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A water bearing geologic formation or stratum capable of transmitting water through
its pores at a rate sufficient for economic extraction by wells is called ‘aquifer’.
Formations that
serve as good aquifers are:
• unconsolidated gravels, sands, alluvium
• lake sediments, glacial deposits
• sand stones
• limestones with cavities (caverns) formed by the action of acid waters (solution
openings
in limestones and dolomites)
• granites and marble with fissures and cracks, weathered gneisses and schists
• heavily shettered quartzites
• vescicular basalts
• slates (better than shales owing to their jointed conditions)
A geologic formation, which can absorb water but can not transmit significant amounts
is called an ‘aquiclude’. Examples are clays, shales, etc.
A geologic formation with no interconnected pores and hence can neither absorb nor
transmit water is called an ‘aquifuge’. Examples are basalts, granites, etc.
A geologic formation of rather impervious nature, which transmits water at a slow rate
compared to an aquifer (insufficient for pumping from wells) is called an ‘aquitard’.
Examples
are clay lenses interbedded with sand.



Specific yield. While porosity (n) is a measure of the water bearing capacity of the
formation, all this water can not be drained by gravity or by pumping from wells as a
portion of water is held in the void spaces by molecular and surface tension forces. The
volume of water expressed as a percentage of the total volume of the saturated aquifer,
that will drain by gravity when the water table (Ground Water Table (GWT) drops due to
pumping or drainage, is called the ‘specific yield (Sy)’ and that percentage volume of
water, which will not drain by gravity is called ‘specific retention (Sr)’ and corresponds to
‘field capacity’ i.e., water holding capacity of soil (for use by plants and is an important
factor for irrigation of crops). Thus, porosity = specific yield + specific retention
n = Sy + Sr
Specific yield depends upon grain size, shape and distribution of pores and compaction
of the formation. The values of specific yields for alluvial aquifers are in the range of 10–
20% and for uniform sands about 30%.

If there is homogeneous porous formation extending from the ground surface up to an 
impervious bed underneath (Fig. 7.1), rainwater percolating down in the soil saturates 
the formation and builds up the ground water table (GWT). This aquifer under water 
table conditions is called an unconfined aquifer (water-table aquifer) and well drilled into 
this aquifer is called a water table well. 



On the other hand, if a porous formation underneath is sandwiched between two
impervious strata (aquicludes) and is recharged by a natural source (by rain water when
the formation outcrops at the ground surface—recharge area, or outcrops into a river-
bed or bank) at a higher elevation so that the water is under pressure in the aquifer (like
pipe flow), i.e., artesian condition. Such an aquifer is called an artesian aquifer or
confined aquifer. If a well is drilled into an artesian aquifer, the water level rises in the
well to its initial level at the recharge source called the piezometric surface. If the
piezometric surface is above the ground level at the location of the well, the well is
called ‘flowing artesian well’ since the water flows out of the well like a spring, and if
the piezometric surface is below the ground level at the well location, the well is called
a non-flowing artesian well. In practice, a well can be drilled through 2-3 artesian
aquifers (if multiple artesian aquifers exist at different depths below ground level).



Sometimes a small band of impervious strata lying above the main ground water table
(GWT) holds part of the water percolating from above. Such small water bodies of local
nature can be exhausted quickly and are deceptive. The water level in them is called
‘perched water table’.

DARCY’S LAW –

Flow of ground water except through coarse gravels and rockfills is laminar and the
velocity of flow is given by Darcy’s law (1856), which states that ‘the velocity of flow in a
porous medium is proportional to the hydraulic gradient’, Fig. 7.2, i.e.,
V = Ki, ...(7.4)

i =Δh/L...(7.4 a)
Q = AV = AKi, A = Wb, T = Kb ...(7.4 b)
∴ Q = WbKi ...(7.4 c)
∴ Q = T iw ...(7.5)

where V = velocity of flow through the aquifer
K = coefficient of permeability of aquifer soil



i = hydraulic gradient
=
Δh/L , Δh = head lost in a length of flow path L
A = cross-sectional area of the aquifer (= wb)
w = width of aquifer
b = thickness of aquifer
T = coefficient of transmissibility of the aquifer
Q = volume rate of flow of ground water (discharge or yield)
Darcy’s law is valid for laminar flow, i.e., the Reynolds number (Re) varies from 1 to 10,
though most commonly it is less than 1
Re =ρVd/μ≤ 1 ...(7.6)
where ρ = mass density of water
μ = dynamic viscosity of water
d = mean grain size of the aquifer soil
In aquifers containing large diameter solution openings, coarse gravels, rockfills and
also in the immediate vicinity of a gravel packed well, flow is no longer laminar due to
high gradients and exhibit non linear relationship between the velocity and hydraulic
gradient. For example, in a gravel-packed well (mean size of gravel ≈ 5 mm) Re ≈ 45
and the flow would be transitional at a distance of about 5 to 10 times the well radius.



GROUNDWATER LEVEL – It indicates the elevation of atmospheric pressure of the aquifer.
Any phenomenon that produces a change in pressure on groundwaterwill cause the
groundwater level to vary. Differences between supply and withdrawal of groundwater
cause levels to fluctuate. Streamflow variations, meteorological and tidal phenomena,
urbanization, external loads and subsidence of land can cause groundwater fluctuations.

Secular variation of water level are those extending over periods of several years or
more. Alternating series of wet and dry years in which the rainfall is above or below the
mean will produce long period fluctuations of levels.

Seasonal fluctuations results from influences such as rainfall and irrigation pumping that
follow well defined seasonal cycles.
Groundwater levels often display characteristic short term fluctuations governed by the
primary use of groundwater in a locality.

Where a stream channel is in direct contact with an unconfined aquifer, the stream may
recharge the groundwater or receive discharge from the groundwater, depending on the
relative levels. A gaining stream is one which receives groundwater and the other which
loses water is losing stream.





BANK STORAGE –
During a flood period of a stream,
groundwater levels are temporarily raised
near the channel by inflow from the
stream. The volume of water stored and
released after the flood is referred to as
bank storage.

BASE FLOW – Streamflow originating from
groundwater discharge is referred to as
groundwater runoff or base flow. During
extended dry periods, all streamflow may
be contributed by baseflow.

FLUCTUATIONS OF GROUNDWATER –
1. EVAPOTRANSPIRATION – Evaporation
from groundwater increases as the water
table approaches ground surface. The rate
also depends on the soil structure, which
controls the capillary tension above the
water table and hence it’s hydraulic
conductivity. Where the root zone of
vegetation reaches the saturated stratum,
the uptake of water by roots equals the
transpiration rate.



Magnitudes of transpiration fluctuations depend on the type of vegetation, season and
weather. Hot, windy days produce maximum draw downs, whereas cool, cloudy days
show only small variations. Fluctuations begin with the appearance of foliage and cease
after killing frosts.
2. Atmospheric pressure – Increase in atmospheric pressure produce decreases in water
levels and conversely.
3. Rainfall – Rainfall is not an accurate indicator of groundwater recharge because of
surface and subsurface losses as well as travel time for vertical percolation.
4. Wind – Minor fluctuations of water levels are caused by wind blowing over the tops
of wells. As a gust of wind blows across the top of a casing , the air pressure within the
well is suddenly lowered and the water level quickly rises.
5. Frost – Shallow water tables decline gradually during winter and rise sharply in early
spring before recharge from the ground surface could occur.
6. Tides – In coastal aquifers, in contact with the ocean, sinusoidal fluctuations of
groundwater levels occur in response to tides.
7. Urbanization – Reduced groundwater recharge due to paved surface areas and storm
sewers.


