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{A) A stream cuts a valley by normal downcutting (B) Changes in climate base level, or other factors that reduce
and headward erosion processes. flow energy cause the stream to partially fill its valley with
sediments, forming a broad, flat floor.

(C) An increase in flow energy causes the stream (D) The stream shifts laterally and forms lower terraces
to erode through the previously deposited alluvium. as subsequent changes cause it to erode through the older
A pair of terraces is left as a remnant of the former valley fill.
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Stream disappears
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Debris (soil,
rock, etc.)

Groundwater
table

1 Some caves may be wholly in the
saturated zone and filled with
water, depending on the depth 2 Shallow caves above
of the groundwater table. the groundwater table are

filled with air.
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= 2
K =C dj
where K Hydraulic conductivity [m/s]

d;p 10 percent grain fraction [mm]
C  factor (120 107 * >C >60 10~ %).

It should be mentioned here that already in 1880 Seelheim developed an empirical for-
mula. which relates K to the median grain-size ds; as follows (6):

K = 0.00357 d3, (6)

The US Burean of Soil Classification recommends (after Mallet and Pacquant, 1954):

K = 0.0036 d3f (7)
from Bear, 1972):
X 3
K - & n- dsy
W (1= n? 180
where K Hydraulic conductivity [m/s]
n porosity
dsq 50 percent grain fraction [m]

W& weight density of water [N/m’)
w  dynamic viscosity [N/(s m?))
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Sedimentary Clay 27 0.01-0.18 0.06
Silt 299 0.01-0.39 0.20
Sand (fine) 287 0.01-0.46 0.33
Sand (Med) 297 0.16-0.46 0.32
Sand (Coarse) 143 0.18-0.43 0.30
Gravel (fine) 33 0.13.--0.40 0.28
Gravel (med) 13 0.17-0.44 0.24
Gravel (coarse) 9 0.13-0.25 0.21
Siltstone 13 0.01-0.33 0.12
Sandstone 47 0.02-0.40 0.21
(fine)
Sandstone 10 0.12-0.41 0.27
(med)
Limestone 32 0-0.36 0.14
Wind Deposits Loess 5 0.14-0.22 0.18
Eolian Sand 14 0.32-0.47 0.38
Metamorphic Schist 11 0.022-0.033 0.026
lgneous Tuff 90 0.02-0.47 0.21
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Material Porosity
Rock

Limeatone 1.6-21.0
Chalk 29.2
Dolomite 0.4.27.8
Rock Salt 0.6
Chert 18

Cranite
Basalt 0.8-11.4
Tufy 14-40
Pumice 87.3
Obsidian

Marble

Quartaite 0.6
Slate )
Conglomerate 1
Sandstons 11.2:.37 4
Sitstone 4

Shade 2211

Sediment

Silt 33.7-50.0
Sand 313.8-51.3
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Example 2.3: The intrinsic permeability of an aquifer is 2.3 x
10° cm2.  Calculate the aquifer's hydraulic conductivity,
assuming typical values for fluid density and viscosity.

=23x10" em/s

K= kpg —23x10° em? x l.O,Sg < 9802cm < Is-cm
J7i cm S 001g
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