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ABSTRACT 
 

     Deep-well injection of waste disposal water is an important waste disposal practiceworldwide. 

Performance of injection wells during the deep-well injection of waste disposal water is 

criticallydependent upon the physico-chemical properties of the waste, the operational parameters as 

well as the hydrogeologic and geochemical character of the host formation. Development of theories 

and models that canpredict the injection waste disposal water flow simulation as a function of these 

parameters is a vital research need. This paper presents theapplication of three-dimensional finite 

difference simulation algorithm (MODFLOW) to simulate the injected waste disposal water flow in two 

host formations (Apollonia with 250m and Abu Roash with 250 to 750m thickness). These formations 

are chosen since they are capped by Dabaôa Shale impermeable layer and are characterized by high 

fracture system with hydraulic conductivity 0.83 and 0.41 m/day respectively. The results from the 

simulation process are presented with an emphasis on the resulting anticipated water rise and predicted 

upconing interference between waste disposal injection wells during injection operation. Under the 

current injection strategy of 1305 m
3
/day/well in Apollonia Formation, the total upconing points to 7.5 

m, 13 m and 20 m for the three injection deep-wells while it reaches 11.5m upconing for Abu Roash 

Formation under the same conditions. The significant role played by injected wastewater interference 

between the two formations based on host formation properties is also predicted. The results show that 

the Abu Roashôs predicted potentiometric mound is more symmetric than Apolloniaôs one. The 

simulation model provides a tool for predicting well head during waste injection as a function of the 

waste and formation characteristics. Such simulations can be valuable during planning and operating 

injection process to achieve and sustain satisfactory waste disposal reuse. 
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1. INTRODUCTION  
 

     Proper waste management can be costly in terms of time and resources. It is important to understand what 

options exist for managing waste in an effective, safe and sustainable manner (El-Haggar [1] and Gary Davidson, 

[2]. Waste management systems must remain flexible in light of changing economic, environmental and social 

conditions (McDougall et al.[3]; Scharfe [4] ). All petroleum production brings, not only oil to the surface, but 

also a certain amount of salty water, or brine (Keller [5], HRM [6], Snow & Dickinson [7]; USEPA [8], 

Spiegelman [9], Government of Canada [10], NSE [11]). After the oil and salty water are separated, the latter 
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must be disposed. Current disposal technology allows this to be accomplished through the use of a few common 

methods. A certain level of risk to the groundwater is involved in these disposal methods. Deep-well injection of 

oil field brines is successful if carried out correctly, but abandoned oil and gas test wells could allow the brines to 

move upward and contaminate the groundwater (Todd [12]). 
 

Most industrialized nations employ deep well injection for the disposal of wastes (Aust and Kreysing [13] and 

Saripalli et al.[14]). At present, there is a need to conduct research on modeling waste injection operations and 

waste migration patterns (EPA [15]; Stow and Johnson [16]; Melcer and Gerrish [17]; Smith [18] and Ochi and 

Vernoux [19]). Within the last few decades, the realization that subsurface placement of fluids could contaminate 

groundwater prompted the governments to develop methods to protect groundwater resources. The receiving 

formation must be far below any usable groundwater and be separated from them by confining layers, which 

prevent fluid migration upward. The injection zone in the receiving formation must be of sufficient size and 

porosity. The region around the well should be geologically stable, and the injection zone should not contain 

recoverable mineral resources (EPSCO [20]).  
 

   The MODFLOW model includes a well model to simulate flow and energy transport contributed by the 

injection well. This study tests the possibility of application of this model to simulate the injected waste disposal 

water flow in different injection zones without any environmental impacts on any underground source of usable 

water for drinking or irrigation. In Bani Suef oil fields area, four proposed disposal wells are chosen to dispose of 

waste water associated with the production of oil and natural gas. 
 
 

1.1 Site description 
 

The study area is located in the north of Western Desert between longitudes 30°  51` E and 30°  55` E, and 

latitude 29°  08` N and 29°  10` N (Fig. 1), occupyingan area of about 1400 km
2
. 

 

 

 

 

 

 

 

 

 

 

 

The climate is hot and dry in the summer, and mild with rare rainfall in the winter. The maximum temperature 

ranges between 21 ºC in January and 37 ºC in July. The average evaporation intensity reaches 17 mm/daythrough 

Fig. 1: Location map of BaniSuef oil field 
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summer season (Apr.-Sep.) while reaches 8 mm/day through winter season (Oct.-Mar.). The precipitation is 

scarce and does not exceed 6mm/year. 

 

1.2 Geomorphological setting 
 

According to Tamer [21], Abdel Baki [22] and Tamer et al. [23], the area under consideration is developed into 

the following geomorphic units: Tableland areas, Morphotectonic depressions, elevated gravelly plain and great 

monoclinal edge. Tableland areas unit surrounds El Fayoum depression from east and south. Gebel El Lahun and 

Gebel El Naalun form the eastern tablelan (150 m height). Gisr El Hadid forms the southern tableland. It has 

length of about 15 Km and 50 m height and is composed of fissured Eocene limestone with silicified gravelly 

layer. Morphotectonic depressions constitute the most conspicuous feature in the area of study. These 

depressions include Nile valley depression (about 28 m height), El Fayoum depression and Wadi El Rayan 

depression (about 29.5m height)(Fig.2).  

 

 

 

 

 

 

 

The Elevated gravelly plains dominate the area to the east and northeast of the study area. Such  

 
Gravelly plains are very gently undulated and display in many places typical conditions of desert pavement 

(Tamer et.al [23]). The great monoclinal edge bounds El Fayoum depression from north and northeast direction. 

This edge rises about 400m above the floor of the depression and is composed of a series of steps of erosion.  

 

3- GEOLOGICAL SETTING  

 
Bani Suef area and vicinities are occupied by sedimentary cover ranging in age from Tertiary to Quaternary. The 

regional geology of the study area was discussed by Shukri and Azir [24], Yallouz and Knetsch [25], Said [26], 

Shata [27], Tamer [21], and Nemec [28]. Generally, the Quaternary deposits are consists of sand, silt and clay 

deposits with a thickness ranging from few meters to about 60m. Pliocene deposits are well defined in the Nile-El 

Fayoum divide and in the Nile valley. Most of the Pliocene outcrops have an east-west alignment (Fig. 3). 

Pliocene sediments grade upward into estuarine and fluviatile gravels. Miocene rocks (Moghra Formation) are 

described only to the Gebel Qatrani overlying the basalt beds, and to the west. The Moghra Formation is a clastic 

fluvio-marine delta-front sequence of early Miocene age. The Moghra overlies the Dabaôa and underlies the 

Marmarica. The thickness distribution of this formation is given in (Fig. 3) (from 497 to 599 m).  

Oligocene rocks (Dabaôa Formation) are exposed at Gebel Qatrani and forming conspicuous escarpment 

overlooking El Fayoum depression on the northern side. The formation rests on the Apollonia Formation with a 

minor disconformity. Eocene rocks have a wide distribution in the study area with thickness of 390m (Figure 3). 
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Fig. 2: The geomorphological features of the study area (left map) and topographic 

contour map extracted from DEM (right map) 
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Middle Eocene rocks (Apollonia Formation) form the oldest exposed rocks in the study area. It is a Paleocene 

to middle Eocene limestone unit with subordinate shale members. Figure 4 gives the thickness distribution of the 

top surface of Apollonia Formation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pre-Tertiary rocks are not exposed in the area of study. From the deep oil wells, the Pre-Tertiary section has a 

thickness varying between 700m to 2200m. This section is differentiated into Khoman Formation and Abo Roash 

Formation. Khoman Formationôs depth is from 600m to 2200m Cretaceous rocks; distinct into an upper 

limestone and shale series of marine origin and a lower sandstone and shale series of epi-continental origin. Abu 

Roash Formation is mainly a limestone sequence with interbeds of shale and sandstone. Over the study area the 

Fig. 3: Generalized lithostratigraphic column in the Abu Gharadig 

Basin (after Mahsoub et al. [29] 
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thickness ranges from 250 to 750m. Underlying this sedimentary section, igneous basement rocks are reported in 

a few numbers of wells. 

 

 

 

 

 

 

 

 

4- WATER BEARING FORMATIONS  

 
In the Bani Suef oil field area, the Eocene carbonate aquifer (Apollonia Formation) in the desert fringes is the 

main source for irrigation and drinking. The groundwater system that consists of two productive aquifers; the 

Quaternary sand and clay water bearing formation and the Eocene Carbonate aquifer (Fig. 5). The Quaternary 

aquifer consists of thick unit of relatively coarse graded sands and gravels. The maximum thickness reaches 200 

m in the Valley flood plain reducing to about 50 m in the reclaimed desert fringes. The Eocene aquifer in the west 

of the Nile Valley is composed mainly of clay, marl with streaks of limestone. The peizometric surface contour 

map of the groundwater in the study area during 2004 shows that the Eocene aquifer recharges the adjacent 

Quaternary aquifer which confirm the hydraulic connection between them (Fig. 6). 
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Fig. 4: Top Apollonia (left map) and Top Khoman (right map) Chalky limestone Depth map 
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Fig. 5: Hydrogeological cross section in N-S direction (after El Sheikh [30] 

 


