
Groundwater hydraulics

• Hydrological cycle
• Drainage basin
• Water balance

• Energy equation
• Flow equation
• Continuity equation

1. Introduction
2. Atmospheric water
3. Groundwater, including Section 3.15
4. Soil water
5. Surface water

Exercises

Paperback | 351 pages
Follow the book’s didactic concept!



A well in a regional groundwater flow field
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A well in a regional groundwater flow field
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Pump and treat

Q1 = ‒Q2



Trichloroethylene (TCE)

Source: Wikipedia Source: Wikiwand
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groundwater flow

DNAP-residue

DNAP-sink layer

After Van Duffelen (1996)



Nitrate in The Netherlands in 2000

Lower groundwater: anoxic oxidation of pyrite (FeS2) by nitrate 
with resulting release of sulfate. 

Arsenic occurs as a coupled substitution in the pyrite structure.   

Nitrate in the upper groundwater



Arsenic contaminated groundwater

Source: Bangladesh Arsenic Poisoning



Superposition
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s < 0 for a pumping well (Q0 > 0) 

s > 0 for a recharge well (Q0 < 0) 
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Open-water linear boundary

image well Q1

Q1 = ‒Q2



Open-water linear boundary

After Fitts (2002)
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No-flow linear boundary

Q1 = Q2

image well Q1

Neumann



Linear boundaries

Neumann



Extra resistance(s)
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Table 3.3 - Starting point of the exercises

One-dimensional steady groundwater flow

Confined
21 CxC =h +

Unconfined
21
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Leaky 
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Recharge; different water levels 21
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Radial-symmetric steady groundwater flow

Confined

Unconfined
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Laplace and Boussinesq
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Numerical methods

Finite difference method (FDM)

Source: Fitts (2002)



Brabant model

Infiltration (red) and upward fluxes (blue) of groundwater

Source: TNO
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