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Continuity equation
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Groundwater flow equation in general
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Continuity equation

Averaging over depth
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Continuity equation

Reminder aquifer types, confined aquifer:
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Aquifer types

Reminder aquifer types, unconfined (phreatic)
aquifer:
GS
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Continuity equation

Reminder aquifer types, leaky (semi-confined)
aquifer:
GS
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Continuity equation
Integration of SO, Kf:

Storage coefficient S:
General groundwater flow equation depth-integrated So
oh = - m
So — V- (KpVh) = Wo S = [ S, (x,v)dz
ot 0
becomes: Transmissivity Tensor T:
depth-integrated Kf
s (TVh) =W
ot -

T=j K(x,y)dz
0

Source/sink W:
depth-integrated Wo
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Continuity equation

Integrated groundwater flow equation:
Confined aquifers

m constant and

independent of h:

S=8,-

T=K-m
ie, homogeneous, isotropic
aquifer with constant depth m:

oh = .
Sa——v-(TVh):O Oh 5’2h+@ 0
¢ ot ox?2 = 0x?
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Continuity equation

Integrated groundwater flow equation:
Unconfined aquifers

m NOT constant, depends on h:

S =y
T=K-m=K-h

W =N

Oh 1o (o oy
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Continuity equation

Integrated groundwater flow equation:
Leaky aquifers

m constant and independent of h,
extended source/sink term:

S=8,-m
T=K'm
W =qa+ qp
le, with
ha — h
qa = —K

a a da
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Continuity equation

Integrated groundwater flow equation:
Leaky aquifers

m constant and independent of h,
extended source/sink term:

S=8,-m

W = qa + qp

e, with
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Continuity equation

Integrated groundwater flow equation:
Leaky aquifers

m constant and independent of h,
extended source/sink term:

S=SD'm

T=K'm

W:CICL‘I'C]b

SOh 0%°h  0%h  hqeq—h hy—h Td,
T a2 a2 a2 a2 VU Aa =
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Continuity equation

Integrated groundwater flow equation summary:

Confined aquifers:

oh - o, o
Sa—v-(TVh):o

Unonfined aquifers:

S (K;Vh?) =N
f 5 f

Leaky aquifers:

SOh 0°h  0°h  ha—h hy—h
T 92 a2 2 2 U
T ot 9z2 Oy Y Y

{1 Leibniz

t 0; 2 Universitat

Lazy Environmetal Hydraulics, Groundwater, WS 2011/2012

)

=\
C



Continuity equation

. The figure shows an aquifer with an uneven bottom and an impermeable top layer.
EX e r C I S e #5 The hvdraulic heads at the left- and right-hand side boundaries are given. Interpolate qualita-
tively the distribution of hydraulic head in between, assuming that the hydraulic conductivity K

and the total discharge Q are uniform.
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1d Solutions of groundwater flow

1d solutions of groundwater flow

Goal:

e Estimation of simple scenarios
e Estimation of time scales

Procedure:

e Simplify as much as possible -> 2d auf 1d
» Classification of the aquifer

e Boundary conditions

e Parameters

e Solution of the problem
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1d Solutions of groundwater flow

1d Systems, steady state flow

For example

Lake

~ Aquifer
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1d Solutions of groundwater flow

1d System
-> Consider only x-direction
* no time-dependent flow

e isotropic aquifer
e homogeneous aquifer

Boundary condition Boundary condition

General solution -> Boundary condition -> Specific solution
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1d Solutions of groundwater flow

Confined aquifer

GOK

oh = By
S5t = Vaw  (TV@ph) =0
°h T
190 —0) |g=—2"
Ox2 m Ox

Boundary conditions: h(xz = 0) = hqg, h(x = L) = hj,
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1d Solutions of groundwater flow

Simplification of the equation:

2
0 (;0h o P
ox ox Ox2

Oh
General solution: 5 = K4 h=Kix+ K>
XL

Boundary conditions:

hz = 0) = Ky = hg

hWoe=L)=K|L+hy=h; K=




1d Solutions of groundwater flow

Sepcific solution: confined aquifer

hr —h
hz) = hg+ £ Y

L
hr, — ho
Q(z) =T
L
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1d Solutions of groundwater flow

Phreatic aquifer with recharge

. N
"Far Ev(aﬁ,y) | (kfv(w,y)h ) =N
GOK
\VA
\V4
> > > > >
2p2 h
kO — _2N| |g= -k 7
! Ox2 f@az

Boundary conditions: h(z = 0) = hg, h(x = L) = hj,
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1d Solutions of groundwater flow

82h2
kf = —2N
Ox2
General solution:
Oh? 2N
— = —x+ K3
8{13 kf
N
h? = —k—$2 + K1z + K>
/
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1d Solutions of groundwater flow

Boundary conditions:

h(z = 0) = /K2 = ho

N
h(azzL)z\—k—fLQ—l—KlL—l—h%:hL
h2 — hZ
Ky="L""% 4 Ny
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1d Solutions of groundwater flow

Specific solution: phreatic aquifer with recharge

h(@) = || h + - a(L — 2) + (W — h3) T

\ ky

Q(z) = kf(hig "D 4y (a; - £>
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1d Solutions of groundwater flow

Piezometric head
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1d Solutions of groundwater flow

Flux
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