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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:
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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

Confined aquifer

GOK

oh = -
S5t = Vaw  (TV@ph) =0

02h T Oh
92 =% |17 Tmos

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

Sepcific solution: confined aquifer

hr —h
hz) = hg+ £ Y

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

Phreatic aquifer with recharge

o N
"Far EV(m,y) ' (kfv(w,y)h ) =N

X=0 X=L

212
. 0<h _ _oN, — oh
f@az fa:c

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

Leaky aquifer
S Oh hi—h hy—h_ W
R v 2 _ —
Tor Y @n” A2 A2 T
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Boundary conditions: h(x = 0) = hg, h(z — —00) = h_o
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1d Solutions of groundwater flow

Leaky aquifer
boundary at — infinity

h(2) = h_oo + (ho — h—o0) €XP (§)

boundary at + infinity

—X

h(x) = hoo + (hg — hoo) €XP (T)
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1d Solutions of groundwater flow

Piezometric head
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1d Solutions of groundwater flow

Piezometric head
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1d Solutions of groundwater flow

Piezometric heads

hy, — hg
h
L

Confined h(x) = hg 1

ho-l-ﬁﬂf(lf—l')-l-(hz,—h )—

\ ky

—
h(z) = hoo + (ho — hoo) €XP (T)
Leaky Infinite boundary to the right

T
h(z) = h oo + (ho — h_ o) €XP (ﬂ
Infinite boundary to the left

Phreatic h(xz) =
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1d Solutions of groundwater flow

Discharges (in m2/s)

Confined Q(x) = ThL ; ho
kr(h2 — h?) L
Phreatic Q(z) = A0 L2 4 N (CB — —)
2L
hoo — h -
Q) = 1= exp ()
Infinite boundary to the right
Leaky ha — h
0 —00 L
— T eX —
Q) ) g ()\)

Infinite boundary to the left
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Continuity equation
Examples aquifer typags:

‘B
m C
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B ?2??
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C??? (high permeability)
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Continuity equation

Examples aquifer types:

Leibniz
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1d Solutions of groundwater flow

Method of fragmentation

Aquifer B
A
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1d Solutions of groundwater flow

Boundary condition

Method of fragmentation

e Continuous e Continuous
piezometric head, piezometric head,
e Continuous flux e Continuous flux
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1d Solutions of groundwater flow

Method of fragmentation

Example: Flow underneath a dam
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1d Solutions of groundwater flow

Method of fragmentation

Example: Flow underneath a dam

h

h,

confined

x=0 X=L
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1d Solutions of groundwater flow

Boundary conditions at the domain boundary

Boundary left: h(x->-Infinity)=h;
Boundary right: h(x=L)=h,

Head at the interface
Boundary leaky right: h(x=0) = hy,
Boundary confined left: h(x=0) = h,

Continuous piezometric head: hy = h,y, = h,
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1d Solutions of groundwater flow

1) leaky:
hleaky(w) = hoo + (hg — hoo) €XP (;)

Qleaky(x) = —ThO — oo exp (f)

A A
2) confined:
hr, — ho
hconf(w) = ho T £
hr — ho
Qconf(fﬂ) = -1 T

Continuous flux: Q ¢ (X=0) = Q |eaxy (Xx=0)
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1d Solutions of groundwater flow

Continuous flux:

hao — h O hr —h
TOAOOexp(—):—TL 0

A L
ho —ho  hp — hg
AL
- Head at the interface:
T N _ hpA+ hoolL
ho=—"1—7 =
1.1 A+ L
L A
P —
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1d Solutions of groundwater flow

h [m], g [m/s] 10°
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