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K<10-" m/s

Permeable solils
The apparent velocity

particles  with which groundwater

moves through the bulk
of the porous medium is
called seepage velocity
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K>102 m/s
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Flow velocity or flux
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Flow problems
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" < ONE DIMENSIONAL FLOW

Variables at points 1 & 2:
pressure, speed, height

Z.
“| Cross section a ®2 ;l%z P X(0,v,0t)V-P,xV=
fl::l;_rl:?ﬁ"uﬁﬁ ol 4 < pVOz,+1/20V (v,)?
“2"0 (pVgz,+1/2pV(vy)?)
Lo -
| Bernoulli
P, ~, < U, "Bt
Pressure at eritredo oavagpopdg Reference plane
elevation 1
P v 2 P L2 Principle of energy
1 + Z, 1 2 4 Z_ = = h conservation
1 _ 2 >
Y w 29  Yw 2>g 10y

Potential+kinetic

head
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control groundwater movement



Total head In static water
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DARCY’s Law
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kk = hydraulic conductivity, permeability (in velocity units)



" o Critical Hydraulic Gradient
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1. Sand has no strength due to LIQUEFACTION or
due to SOIL PIPING
2. Can we drown in quick sand?
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EHGC!IVG s!resses under hydrostatic

conditions
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Effective stresses under seepage
conditions
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Effective stresses under seepage
conditions
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Total head controls the flow of underground water
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~  Effective stresses under seepage conditic

Critical hydraulic gradient
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Two dimensional seepage
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a graphical representation of two-dimensional steady-
state groundwater flow equation
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m Under two dimensional seepage the sum of the change
In hydraulic gradient in the two directions Is zero
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Boundary conditions
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1. A pair of flow lines
] hz -hy=-4h define a tube (channel
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FLOW IN SANDY SLOPES
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Flow reduces slope steepness by 50 percent
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FLOW IN SLOPES
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hA: hF: uA/YW+ ZA: ul'/YW+ ZI' —
Yy * COS?B * z
c’=0 & seepage: phreatic line at soil surface
u=y,,*z*cos?3
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Anisotropic flow conditions
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