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The source of Groundwater 



Basics of  
Groundwater Flow  

Groundwater  is 
water located beneath 
the earth's surface in 
soil pore spaces and in 
the fractures of rock 
formations  



Groundwater formations (Aquifers)  
 

Aquifer types:  
 

Å Confined aquifer  
 
Å Unconfined aquifer  



Groundwater Discharge  

The discharge of groundwater (Q) in m 3/day is evaluated by 
Darcyõs Law: 

Q = AV  
         = A. K I  

 
The discharge of groundwater per 1m width of water -bearing 
layer (q) in m 3/day is:  

A= h*1m=h 
q = K h I = K*h*-æH/æL 

 
K: permeabiltiy  coefficient (m/day)  
h: thickness of water-bearing layer (m) 
I: groundwater surface gradient  
 



Groundwater Discharge  

The discharge from unconfined aquifer:  
 

Q = A*K*I = 2 Ң r*h*(K)*æh/ær 



Groundwater Basics 

ƷInfiltration:  movement of water into soil from matric  and 
gravity forces 
ƷPercolation:  movement due to gravity alone  

 
ƷPorosity:  total void space in rock or soil as volume 

 
Porosity = 100*Vv/ Vt  

Å10% for glacial till  
Å20-50% for sands and gravels 
Å33-60% for clays 
 
ƷPermeability: the ability of water to flow through a soil  
 
 

 
 



Assessing Groundwater 
Vulnerability  

There are three traditional methods for assessing 
groundwater vulnerability to pollution:  

: Involves numerical modeling and is 
useful at the local level but not the regional level  

: Involves correlating actual water quality 
data to spatial variables and requires a large amount 
of site specific data 

: Involves obtaining and combining 
maps of the parameters that affect the transport of 
contaminants from the surface to groundwater, then 
assigning an index value to those parameters; the 
results are a spatially oriented vulnerability index  



The DRASTIC Method: 
An Overlay and Index Method  

·Developed by US EPA  

·Provides a basis for evaluating the 
vulnerability to pollution of 
groundwater resources based on 
hydrogeologic  parameters. 

 ·Provides an approach to evaluate an area based on 
known conditions without the need for extensive, site 
specific pollution data.  

·Provides an inexpensive method to identify areas that 
need more investigation.  



The DRASTIC Method 
 

Key Assumptions Made  

1) Contamination occurs at the ground surface.  
2) The contaminant enters the water table when 

rain falls on the surface and percolates into the 
saturated zone. 

3) The contaminant travels with water, at the 
same rate as water. 

4) The method will be applied to no greater than 
100 acres. 

5) The aquifer is unconfined (the method can be 
modified for a confined aquifer).  

6) The dominant pollutants are not pesticides (the 
method can be modified to include pesticides). 



The Drastic Method: 
Parameters Used in the Index 

 Depth to Groundwater  
The depth from the ground surface to the water table in unconfined aquifer 
and to the bottom of the confining layer in confined aquifer  

 Net Recharge  
The total quantity of water  which is applied to the ground surface and 
infiltrates to reach the aquifer    

Aquifer Media  
Consolidated or unconsolidated rock which serves as an aquifer (such as sand, 
gravel, and limestone)  

 Soil Media  
The uppermost portion of the vadose zone characterized by significant 
biological activity  

 General Topography or Slope  
The slope and slope variability of the land surface  

 Vadose Zone  
The zone above the water table which is unsaturated or discontinuously 
saturated  

 Hydraulic Conductivity of the Aquifer:  
The ability of the aquifer materials to transmit water  



The DRASTIC Method 
 

Governing Equation  

Each parameter is assigned a rate and a 
weight.  
 
DRASTIC Index = D r x Dw + Rr x Rw +  
     A r x Aw + Sr x Sw +  
     Tr x Tw + Ir x Iw + Cr x Cw 

 
r = the rating for the parameter  
w = an assigned weight for the parameter 



The Drastic Method: Governing Equation  
 

Assigning a Rate 

Topography (Percent Slope)  

Range Rating  

0-2 10 

2-6 9 

6-12 5 

12-18 3 

18+ 1 

Highly Varied Topography at Wadi  Rum 

Each of the parameters in 
the model is grouped into 
ranges of values or broad 
categories that are assigned 
a rate from 1-10. 
 



The Drastic Method: Governing Equation  
 

Assigning a Rate 

Karst Limestone  
at Ajloun  Forest Reserve 

Impact of the Vadose Zone  Media  

Media Type  Rating  

Confining Layer  1 

Silt/Clay  3 

Shale 3 

Limestone 6 

Sandstone 6 

Bedded Limestone/ Sandstone/Shale 6 

Sand & Gravel with Clay/Silt  6 

Metamorphic/Igneous  4 

Sand and Gravel 8 

Basalt 9 

Karst Limestone 10 



The Drastic Method: Governing Equation  
 

Assigning a Weight  

Weights are fixed in the methodology.  
 
 
 

Parameter Weight  

Depth to Water  5 

Net Recharge 4 

Aquifer Media  3 

Soil Media 2 

Topography  1 

Impact of the Vadose Zone Media 5 

Hydraulic Conductivity of the Aquifer  3 

So the governing equation becomes: 
 

DRASTIC Index = 5Dr + 4Rr + 3A r + 2Sr + Tr + 5Ir + 3Cr 



Geographic information 
system (GIS) 

·GIS is a system of hardware and software used for 
storage, retrieval, mapping, and analysis of geographic 
data. 

·  Spatial features are stored in a coordinate system 
(latitude/longitude, state plane, UTM, etc.), which 
references a particular place on the earth.   

· Descriptive attributes in tabular form are associated with 
spatial features.  Spatial data and associated attributes in 
the same coordinate system can then be layered together 
for mapping and analysis.     

·GIS can be used for scientific investigations, resource 
management, and development planning.  

 



GIS Models 

·Most GIS use one of two 
basic spatial data models 
to represent the real 
world, namely the Vector 
model and the Raster 
model. 

· In the vector model, 
objects or conditions in 
the real world are 
represented by the points  
and lines  that define their 
boundaries.  

 


