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Continuity equation

Mass balance over an infinitesimal small control volume

o(pnys) = =
| =\ —
V- (pq) = pWo
ot
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Continuity equation

Water has a small compressibility:

- V.g=W
P ! q 0

Write the flow equation in terms of piezometric head:

1d(pns)Ph = S
Ldenp)Ph G g h = w

dh /Ot
Specific storage coefficient
n¢d dn
So=—4F 4 —J
p dh dh
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Continuity equation

dn n¢d
Specific storage coefficient: Sy = dhf | f clio ;:
Pw

Compressibility of pore space:

1
So,g =107 — 1072

m

?

Compressibility of water:

1
SO, w ~ 1076—
m

Storage large for entrapped gas (z.B. CO,)
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Continuity equation

Specific storage coefficient

EE—
Ah
h=h,
S S SR A 1 h,
Vv Vv

mw(h()) - an Pw mw(h() Ah) = mv»(hﬂ r(1+AlS)

Figure 4.8: The specific storage coefficient Sy describes the relative change of mass of the stored water
due to a change in the hydraulic head /.
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Continuity equation
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Groundwater flow equation in general

8h —_— —_—
Sot _V-K;NVh =W,
0ot f 0
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Continuity equation

Depth averaged description on large scales
e Groundwater flow Often mainly horizontal flow

« Well flow on large scales

Vertical movement of
water negligible

Approximated streamlines
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Continuity equation

Dupuit Approximation

Uf,a:(mayat)
h = h(ajayat) Vf — Uf,y(xayat)
O
Reduction from 3d to 2d
199999777777 IR 7
R S —
vertically resolved Dupuit assumption

Figure 4.9: Illustration of the Dupuit assumption for the example of groundwater flow between two
rivers in perfect hydraulic contact to the aquifer.
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Continuity equation

Averaging over depth

|
I~ T = , =
I : : JI
20 e It s it o Rt i 1 )
P —.___!______.-._.__i. e VA N~ T _._—i
[L—J—-—-—-—-—-—-i—[—--—--— r-—--l—--u—-——-r---—--—--—-i--j
] | { .F R ZO
rff OO L Ll A Ol il ol f Al el ///!
{1 ] Leibniz _ _ g~
¢ 0 2 | Universitit Environmetal Hydraulics, Groundwater, WS 2011/2012 ISU

tog: 4 | Hannover



Continuity equation

Exercise #4
Discuss for which applications a depth-integrated description is

valid:

—t

Calculation of the capture zone of a production well,
2. Calculation of drawdown in the direct vicinity of a fully
screened well
a) Under confined conditions,
b) In a thick phreatic aquifer,
c) In a shallow phreatic aquifer
3. Calculation of drawdown in the direct vicinity of an
incomplete well,
4. Calculation of the groundwater flow field for remediation of
a spill at a gas station
5. Calculation of transport in the remediation of that spill.
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Continuity equation

Reminder aquifer types, confined aquifer:

GS
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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

m
W :fo Wodz
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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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