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Using seismic AVO attributes and Inversion methods in predicting 

reservoir properties and geometry is an effective technique, especially in 

the Nile delta where the reservoir is heterogeneous. The main challenge in 

the current study is that most of the wells drilled in the area are either 

depleted or water folded. So the identification of gas-bearing sand using 

only seismic methods will be questionable. One of the advantages of the 

brownfield is that a lot of pertophysical data and production data are 

available. 

Petrophysical data and production history help to understand the reservoir 

properties like porosity, density, shale content, fluid content, and water 

level (gas water contact GWC). 

This study focused on using petrophysical and production data with the 

seismic inversion result to define the gas sand distribution and reservoir 

properties.  

To achieve the target of the study Structural interpretation, amplitude, p-

impedance, and VP/VS maps were created to improve imaging of Abu 

Madi reservoir levels. The production history of the closed & current 

production wells has been revised and integrated with the seismic results. 

Based on these new information areas of possible residual gas were 

delineated. 
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1. Introduction 

The present Nile Delta is known as 

Neogene–Quaternary Delta. The Fayum 

Delta (Upper Eocene–Oligocene) and 

Moghra Delta (Early Miocene) are the 

ancestries of the present Nile Delta. The 

Fayum Delta and Moghra represent deposits 

of the ancestral Nile, which flowed in a 

northwesterly direction across the present-

day El Bahr depression into the 

Mediterranean Sea (Said et al., 1962). After 

that, an eastward shift of the Nile and its 

delta took place during Early to Middle 

Miocene time forming the present Nile Delta 

(Neogene–Quaternary Nile Delta). The 

shifting of the river from west to east may be 

a result of tilting and crustal movements that 

affected northern Egypt (Salem et al., 1976). 

The Abu Madi- El Qaraa (AM-EQ) 

Field is located onshore north of the Nile 

Delta, Egypt, Fig. (1). IEOC Company, 

considered the first gas discovery in Nile 

Delta, discovered it in 1967. The production 

began in 1975, is considered a giant gas and 

condensate accumulation for that time. 

 

Fig. 1: Location map of Abu Madi - El Qaraa 

Field, northern Nile Delta Basin. 

The field comprises two separate gas 

pools (termed Levels II and III) Fig. (3) 

within the Upper Miocene (Late Messinian) 

Abu Madi Formation, (Barbieri et al., 1992). 

Level III has been penetrated by 19 wells. In 

2014 only one well was still in production, 

the other 18 well have been water flooded. 

In 2002 the geometry and extension of Level 

III has been studied using the available 2D 

lines and wells data this study considered all 

level III comprises two main channel 

deposits, with subsidiary channel sands and, 

in the northeast, an alluvial-fan body Fig. (2) 

in hydrodynamic communication and has the 

same GWC with the presence of 

transmissibility which caused differential 

GWC rise. 

Most reservoir study conducted for Abu 

Madi/El Qaraa fields done in 2002, formerly 

of the first 3D seismic acquisition and 

processing 2007-2008. Therefore, most of 

these studies accomplished for Abu Madi 

reservoirs (Level III and Level II) did not 

beneficiated the input of new 3D seismic 

data Fig. (2). 

In the current work the new 3D seismic data, 

production data, and electrical logs data 

were integrated to update the maps, confirm 

reservoir geometry and continuity, also 

highlight new drilling opportunities for 

additional potential resources. 

 

 

Fig. 2: Depth-structure map of the AB-EQ Field 

at the level of the Level III reservoir 

(Shash et al., 1996). 
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2. Data set 

This study is based on 3D seismic 

surveys which cover totally the extension of 

Abu Madi onshore reservoirs. It was 

acquired by Western Geco group in 2007, 

using a dynamite energy source. The 

receiver lines spacing was 300 m apart and 

the shooting was Brick giving nominal fold 

and bin size=25x25. Well logs and 

production data from Level III from the 

adjacent area used for petrophysical 

parameters and production data. 

2.1. Abu Madi Geological setting 

The Abu Madi (AM) Fm. has the 

lithotype in the AM-1 well, where it attains a 

thickness of 322 m., (Rizzini et al., 1978). 

This formation is composed of thick sand 

layers, scarcely conglomeratic, with shale 

layers interbeds that become thicker and 

more frequent in the upper part of the 

formation, (Alfy et al., 1992). 

AM Fm. (Late Messinian age) is considered 

the sedimentary infilling of a fluvial paleo 

valley developed in the subsurface from 

South (East Delta Concession) to North 

(Baltim fields) for almost 130 km and from 

East to West for almost 5 km., (Dalla, et al. 

1997).  AM Fm. has a thickness of about 

300 m on average and is characterized by 

stacked fluvio-deltaic sandstones and shales 

onlapping content ward (southward) and to 

the valley flanks against the basal erosional 

unconformity surface cutting the Qawasim 

and Sidi Salim Fms. The erosional shape of 

the Abu Madi paleo valley is due to a 

dramatic relative lowering of the sea level 

that occurred in the Late Messinian, 

(Palmieri et al., 1996; Dalla et al., 1997, 

Dolson et al., 2002). 

The classical Abu Madi Fm. 

lithostratigraphic section is represented in 

AM/EQ fields Fig. (3) where the reservoir 

sandstone levels have been named, starting 

from the bottom, as follows:  Level I, Level 

II, Level III-A, and Level III. 

 

Fig. 3: Stratigraphic Column and Reservoir 

Zonation of AM/EQ Fields (El Heiny et 

al., 1990). 

3. Methods 
In this study, we need to estimate the 

geometry of the reservoir, continuity of sand 

bodies, and pertophysical parameters. So, 

structural interpretation, amplitude 

extraction. Post stack inversion will be 

carried out to estimate the acoustic 

properties of the reservoir. P-impedance, 

petrophysical data, and production history of 

the wells were used to estimate the presence 

of reaming gas potentiality. 

3.1. Seismic interpretation and 

Amplitude extraction 

Regional horizons interpretation, 

amplitude extraction, and depth conversion 

for Abu Madi channel, Level III was derived 

using Landmark integrated software Fig. 

(4&5). Well names have been changed to 

keep the data private. 

AM-EQ Field contains two separate sand 

levels (Levels II and III) Fig. (4) in 

combination structural-stratigraphic traps 

within the Upper Miocene Abu Madi 

Formation. Both reservoirs were deposited 

within an NW-trending paleo-valley Fig. (5). 

Fig.(6) shows Level III trends NW-SE, 

measures around 22 km long by 1.7-5.8 km 
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wide to the west and east, the top-reservoir 

terminate abruptly, suggesting the presence 

of a channel overbank seal. 

Amplitude extraction on full volume Fig. (6) 

shows separate amplitude anomalies that 

most likely indicate separate sand bodies. 

Through El Qaraa field, Level III bifurcated 

into three major fairways, two of them are 

not yet penetrated by any wells. 

 

Fig. 4: N-S interpreted cross-section through the 

northern part of the EQ Field. 

 

Fig. 5: Depth-structure map of the AB-EQ Field 

at the level of the Level III reservoir 

 

 

Fig. 6: RMS amplitude map on full-stack at top 

Level III reservoir in Abo Madi-El Qaraa 

Field. 

       Seismic inversion 

Inversion of the seismic trace is a 

technique,  which transfers seismic trace 

data to rock physical properties. Pre-stack 

and post-stack inversion are two methods of 

seismic inversion that we can use to analyze 

inversion results. 

Seismic Inversion is the analysis of seismic 

data using forward modeling Fig. (7). 

The forward modeling starts with the bulk 

density (𝜌) and sonic velocity (𝑉) obtained 

from the well logs, which can generate the 

reflection coefficient. Reflection coefficient 

is the ratio of reflected amplitude and 

incident amplitude: 

𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  

(𝑉1𝜌1 − 𝑉2𝜌2)/ (𝑉1𝜌1 + 𝑉2𝜌2)       eq. (1)          

        Post-stack inversion 

The seismic traces in the stacked 

seismic section could be modeled as the 

convolution of the earth’s reflectivity and a 

band-limited seismic wavelet. In a post-

stack inversion, we assume that seismic 

traces are zero offsets. It means that they hit 

the interface and reflect with zero angles. So, 
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The Zoeppritz equations will simplify to the 

more manageable equation given by Eq. (2). 

ri = (Zi+1-Zi)/ (Zi+1+Zi)        eq. (2) 

Where ri is the zero offset reflection 

coefficient at the ith interface and 

Zi= 𝜌iVi is the impedance of ith layer. 𝜌 is 

density and Vi is P-wave velocity. 

Model-based inversion is based on 

the convolution model. If the noise is 

uncorrelated with the seismic signal, we 

can solve the reflectivity satisfying this 

equation. This is a non-linear and band-

limited equation, which can be solved 

iteratively due to (Swisi et al., 2009 & 

Russell et al., 2007). That solution is 

gradually improving the fit between 

synthetic traces and the observed seismic 

data. The solution attempts to 

simultaneously solve the best-fit 

reflectivity and minimize the differences 

between the observed and predicted 

seismic by Lee et al., 2013. 

Since the Seismic data is band-limited, 

Model-Based inversion gives the 

advantage of using well data where it 

contains both low and high-frequency 

data that are missed in the seismic data. 

The model-based method also allows 

incorporating into the seismic 

interpretation a model, based on the 

known or suspected geology. This can 

result in better resolvability and a link 

between the seismic data and the 

lithology. 

Before performing seismic inversion VP, 

VS and P-impedance obtained using well 

logs.  VP-VS ratio versus P-impedance 

cross plots from the EQ-10 well logs 

shows that the sandstone reservoirs 

characterized by low values of VP-VS 

ratio and high P-impedance Fig. (8 & 9). 

 

Fig. 7: Forward modeling, after Wu et al., 2015. 

 

Fig. 8: VP∕VS versus P-impedance cross plots 

and Zonation from the well logs. 

 

Fig. 9: Zonation of different lithology using 

VP∕VS versus P-impedance cross plots, the 

left sidetrack shows the gamma-ray plot 

(GR) while the right side track shows the 

resistivity plot (RES). 
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Fig. 10: Low-frequency model QC 

To have a VP-VS ratio and P-impedance 

from post-stack seismic data, model-

based inversion had been done. The 

workflow of the model-based inversion 

technique is as follows: 

 Calculate the Zp and Zs at wells 

locations using the well log data. 

 Pick horizons in the seismic section 

to control the interpolation and to 

provide structural information for the 

model between the wells in the area 

Fig. (4 & 5). 

 Use interpolated seismic horizons and 

between all wells locations to obtain 

the initial low-frequency model. 

Once the model is built and QC performed 

Fig. (10), the post-stack data is inverted 

using Hampson Russell Software. 

The outputs of inversion are P-impedance 

Fig. (11&12) and VP/VS Fig. (13). 

Fig. (11) showed low impedance trend looks 

like the same form amplitude extraction Fig. 

(6) oriented NNE-SSW, the presences of 

low impedance areas along the central part 

of the channel which have high hydrocarbon 

saturation and also contains producer wells 

as shown on the map and have a good 

stratigraphic trap. In addition, there are areas 

to the southwest end to the east of the 

channel, with low impedance that, could 

contain un-produced gas. 

 

Fig. 11: P-impedance time slice on Level-3 (30 

ms centered) window 
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Fig. 12: arbitrary cross-section in Post-stack model-based inverted result P-impedance passing through AM-EQ 

fields the black dashed line is top Level-lll.- 

Fig. 13: arbitrary cross-section in Post-stack model-based inverted result VPVS passing through AM-EQ fields the 

black dashed line is top Level-lll 
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3.2.Wells history and production data 

analysis 

In this part, we focused on El Qaraa field 

where we found that at the western part of El 

Qaraa field 1986, the electric logs of well-A 

which drilled in 1992 showed the gas down to 

(GDT) at -3338m although it is in high position 

than well-B which drilled in 1991 recorded 

shallower gas-water contact (GWC) at -3333m 

Fig. (14). From the amplitude and P-Impedance 

maps the two wells are located in two different 

channels Fig. (6 &11). 

On the other hand, at the northern part of the 

field, EQ-09, EQ-10, and EQ-11 Fig. (15) wells 

were drilled in 1986, 1987, and 2010 

respectively.  From electric logs, we can 

estimate GWC in the three wells at -3350 for 

EQ-09, -3361 for EQ-10, and -3327 for EQ-11. 

IN 1994 the area at EQ-10 well was considered 

to be exhausted 1994 but in 2010 EQ-11well 

recorded the presence of gas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14: Correlation between Well-A & B shows the perforated interval &water level, the left side track shows the 

gamma-ray plot while the right side track shows the resistivity plot. 
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Fig. 15: Correlation shows the difference in GWC, the left side track shows the gamma-ray plot while the right side 

track shows the resistivity plot.
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4. Results and conclusion 

The amplitude and P-Impedance 

maps confirm and give a high-resolution 

image for Level III where it is 

represented by a large multi-channel fill 

sand bodies extended generally in NW-

SE direction and bifurcated into three 

loops in EQ-11 area. The main channel 

is up to 22 km long and up to 6 km wide 

Fig. (6). 

Interpretation of data from both 

amplitude and P-Impedance maps 

showing the area of El Qaraa is 

stratigraphically separate from the 

southern Abo Madi area, also the 

presence of stratigraphically separate 

sand bodies in the east and west of EQ-

11. This answers the presence of 

different GWC and initial pressure in 

EQ-11 and the other wells and open 

rooms for more gas potentials still 

unrevealed. 

P-impedance map Fig. (13) not only 

shows the extension of sand bodies and 

heterogeneity of the reservoir but also 

shows the stratigraphic barriers between 

sand bodies. This answers the presence 

of different GWC and initial pressure in 

EQ-11 and the other wells and supports 

the idea of the presence of other rooms 

for more gas potentials still unrevealed. 

The production history of Level III 

shows variation in the G.W.C, also the 

new interpreted depth amplitude map 

shows that these anomalies are 

stratigraphically and structurally separate 

Fig. (14 & 15). 

By integrating the new interpreted 

structure depth amplitude map with the 

production data from current and closed 

wells we found possibilities for the 

presence of remaining gas potential in 

the north part of the Level III channel 

Fig. (16). 

 

Fig.16: Amplitude map of El Qaraa north area 

shows the possible gas residual locations (A, 

B, C & D) 
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تكامم انخصائص انسنسانية ثلاثية الأبعاد وتاريخ الإوتاج في إعادة تقييم إمكاوات انغاز في حقهي 

 أبو ماضي وانقرعة

أ.د. عادل عثمان
1

، أ.د. محمذ فتحي
1

جاسته ماتريشيو ، د. 
2

، محمذ وصار
3
. 

1 
 مصر. انقاهرة، مذيىة وصر، جامعة الازهر،

2
 شركة إيىي انذونية.  
3  

 مصر. انقاهرة، شركة بترول بلاعيم )بتروبم( ، مذيىة وصر،

 

ٚعذ اسخخذاو انبٛبَبث انسٛشيٛت يثم سًبث انخغٛز فٙ انسعت يع الاساحت ٔطزق الاَعكبص طزق 

 فعبنت فٙ انخُبؤ بخصبئص انًكبيٍ انٓٛذرٔكزبَٕٛت ، خبصت فٙ انخشاَبث غٛز انًخدبَسّ كًب فٙ

. انخحذ٘ انزئٛسٙ فٙ يُطمت انذراست انحبنٛت يًثهت فٙ حمهٙ ابٕ س فٙ يُطمت دنخب انُٛمحمٕل انغب

يبضٙ ٔ انمزعت ْٕ أٌ يعظى اٜببر انًحفٕرة فٙ انًُطمت إيب يسخُفذة أٔ ايخهئج ببنًبء. نذا فئٌ 

يٕضع ححذٚذ انخشاَبث انزيهٛت انحبيهت نهغبس ببسخخذاو الأسبنٛب انشنشانٛت انخمهٛذٚت فمط سٛكٌٕ 

 .حسبؤل

حخًٛش انحمٕل انمذًٚت بخٕفز انكثٛز يٍ انبٛبَبث انفٛشٚبئٛت ٔبٛبَبث الإَخبج. حسبعذ انبٛبَبث انفٛشٚبئٛت 

ٔانبخزٔفٛشٚبئٛت ٔحبرٚخ الإَخبج عهٗ فٓى خصبئص انخشاٌ يثم انًسبيٛت  ٔانكثبفت ٔيحخٕٖ انسٕائم 

 .ٔانحذ انفبصم بٍٛ انغبسٔانًبء

خذاو ٔديح َخبئح انبٛبَبث انبخزٔفٛشٚبئٛت ٔالإَخبخٛت يع َخٛدت الاَعكبص ركشث ْذِ انذراست عهٗ اسخ

 .انشنشانٙ نخحذٚذ حٕسٚع خشاٌ انزيم انغبس٘ ٔخصبئص انًكًٍ

نخحمٛك انٓذف يٍ انذراست حى إَشبء انخزائط انخزكٛبٛت ٔخزائط انسعت ٔخزائط انًعبٔلت انصٕحٛت 

بٕ يبضٙ. حى يزاخعت حبرٚخ إَخبج آببر الإَخبج نخٕضٛح انصٕرة نًسخٕٚبث انخشاٌ انزيهٙ نًكًٍ أ

انحبنٛت ٔانًغهمت ٔديدٓب يع انُخبئح انشنشانٛت. بُبءا عهٗ َخبئح ْذِ انذراست حى ححذٚذ بعض يُبطك 

 .انغبس انًخبمٛت انًحخًهت فٙ حمهٙ ابٕ يبضٙ ٔانمزعت

 


