GEOL4850 Groundwater Hydrology

Final Exam (5 problems, 100 points)

Dec 5- Dec 12,2013, 3:30pm (ENV210E)

Collaboration in any way on the final exam is not allowed.

Problem 1. (25 points)

Figure 1 illustrates an unconfined aquifer that is bounded by two channels: one is at x=0 where
the elevation of the water table above the base of the aquifer is 30 ft, and the other is at
x=L=1000 ft, where the water table elevation above the base of the aquifer is 40 ft. The hydraulic
conductivity is 1.5 ft/d. The area is subject to rainfall of 2.0 ft/year and evaporation of 1.8 ft/year.

(1) What is the average discharge per unit width at x=0?

(2) What is the average discharge per unit width at x=10001ft?

(3) Is there a water-table divide in the unconfined aquifer? Is so, where is it located?

(4) What is the maximum height of the water table in the unconfined aquifer?
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Fig.1
Problem 2. (25 points)

A well that is screened in a completely confined aquifer is to be pumped at a rate of 120,000
ft3/day for 30 days. If the aquifer transmissivity is 8000 ft?/day, and the storativity is 0.0005,
what is the drawdown at distance of 50, 100, 200, 500, 1000, and 5000 ft? The values of the well
function are given in the attached Appendix 1.

Problem 3. (25 points)

A confined aquifer is underlain by a 10.0-ft-thick leaky confining layer with a vertical
conductivity of 0.03 ft/day. A well is screened in the confined aquifer and pumped at a rate of
200,000 ft3/day for 30 days. If the transmissivity of the aquifer is 6000 ft2/day and the
storativity is 0.0002, what is the drawdown at distance of 100, 200, 500, 1000, and 5000 ft.
Assume all assumptions are valid. The values of the well function are given in the attached
Appendix 3.



Problem 4. (10 points)

The fresh water at a costal area has a density of 0.998 g/cm3, and the underlying saline water has
a density of 1.022 g/cm3. If the fresh-water head is 3.2 m above the mean sea level, what is the
depth to the salt-water interface?

Problem 5. (15 points)

A landfill is leaking leachate with a chloride concentration of 800 mg/L, which enters an aquifer
with the following properties: hydraulic conductivity is 2.0x10->m/s, dh/dI=0.001, effective
porosity ne=0.22, the effective diffusion coefficient is 1.1x10-°m?/s. Compute the concentration of
chloride in 2 years at a distance 20 m from the point where the leachate entered the ground
water using the following equation:

C L_th)_ke(vxL/DL) xerfc(L+vxt N

2 2,1

where C is the concentration of chloride at distance of L, Co is the concentration of chloride at the
contaminant source, vy is the average linear velocity, t is time, and Dy, is the longitudinal
coefficient of hydrodynamic dispersion and give by:

C=

D, =0.1108(In L)**"*v_+ D*

where InL is the natural logarithm of distance L, and D* is the effective diffusion coefficient. Erfc
is the complementary error function and the values of the complementary error function are
given in the attached Appendix 13.
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Appendix 1 Values of the function W(u) for various values of v

u W) u W) u Wi(u) u W)
1x107° 2245  7x10™® 1590 4x107% 955 1x102 404
2 21.76 8 15.76 5 9.33 2 3.35
3 21.35 9 15.65 6 9.14 3 2.96
4 21.06 1x 1077 15.54 7 8.99 4 2.68
5 20.84 2 14.85 8 8.86 5 247
6 20.66 3 14.44 9 8.74 6 230
7 20.50 4 14.15 1x107* 8.63 7 215
8 20.37 5 13.93 2 7.94 8 2.03
9 20.25 6 13.75 3 7.53 9 1.92
1x10°° 20.15 7 13.60 4 7.25 1x107? 1.823
2 19.45 8 13.46 5 7.02 2 1.223
3 19.05 9 13.34 6 6.84 3 0.906
4 18.76 1x107 13.24 7 6.69 4 0.702
5 18.54 2 12.55 8 6.55 5 0.560
6 18.35 3 12.14 9 6.44 6 0.454
7 18.20 4 11.85 1x1073 6.33 7 0.374
8 18.07 5 11.63 2 5.64 8 0311
9 17.95 6 1145 3 5.23 9 0.260
1x1078 17.84 7 11.29 4 4.95 1x 10° 0.219
2 17.15 8 11.16 5 473 2 0.049
3 16.74 9 11.04 6 454 3 0.013
4 16.46 1x107° 10.94 7 4.39 4 0.004
5 16.23 2 10.24 8 4.26 5 0.001
6 16.05 3 9.84 9 4.14

Source: Adapted from L. K. Wenzel, Methods for Determining

Permeability of Water-Bearing Materials with

Special Reference to Discharging Well Methods. U.S. Geological Survey Water-Supply Paper 887, 1942,



b 1-20£:(9561) LE ‘o [0IsAYdOID UDIAIY ‘SUOIDSUDIL 4

‘ssapinby Ayea ulisa) Buidwng woy exeq 4o siskjeuy,, ‘YsmueH 's ‘W J3YV :324N0S

0 0 8
0 10000 <0000 €000°0 ¥0000 $000°0 9
Z000'0 90000 91000 TE000 9€E000 LEOOO ££00°0 8€00°0 8€00°0 4
€00000 12000 1100 ¥E00 ¥H00 9900 Y00 8900 600 6¥0'0 (4
SZ000 £0Z00 HIT0 S8T0 4610 90z0 €IZ0 8IT0 61T0 6120 8
81200 WHI0 ¥STO0 €20 6870 1060 800 OIE0 OIE0 OIE0 TIED 1ieo 80

00 LLT0  YSED  LBED GIF0 9E¥0 0SY0 €SV0 $SF0  ¥S¥0 L4y b0 90

01z0 Z0S0 S9S°0 1290 G990 €690 00,0 100 T0LO 2040 2040 o

LZT0 S0 LS80 966°0 wlL 61 Wl Wl Wl Wl @l 0

gcc0 6180 SO'T €T 951 S41 081 18T 7T 81 81 T0

€80 80T 66T 69T w61 00T 10T 20T 0T €T €0C 800

6e80 II'T 91 Sg1 LT 9TT LT 8T 6T 60T 0€T 0£T 900

weo €Tl C1 WT ST €9T 99T 99T 9T 89T 89T 89C 00

€Tt 661 8T S6T IE SCE  I€E e GEE€ SEE SEE 200

€Tt o1 €T 6C€ 18€ 68€ G6E 00F €0V ¥V yov 100

€77 9€€ 86€ 80% SIv Wy STV 9TV 9Ty 8000

€z7 €¥E S8Uv 0€h Y 8V €5V ¥y 1404 9000

€z7 8ye v 6Sv WV S8V W6V ¥6y w6t S6v  S6 34 000

05e 1LV 86F ¥TS S¥S 655 €9 €9 €95 ¥ 98 2000

16 €% 16 196 L6S €29 €9 €9 ;€9 EE9 €€9 1000

87 S 69S 19 €F9 9 €69 59 S99 599 80000

o8y LTS LLS LT9 899 089 89 €89 ¥89 389 90000

cgb 6TS €8S Gv9 104 6UL ITL wlL VL yTL $000°0

67S 98¢ 299 0GL 8L 98L 064 6L 6L 20000

67S [8S L[99 8L OV8 8¥8 GF 8 698 98 1000°0

[99 16L (58 L98 S8 188 $8'8 | 800000

99 86L L. 688 006 806 €I'6 | 900000

[99 €08 106 616 ¥E6 GV6 756 | ¥0000°0

908 0€6 856 86 Tot 01| 200000

908 Tv6 086 ot 901 80| 100000

€6 86 €01 Z0T 0°1T'| 80000070

W6 486 $01 601 €11 | 9000000

wWwe 886 yor Tl 9’11 | $00000°0

6 686 gor Tl 1Tl | 2000000

€000°0 S200°0 €CZ00 820 T80 €T 6c1 €T 16€ S8V 6TS  L8G 99 908 ¥¥6 686 gor €11 LTl 0
8 9 4 (4 T 80 90 ¥0 0 TO 800 900 00 200 100 8000 9000 %000  200°0 o

ay

i+

537




Appendix 547

Appendix 13 Values of the error function of x {erf (x)] and the
complementary error function of x [erfc (x)]. Note that

erfc (x) = 1 — erf (x) and erfc (- x) = 1 + erf (x).

X erf (x) erfe (x)
0 0 1.0
0.05 0.056372 0.943628
0.1 0.112463 0.887537
0.15 0.167996 0.832004
0.2 0.222703 0777297
0.25 0.276326 0.723674
0.3 0.328627 0.671373
0.35 0.379382 0.620618
04 0.428392 0571608
0.45 0.475482 0524518
0.5 0.520500 0.479500
0.55 0.563323 0.436677
0.6 0.603856 0396144
0.65 0.642029 0.357971
0.7 0.677801 0322199
0.75 0.711156 0.288844
0.8 0.742101 0.257899
0.85 0.770668 0.229332
0.9 0.796908 0.203092
0.95 0.820891 . 0179109
1.0 0.842701 0.157299
11 0.880205 0.119795
12 0910314 0.089686
@ 13 0.934008 0.065992
. 14 0.952285 0.047715
15 0.966105 0.033895
16 0.976348 0.023652
17 0.983790 0.016210
18 0.989091 0.010909
19 0.992790 0.007210
2.0 0.995322 0.004678
21 0.997021 0.002979
22 0.998137 0.001863
23 0.998857 0.001143
24 0.999311 0.000689
25 0.999593 0.000407
2.6 0.999764 0.000236
2.7 0.999866 0.000134
28 0.999925 0.000075
2.9 0.999959 0.000041
3.0 0.999978 0.000022
® 1.00000 0.00000_

An approximate solution, correct to within 0.7%, of the error function can be determined analytically

from the following equation:
erf (x) = \/1 — exp( _:xz)
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