
The Islamic University of Gaza 

Faculty of Engineering 

Civil Engineering Department 

 

 

 

 
Introduction to Groundwater Modeling  

  



(FINITE DIFFERENCE METHODS (FDM 

-- The base of a difference method is the 

approximation of differentials by differences, using 

a rectangular (or even better a squared) grid with 

mesh size Ax and Ay.  

 

-- At each grid point or node the hydrogeological 

parameters like conductivity, thickness of layer, 

storativity, etc. are specified together with the 

external flows like infiltration, pumping rates, etc.  



(FINITE DIFFERENCE METHODS (FDM 



FINITE ELEMENT METHODS (FEM)   

-- The use of non-rectangular elements like triangles and 

quadrangles enables a perfect fit of the network over the region 

which fits  the rapid changing hydro-geological conditions like 

faults and dykes  

 

-- A disadvantage might be the rather complicated computational 

framework 

.  



CONCEPTS OF MODELLING    

The Conceptual Model: 

- First step in modelling is the schematization and 

simplification of the complex physical reality to a conceptual 

model. 

 

- Usually presented as a block diagram or as vertical cross 

sections.  

 

-The rate of simplification is a trade-off between the required 

detail of representation of reality and the computational and 

data demand.  

 

-The conceptual model shall give a valid representation of the 

dominating hydrogeological and hydrological conditions.  

.  



CONCEPTS OF MODELLING    

.  

Data requirements to define 

and validate a model are:  

1. Physical data: 

 

- Geologic maps and cross sections, 

indicating the horizontal and 

vertical extend of the system and 

its boundaries.  

- Topographic maps showing 

surface water bodies, springs, 

sinks and divides. 

-  Isomaps showing the elevations 

of the various permeable and 

confining layers.  

 

- Geomorphologic maps, showing 

the extend and thickness of river 

and lake deposits  



CONCEPTS OF MODELLING    

.  

Data requirements to define and validate a model are:  

2. Hydrogeological data 

 

-Isohypse maps, showing the water tables for the various layers 

 

 - Conductivity, transmissivity and storativity maps for the 

various layers  

 

- Conductivities of stream and lake sediments  

 

- Spatial and temporal distribution of hydrological stresses 

evapotranspiration, recharge, pump rates, spring flow and 

surface-groundwater interactions.  



Logical Steps in Defining a Conceptual Model   

.  

1. Identification of the boundaries of the model 

 

Preferably natural hydro-geologic boundaries are selected like water divides, 

large water bodies or impermeable formations.  

Boundary conditions are defined for each layer in terms of predefined flows, 

levels or flow-level relations  



Logical Steps in Defining a Conceptual Model   

.  

2. Definition of hydro-stratigraphic units  

 

- Hydrogeological information results from geological maps and cross 

sections, hydrogeological investigations, and well borings and logs are 

combined with information on hydrogeologic properties this results in 

hydrogeological maps and cross sections.   

 

-  The indicated hydro-stratigraphic units comprise geologic units of similar 

hydrogeologic properties (aquifers, aquitards).  

 



Logical Steps in Defining a Conceptual Model   

.  



Logical Steps in Defining a Conceptual Model   

.  

3. Determination of the water budget: 

 

-Groundwater recharge can be estimated from net precipitation, return flows 

and surface water interactions.  

 

-Outflows are found from springs, base flow to streams, pumping and in case 

of shallow water tables evapotranspiration.  

 

-The change in storage is found from the change in water tables.  

 

 



Model Concepts   

.  

Two- and three-dimensional profile models: 

 

-Two dimensional profile models simulate the flow system in both horizontal and 

vertical direction. 

 

-From a computational viewpoint vertical profiling is similar to two dimensional 

areal models, only the x-y axis have become x-z axis and gravity plays a more 

distinctive role 

 

 

 



Model Concepts   

.  

Full three-dimensional models: 

 

-Simulate the flow system in the three spatial directions. Aquifers and confining 

beds are simulated in the same way, only the parameter values differ. 

 

-A 3-D model like (MODFLOW) distinguishes hydro-stratigraphic units as layers 

 

 

 

 



GRIDS 

.  

-A rectangular grid is simple in set-up, computations and lay-out. A major 

disadvantage is that for an irregular shaped domain the grid is larger than the 

domain. 

 

-Nodes outside the physical domain are called inactive nodes.  

 



GRIDS 

.  

-Finite element methods in general apply triangular or quadrangular based 

elements. although complex linear and non-linear have been applied as well. 

 

 



Selection Of Grids 

.  

-A finer spacing (dense grid) is required with spatial rapidly changing flow 

conditions like a steep curved water table surface or a strong variability of 

hydrogeologic parameters or hydrologic stresses like infiltration and pump rates, 

close to the rivers. 

 

 

 



.  



Boundary Conditions  

.  

A mathematical groundwater model includes  

 

1. Governing equation one for each cell or node 

2. Initial condition indicating the start of condition 

3. Boundary conditions externally determined heads and flow 

 

Boundary condition is important  when the effect of transient stresses reach 
the boundary 
 
1. Physical boundaries (impermeable rock formation) 
2. Hydraulic boundary ( groundwater divide , partly aquifer penetrating 

water bodies and streamlines 
3. No flow boundary (fault zones and salt water interface)  



Boundary Conditions  

.  



Typical MODFLOW grid and lay-out  

.  

Active cell 

In active cell 


