
Chapter 3 Groundwater movement  
3.1 Darcy’s  Law 
Natural porous media            permeability  
          Darcy Law (French hydraulic engineer,  1856) 

   Q ∼hL  (see Fig. 3.1.1 and sample 3.1.1) 

    
 

 
 
Darcy’s Law   laminar flow in porous media 

 
   1<NR <10  validity 
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= P : fluid density  D : diameter 
V : velocity          µ : viscosity  



3.2 Permeability : ability to transmit a fluid, property      
of the median dependent of fluid 
properties 

Intrinsic permeability (n) 

  
• Hydraulic Conductivity 

a unit hydraulic conductivity  : transmit in unit 
time a unit volume of groundwater at the 
prevailing kinematic viscosity through a cross 
section of unit area, measured at right angles to the 
direction of flow, under a unit hydraulic gradient 

   
• Transmissibility : rate of water prevailing 

kinematic viscosity transmitted through a unit 
width of aquifer under a unit hydraulic gradient  

        b=aquifer thickness 
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• Hydraulic Conductivity depends on a variety of 
physical factors in 
chiding porosity, parties 
size and distribution, 
shape of particles 
arrangement of particles 
and other factors  
 

3.3 Determination of Hydraulic Conductivity  
 (by formulas, laboratory methods, tracer tests, 
auger hole test and pumping test) 

          
Fig 3.2.2 grain  porosity  
 shape  factor 
 factor  

   
 

 
• Tracer Tests (field determination dye/salt Fig 3.3.2) 
 

Fig 3.2.1 
Table 3.2.1 
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=• Laboratory methods 

 Constant head  Fig 3.3.1 
     Falling head  
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• Point Dilution Method (GW velocity, water table 
gradient Darcy’s Law) 

•   Anger Hole Tests Fig 3.3.1 
•  Pumping Test of Wells 
3.4 Anisotropic Aquifers   
(directional properties of Hydraulic conductivity) 
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3.5 Groundwater flow rates 
K = 75 m/day 
V = Ki = 75 m/d (0.01) = 0.75 m/day 

  normal  2 m/year to 2 m/day 

 
3.6 Groundwater flows Direction  

   Flow Net’s (graphical, model studies) 

  

 anisotropis media, flow lives and equip potential 
lives are not or thwgoncl except when the flow is 
parallel to one of the principal directions all 
horizontal dimensions are reduced by      

 

     Flow in relations to GW contours  
• Flow net boundary setup  

  dimension for anisotropic  
• Estimate of local GW contours/flow 

directions  Fig  3.6.5 
  GW recharge/discharge  
  Conductivity  Fig 3.6.6 
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• Transmissivity (sample 3.6.2) 

 
• Flow across a water table  

    
 

• Flow across a Hydraulic Conductivity Boundary 

 
See Fig  3.6.12 
 
• Regional Flow Patterns  (Fig  3.6.13) 

accurate evaluation of GW. flows is contingent on 
a detailed knowledge of hydrogeologic conditions. 
 Local, intermediate and regional system. 
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3.7 Dispersion   : molecular diffusion and 
hydrodynamic mixing occurring 
with laminar flow through porous 
media. 

    Diffusion 

 (homogeneous and isotropic)c  : relative tracer concentration (…)  
 media for 2-D case     DL : Longitudinal  
Fig 3.7.1       DT : Transverse dispersion coef. 
 

 For hydrology  -   two fluids with different characterless  
come in to contact 

- pollutants into the ground  
-  artificial recharge  
- salt intrusion 

 
3.8 Groundwater Tracers 
 For evaluating directions and rate of GW flow under field 
conditions and to select reasonably satistactory  tracer.      
    
3.9 General Flow Equations  

Continuity Eq.  
      unit surface area  storage  
coefficient     
substituting 
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Ss specific storage vol. 
of water ia unit  of vol. 
of saturated aquifer  
release from storage for 
a unit decline in 
hydraulic heed.  



 
 application to aquifers 
 gives  analytical solution 
       with approximate B.C. 
  
3.10 Unsaturated flow  downward vertical flow 

(natural and artificial recharge) 
upward vertical flow 
(evaporation and transpiration) 
movement of pollutants 
horizontal flow in the capillary 
zone. 

 
Flow through unsaturated solids   
Eq 3.10.7, 3.10.3 
  Table 3.10.1        
 
 Unsaturated Hydraulic Conductivity 

 
 
Vertical and Horizontal Flows         Fig 3.10.4 
 
       Downward water migration (rain fall, irrigation 
water). 
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Ss : degree of saturation  
So  : threshold saturation    
Fig 3.10.4 

Fig 3.10.5 
a, b, h : constants  : particle sizes . 
h : pressure head 
 



 Above water fable in the capillary 
zone flow rate  decrease water the 
degree of saturation and hydraulic 
conductivity.  

   The fraction of flow above the water 
table can be calculated from 
…equivalent saturated thickness. 

 
 
 
3.11 Kinematic Wave 
  Fig 3.11.1  individual soil water wave propagating 

downward through the soil under 
gravity drainage. 

   Rectangular portion : wetting front 
(1) Draining part  (a) 
(2) Vertical plateau part (b) 
(3) Wetting front (c) 
 
Eq. 3.11.1 
Eq. 3.11.2 
Eq. 3.11.3 

    
3.12  Infiltration 
  Process of water penetrating into the soil 
  Fig. 3.12.1  moisture zone  (saturated, transmission, 

wetting zone, wetting front) 
   Fig. 3.12.2  profile change as a function of time 
   Fig. 3.12.3  rainfall hyetograph with the infiltration 

rate and cumulative infiltration curve 



 
Equation 3.12.8  Green-Ampt equation  
         (with concept in Fig 3.12.4)  solve eq 3.12.10 
 
Table 3.12.1 Green Ampt Infitration Parameters for 

various soil classes 
 
Sample 3.12.1 
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