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Groundwater
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 Groundwater is the water found underground in the

cracks and spaces in soil, sand and rock. It is stored in and

moves slowly through geologic formations of soil, sand

and rocks called aquifers.

Water in the atmosphere condenses into rain. Some of

the rain recharges the groundwater, and the cycle keeps

repeating. Groundwater, in other words, is part of the

hydrologic cycle. Groundwater and surface water are

interconnected; groundwater becomes surface water

when it discharges to surface water bodies.



3



Geological Formations
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A) AQUIFERS: - An aquifer is a saturated formation

of earth material, which not only stores water but yield

it in sufficient quantity. Thus on aquifer transmits

water relatively easily due to its high permeability.

Unconsolidated deposits of sand and gravel form good

aquifers.

B) AQUITARD: - It is a formation through which only

seepage is possible and thus the yield is significant

compared to an aquifer. It is partly permeable. e.g.

sandy clay. Through an aquitard appreciable quantities

of water may leak to an aquifer below it.

typical examples.



Geological Formations
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C) AQUICLUDE: - It is a geological formation, which is

porous but not permeable. Such rocks may bear water but

do not yield the same as they are impermeable.

Argillaceous rocks like shale and clay are typical examples.

D) AQUIFUGE: - It is a geological formation, which is

neither porous nor permeable. There are no interconnected

openings and hence it cannot transmit water. Naturally

these are not suitable for ground water occurrence. Massive

granites and quartzite are



Geological Formations
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Types of Aquifers
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Aquifers come in two types which are shown below: 

unconfined and confined.

Unconfined aquifers are those into which water seeps from 

the ground surface directly above the aquifer.

Confined aquifers are those in which an 

impermeable dirt/rock layer exists that prevents water from 

seeping into the aquifer from the ground surface located 

directly above. Instead, water seeps into confined aquifers 

from farther away where the impermeable layer doesn't 

exist.



Properties of Aquifers
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Aquifers are essentially porous media and so

the properties relate to the properties of porous

media:

1. Porosity.

2. Grain Size Distribution.

3. Specific Yield.

4. Hydraulic Conductivity and Permeability.

5. Compressibility.



Porosity
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 Porosity is the ratio of the volume of voids to 

the total volume

 0<n<1, although sometimes we express it as a 

percentage by multiplying by 100
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What does porosity depend on?
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Packing

Cubic Packing – Calculate the porosity….



Specific Yield
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Specific yield (Sy): is the ratio of the volume of 

water that drains from a saturated rock owing to the 

attraction of gravity to the total volume of the 

saturated aquifer. 

Specific retention (Sr): is the rest of the water that is 

retained

  

n = Sy + Sr



Typical Specific Yields
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Hydraulic Conductivity
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 Henry Darcy – the father of groundwater hydrology



Hydraulic Conductivity
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 Measure flow rate Q to estimate

specific discharge (velocity)

q=Q/Area

 Observations
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Darcy’s Law
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q = -K dh
dx

Why does this minus sign exist?

Head drops with distance, which means 

that dh/dx is negative, but q should be 

positive

Hydraulic

Conductivity

Hydraulic Conductivity depends on both

the fluid and the porous medium



Transmissivity
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We like to think about groundwater in 2-dimensions 

(like a map).

Therefore we like to define the permeability over the 

depth of the aquifer (depth b)

Tranmissivity

T = b K



TANK YOU …
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