
Soil water may be in the forms of  free /gravitational  water

and held water

Soil Water 

�The first type is free to move through the pore space of 

the soil mass under the influence of gravity.

Gravitational water can be subdivided into 

(a) Free water (bulk water) and (b) Capillary water. 

�The second type is that which is held in the proximity of 

the surface of the soil grains by certain forces of attraction.



(a) Free water (bulk water). It has the usual properties of liquid
water. It moves at all times under the influence of gravity,
or because of a difference in hydrostatic pressure head.

Free surface water. Free surface water may be fromprecipitation, run-off,
flood-water, melting snow, water from certain hydraulic operations. It is of
interest when it comes into contact with a structure or when it influences the ground
water in any manner. Rainfall and run-off are erosive agentswhich are capable of
washingawaysoil andcausingcertainproblemsof strengthandstability in thefield

Free water may be further distinguished as 
(i) Free surface water and (ii) Groundwater

washingawaysoil andcausingcertainproblemsof strengthandstability in thefield
of geotechnical engineering.

Ground water. Ground water is that water which fillsup the voids in the soil
up to the ground water table and translocates through them. It fills coherently and
completely all voids. Ground water obeys the laws of hydraulics. The upper surface
of the zone of full saturation of the soil, at which the groundwater is subjected to
atmospheric pressure, is called the ‘Ground water table’.

(b)  Capillary water. Water which is in a suspended condition, held by 
the forces of surface tension within the interstices and pores of 
capillary size in the soil, is called ‘capillary water’.



Held Water is that water which is held in soil pores or void spaces

because of certain forces of attraction. It can be further classified

as-(a) Structural water and (b) Absorbed water.
Some-times, even ‘capillary water’ may be said to belong to this

category of held water since the action of capillary forces will

be required to come into play in this case.

(a) Structural water. Water that ischemically combinedas a part of

the crystal structure of the mineral of the soil grains is called

‘Structural water’.Under the loadingencountered in geotechnical

engineering, this watercannot be separatedby any means. Even

drying at 105° – 110°C does not affect it. Hence structural water is

considered as part and parcel of the soil grains.



Adsorbed Water. This comprises, (i)Hygroscopic moisture &

(ii) Film-moisture

(i) Hygroscopic moisture. Soils which appear quite dry contain,
nevertheless, verythin films of moisture around the mineral
grains, called ‘hygroscopic moisture’, which is also termed
‘contact moisture’ or ‘surface bound moisture’. This form of
moisture is in a dense state, and surrounds the surfaces of the
individual soil grains asa verythin film .

(ii) Film moisture. Film moisture formson the soil grainsbecause of
the condensation of aqueous vapour; this is attached to the
surface of the soil particle as a filmupon the layer of the
hygroscopic moisture film. This film moisture is also held by
molecular forces of high intensity but not as high as in the case of
the hygroscopic moisture film.

individual soil grains asa verythin film .



Permeability

Cofferdam ( U.S. Army Corps of Engineers 2004)













Hydraulic conductivity is generally expressed in cm/sec or m/sec in SI units.



Assumption

Soil is Homogenious

Flow is Laminar



















Example 1

• A confined aquifer has a source of recharge. 

• k for the aquifer is 50 m/day, and porosity n is 0.2.

Q =  KA (dh/dL)
The hydraulic conductivity
K is a velocity, length / time

and n = Vol voids/ Vol total 

• k for the aquifer is 50 m/day, and porosity n is 0.2.

• The piezometric head in two wells 1000 m apart is 
55 m and 50 m respectively, from a common datum. 

• The average thickness of the aquifer is 30 m, and 
the average width of the aquifer is 5 km = 5000m. 

A piezometer is a small-diameter observation well used to measure the piezometric head of groundwater 

in aquifers. 

Piezometric head  is measured as a water surface elevation, expressed in units of length.



Compute:
(a) the rate of flow through the aquifer
(b) the average time of travel from the head of the aquifer to a point 

4 km downstream



Solution

• Cross-Sectional area= 30(5000) = 1.5 x 105 m2

• Hydraulic gradient dh/dL= (55-50)/1000 = 5 x 10-3

• Find Rate of Flow for k= 50 m/day

Q = (50 m/day) (1.5 x 105 m2) ( 5 x 10-3)Q = (50 m/day) (1.5 x 105 m2) ( 5 x 10-3)
Q = 37,500 m3/day 

• Darcy Velocity: V = Q/A 
• = (37,500m3/day) / (1.5 x 105 m2) = 0.25m/day



• Seepage Velocity:
Vs = VD/n = (0.25) / (0.2) = 
1.25 m/day (about 4.1 ft/day)

• Time to travel 4 km downstream:
T = (4000m) / (1.25m/day) =
3200 days or 8.77 years3200 days or 8.77 years

• This example shows that water moves 
very slowly underground.

Lesson: Groundwater moves very slowly



Example 2

Confining Layer

• A channel runs almost parallel to a river, and they are 2000 ft apart. 

• The water level in the river is at an elevation of 120 ft . The channel is at an 
elevation of 110ft.

• A pervious formation averaging 30 ft thick and with hydraulic conductivity K
of 0.25 ft/hr joins them. 

• Determine the flow rate Q of seepage from the river to the channel.

Confining Layer
Aquifer

30 ft



Example 2: Confined Aquifer

• Consider  1-ft  (i.e. unit) lengths  of the river and 
small channel. Q = KA [(h1 – h2) / L]

• Where:
A = (30 x 1) = 30 ft2

K = (0.25 ft/hr) (24 hr/day) = 6 ft/day

• Therefore,
Q = [6ft/day (30ft2) (120 – 110ft)] / 2000ft
Q = 0.9 ft3/day for each 1-foot length








