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The system is homogeneous-isotropic. T = 10m/d. Ax=Ay= 100 m.
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&~ 3) Prepare a contour map using your computed values of head and stream function by contouring the heads
in one patiem (color) and comtouring the stream fanction in another pattern (color).
47%) Comment on the effect of the shape of the boundary in the fiow fild
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[Bead Functioa Spresdehest | [
[Finite Difference Method to solve: [div( Kb grad(h) ) =0
~ |Assume x and y are principal directions of snisotropy
3
dx = 100 |meters
7 {dw=) (dm) = 10000
- 100 |meters
dy) dy) = 10000
Xxeb field
& cols i F B & 5 $ 7 0 o 10 11 12 13 14 18
rows [) 100| 200 300) 400 500 600 700 800 900 1000] 1100 120 1300 1400 |neters
1 0 10 10| 10 10 10 10 10 10 10 10| 10 10 1 10 10
2 100 10 10 10| 10 10 10| 10 10 1 10| 10 10 1 10 10
3 200 10 10] 10] 10 10| 10] 10 10| 10 10 10 10 1 10 10
0 300} . 10 10| 10 10 10 10 10| 10| 10| 10 10 19| 10| 10| 10,
s 400 10 10 10 10 10 10 10| 10 10 10 10 10 10| 10 10
3 500 10 10| 10 10 10 10 10 10 10 10 10 10 10 10| 10
7 ) 10 10 10 10 10 10 10 10 10 10 10 10 10 10| 10
D 700 10 10 10 10 10 10 10 1 10 1 10 10 10 10 10
9 800 10 10 10 10 10 10 10 1 10} 1 10 10 10 10 10
10 900 10 10 10 10 10 10 10 1 0 1 10 10 10 10 10
11 1000 10 10 10 10 10 10 10 10] 0 1 16 10 10 0 i0
2D 12 1100 10 i0 ia 10 i0 10 18 10 0] 10 10 10 18 10 10
13 1200 10 10 10| 10 10 10 10 10 10 10 10 1 10 10 10
14 1300 10 10 10 10 10 10 10 10 10 10] 10 1 10 10 10
15 1400 10 10| 10 10 10 10 10 r 10 10| 10 1 10 10 10
16 1500 10 10 10 10 10 10 10 0 10 10 10 10 10 10 10
17 1600 10 10 10| 0 10 10 0| 0 10 10 10 1 10 10 10
18 1700 10 10 10 0 10 10 10 10 10 10 10 10 10 10 10
19 1800 1 10 10 10 10 10 0 10 10 10 10 10 10 10 10
= 20 1900 10| 1 10 10/ 10 10 0 10| 10 10 10 10 10| 0| 10|
21 2000 10 10| 10 10 10 10 10 10 10 10 10 10 10 10| 10
s [) o] o) 0 0] [ 0| [] o 0|
field
cols 1 2| 3 ] 3 6| 71 9| 10| 1 12| 13| 14 18
[) 100) 200 300/ 400 S00 00| 700 00| + 1300 1400]
1 0| 10 0 10 10 10 10 ) T T 10! 10 10 10 10| 10
2| 100 10 0| 10| 10| 0) D 10| 10 10| 10| 10| 10 10|
3 200 10| 10| 10| ) 10| 0| 10 10| 10 0 10| 10 10
. 300 10 10| 0 ) 10| 10) 10] T 10] 10 10) 10| 10 10
s 400 10 10 0 10 10] 1 10 10] 10 10 0] 10 10 10 10
6 500 10 0] D| 10 10 10 10 160 10 19 0 10 10 10,
3] 600/ C 10 10 10 10 1 10 10| 10 10| u_{ 10| 10 10| 10
D 700 C 10| 10| 10| 10| 1 10| 19} 10| 10 10| 10 10 10 10
D $00 ( 10 10 10| 1 1 10 10] 10) 10| 10] 10 10| 10 10,
10 900 0| 10 10 10| 10 1 10 10| T 10 10 10 10 10 10
11 1000 10 1¢ 10 10 10 1 10 10| 1 10 10 0 0] 10| 10|
12 1100 10 1 10 10 10 10 1 10 1 10 10 0 10| 10 10
13 1200 10 10 10 10 10| 10| 10 10 10 10 10 10 10 10 10|
14 1300 10 10] 10 10| 10 10 10 10 10 10 10 10 10 10 0
1S 1400 10 10| 1 10 10 10 10 10 10 10| 10| 10 10 10| 10
16 1500 10| 10 10| 10 10| 10 10| 10| 10 10 10| 10| 10| 10| 10|
17 1600 1 10| ) 10| 10| 10 10| 10 10 10 10 10 10 10 10|
18 170C 10 10 10| 10 10| 10 10 10 10 10| 10 10 10 10
19 1800 10 10| D) 10| 10 10| 10 10 10| 10 10 10 10 10 10
20 190C 10 10 10 10 10| 10 10 10 10 10 10 10 10 10 10
2 2000 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
0| o) 0| 0 0 0 0| 0| [) [ 0|
t 1
1ter 1700
ra
cals [ s 7] 10 13 .
300 400 500 600 900| 1200 1300) 1600
1 100 100 100 100| 100 100 ni} 100
2 428! $0378] 99.774199. 7 . 62647 55654 [99. 54844 199. 54844
3 66! 614 $5374]99.4 32106] 9. 4T 9.10814]99.00977[99.00077
4 1 4 34547]99.23¢ 85768 ’. 617N 8. 61274
S 99.2888 991583298 . . 44835 8.1 1 e.11185
3 500 13N 119¢.70036] 00029 .61333] 97.57TH]| 971.5775)
7| 600 1199, 91327]90. 62422 52028/ 05068 97.0013397. 09133
s 70099 32187 14051 99.10916]96. 9132790 . 62422 5056/ 3118 ]9¢. 3788396 37583]
9 3877296 38772[86. 33965 98 . 24116 476197.8572 53151 3001 95. TSATI|95. 63496 95. 63490
10 900[97.46241[97. 4624197 40867197 7.13149196.899: B 799 1783 34[94.95434
11 5908596 59085 196 5328996 41675 [96. 24231 96. 01071 [95. 72719 150229415022
12 10095 77724195 77724 |95 . 71531 [95. 5922895 . 4 17 99231 %719 3 1]93.27826193.2782¢
13 2001950255795 .02557]94. 9588394 82676 |94 . 6326394 . 3925394 . 00664 10175 92.4164[92.33196 92. 33196
14 130094 . 34064 |94 26768 [94.1232993. 91094 93. 63688 93. 31126 20132]9 91. 40067 91.3012291.30122
18 1400 [93. 72867 193. 72067 [93. 64796 |93. 48777 [93. 25095 192. 94281 [92. 57237 1 .29152190.17102[90.17102
16 1500193.1974193. 197419310773 [92. 92888 [92. 31103)91.88147 9.06831 92033
17 1600192. 75583]92. 75583 45776/92.15825[91. 75758 [91. 2 E ) 7. 70168 |87. 52167[87.52167
18 1700192. 4134392. 41343/92. 30532 /92. 0872391 75538 91. 30411 90. 72638 | 90.0161[83. 17536 ]88.23451 1516785, 9429
19 180092.17914[92.1 $3047]91.47195 [90.97700 [90. 32838 [89. 50035 |98 46007] 97.164 4.36879] 94.1556] 84.1556
20 1900192. 0600292 9409191.69075[91. 3248 90388] 90.1097/89.19684 /87 28453)83 2. T1423]82. 30951 82.15504 [82.15504
21 2000192.06002 1.94091[91.69875191.3248 90388 90.109799.1968487. 284 90 30 80 0 90
|meters
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Head Function Spreadsheet [ [ [
Finite Difference Method to solve: div( 1/Kb grad(h) ) =0
|Assume x and y are principal directions of amisotropy
dx = 100 |meters
(dx) (dx) = 10000
dy = 100 |meters
(dy) (dy) = 10000
1/Ky*b field
cols 1 2 3 4 S 6 7 L] 9 10 11 12 13 14 13
jrows [+ 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 [meters
1 ] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
2 100 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0. 0.1 0.1 0.1 0.1
3 200 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
4 300 0.1 0.1 0.1 0.1 0.1 0.1 0.1 8.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
S 400 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 8.1 0.1
[ 500 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 a.1 0.1 0.1
7 600 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 G.1 0.1 0.1 0.1
9 700 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Q.1 0.1 0.1 a.1
9 800 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 C.1 0.1
10 900 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0. 0.1 0.1 0.1
11 1000 0.1 0.1 0.1 a.1 0.1 0.1 0.1 0.1 0.1 0.1 8.1 0.1 e.1 8.1 2.1
12 1100 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
13 1200 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
14 1300 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
15 1400 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Q.1 0.1 0.1 0.1 0.1 0.1
16 1500 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
17 1600 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
18 1700 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
19 1800 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.
20 1900 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
21 2000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
meters o ] o (] o ] ] [ (] -] (]
1/Kx<b field
cols 1 2 3 4 S 3 ? | ] 9 10| 11 12| 13 34 18/
rows o 100 200 300 400 500 600 700 800 1360 1400 meters |
1 o 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 8.1 0.1
2 100 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
3 200 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 a3 a1 o1
4 300 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.1 0.1 0.1 0.1 e.1 e.1
S 400 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
[] 500 0.1 0.1 0.1 0.1 0.1 0.1 6.1 6.1 0.1 0.2 0.1 0.1 e.. 9.1 0.1
7 600 0.1 0.1 0.1 0.1 0.1 9.1 0.1 0.3 0.1 6.1 0.1 o.1 o. 0.1} 0.1
[ 700 0.1 0.1 0.1 0.1 0.1 0.1 9.1 0.1 0.1 0.1 0.1 0.1 o. 9.1 0.1
9 800 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.1 0.1 0.1
10 900 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 9.1
11 1000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
12 1100 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
13 1200 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
14 1300 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
15 1400 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
16 1500 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
17 1600 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
18 1700 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
19 1800 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.1 0.1
20 1900 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
21 2000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Fton 0 [] 0 ) [:] o [ o o ('] ]
|Reaset 1
Iter 2463
Head Fan
cols 1 2 3 4 S [ 7 8 9 10 11 12 13! 14 13
gon () 100 200 300 400 500 600 100 900 900 1000 1100 1200 1300 1400 [meters
1 ] 0]0.35714} 0.71429] 1.07143] 1.42857] 1.78571] 2.14286¢ 2.312.85714] 3.21429] 3.57143] 3. 92057 4.20371 | 4. 64286 S
2 100 0] 0.35624] 0.71245] 1.06061 | 1.42473] 1.78062] 2.13697] 2. 49931 | 2. 3.20715} 3.56483] 3. 92309} 4.280278 ] 4. 64081 S
3 200 0] 0.35336] 0.71066] 1.06585| 1.4209] 1. 77586 2.13089{ 2.40626¢] 2. 36| 3.19947] 3.55773} 3. 91716 €.27732] 4.63838 S
4 300 0]0.35455} 0.70899] 1.06321| 1.41716] 1.77085 | 2.12447] 2.478S] 2.8337] 3.19063} 3.54951 ] 3. 9102¢] £.27281 4. S
] 400 0] 0.3338510.70753}1.06085]1.41367] 1.7639]2.11765] 2.46958] 2.82331} 3.17903] 3.53941] 3.9018] 4.26651] ¢. 63284 S
[ 500 0] 0.35333] 0. 70641 1.059] 1.41079] 1.76143] 2.11063] 2.43004] 2.91013] 3.16399] 3.52688 3.'“;_ 4.23002] 4. 62804 S
7 600 010.35304| 0.7038] 1.05795] 1.40904| 1.75836] 2.10468] 2.44501{ 2. 79236 3.14752] 3.50949] 3.07704| 4.2¢89] 4.62371 3
L] 700 0]0.35304| 0.7058]1.05795]| 1.40904] 1.75838| 2.10468] 2.42416] 2.76679] 3.12224] 3.4969] 3.85874] 4.23605{ 4. 61708 3
9 800 0] 0.33937]| 0.67903] 1.01922| 1.36004 | 1.70132| 2.04222] 2.38017] 2.7284) 3.08776] 3.45714] 3.83497] 4.21946] 4. 60855 E)
10 900 0] 0.32541] 0.65174] 0.97996] 1.31059] 1.64465] 1.98269]| 2.32589] 2. 67887 3.04327] 3.41891| 3.80455] 4.19828] 4.59768 S
11 1000 0] 0.31054] 0.62265] 0.93789] 1.25782| 1.58399] 1.91802] 2.26183] 2. 61791 2.98735] 3. 37068 | 3. 76604 | 4.17142] 4.50388 S
12 1100 O] 0.2941{0.59043]0.99123|1.19879] 1.51546} 1.04358] 2.18551} 2.54338] 2.91833} 3.31022] 3.71752] 4.13748} 4.536642 S
13 1200 0] 0.27544] 0.55374] 0.83781] 1.13068 | 1.43546] 1.75532] 2.09326] 2.45175] 2.83218| 3.23433| 3.65633] 4.09438] 4.54432 S
14 1300 0} 0.25392] 0.51126] 0.77559| 1.05064| 1.3404) 1.64999] 1.90046| 2.3382] 2.72428] 3.13068| 3.57898 | 4.04017{ 4.51629 S
13 1400 0] 0.22896] 0.46182] 0.70265] 0.9559| 1.2265] 1.5196] 1.84137] 2.1963] 2.38008| 3.01721] 3.40033| 3.97094 | 4.40062 S
16 1500 0]0.20011) 0.40439] 0.61728| 0.84392) 1.00968] 1.36233| 1.66892| 2.01755] 2.41453] 2.86173] 3. 35428 3.88266] 4. 43326 S
17 1600 0] 0.1671]0.33835] 0.51827] 0.71223] 0.92688] 1.17072| 1.45442] 1.79045} 2.19077] 2.66091 | 3.19242| 3.77013| 4.37778 3
18 1700 0]0.12995] 0.263631 0.40323| 0.55993] 0.7347] 0.93927] 1.18739] 1.49906| 1.89718]| 2.39873| 2.96436| 3.62766] 4.30573 E)
19 1800 0] 0.08906] 0.18099] 0.27907] 0.38759] 0.5127] 0.66405] 0.85763] 1.12101 1.50015] 2.05249| 2.71862| 3.45041| 4.217S S
20 1900 0] 0.04531] 0.09219 0.14247| 0.19864| 0.26448| 0.3466] 0.45786]| 0.6272| 0.92994] 1.59241| 2.38722] 3.23787] 4.11384 S
21 2000 [ ] o [ ] ] [] ] (] [ 1 2 3 4 5
meters
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Head Fn
cols 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

w

0] 100{ 200 1)0 400/ 500f{ 600} 700] 800] 900f 1000{ 1100| 1200f 1300| 1400 |mete

o

1]1.429(1.786|2. 33| 2.5/2.857 3‘i?1‘i 3.571[3.92944 .286[4.643 5

100 9]1.425|1.781j2.

0.355/0.711 l.tG 1.421[1.776 Z.tl 2.486|2.842 3‘199 3.558 3.91]4.278 4.639 5
| LRI ¥
6

s00| [ olo.353]0.706]1.Fs9]1.411}1.761 2.{1 2.459] 2.01 3*66 3.526]3.894.259]4.629] Ys
600 ! 0/0.353/0.706{1 $56|1.409/1.758|2. §052.445(2.792/3.848/3.509/3.8714.243|4.624 5
700 I 0}0.353/0.706 1{58 1.409]1.758 2.'05 2.424[2.767 3.‘22 3.487/3.85@4.236]4.617 5
800 l 0lo.3390.679]1.J19| 1.36/1.701|2. 82| 2.38}2.728 3.| 8]3.457/3.8394.219]4.609 5
900| J ofo.325]0.652 o‘s 1.311[1.645 1.¥3 2.326[2.679]3.0k3[3.419 3.8;1.198 4.598 5

1200 0]0.275/0.554]0.838 31]1.435]1.

1000 0]0.311/0.62310.9%81.258]1.584|1. 2.262]2.618]|2.96813.371]3.766 8 .1714.584 5
1100 0]0.294| 0.59/0.89191.199]1.515(1.849]2.186]2.543]2.918% 3.31{3.718 37]4.566 5
.093]2.452]2.832[W234[3.656

95|4.544 '5

1
L d
1300 0]0.254]0.511{0.776]1. 4

12.33812.724]3. 4.516 5

1.34]1.649

3.579

1400 0]0.229}0.462]0.703]0.95 2.196}2.588 4.481 5]

1500 0] 0.2]0.404]0.617]0.844 4.435 5

W)

1600 0]0.167}0.338]0.518]|0.712}0.927

1700 0] 0.13]0.264]0.405| 0.56]0.735

1800 0]0.089/0.181]0.279]0.388]0.513}0.664

1900 0]0.045}0.092]0.142}0.199]0.264]0.347]0.458

2000 0 0 0 0 iy

meters {
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HeadFunctionModel

700{ 800| 900} 1000{ 1100{ 1200} 1300 1400l-etcr=

rows 0| 100| 200| 300| 400| s00| 600
1 0| enlvaim——— 2 B e it e i—---—--—lahlga
2 100 99.8| 99.8| 99.8{ 99.8] 99.8| 99.8[ 9§.7] 99.7| 99.7| p9.6| 99.6| 99.¢| 99.6| 99.5| 99.5
3 200 9.!7 99.7] 99.7/ 99lv] 99.6] 99.6 9;;5 99.4199.3 ‘9;2 99.2099.11 99.1/ 99,1 95.1
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5 400| 95| 99.5| 99.4| 99¥4| 99.3) 99.2| 9| 98.8/ 98.6| Fp.4| 98, 2eTD 98.1] 98.1] 98.1
6 s00| odl 4| 99.4] 99.4] 99.3{ 99.2] ool ootel ss.s| 08.2LME 97 0l 57.78 07 6] 076 o6
b 1 v hd
\ B T ——
7 600| 99.4] 99.4 99.3] 99%2| 99.1| 98.9] 98.6| 98 €7 .8] 9745] 97.3] 97.2| Yr.1| 97| B
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10 . . 95! o
11 4] 94.4] 94.2 912
A V4
12 93.7] 93.5[ 93.4}193.3| 93.3
13 9 ’2
el Y Y
1 91.9] sk 6| 91.4[ ha.
15 90. "1 90.3] 0.2} 90.2
16 89.8] 89. 1
A Y
17 Yodil g7.7 ob cl o L 74
18 81 .6 86.2] 8.9] 85.9
19 85. y ~4] 84.2] 8).2 ¥ '
20 . >3] 6§.2] 82.2 Ja
M J
2 mst=peot=irow, 30

L
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1) Construct a spreadsheet or computer program to numerically gencrate values of head in the aquifer
system depicted below.

1] 2| 3| 4 S| 6] 7| 8] 9] 10] 11]12] 13| 14] 15
T

T=1 mid

G

i
I

m|
The system is isotropic in both zones, but non-homogeneous. Ax = Ay = 100 m.

2) Construct a spreadsheet or computer program to numerically generate values of stream function in the
aquifer.

3) Prepare a contour map using your computed values of head and stream function by contouring the heads
in one pattern (color) and contouring the stream function in another pattern (color).

4) Comment on the effect of the high-permeability inclusion in the flow ficld What physical situation (s)
could it represent?

Flows focot Feverels ﬁ(}a 7"
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