatible logs measure the same 

parameters as the porosity logs, neutron-density cross-

plot. 

 

II. Clay Minerals Identification using Natural Gamma 

Ray Spectrometry Tool (NGS). 

 

Fig. 1. Saffron field location map. 



440 OSAMA S. MOSELHY, et al., 

________________________ 

Egypt. J. Geo. Vol. 68 (2024) 

 

Fig. 2. A schematic map showing the field components 

 

 

 

Fig. 3. Stratigraphic column of WDDM Nile Delta (Cross, et al., 2009). 
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Fig. 4. T2 distribution curve from CMR. Cut-offs are used to get different bin porosities, and accordingly, 

Total porosity, Bound fluid volume, and Free fluid volumes are calculated. (Kameshwar Nath, 2003). 
 

3. Results and interpretation 

3.1 Lithological Components Identification 

The identification of the matrix components and fluid 

typing is well defined through the Neutron-Density 

cross-plot. The Density -Neutron Cross plot shows 

that in Saffron-1 well reservoirs is characterized by a 

sandstone matrix with high porosity. The plotted 

points for this sand, as shown in (Figure-5), clearly 

indicate a cluster concentrated along the sandstone 

line in the 25% to 35% porosity range. The majority 

of these points, representing high-quality gas sand, 

have migrated to the northwest. This shift indicates 

the effect of the gas, as evidenced by a decrease in 

neutron porosity (average probability about 50% = 

0.17) and a decrease in average density 

(approximately 2 g/cm³), as shown in the histograms. 

Additionally, thin-bedded points are concentrated 

along the sandstone line in the 30% to 50% porosity 

range and have migrated eastward. This migration 

indicates the effect of clay, which increases neutron 

porosity (average probability about 50% = 0.44) and 

average density (approximately 2.1 g/cm³). (Fig.5). 

For Saffron-2 well  

Saffron reservoirs are characterized by a sandstone 

matrix with high porosity, as indicated by the plotted 

points in (Figure-6). The cluster of points is 

concentrated along the sandstone line in the 20% to 

40% porosity range. Most of these points, 

representing high-quality gas sand, have migrated to 

the northwest, indicating the effect of the gas. This is 

evidenced by a decrease in neutron porosity (average 

probability about 50% = 0.18) and a decrease in 

average density (approximately 1.8 g/cm³). 

Additionally, thin-bedded points are concentrated 

along the sandstone line in the 30% to 40% porosity 

range and have migrated to the east. This migration 

indicates the effect of clay, which increases neutron 

porosity (average probability about 50% = 0.35) and 

average density (approximately 2 g/cm³). (Fig.6). 

For Saffron-Dlb well  

A sandstone matrix with high porosity characterizes 

reservoirs. The plotted points for this sand (Figure-7) 

clearly indicate a cluster concentrated along the 

sandstone line within the 20% to 35% porosity range. 

Most of these points, representing high-quality gas 

sand (marked by red dots), have migrated to the 

northwest. This migration signifies the effect of gas, 

as evidenced by a decrease in neutron porosity 

(average probability about 50% = 0.15) and a 

decrease in average density (approximately 1.9 

g/cm³), as shown in the histograms. 

Additionally, the water sand points (marked by blue 

dots) have migrated to the northeast, indicating the 

effect of water sand. This is demonstrated by the 

neutron porosity (average probability about 50% = 

0.3) and the average density (approximately 2.2 

g/cm³), as depicted in the histograms. (Fig.7). 

For Saffron-Dn well 

 A sandstone matrix with high porosity characterizes 

reservoirs. The plotted points for this sand (Figure-8) 

indicate a cluster concentrated along the sandstone 

line within the 25% to 35% porosity range. Most of 

these good-quality gas sand points have migrated to 

the northwest. This migration indicates the effect of 

the gas, as evidenced by a decrease in neutron 

porosity (average probability about 50% = 0.15) and 

a decrease in average density (approximately 1.85 

g/cm³). (Fig.8). 

3.2 Well Log Analysis 

The input data and output results of Saffron 

reservoirs in the four wells are drawn in (Figs.9, 10, 

11&12).The lithology for Saffron reservoirs is 

primarily sandstone with shale interbeds.  

The average porosity calculated by conventional 

tools ranges from 18% to 27%, while CMR values 

range from 18% to 30%. Water saturation calculated 

by conventional tools ranges from 25% to 68%, 
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while CMR values range from 20% to 77%. (Table 1 

and 2). 

3.3 Reservoir Pressure and Connectivity 

It can be concluded that in the next points and 

Saffron Field pressure data plot. (fig.13) 

Northern Saffron Field Wells: 

Wells such as Saffron-1, Saffron-2, and others in the 

northern part of the Saffron Field exhibit the same 

pressure trend with gas gradient = 0.06 psi/ft and 

share a regional water contact, detected in Saffron-1 

through wire line logs and pressure data at 2176m 

TVDss. 

Saffron-Dn Well: 

Drilled in 2006 in the west of the Saffron Field, 

Saffron-Dn was analyzed after approximately four 

years of production (since 2002). The well showed a 

depletion of around 190 psi from the initial pressure, 

confirming that Channel C is connected to the other 

reservoirs. 

Saffron-Dlb Well: 

Drilled in 2008 in the southern part of the Saffron 

Field, Saffron-Dlb targeted Channel A-South, which 

is separated from the northern Saffron Field by a gas 

chimney. After around six years of production, the 

well maintained its initial pressure, approximately 50 

psi higher than the initial pressure found in Saffron-

1. Additionally, a different regional water contact 

was found at 1790m TVDss, confirming that 

Channel A-South is completely isolated and not 

connected to the rest of the channels. 
 

 
Fig. 5. N-D cross plot for Saffron-1. 

 

 
Fig. 6. N-D cross plot for Saffron-2. 
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Fig. 7. N-D cross plot for Saffron-Dlb.. 

 

 

Fig. 8. N-D cross plot for Saffron-Dn. 
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Fig. 9. Litho-Saturation Cross Plot for Saffron channels in Saffron-1 well. 
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Fig. 10. Litho-Saturation Cross Plot for Saffron channels in Saffron-2 well. 
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Fig. 11. Litho-Saturation Cross Plot for Saffron channels in Saffron-Dlb well. 

 

 

 
 

Fig. 12. Litho-Saturation Cross Plot for Saffron channels in Saffron-Dn well 
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Table 1. Conventional results for Saffron well. 

 
 

Table 2. DMR results for Saffron well. 
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Fig. 13. Pressure Plot for Saffron field. 

 

4. Summary and Conclusion 

This study focuses on the reservoir Saffron 

reservoir's general geological setting and structural 

setup within the El Wastani Formation on the 

northwestern margin of the Nile Delta. 

Petrophysical analysis was conducted for the 

reservoir rocks in four wells to calculate parameters 

such as porosity, shale volume, permeability, water 

saturation, and hydrocarbon saturation. This 

analysis was used to develop litho-saturation cross-

plots and lithologic identification cross-plots, along 

with examining lateral variations in lithology and 

saturation distributions. The study compared results 

from conventional tools with those from advanced 

tools (CMR) to select the most suitable model for 

the Saffron reservoir and examined reservoir 

connectivity and water levels through pressure-

depth plots. 

 

The study can be summarized as follows 

Well Logging Analysis 

Well logging analysis was conducted for the 

Saffron reservoir in the four selected wells, 

determining fluid resistivities (Rm, Rmf, and Rw) 

at formation temperatures. Water resistivity (Rw) 

was determined through water sample measurement 

and resistivity in clean water-bearing zones. 

Uninvaded zone resistivities (Rt) were calculated 

from available resistivity logs using Techlog-

v.2019 petrophysics software. The Volume of shale 

(Vsh) was calculated using GR and resistivity 

methods as single indicators and neutron-density 

methods as double indicators. 

Corrected rock porosity (Ф) was calculated using: 

-Conventional tools: Sonic, Density, Neutron logs 

-Advanced tools: CMR tool 

 

The fluid saturations were determined for both 

clean and shaly zones, with Archie's equation 

applied to clean zones and the Indonesian model 

applied to shaly zones. Results were compared with 

water saturation calculated from the CMR tool, and 

the closest results to CMR were found in the 

Indonesian model. 

 

Permeability Determination 

The NMR data is used extensively to compute 

permeability this is because there is a direct 

correlation between permeability and the following 

Parameters: 

-Surface area/Pore volume ratio(S/V) 

-Pore throat diameter and hence pore size 

-Porosity: 

So that in this study Timur-Coates model is used to 

calculate permeability as it is the best method for 

gas reservoirs. 

 

Lithological and Mineralogical Evaluation 

The lithology and mineralogy of the Saffron 

reservoir rock were studied using various cross-
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plots (density-neutron, Th-K, PE-K, and PE-Th/K 

cross-plots). These plots indicated that the reservoir 

rock is primarily composed of sandstone matrix 

with shale interbeds, consisting mainly of mixed 

layer clay, montmorillonite, illite, and moderate 

percentages of mica and glauconite. 

 

Hydrocarbon Potentialities 

The vertical and horizontal distributions of 

hydrocarbon occurrences were exhibited through 

litho-saturation cross-plots of the four evaluated 

wells. 

 

A.Vertical Distribution of Petrophysical 

Parameters 

The litho-saturation cross-plots showed that the 

Wastani Formation mainly consists of claystone 

with streaks of sandstone and siltstone, while the 

Saffron reservoir is primarily sandstone with shale 

interbeds.  

The average porosity calculated by conventional 

tools ranges from 18% to 27%, while CMR values 

range from 18% to 30%. Water saturation 

calculated by conventional tools ranges from 25% 

to 68%, while CMR values range from 20% to 

77%. 

B. Reservoir Pressure and Connectivity: 

MDT pressure data was collected from four wells in 

various compartments of the Saffron Field. The data 

analysis indicated that the Saffron-Dlb well in the 

southern area is modeled as a separate 

compartment, while the rest of the field is treated as 

one interconnected reservoir, with a slight pressure 

difference between the south and north. 

 The free water level was identified at 2176m 

TVDss in Saffron-1 and at 1790m TVDss in 

Saffron-Dlb. 

 

5. Recommendations 

It is advisable to utilize the Density–Magnetic 

Resonance (DMR) method to calculate gas-

corrected total formation porosity, as it provides 

more precise reservoir volume estimates. 

Additionally, using gas-corrected total porosity in 

conjunction with deep-reading resistivity tools 

allows for the computation of more accurate 

formation gas saturations. 

 

Moreover, it is recommended to apply the 

Indonesian model to calculate water saturation in 

this reservoir. For permeability calculations, the 

Timur-Coates model is suggested due to its 

effectiveness in gas reservoirs. 

 

For further field development it is recommended 

according to all the previous analysis (MDT-litho 

saturation cross plots) to: 

 

1-Drill a new well in the southern Part around 

Saffron-Dlb: This well aims to delineate Channel A 

in the southern part of the Saffron Field. 

 

2-Drill another well in the western part around the 

Saffron-Dn area: This well targets the delineation of 

channel C 
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 ية لخزانات الرمال الطينية في حقل الزعفران، دلتا النيل، مصرزيقدراسات بتروفي
 2أمير ماهر سيد لالاو  ،2الديد عبدالعزيز عبدالمقتدرو  ،1مصيلحي ة سعيدأسام

 العربية مرر جمههرية القاهرة، لمبترول، رشيد شركة1
 العربية مرررية جمهه  ،قاهرةال ،عين شمس جامعة العمهم، كمية ،فيزياءالجيه  قدم2

الغربية لدلتا ( عمى الحافة الذمالية WDDMحقل الزعفران الغازي، الذي يقع ضمن امتياز غرب دلتا البحر العميق )
النيل. يتم استخراج الهيدروكربهنات في هذا الحقل من خزانات رمال الزعفران. تم حفر العديد من الآبار التي اخترقت 

، التي أجريت باستخدام بيانات سجلات الآبار، إلى تحديد الخزانات بتروفيزيقية هذه الخزانات. تهدف التقييمات ال
فحص خرائص الخزان استنادًا إلى بيانات من أربعة آبار. تعتمد هذه الدراسة عمى المحتهية عمى الهيدروكربهنات و 

وقد وفرت الآبار الأربعة بيانات كافية لمتحميل  شركة شممبرجير في تحميلاتها من Techlog-v.2019حزم البرمجيات 
(، المدامية PHTة الكمية )(، المداميVshمثل حجم الطين ) البتروفيزيقيةالمفرل، مما سمح بتقييم بعض المعايير 

(، وسمك الخزان الرافي إلى الإجمالي. تم استخدام Sh(، تذبع الهيدروكربهن )Sw(، تذبع الماء )PHEالفعالة )
 .المتقدمة في هذه الدراسة، مع المقارنة بين التقنيات التقميدية والمتقدمة CMRأدوات الدجلات التقميدية وأدوات 

 


