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10-1 Introduction

1. Amount of groundwater > surface water



groundwater reservoir (fig. 10.1)

2. Depends on rock and soil characteristics

3. Groundwater flow



(1) three dimensional


(2) fluid properties: velocity, pressure, 
temperature, density, viscosity



a. unsteady flow: heterogeneous




b. steady flow: homogeneous


(3) boundaries: geology

(4) porous media:




a. isotropic: uniform in all directions




b. anisotropic: not uniform



c. heterogeneous:




d. homogeneous:

4. Subsurface distribution of water: depth



(1) soil water zone:


(2) intermediate zone: 



(3) capillary zone: 


(4) saturated zone: groundwater

5. Geologic considerations (fig. 10.2)



(1) aquifer: 
a. confined



    b. unconfined


(2) confining bed

6. Topography: streams, lakes, artificial channel

7. Subsurface geology: wells, 

8. Fluctuations in groundwater level: seasonal change, withdrawal and recharge

9. Groundwater surface water relations

10. Hydrostatics: piezometer 

10-2 Groundwater flow

1. Darcy’s law: (equation 10.4)



Reynolds numbers (equation 10.7)


Example 10.1

2. Permeability, k (equation 10.9)



Coefficient of permeability, K 



Hydraulic conductivity, K (equation 10.11)



Example 10.2

3. Coefficient of transmissivity, T (equation 10.12)

4. Velocity potential: (equation 10.13)

5. Hydrodynamic equations: based on Newton’s second law (equation 10.17)

6. Flow lines: curves trace the flow path of a fluid particle, streamlines or flow lines 
(fig. 10.4)

7. Equipotential lines: velocity potential is constant

8. Boundary conditions: (fig. 10.5)



(1) impervious boundaries: concrete dams, AB


(2) reservoir boundaries: BC



(3) lines of seepage: CD


(4) surface of seepage: DE

9. Flow nets: (fig. 10.6)



(1) streamlines and equipotential lines


(2) determine quantities, rates, direction

10. Variable hydraulic conductivity: different hydraulic conductivity (fig. 10.9)

11. Anisotropy

12. Dupuit’s theory: groundwater flow



(fig. 10.11, equation 10.98)


Example 10.11

10-3 Flow to wells

1. Wells include three elements: (fig. 10.12)



(1) well structure


(2) pump



(3) discharge piping

2. Hydraulic characteristics determination



(1) tracers


(2) field permeameters



(3) aquifer performance test

3. Steady unconfined radial flow toward a well



(equation 10.99) Example 10.4

4. Steady confined radial flow toward a well



(equation 10.104) Example 10.5

5. Well in a uniform flow field (fig. 10.14)

6. Well fields (fig. 10.15)

7. Method of images (fig. 10.16)

8. Unsteady flow

9. Leaky aquifers

10. Partially penetrating wells: numerous study

11. Flow to an infiltration gallery (fig. 10.19)

10-4 Saltwater intrusion

1. Islands and coastal regions

2. Pumping fresh water

3. Recharge wells for restoration

10-5 Groundwater basin development

1. Quantity and quality

2. Technology

3. Economic, legal, political, social aspects

4. Recharge and discharge (Table 10.4)

10-6 Regional groundwater models

1. Model types



(1) Groundwater flow


(2) Solute transport



(3) Heat transport


(4) deformation



Table 10.5

2. Methods



(1) finite-difference methods


(2) boundary conditions



(3) time steps and element dimensions


(4) one-dimensional flow model



(5) finite-element methods

3. Model application



(1) groundwater quantity prediction


(2) groundwater management




(fig. 10.24, 10.25, 10.26, 10.27)

10-7 Joint surface-water-groundwater systems

1. Groundwater provides stream base flow

2. Stream water recharges groundwater

