National Exams December 2004
98-Geol-A2 Hydrogeology

3 hours duration

NOTES:

1. If doubt exists as to the interpretation of any question the candidate is urged to submit
with the answer paper, a clear statement of any assumptions made.

2. Any non-communicating calculator is permitted. This is an Open Book exam. Note to
candidates you must indicate the type of calculator being used. i.e. write the name and
model designation of the calculator, on the first inside left hand sheet, of the exam
work book.

3. Any five questions constitute a complete paper. Only the first five questions as they
appear in your answer book will be marked.

4. All questions are of equal value.
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1. Consider a system of two aquifers separated by an 8 m thick clay aquitard
(permeability of 10712 cm?, porosity of 0.37). The absolute pressure at the top
of the aquitard is 600 kPa, and the absolute pressure at the bottom of the
aquitard is 720 kPa. (Assume water density is 1 g/em’, water viscosity is 1 ¢P)

a.

b.

Determine the water levels in two wells, one screened only at the top of
the aquitard, and one screened only at the bottom of the aquitard.
Determine the Darcy velocity through the aquitard (magnitude and
direction).

Determine the water level in a well that was screened only at the midpoint
of the aquitard.

Determine how long it would take for a water molecule to be transported
across the aquitard.

A 75 micron diameter capillary tube of an unknown material is placed in a

tray of water. The water rises up the capillary tube a distance of 3 cm. The
surface tension of the water is 72 dynes/cm.

2.
a)
b)
c)
d)
3.

Determine the contact angle of the fluid on the capillary tube if the water
density is 1 g/em’ and the absolute water pressure (in Pa) at the top of the
water column.

Explain why the water rises up the capillary tube.

Explain, with diagrams, the concept of capillary fringe.

Explain with diagrams, the phenomenon of hysteresis with respect to
drainage and imbibition of water in a soil.

Two 10 cm diameter wells are drilled 120 m apart in a 30 m thick, confined

aquifer and one is directly north of the other. The aquifer hydraulic
conductivity is 2.0 x 10” m/sec, and the porosity is 0.35.

a.

If flow in the aquifer is due south and the water level in the northern well
is 102.1 m.a.s.l. and the water level in the southern well is 99.2 m.a.s.1,
determine the total volumetric flow rate through a 300 m wide section of
the aquifer .

If initially there was no flow in the aquifer, the initial water level in the
entire aquifer was 102.1 m.a.s.1. and the northern well is pumped at 5
L/sec, determine the steady state water level in the southern well if the
steady state water level in the northern pumping well is 80.5 m.a.s.1.

Page 2 of 6



December 2004

98-Geol-A2 Hydrogeology

4. A 1000 m wide unconfined aquifer has a hydraulic conductivity of 1.2 x 10

m/sec, and the bottom of the aquifer is 45 m below the ground surface. The

water level in one well in the aquifer is 40 m from the bottom of the aquifer.

In a second well located 250 m away from the first well in the direction of

groundwater flow the water level is 37 m from the aquifer bottom.

a) Determine the total flow through the aquifer, assuming that aquifer
recharge is negligible.

b) Determine the head at a point 100 m from the first well, assuming that
aquifer recharge is negligible.

c) If the vertical recharge to the aquifer increases to 0.13 m/year, but all other
conditions are unchanged calculate the water level 125 m from the first
well.

. A confined aquifer consists, in descending order, of a 10 m thick layer of

coarse sand (permeability of 2.0 x 107 ecm?), a 5 m thick silty sand

(permeability of 5.0 x 101 cm2), and a 12 m thick fine sand layer

(permeability of 3.0 x 10 cm?). ‘

a) Determine the average vertical and horizontal hydraulic conductivities of
the aquifer. ~

b) If the water level in a well screened only at the top of the aquifer is 121.2
m.a.s.l. and the water level in a well screened only at the bottom of the
aquifer is 120.8 m, determine the water pressure heads at the boundaries
between the first and second layers.

c¢) Ifthe Darcy velocity in the upper aquifer at the interface between the first
and second layers has vertical and horizontal components of 1 m/day and
0.2 m/day, respectively, determine the direction of groundwater flow in
the second layer at the interface between the first and second layers.

. A confined aquifer is 10 m thick, with a hydraulic conductivity of 107 cm/sec,

and a specific storativity of 1 x 10° m™. A 10 m thick aquitard with a

hydraulic conductivity of 10 c/sec and a negligible specific storativity

separates the confined aquifer from an upper unconfined aquifer. A pump in

the confined aquifer withdraws water at a rate of 600 m’/day for 24 hours.

a) Determine the drawdown at a distance of 100 m from the pumping well
after 24 hours, assuming no change in water level in the unconfined
aquifer as a result of pumping.

b) Would the drawdown be larger or smaller if the well was only screened
over the top 5 m of the confined aquifer? Explain your answer.

¢) If the aquitard had a significant specific storativity, explain the impact on
drawdown due to pumping in the confined aquifer.
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7. A slug test was conducted in a confined aquifer in a well with a 1 m screen
length and a 10 cm diameter diameter. The initial water level in the aquifer
before starting the slug test was 100 m.a.s.l. 10 minutes after the start of the
slug test the water level in the well was 101.2 m.a.s.1,, and 50 minutes after
the start of the slug test the water level in the well was 100.3 m.a.s.l
a) Determine the hydraulic conductivity of the aquifer.

b) Discuss what slug test field procedures and analytical procedures you
would follow if you wished to determine both the aquifer transmissivity
and storativity.

¢) Discuss under what circumstances you would use a slug test, and under
what circumstances you would use a pump test to determine aquifer
properties.

8. Two pumping wells are installed in an aquifer. Well A is 50 m from an
observation well, and Well B is 100 m from the same observation well. Well
A is pumped for 24 hours at 10 m>/hr, and then turned off. Well B is started at
the same time as Well A, but is pumped for 48 hours at a rate of 5 m’/hr. If the
aquifer is fully confined, and infinite in extent, with a thickness of20m, a
hydraulic conductivity of 1 x 107 cm/sec, and a specific storativity of 1 x 107
5 m'l, determine the drawdown at the observation well 24, 48, and 60 hours
after pumping from the wells was first started.

Page 4 of 6



9 Jo G o8eg

9L°1E 88°1¢ 20°L¢ L1ZE 1L A 8¢°7¢ 08'Z¢ LT &S 96'¢¢ se01 X
oy°6¢ 85767 14762 LY6T SO 0¢ LT 0% 9%°0¢ L6°0% 99°1¢ »1-01 X
O1'LT 87 LT 1%LZ 96°LZ (TN A L6 LT 97'8¢ 99’87 9¢°67 .01 X
98'¥T L6'YT 11762 9T°4C ¥ 6T L9'ST 96'5C 9¢°97 0 LT 201 %
£6°7C L9z 18°22 96'2¢ P1ee 9¢°¢T O£ 90°'%7 SLHT 1101 X
€202 LE°0T 0507 99°07 ¥8°0C 290°1Z 192 ¥4 9L'1C SyTT or-01 X
S6' L1 LO'81 07'81 €e 8l $5 81 9L'81 €061 $¥ 61 €10z 601 X
$O°G1 9461 06°S1 €091 €9y 9%'91 vL91 S1°LY ¥R LY s-01 X
peel oy €1 09°¢1 SLE1 €6 €1 Syl s €8'¥1 12989 101 X
YO'1IL 9T 11 6T'11 ¥ 11 €911 142 4 P11 194 | 748! .01 X
vL'8 98’8 66'8 P16 ¢C'6 €66 P86 YT 01 v6°01 501 X
¥¥O €&'9 699 ¥8'9 0L L YAVA €S L ¥6'L co'g v 01 X
¥I°Y 9T’y 6%y 1 49 4 €LY C6'¥ €T’ $9'S €€'9 .01 X
6’1 €0'T S1'e 0’7 LYz 89°C 96T 14" 'y 01 X
97'0 1€°0 LE0 SH0 9%°0 0L'0 160 FAAR ] 8’1 1)
210000°0 8£0000°0 Z1000°0 9¢000°0 11000 8C00°0 €10'0 6¥0°0 6120 I X
06 o8 oL 09 0s oy 11 8% 0z o1 n

(ZV61 ‘IPZTIM WOXY) # JO SINTEA JOJ (M)4 JO SINTPA
. I'S 21981

December 2004, Geol-A2



December 2004, Geol-A2

9 J0 9 93eg

-goyuy) ‘shydoan sawy Aq mBraido) p1L-zoL d 'L "uotun sAydoan wy sury],,

6000°0 01000 01000 1100°0 1100°0 1100°0 11000 1100°0 110070 0'¢
€080°0 6E11°0 60510 $EBI0 FI61°0 0L61'0 070z'0 $£902°0 £017°0 o1
PLILO PH61°0 LD0E0 017%°0 sa ] 859%°0 098%'0 5050 90Z¢$'0 (%1}
BLZZ'O L2V 0 06180 L6T6°0 <050°1 16LY°1 STIE°L 4 4 281 10
60%8°0 00L6°0 orzel €567l SC6TX LZ6%'1 <00
Loer't orzet 055871 98HR’1 1070
S00°0
100°0
S000°0
1000'0
£0000°0
10000°0
0000070
10000070
- - - - . » » ¥ - L
L4 0z 1 o1 60 80 Lo 9°0 $0 a4
110070 11000 1100°0 1100°0 110070 1100°0 1100°0 11000 11000 11000 0'¢
SEITO 1912°0 6L12°0 98I0 06170 16120 €61Z°0 £61Z°0 ¥617°0 Y6120 0l
¥pes0 11323, 7€5%°0 19550 18$€°0 89560 ¥655°0 96650 L6550 B655°0 <0
39571 $¥0.9'1 LTSLT 6Z8L°1 05081 8ZIR'L ¥RIRL CIZR'L %440 LZZ8'1 o
SLOL1 €8T61 011t'C 9LLET Ly'e 154 K4 9LEP'T FA L) A 0L9%°T cL9¥'T <00
€772 yO1L'2 €L82°¢ CTLS'E 0618'¢ 1606'¢ $6L6°¢ (910°¥ 97¢0'¥ 98¢0’y 100
0672'C 8TyL'T LOSY'E 1289'¢ 0962'¥ (VA 24 ¥809°F 6289°% TEILY L'y $00°0
PS0S'E <650°Y 2678'% 8L0¢€'S SO6L'S Z0Z1°9 €9L7°9 690¢°9 1000
€58y 790%°¢ 1280°'9 6179°¢ 725169 0669 £000°0
/TIYS 8779 FAA Y AR ¥ivi's £86¢'8 1000°0
0s¥ZL 1112 & L788'8 €0000°0
¢I€9'8 LIRS & 10000°0
12544 SO0000°0
100000°0
30 £'0 0 S0 or'o $L0°0 $0'0 €070 $10'0 10°0 a "

+H9S6 T ‘USNMIVEE INTE) (H/4 )M JO SINTEA

8 a1qv)



