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Figure 3.4 Groundwater flow (one dimc-anuionul).
e W . AneaNaY

> Ny = ), ST
Darcy velocity of flow, mm/s or ft/s

Yy re U=
K = hydraulic conductivity of medium or coefficient of
permeability, w or ft/s A
i = hydraulic gradient, or ft/ft = by
h,, h, = pressure heads at points 1 and 2, m or ft
z,. z, = elevation heads at points 1 and 2, m or ft
L = distance between points (piezometers) 1 and 2,
m or ft C e o pd=d )-\s*oqxcl_. ok waman
= Loy \.\vsAﬁ—)
+ _t >~ The pore velocity v, is equal to the Darcy velocity divided by porosity as
=g DN follows:

vy = vin (3.11)

Darcy’s law is applied only in the laminar flow region. Groundwater
flow may be considered as laminar when the Reynolds number is less
than unity (Rose, 1949). The Reynolds number can be expressed as

b, BSF

v

R = (3.12)

where R = Reynolds number
V = wvelocity, m/s or ft/s
D = mean grain diameter, mm or in
v = kinematic viscosity. m“/d or ft“/d

- Jia

Example 1: Determine the Reynolds number when the groundwater tem-
perature is 10°C (from Table 4.1a, v = 1.31 X 10~ % m™s): the velocity of flow
is 0.6 m/d (2 ft/d); and the mean grain diameter is 2.0 mm (0.079 in).

:Jad)

VvV = 0.6 m/d = (0.6 m/dY (86,400 s/d)
6.94 < 10°° m/s

D — Z2 mm = 0.002 m

VD _ 6.94 > 10" Sm/s < 0.002 m

- 1.31 >< 10 ®m?/s
= 0.011

11
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Lo o 664 AT 3N = 15.040 m*/d X 264.17 gal/m®

o

g

Exampile3: The slope of a groundwater table is 3.6 m per 1000 m. The coef-
ficient of permeability of coarse sand is 0.51 cem/s (0.2 in/s). Estimate the flow
velocity and the discharge rate through this aquifer of coarse sand 430 m
(1410 ft) wide and 22 m (72 ft) thick.

z,/

180 Chapter 3

solution: Q =\
Step 1. Determine the velocity of flow, v, using Eq. (3.3.053 A

i = 3.6 m/1000 m = 0.0036

v = Ki = 0.51 ct/s5(0.0036)
= 0.00184 cm/s (86,400 s/d){0.01 m/cm)
= 1.59 m/d
= 5.21 ft/d

Step 2. Compute discharge

Q=vA=159m/d X 430 m X 22 m
= 15.040 m%d

= 2,97 37GD (million gallons per day)

Example 5: If the water moves from the upper to the lower lake through the
ground. The following data are given:

difference in elevation Ak = 25 m (82 ft)

length of low path L = 1500 m (4920 ft)
cross-sectional area of flow A = 120 m? (1290 ft?)
hydraulic conductivity X = 0.15 cm/s

porosity of media n = 0.25

Estimate the time flow between the two lakes.

solutisn: . /

Step 1. Determine the Darcy velocity v
v = Ki = KAAR/L = 0.0015 m/s (25 m/1500 m)
= 2.5 X 10 °m/s
Step 2. Calculate pore velocity

v, = v/n = (2.5 X 10™° m/s)/0.25
= 1.0 X 10 m/s

Step 3. Compute the time of travel ¢

AP e t = L/v, = 1500 m/(1 < 10~ m/s)
L . Ao = 1.5 x 107 s X (1 day/86,400 s)
- e = 173.86 days
- B
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A sand aquifer 12,19 m thick is about 1.61 km wide. The aquifer is covered by a confining unit
0 gﬁ“ﬁnl till about 13.72 m thick beginning from the land suiface. The difference in the
hydraulic head between twe wells 1524 m apart is 3.05 m (Fig. 6.4). The hydraulic conducuvity
of the sand aquifer is 20.34 m / day. What is the quantity of ground water passing through 2
cross-section of this aquifer in ft' / day, gallons per day. and m? / day?

Method 1:
A (12.19 m)I( 1610 m) = 19626 m?
i Ah/L = (3.05 m) /(1524 m) = 0.002
K = 20.44 m / day
m 2 m“
Q= KAi :(20.4.: —— £19626 nr)(n.oo:): 802 — 6.1
day ) day
Q=802 7 x 264 = 211,728 gpd v 2 240 Y aa\ve e
o
. . \ v*c‘\’S =38 e 25
Q=802 ™ x 3532 = 28327 1
day dayv
Method 2:
i =  AWL =(3.05 mJ(1524 m) = 0.002
K = 20,44 m / day
b 12,19 m
W = 161 km= 161,000 m
T = Kb=(20.34 m/day)(12.19 m) = 249 m>/ day
m: m“
Q=TWi= [249 . }(1,610 m)(0.002) =8()2-d— 6.6
iy ay
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