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Assume g = 9. 81 m/sec N . ’ .
2 o i IS¢

1. A fluid in an aqu1fer is 4.0 m above a reference datum, the fluid
pressure is 2,400 N/m? and the flow Veloc1ty is 1.0 x 10° m/sec.
If the fluid density is 1.01 x 108 kg/m

A. What is the total energy per unit mass?

B. What is the total energy per unit weight?
Solution: |

Using Equation 5-6

A. Em = v2/2 + gz + P/p

N
(1.0 x 10°5)2 m2 591 M .a.0m+ 2400 05 ™2
2 s? T g2 1.01 x 10 kg /m?
Eq = 42 m?/s?
B.
2
41.62
E = Etm = S = 4.2 m
tw g m
9.81 %
S2

2. A fluid in an aquifer is 31.5 m above a reference datum, the
fluid pressure is 3,750 N/m2, and the flow velocity is 1.35 x
104 m/sec?. If the fluid density is 0.999 x 108 kg/ma,

A, What is the total energy per unit mass?

B. What is the total energy per unit weight?
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Using Equation 5-6:

A. N Emq = V2/2 + gz + P/p
N
) 3750 X
- (1.35:2:10‘)2 _m_: + 9_31_‘.“3-31.5m + =
s s 0.999 x 10% kg
m3
g ‘.
Ey, = 313 n?/s? @1, . %ﬂ(
\ s
| 312.77 & J /
. E ’ M
/E - tm S = 31.9m—
L g 9.81 1 N Wg/gaff
» s Jmf» < Solut
........... Vg
W‘,M =z 3/ ?

3. A piezometer is screened 274.3 m above mean sea level. The point
water pressure head in the piezometer is 23.4 m and the water in
the aquifer is fresh at a temperature of 20° C.

A. What is the total head in the aquifer at the point where the
piezometer is screened?

B. What is the fluid pressure in the aquifer at the point where
the piezometer is screened?

o ion:
From Equation 5-11 and Figure 5.2:
A. h=z+hp=273.4m+23.4m

h 296.8 m

B. From Equation 5-10:
P = pghp
py at 20°C = 0.998203 g/cm®

0.998203 g/cm® x 1 kg/1000 g x 108 cm3/m3 = 998.20 kg/md
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Problem 5-3 (cont.)
. P = 998.2 kg/m3 - 9.81 m/s? . 23.4 m

P

2.29 x 10°% kg/m-s?

2.29 x 10°% N/m?

4. A piezometer point is 23 m above mean sea level. The fluid
pressure in the aquifer at that point is 6.45 x 105 N/mz. The
aquifer has fresh water at a temperature of 13°c.

A. What is the point water pressure head?
B. what is the total head?
Solution:
From Equation 5-10:
A. P = pghp, or hp = P/pg
at 13°C = 999.38 kg/md

Py
6.45 x 105 N
_ m?
999.38 XJ .5.81 B
m3 s?

hp = 658 m
B. From Equation 5-16:
h=2+ hp
=23 m + 657.9 m
h=681n
39
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5. A piezometer in a saline water aquifer has a point water pressure
head of 15.23 m. If the water has a density of 1029 kg/m® and is
at a field temperature of 21°c, what is the equivalent fresh
water pressure head? '

Solution:

From Equation 5-10: -
P = pgh,
P = 1029 kg/m® + 9.81 m/s? . 15.23 m
P =1.54 x 10° N/m?
Now assume fresh water:
P = pghp and hp = P/pg
Presh at 21°C = 997.99 kg/m3
1.54 x 105 X
h, = m*
P
997.99 X .9 g1 B
m3 s?
h, = 15.7 m

6. The fluid pressure in the screen of a piezometer in a sallne
aquifer is 4.532 x 10% N/m?. The fluid density is 1073 kg/m3 and
the temperature is 12°C. The elevation of the piezometer screen
is 1048.54 m a.s.l.

A. Compute the point water pressure head.

B. Compute the fresh water pressure head.

C. Find the total fresh water head.
Solution:

P = pghP and'hp = P/pg
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Problem 5-6 (cont.)

A.

h
Pfresh

Ptresh =

4.532 x 105 X
_ m?2
Psali B
satine 1073-5% +9.81 2
m S
= 43.1 n
- Psaline
P/ pgreshd
999.498 kg/md
4.532 x 105 X
- m?
Prresh
% 999.498 l‘—? +9.81 &
m S
h = 46.2 n

C. h=2z+h

-
]

7. A sand aquifer has a median pore diameter of 0.2 mm.
density is 1.003 x 10° kg/m® and the fluid viscosity is 1.15 X

103 N-sec/mz. If the flow rate is 0.0016 m/sec. is Darcy's law

Pfresh

1048.54 m + 46.2 m = 1094.7 m

valid? What is the reason for your answer?

ution:

From Equation 5-20:

R = pvd/u
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1.oo3x1035% -o.oo16%-o.oooozm , !
m ‘

N-s8

1.15 x 1073
m2

R=20.3

Reynolds number is less than 10; Darcy's law is valid.

8. An aquifer has a hydraulic conductivity of 123 ft/day, an
effective porosity of 27% and is under a hydraulic gradient of
0.0003.

A. Compute the Darcy flux.

B. Compute the average linear velocity.

cC. The water temperature was 12°C and the mean pore diameter 9. 2
was 0.33 mm. Was it permissible to use Darcy's law under d
these circumstances? What is the reason for your answer? k
Solution: g
From Equation 5-18: A
Q = -KA (dh/dl) and Q/A = v = -K (dh/dl) _ B
A. v =123 ft/d - 0.0003 Soluti |
v = 0.04 ft/d F %
Al

From Equation 5-24:
B. V, = (K/n)) (dh/dl)

v, = 0.1 ft/d

convert: 0.1 ££ x 12 in x 2.54 cm x 1 & x _1 br x _1 min |
a £+ in 24 kb 60 min 60 sec |

V, = 4.82 x 10 cm/s ;
|
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) il Problem 5-8 (cont.)

2r
r?

C. calculate Reynolds number:

R = pvd/p (Equation 5-20)
d=0.33mm = 0.033 cm
Py20Gc = .99498 g/cm3

Bqp0g = 0.012363 poise = g/sec-cm

0.999498 -3 -4.82 x 1075 2 . 0.033cm
cm? s

R =

9. A confined aquifer is 10 feet thick. The potentiometric surface
drops 0.54 foot between two wells that are 792 feet apart. The
hydraulic conductivity is 21 feet per day and the effective '
porosity is 0.17.

A. How many cubic feet per day are moving through a strip of
the aquifer that is 10 feet wide? ,
B. What is the average linear velocity?
Solution:
From Equation 5-56:
A. g’ = Kb (dh/dl) where K = 21 ft/d
b = 10 ft

dh/dl = 0.54 ft/792 ft
g’ = 21 ft/da - 10 ft - 0.54 ft/792 ft

Q = 0.14 ft?/a x 10 ft
0 = 1.4 ft3/d moving through a 10 foot-wide strip
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Problem 5-9 (cont.)
o B. From Equation 5-24:
Ve = Q/An,
where A = 10 ft x 10 ft x 100 ft2

q = 1.4 ftd/q

V, = 1.4 £t%4
‘ 100 ft° . 0.17

V, = 0.082 ft/d

10. A confined aquifer is 24.5 m thick. The potentiometric surface
drops 1.23 m between two wells that are 1023 m apart. If the
hydraulic conductivity of the aquifer is 44 m/day, how many cubic
meters of flow are moving through the aquifer per unit width?

Solutjon:
From Equation 5;56:
q’ = Kb (dh/dl)
q’ =44 m/d + 24.5m - 1.23 m/1023 m

q’ = 1.3 m?/d per unit width

11. An unconfined aquifer has a hydraulic conductivity of 1.7 x 103
cm/sec. There are two observation wells 328 feet apart. Both
benetrate the aquifer to the bottom. In one observation well the

water stands 24.6 feet above the bottom and in the other it is
20.0 feet above the botton.

A, What is the discharge per 100-foot-wide strip of the aquifer
in ft3/day?

B. What is the water-table elevation at a point midway between
the two observation wells?
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From Equation 5-60:

,  (hZ-n
T - K( 2L

where h1 = 24.6 ft
h.2 = 20.0 ft
L = 328 ft

K=1.7 x 103 cm/s

It

4.8 ft/d

24.62ft2-20.02ft2)
2 (328) ft

q’ = 4.8ft/d(

q’ = 1.5 ft?/day per unit width

1.5 £t2/d - 100 ft = 150 £t3/a

B. From Equation 5-72:

H
h = th_ (hf-h;f)x
L
where h1 = 24.6 ft
h2 = 20.0 ft
L = 328 ft
x = 164 ft

h = |24.62 ft? -
[2 6% £t 328 £t

h = 22.4 ft
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