
OCCURRENCE AND MOVEMENT OF GROUNDWATER
Water Bearing Properties of Rocks and Sediments

Groundwater is the subsurface water that occurs beneath the water 
table in soils and geologic formations that are fully saturated.



CLASSIFICATION OF FORMATIONS INTO HYDROGEOLOGIC UNITS

Aquifer is a geologic formation, or a group of formations, or part of a formation
that is capable of storing and transmitting significant quantities of water under
ordinary field conditions.
Sandstone, conglomerate, fractured limestone and unconsolidated sand and gravel
are the formations showing good aquifer properties.
Fractured volcanic rocks, rubble zones between volcanic flows, fractured granite
and schist.
Aquiclude is a geologic formation which contains water but is incapable of
transmitting significant quantities of water under ordinary field conditions such as
saturated clay layer.
Aquitard is a geologic formation which is permeable enough to transmit water in
quantities that are significant in the study of regional groundwater flow, but their
permeability is not sufficient to allow the completion of production wells within
them (semi-pervious or leaky formations) siltstone or sandy silt.
Aquifuge is an impervious formation which neither contains nor transmits water
such as unfractured granite.



Types of Aquifers
A. Unconfined (water table aquifer, phreatic aquifer) aquifer is one in which the water

table forms the upper boundary where groundwater pressures are equal to
atmospheric pressure.

B. Confined aquifer is one that is confined between two impervious or semi-pervious
formations (aquicludes or aquitards)

Piezometric surface: The imaginary surface,
conforming to the elevations to which water
will rise in wells penetrating a confined
aquifer.
Piezometer: a device which indicates the
groundwater pressure head at a point in the
aquifer.



C. Leaky Aquifer whether confined or unconfined, they can lose or gain water through
either or both of the formations bounding them from above or below.
D. Perched Aquifer a special case of an unconfined aquifer which occurs wherever an
impervious or semi-pervious layer of limited areal extent is located between the regional
water table and the ground surface.
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DARCY’S LAW AND HYDRAULIC PROPERTIES OF AQUIFERS 



A

Length: 3.5 m, 
diameter: 35 cm 
Pressure is 
measured by the 
U-shaped mercury 
pressure gauges





Darcy’s Law states that the flow rate or discharge through a 
porous medium is proportional to the head loss and iversely 
proportional to the length of the flow path. 



Specific discharge (volume flow rate per unit cross
sectional area normal to the direction of flow): 𝑞𝑞 = 𝑄𝑄
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]
Darcy has shown that specific discharge (q) is directly
proportional with (–Δh) and inversely proportional with Δl
and K (hydraulic conductivity)
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𝛾𝛾
𝜇𝜇
∗ 𝑘𝑘

K= Hydraulic conductivity m/s
k= intrinsic permeability which is dependent solely on the medium properties m/s
ɣ= specific weight of water N/m3

µ= dynamic viscosity N.s/m2

20.3 °C equal to 1
20 °C equal to 0.993
21 °C equal to 1.018

𝒌𝒌 = 𝒄𝒄𝒅𝒅𝟐𝟐
C = shape factor accounting for 
the effects of stratification and 
packing
d = average pore size or mean 
grain diameter of the granular 
material within the aquifer

Hydraulic conductivity , K, represents the rate of flow of water through a unit cross-sectional 
area perpendicular to the direction of flow under a unit hydraulic gradient. K is a function of 
both FLUID and MEDIUM properties. 



Transmissivity, t, is the rate of flow per unit width through the entire thickness of an 
aquifer per unit hydraulic gradient.

T= Kb
b aquifer thickness. This concept of T is valid only in 2-D flow.



HYDRAULIC HEAD AN FLUID POTENTIAL

Groundwater flows from states of higher energy levels to states of
lower energy. The energy state at any point within an aquifer can
be presented by the hydraulic head, h, which is a function of the
pressure and potential energy per unit weight of the fluid.
The kinetic energy of the water in the aquifer is neglected because
of the small magnitude of groundwater velocities.
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