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ABSTRACT 
Almost all of Delta`s cities suffer from high levels of groundwater. Leakage from sewage pipe lines interacts with groundwater 
causing different types of soil contamination. This research presents an application of numerical models in order to investigate the 
transport process of contamination through a defined area of Delta region.  SEEP/W and CTRAN/W, two Finite Element CAD 
software products, provide what it takes to track Oxygen-consuming organics (OCOs) contamination through soil by analyzing both 
Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) as main contaminants. Several different cases are assumed 
to observe how contamination can affect the surrounding zones. First, both the amount and distribution of contamination values are 
discussed at selected study nodes during various time frames. Second step mainly depends on investigating different changes occur 
when assuming to place decontamination sources as near as possible to the defined contamination sources. 
 
ABSTRAIT 
Presque tout le Delta `s les villes souffre des hauts niveaux de nappe phréatique. La fuite des lignes de pipe d'eaux d'égouts 
communique avec la nappe phréatique provoquant des différents types de contamination de sol. Cette recherche présente une 
application de modèles numériques pour enquêter sur le processus de transport de contamination par une région définie de région de 
Delta. SEEP/W et CTRAN/W, deux produits de logiciel de conception assistée par ordinateur d'Élément Finis, fournissent qu'il prend 
pour pister organics Consommant oxygène (OCOs) la contamination par le sol en analysant tant la Demande d'Oxygène Biologique 
(BOD) que la Demande d'Oxygène Chimique (COD) comme les polluants principaux. Plusieurs différents cas sont supposés pour 
observer comment la contamination peut affecter les zones environnantes. D'abord, tant la quantité que la distribution de valeurs de 
contamination sont discutés aux noeuds d'étude choisis pendant les charpentes de temps différentes. Le deuxième pas compte surtout 
sur l'enquête sur de différents changements se produisent en supposant pour placer des sources de décontamination comme près que 
possible aux sources de contamination définies. 
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1  INTRODUCTION 
 

T It has been recently noticed in Egypt (especially in regions 
with high levels of groundwater table such as Delta region) the 
presence of serious problems concerning interaction between 
leakage from sewage pipe lines and Groundwater. As a result of 
Groundwater contamination affecting the natural properties of 
agriculture and cultivated lands as well as drinking water, 
seriously hazard problems related to human health have 
appeared, therefore environmental investigation studies are 
required (Cornax et al, 1990). 
This research aims to study the effect of the interaction between 
sewage leakage and Groundwater on both Mansoura and Talkha 
cities as a study area in Delta region . This study is built on 
creating a model representing the two cities where two possible 
sources of contamination are specified. The research defines the 
amount and distribution of contamination around the sources on 
different future years. Contamination transport equations can be 
solved using several numerical solution methods. The Finite 
Differences (FDM), Finite Elements (FEM) and Boundary 
Elements (BEM) are widely used in solving such equations 
(Desai et al., 2011). 
SEEP/W is a finite element CAD software product designed to analyze 
groundwater seepage and excess pore-water pressure dissipation 
problems within porous materials such as soil and rock. 
CTRAN/W is a finite element CAD software product that could be used 
to model the contaminants  ̀movement through porous materials such as 
rock and soil. Its comprehensive formulation makes it possible to analyze 
both simple and complex problems(Krahn,2008). 

CTRAN/W is designed to be used in tandem with a seepage 
analysis such as SEEP/W to analyze contaminant transport. 
SEEP/W computes the water basins distributions, water flow 
velocity, volumetric water content, and water flux; CTRAN/W 
uses the results of SEEP/W software to compute the 
contaminant migration through the soil. CTRAN/W can handle 
the modeling of many contaminant transport problems. 
The CTRAN/W boundary conditions are specified to analyze 
the contaminant transport, mass is carried across a boundary 
throughout one of two important processes. The first is 
advection while the second is dispersion. 
The Advective component is caused according to the water movement 
across a boundary. The dispersive process takes place due to the chemical 
(concentration) gradients between the different nodes. 
 SEEP/W provides the water flux across the boundary (Qw) 
nodal values, which CTRAN/W needs to calculate advective 
boundary flux. (Krahn,2008). 
The general finite element equation used in the CTRAN/W 
formulation is illustrated as following: 

 
 ∫v Θ[B]T [D][B]dv {C} +  ∫v <N>T  [U][B] dv {C} 

+  λ ∫v Θ <N>T <N>  dv {C} 

 d + 

+   ∫s Ub<N>T <N>  ds {C} =   ∫s q <N>T 

    ds  -  λ ρd ∫v S <N>T dv. 
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 Where: 

D =hydrodynamic dispersion coefficient, 

ν=average linear velocity, and 

Δt= incremental time step. 

<N> = a matrix of interpolating (or shape) functions, and 

{C} = the vector of nodal concentrations. 

 =  

S =  

 =  

2. NUMERICAL MODELING 
 

SEEP/W and CTRAN/W provide the way to simulate the study 
cases numerically. The study uses the previously mentioned 
GEO-STUDIO 2004 software programs to investigate the 
transportation of both selected contaminants; Biological 
Oxygen Demand (BOD)and Chemical Oxygen Demand (COD) 
(Xiaet al., 2005). 
A model representing the selected study area using an existing 
piece of land with multiple land usages was created. The total 
area is divided into eight equal regions. The hydraulic 
conductivity values of the eight regions at the depth of (-5 m) 
below sea level are listed in Table 1. 
Water content (W) for the study zone is almost constant, which 
approximately equals 35 %.(Soil mechanics and foundation 
laboratory, Faculty of Engineering, Mansoura University). 
 
Table 1.Hydraulicconductivityvalues used in simulation process of the 

model. 

Region number 
Average Hydraulic Conductivity 

(K) (m/d) 

1 1.00E-07 
2 1.00E-07 
3 9.13E-08 
4 3.00E-07 
5 3.00E-07 
6 3.84E-03 
7 6.25E-08 
8 1.92E-03 

The average 
hydraulic 

conductivity for the 
study area equals 

1.00E-07 

 

The model`s dimensions are 8 km in length and 7 km in 
width, Figure 1 shows the model as appears on GOOGLE 
EARTH. 

The model is divided into eight regions to use the average values 
of different characteristics in model simulation as shown in 
Figure 2. 

The used analysis operation type is CTRAN/W advection – 
dispersion. Three  time frames were chosen, all have the same 
start point (year 2015).The time step sequence  for  the first 
time frame consists of 60 steps, (30 days each) that makes  the 
first study  period  1800 days (5 years) to the end of year 

(2020). The time step sequence for the second time frame 
consists of 180 steps, (30 days each) that makes the second study 
period 5400 days   (15 years) to the end of  year (2030). The 
time step sequence for the third time frame consists of 420 steps, 
(30 days each) that makes the third study period 12600 days   
(35 years) to the end of  year (2050). 

 

Fig.1. Model as appears on Google Earth. 

 

3. RESULTS AND DISCUSSIONS 
 

The first step to track both selected pollutants in study area`s soil 
was by applying SEEP/W. The hydraulic gradient and the 
hydraulic conductivities both are responsible of the movement of 
the flow through the soil. 

 
After calculating different velocities of the seepage flow, using 
SEEP/W, they are used in analyzing the pollutant transport 
process through CTRAN/W. Both (BOD) and (COD) values at 
the study area were collected, at various years, then average 
value for each month was computed. The following equations 
are results of regular analysis; based on both (BOD) and (COD) 
observed values at the study area;(Drinking water and sewage 
company data base). 
Where:  (Y) is the predicted value of the contaminant. 
While, (X) is the specific contaminant value at a certain year. 
(BOD):  Y = 2.493 ln (X) + 35.18           (1) 
From equation (1): 
Initial (BOD) value at 2015 = 
2.493 ln (24) +35.18            = 44 mg/L 
(COD): Y = 6.505 ln (X) = 51.15           (2)                                                          
From equation (2): 
Initial (COD) value at 2015 = 
6.505 ln (24) +51.15            = 77 mg/L 
Two major contamination sources were assumed in the middle of 
residential zones of both cities as represented in Figure 2. 
 

 

Fig.2.Contamination Sources Locations. 
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The next phase of this study depends mainly on two major 
aspects. The first is to compute expected contamination values at 
the selected study nodes, and comparing them to find out where 
high levels of concentration can be. 
Figure 3 shows the change in BOD concentration values with 
time during the time period from 2015 to 2050, at various 
nodes placed all over the study area, while Figure 4 shows the 
change in COD concentration values with time during the time 
period from 2015 to 2050, at various nodes placed all over the 
study area. 
 

 
 

Fig.3.Changes in BOD concentration with time during the  
time period from 2015 to 2050 at the selected nodes. 

 
 

 
 

Fig.4.Changes in COD concentration with time during the  
time period from 2015 to 2050 at the selected nodes. 

 
First: (BOD) case: 
For all the following nodes: 

 = 44 mg/L   
Each negative value of ( C )  refers to a decontamination value 
of the flow. 
All the following contamination and decontamination values 
have the same unit : (mg/L). 
Node (220) lies in the middle of the residential zone of Talkha 
city. Node (220) is located at the upper region of the study area 
near both the northern and the eastern borders of the study area. 
Figure (14) shows the change occurs to (BOD) contaminant 
after adding three different decontamination values at year 
2050.  
 

 
 

Fig.5.BOD Concentration at node (220) before and after adding 
Decontamination sources of values (-20, -40 and -60) at the third time 

frame from (2015) to (2050). 
 
Through the previously shown Figure, the following points are 
recognized: 

 The suggested decontamination values are not enough 
to turn the contamination values at node (220) from 
positive to negative. 

 Since node (220) is the nearest to contamination 
source, it suffers from high increasing rates of 
contamination value, but the most relieving news of 
that case, that it lies relatively far from the cultivated 
area. 

Node (183) lies in the cultivated zone around the residential 
zone of Talkha city. Node (183) is located nearby both the 
western border, and the northern border of the study area. 

The following figure represents Original value of BOD 
contamination at node (183) plus changes happens to the initial 
value after adding decontamination values of (-20, -40 and -60) 
at 35 years time period. 

 

Fig.6.Original value of BOD contamination at node (183) plus changes 
happens to the initial value after adding decontamination values of (-20, 
-40 and -60) at 35 years time period. 

The following conclusions are observed from Figure (6): 
 Contamination values have turned completely from 

positive to negative. 

 After about one year from the beginning of the study 
time frame, a small effect develops, and continues to 
widen in the negative side till year (2020). 

 Shortly after year (2022), the contamination values of 
node (183) keep going the same way of increasing 
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 through the negative side, until hitting twice the values 
that have been previously reached at the first time 
interval from (2015) to (2020). 

Second: COD Case:      For all the following nodes: 
 = 77 mg/L   

Each negative value of ( C )  refers to a decontamination value 
of the flow. 
Node (44) is located in the cultivated zone of the study area. It 
lies next to the eastern border of the study area, very near to the 
southern border. 

 

Fig.7. Different changes appears on (COD) contamination values at 
node (44), after adding three decontamination values (-30, -60 and -90) 

at the time period from (2015) to (2050). 
 

The following points represent observations about contamination 
values behavior as shown through the previous Figure (7): 

 Not only the suggested decontamination values 
succeed to turn the positive values of contamination 
to negative, but also the suggested values managed to 
keep them increasing.  

 It is noticed that almost no effect is shown at the first 
sixteen months, then a small effect appears and 
enlarge till the end of year (2020). 

 From (2020) to (2050), the decontamination values at 
node (44) complete what is previously mentioned, 
Values are increasing  at the negative side. 

 The curve representing decontamination value of (-
30),has a constant increasing rate.It seems to be parallel 
to the X-axis all over the study time frame. 

Node (223) lies in a certain cultivated area surrounded with a 
residential zone in Talkha`s city study area. It is located very 
close to the connection between RIVER NILE (Damietta 
Branch) and Almansouria canal. Node (223) is placed at the 
same distance from both eastern and northern boundaries of the 
study area. 
The following figure shows the Original value of COD 
contamination at node (223) plus changes happens to the initial 
value after adding different decontamination values at the study 
time frame from (2015) to (2050). 

 

Fig.8. Original value of COD contamination at node (223) plus changes 
occurs to the initial value after adding decontamination values of (-30, -

60 and -90) at 35 years time period. 

The following points represent observations about contamination 
values behavior as shown through Figure (8): 

 There is no noticeable effect in the contamination 
value at the time period from year (2015) to year 
(2018). 

 After passing the first three years, a neglect able 
difference appears between the four curves. 

 A small effect initiates at year 2018 and continues to 
increase with low rate till year (2030).  

 Not only the four study curves are almost parallel, but 
also the difference between each value and the 
following one is almost constant, that is a result of a 
constant increasing rate for every one of them. 

4. SUMMARY AND CONCLUSIONS 
 

Based on the present study, the following conclusions can 
be concluded: 
 Sewage pipe lines are mainly found in residential 

zones of the city, but as time passes, contamination 
moves towards new places. In this study case; 
cultivated areas surround the residential zones, which 
doubles the probable health risks and environmental 
problems. 

 Increasing rate of a single contaminate at a specific 
spot is variable , sometimes it accelerates with variable 
values. Some other times it reaches saturation phase so 
it takes asymptotic direction. (eg. : Node (183) in 
BOD case, Node (197) in COD case). 

 After reaching their highest levels of saturation, 
certain nodes work as if they are independent sources 
of contamination. Those nodes begin to spread the 
continuous contamination flow hitting them to their 
surrounding nodes with lower levels of contamination. 
Therefore, nodes around areas that have reached 
saturation phases (their curves seems to be constant 
after a long course of increasing), should be taken in 
consideration. 

 At some cases, the impact of both high and medium 
values of decontamination flow, are almost the same, 
so medium values are recommended to achieve 
economic benefits. 
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 At some other cases, even high value of 

decontamination flow has almost un remarkable effect, 

so other different ways to reduce contamination values 

should be suggested and examined.(eg. : Node (43) in 

BOD case, Node (97) in COD case). 
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