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ENCE 3610 Soil Mechanics
Lecture 6
Groundwater I

Hydrologic Cycle

Water is not “stored” but continuously recycled

Aspects of Hydrology
 A relatively small amount of the earth's water (<1%) is contained
in the groundwater, but the effects of this water are out of
proportion to their amount
 The permeability of soil affects the distribution of water both
between the surface and the ground mass and within the ground
mass itself

Hydrostatic Condition

Changes in Groundwater Level
 Seasonal variations; variations due to drought,
heavy rains, etc.
 Addition of artificial structures and elements to
landscape
 Reservoirs, dams, and artificial river channels
 Construction site excavations

 Drawdown due to well water, drains, etc.

Permeability
 Definition
 The property of soils that allows water to pass
through them at some rate
 This property is a product of the granular nature of
the soil, although it can be affected by other factors
(such as water bonding in clays)
 Different soils have different permeabilities,
understanding of which is critical to the use of the
soil as a foundation or structural element

Theory for Moving Water
• Bernoulli's Law
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– Kinetic Component
– Pressure Component
– Gravitational (Potential)
Component

• In reality, an energy balance of the
soil as it flows through the ground
• Kinetic component can usually be
ignored
– Example: a 1 ft/sec velocity only
produces 0.015 ft head difference
for water

• We will ignore losses in the soil

• Variables
– h=head at a given point
– v=specific discharge
• Sometimes referred to as
the seepage velocity, but
this is in reality different

– g=acceleration due to
gravity
– p=pressure
– γ=unit weight of fluid
– z=position in gravity field

Specific Discharge
• The specific discharge
does not refer to the
actual velocity going
through the pores of the
soil
• It refers to an average
velocity of a fluid flow
though a given area,
basically ignoring the
presence of the pores
– q=flow through a crosssectional area of soil
– A=cross-sectional area of
soil
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Hydraulic Gradient
• Equation:
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– i=hydraulic gradient
(dimensionless)
– Δh=change in head from one
point to another
– Δl=change in position from one
point to another (distance)

• Equation presented in
differential form (see Verruijt
text)
– This indicates that hydraulic
gradient can and does vary
continuously in the soil

• Head at any point:
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• For purely horizontal flow, z
is constant and the hydraulic
gradient is expressed
perfectly as shown on the left
• For vertical flow, gravity
affects the hydraulic gradient
and this needs to be taken into
consideration during vertical
flow
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Underground Flow

Flow generally driven by lake, river, etc.

h2

h2 > h1 makes ground water flow at well possible

h1

Darcy’s Law
• Variables
– k=coefficient of
permeability
– i=hydraulic gradient

• Assumptions
– Laminar Flow
• Generally applicable in
soils due to low fluid flow
velocities
• Laminar flow generally
exists when i < 5 and Re <
1

– Soil is saturated
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Coefficient of Permeability or
Hydraulic Conductivity
 Definition
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Physical permeability
Unit weight of fluid
Kinematic viscosity of fluid
Dynamic viscosity of fluid

 Absolute Permeability is significant with soils when
different fluids are considered

Detailed Aspects of Permeability
• Kozeny-Carman
Relationship
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– Difficult to determine
permeability reliably from
this relationship
– Shows that a major
variable in permeability is
the diameter of the
particles

• Seepage velocity
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– Relationship between the
specific discharge and the
actual seepage velocity in
the soil pores
– Shows the impact of
porosity (as does the
Kozeny-Carman
relationship) on
permeability

Typical Values of k

One Dimensional Example
Illustration
 Given
 River and Canal, parallel
to each other
 Δh = 5m
 L = 200 m
 tstratum = 2 m
 k = 2 m/day

 Find
 Seepage loss per km of
river-canal length

 Solution
 q = kiA
 i = Δh/ΔL = 5/200
 q = (2)(5/200)(2) x
1000)
3
q
=
100
m
/day/km

length

Methods of Determining Permeability
Coefficient
• Laboratory Methods
– Constant Head Test
(Cohesionless Soils)
– Falling Head Test (Cohesive
Soils)

• Empirical Correlations and
“Typical” Values
• In-Situ Methods
• Pumping Tests
• Consolidation Tests
• Permeability is the most
difficult soil property to
determine accurately,
especially in the laboratory

• Laboratory Tests
– Constant Head Test
• Direct measure of
permeability using Darcy's
Law
• Suitable for cohesionless
soils with permeabilities >
10 x 10-4 cm/sec

– Falling Head Test
• Indirect measurement of
permeability using time of
flow
• Suitable for cohesive soils
with permeabilities < 10 x
10-4 cm/sec

Constant Head Test
 The simplest of all methods for
determining the coefficient of
permeability
 This test is performed by
measuring the quantity of water,
Q, flowing through the soil
specimen, the length of the soil
specimen, L, the head of water,
h, and the elapsed time, t. The
head of water is kept constant
throughout the test.

Computation
 Compute the coefficient
of permeability, k for laboratory
test:
 k20 = coefficient of
permeability, cm/sec at 20º
C
 Q= quantity of flow, cm³
 L = length of specimen over
which head loss is measured,
cm.
 RT = temperature correction
factor for viscosity of water
 h = loss of head in length, L,
or difference in piezometer
readings = h1 - h2, cm
 A = cross-sectional area of
specimen, cm²
 t = elapsed time, sec.
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Sample Case:
Constant Head Permeameter
 Given:

 Sand Sample
 15 cm high
 5.5 cm diameter (round)
 Test Results
 Measured head across
sample: 40 cm
 Time of flow: 6 sec.
 Amount of water discharged:
400 cc
 Assume test run at 20° C (no
temperature/viscosity
correction)
 Find: Coefficient of Permeability

 Governing Equation
 q = kiA

 Definition of Variables in
Governing Equation
 Flow rate q = Q/t
2
 Sample area A = πD /4
 Hydraulic Gradient i = h/L

Sample Case:
Constant Head Permeameter
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 Rearrange Equation
 Substitute Variables
and solve:
 k = ((4)(400)(15))/
((3.1416)(5.5)2(40)(6))
= 1.052 cm/sec

Soil and Water Pressure with Downward (Vertical) Flow

Soil and Water Pressure with
Upward (Vertical) Flow

Example of Upward Flow

Modified From Verruijt:
Δp = γz(1 - i)
(z downward positive)

Example of Upward Flow

Falling Head Test
 A clay sample is enclosed by a circular
ring, placed in a container filled with
water.
 The lower end of the sample is in open
connection with the water in the
container, through a porous stone below
the sample.
 At the top of the sample it is connected to
a thin glass tube, in which the water level
is higher than the constant water level in
the container.
 Because of this difference in water level,
water will flow through the sample, in
very small quantities, but sufficient to
observe by the lowering of the water
level in the thin tube.
 In this case the head difference h is not
constant, because no water is added to the
system, and the level ho is gradually
reduced to hf.

Computations
 Compute the
coefficient
of permeability, k





a = inside area of standpipe, cm²
A = cross-sectional area of specimen, cm²
L = length of specimen, cm
t = elapsed time (tf - to), sec

 ho = height of water in standpipe above discharge level at time t o, cm
 hf = height of water in standpipe above discharge level at time t f, cm
 RT = temperature correction factor for viscosity of water obtained from ,
degrees C.

Falling Head Permeameter Sample
Problem
 Given: Clay Sample

Sample Diameter: 2.5”
Sample Thickness: 1”
Standpipe Diameter: 1.7 mm
Initial elevation of water =
32 cm
 Time of Test = 395 seconds
 Final elevation of water = 30
cm





 Find

 Coefficient of Permeability
of clay

Falling Head Permeameter Sample
Problem
 Governing Equation

L a  ho 
k=
ln
t f  to A  h f 
 Definition of variables in
governing equation

1
2
A = πDo
4
1
2
a = πd o
4

 Substitution of defined
variables

L d o2  ho 
k=
ln 
2
t f  to Do  h f 
 Substitution of input
quantities

2.54
0.17 2
32 

k=
ln 
2
395  0  2.5  2.54
 30 
k = 2.974  10 6 cm / sec

Questions?

