q —_ K grad h Darcy’s law

grad is a vector

gmdzié'll & 52+£53
Ox Oy Oz

grad(h) =% O1- oh 02 oh 03
Ox Oy Oz




q is a vector

g =qxO1+qy 02+ qz03

Transient mass balance equation:

G + G + °: —W =—38s %
Ox oy 0Oz ot




Steady State Mass Balance Equation with W =0

Oqx N oqy N 0q: _
Ox oy Oz

0

grad.q=10

Veq=0 (del notation)

The dot product of
grad and q Is
divg=0




E(Kx@)-l-i(](y%)-l-i([(z%) = Ss%—W
Ox ox Oy oy Oz Oz Ot

Anisotropic medium: K at a point varies with direction

Ky = Ky £ K,
or
Ky = K, =K,

Heterogeneous medium: K varies in space



Characteristics of K in two dimensions

v
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A\

X
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Kz

K =K, =K Ky # K,

Homogeneous, isotropic Homogeneous, anisotropic



Characteristics of K in two dimensions

A
Kz

Kx

K, =K, =K

Homogeneous, isotropic

A B

-

v

Heterogeneous, isotropic

—>
W

v

Homogeneous, anisotropic

A

— B

«—
v

Heterogeneous, anisotropic



o oh o oh oh
a([(xa) +5(Ky5) +§(Kz—) Ss \F(\

homogeneous, isotropic porous medium: K, =K, =K, =K

steady state conditions: % =0
W=0
Laplace equation
6 oh. %k 0°h 0°h 0°h
5(5)_@6 P | ayz | 572 =0
V’h =0




Toth Problem (2D)

Groundwater
divide

Groundwater
divide



@ o @
i, j-1
e < o
-1, | ) i+1, ]
@ o
i, j+1

AX

The 5 point star
in a regular grid

AX = Ay



Py i+l g0 =0

b ;= 0y +h g+ h )4

Ilteration indices

p @y @y @, @

h @_ i+1,j i—1,j i,j+1 i,j—1
i,] R 4

Solution by iteration
Gauss-Seidel Iteration



Iteration

O )
O
O
h C’D+hi_1,jC”D+h- C”D+hi,j_1@’>
Ay

h .m+1_ i+1,; i,j+1

l,] 4

h.. " +h +h m+h.@

h m+l Vil i—1,j i,j+l1 i,j—1

I,j 4
Gauss-Seidel Iteration



2D example
with specified head
boundary conditions

(Assume an initial
guess of h =10 for
all interior nodes)




Example
with specified head
boundary conditions




Example
with specified head
boundary conditions




Example
with specified head
boundary conditions




Example
with specified head
boundary conditions




Gauss-Seidel Iteration
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J File Edit Yew Insert Format Tools Data Window Help Adobe PDF

DR 8RY|s BB v = &) Mo - 2 0 -|B I O
| T = =
C4 =| =(C3+CE+B4+D4)/4
A | B C D E

1 10.00 9.00 8.00 7.00

2 10.00 8.76 7.44 6.00

3 10.00 8.58 7.01 5.00

4 10.00 8.5%9 7.01! 5.00

5 10.00 8.76 7.44 6.00

0 10.00 9.00 8.00 7.00

7

3

C4=(C3+C5+B4+D4)/4




Fd Microsoft Excel - tothwb.xls

J File Edit Wiew Insert Format Tools Data Sindow Help acrobat

DR SRy iaRadt| -

= &) | oo -

X :
2| Arial

[—

- 1|:| -

ik

BB

03 |

= | =(02+D4+C3+E3)/4

A | B

C

D | E

F

G |

H

L

OO |00 | -] | O O | e el [ B —

100.0000 100.4000
100.6393 100.7352
100.98587 101.0614
101.1923 101.2395
101.3013 101.5386
101.3358 101.5704

k.

30,0000 30,0000
i

SSASYO -1 86574
F Taotal D Total

34,5940 -34.5840

100.5000
101.0355
101.2321
101.3658
101.44352
101.4655

30.0000

-7.15940

Toth Problem

101.2000 1016000
101.53413 101 6663

I 1D1.4E14! 101.7234

10154582 101.7655
1016000 101.7914
101.6171 101.8000

30.0000 30.0000

-4 2662 -1.598593

Errar
0.0000

D3 =

102.0000
102.0000
102.0000
102.0000
102.0000
102.0000

30.0000

0.0000

102.4000
102.3337
102. 2766
1022342
102. 2086
102.2000

30.0000

1.5853

1025000
1026551
102.5386
102.4518
102.4000
102.3529

30.0000

4.26K2

103.2000  103.6000
102.9602 103.2145
1027679 10295386
102.6342 1027605
102.6568 1026614
102.6318 1026296

30.0000  30.0000

719400 11.5574

104.0000
103.3602
105.0113
102.8077
102 6987
1026641

30.0000

8.65970

D4+ D2+ C3+ E3

4

Example of spreadsheet formula



