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Hydrological cycle
Drainage basin
Water balance

Energy equation
Flow equation
Continuity equation

Introduction

Atmospheric water

Groundwater, including Section 3.15
Soil water

Surface water

Exercises



Leaky aquifer

h=h, +C,e*+C,e*



Leaky aquifer
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Table 3.3 - Starting point of the exercises

One-dimensional steady groundwater flow
Confined h=C,x+C,

Unconfined h? =C,x+C,

X —X
Leaky h=h,+Ce*+C,e* with 1=,/KDc



Finite polder

—X

h=h, +C,e*+C,e*
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Source: De Vries and Cortel (1990)

X= O, then h - ho: h0= ha + C180 + Czeo = ha + Cl + Cz, thUS C1+ C2= hO - ha

X= L, then h = hL: hL= ha + CleL/}\ + Cze_L/}\; thUS CleL/}\ + Cze_L/}\ = hL — ha



Infinite polder

h=h, +C,e*+C,e*
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x=0,thenh=h,:h, =h, +Ce’+C,e’ =h, +C, +C,;thusC,+C, =h,—h,
X=o00o,thenh=h,:h, =h +Ce” +C,e™;thusCe” +C,e™ =h,—-h, =0
Ce”+Ce " =(C, x0)+(C,x0)=0=C, =0and thusC, =h, —h,



Infinite polder

—X

h=h,+C,e* +C,e*

—X

x=0—o0,then h=h_+(h, —h,)e~*



Seepage in a finite polder

A KD

‘Horizontal solution’ A =+vVKDc = 1% = KDc = o=

—-X

h=h,+C, e4+C e 4 withA =.,/KDc

dh dh
Qs _KD(dxj 'QXL__KD(dxj_L
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Seepage in a finite polder

‘Vertical solution’ 1=+vVKDec = 12 = KDc = A_KD
c A

h=h,+C,e* +C,e* withA=,/KDc

L

sz_[qZ dx

—X

h,—h=—C,e*-C,e*

L -L L -L
Q, :—%(Cl—cleﬁ —C2+C2eﬂ):—%(cl—cleﬂ ~-C,+C,e*)



Rainwater lens and saline seepage

precipitation surplus

layer

ining

conf

upper aquifer

Source: De Louw (2013



a pin boil
b sand boil

¢ boil emitting methane
d sand volcano

e collapsed ditch bank
f holeinice

g sand boils on land

h schematic diagram

Saline upward seepage
through boils

Zoute kwel via wellen

Source: De Louw (2013)

Boils in deep polders

Holocene confining layer

upper aquifer

Douwe Bartstra

sand bolil pin boil

silty clay e

fen peat



Unconfined aquifer with recharge

Q'=—Kh3—h Q = Nx h*=——x*+C
X



~ Hooghoudt equation

| 7o)
hg—hf=(h0+h,_)(ho—h,_) 2KD



. Drain spacing 2L




Unconfined aquifer with recharge
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Table 3.3 - Starting point of the exercises

One-dimensional steady groundwater flow

Confined h=Cx+C,

Unconfined h? =C,x+C,
X —X

Leaky h=h,+Ce*+C,e* with 1=,/KDc
»_ N,

Recharge; equal water levels he=- E X*+C

N
Recharge; different water levels h? = K x° +C,x+C,
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