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: Groundwater Hydrology 1PART 

Principles

•Occurrence of groundwater
•Zones of groundwater
•Movement of groundwater and its velocity
•Measurement of yield of groundwater (Aquifers)•Measurement of yield of groundwater (Aquifers)
•Groundwater Prospecting and Exploration
•Well design  
•Hydrology of Coastal Aquifer and problems of Sea Water Intrusion
•Groundwater Modeling, a brief description  



General 

• Ground water is the underground water that 

occurs in the saturated zone of variable 

thickness and depth, below the earth's surface. 

• Cracks and pores in the existing rocks and • Cracks and pores in the existing rocks and 

unconsolidated crystal layers, make up a large 

underground reservoir, where part of 

precipitation is stored.



Occurrence of Ground Water 

• The rainfall that percolates below the ground surface, 
passes through the voids of the rocks, and joins the 
water table. 

• These voids are generally inter-connected, permitting the 
movement of the ground-water. 

• But in some rocks, they may be isolated, and thus, 
preventing the movement of water between the 
interstices. 

• The mode of occurrence of ground-water depends 
largely upon the type of formation, and hence upon the 
geology of the area 



Geology Factors
• There are two geological factors:

(i) the porosity of the rocks; and 

(ii) the permeability of the rocks, 

Porosity :

• is a quantita-tive measurement of the • is a quantita-tive measurement of the 
interstices or voids present in the rock.

• the percentage of the voids present in a given 
volume of aggregate

η = Vv / V



Porosity

Ranges between 

1.5 % to 45% as in 

table 16.1

- Uniform and well sorted grains (Fig. 16.1 A) give 

rise to higher porosity;

- Whereas, heterogeneous grains with irregular 

arrangement (Fig. 16.1B) decrease the porosity.



Permeability and Transmissibility 

• The porosity, however, in itself, does not ensure the 

storage of underground water. 

• Infact the water can enter into a rock (with any amount of 

porosity) only if the rock permits the flow of water 

through it, i.e. it depends on whether the rock is through it, i.e. it depends on whether the rock is 

permeable or not

• The permeability is defined as the ability of a 

rock or unconsolidated sediment, to transmit or 

pass water through itself. 



• Transmissibility is another term which represents 

the same physical meaning, but only differing 

mathematically. 

- The capability of the entire soil of full width (b) and depth 

Permeability and Transmissibility

- The capability of the entire soil of full width (b) and depth 

(d), (i.e. area bd) is represented by permeability; 

- while that of the soil of unit width and fun depth (i.e. b = 1 

and d = d, i.e. A = d) is known as transmissibility.



Zones of Under-ground Water

With regard to be existence of water at different 

depths, the earth's crust can be divided into 

various zones, namely,

(i) Zone of rock fracture; and

Water is stored in the voids, the amount of which depends Water is stored in the voids, the amount of which depends 
upon porosity. The maximum depth of this zone below 
the ground surface, varies in the range of about 100 
metres or less to 1,000 metres or more.

(i) Zone of rock flowage.



Zone of rock fracture

• The zone of rock fracture can be further sub divided 

into two zones; 

1. zone of aeration : The space above the water table 

and below the surface (not at hydrostatic pressure)
2. zone of saturation: the zone below the water and water 

exists within the interstices, and is known as ground 
water (hydrostatic pressure) 

Figure 16.2



Zones of Under-ground Water



Movement of Ground Water and its Velocity 

• The Water table: the static level of water in 
well penetrating the zone of saturation, is 
called the water table. 

• The water table is often described as the • The water table is often described as the 
subdued replica of the surface topography. 

• Water table is thus the surface of a water 
body which is constantly adjusting itself 
towards an equilibrium condition. 



Various factors influence the shape of the 
Water table, such as: 

• variations in permeability of aquifers; 
impermeable strata ; in-fluence of lakes, 

Movement of Ground Water and its Velocity 

impermeable strata ; in-fluence of lakes, 
streams, and wells, etc; 

All this gives us a picture of water table 
constantly adjusting towards equilibrium 
(i.e. horizontal) 



• The water table is generally not horizontal, 
and has high and low points in it, i.e. it is 
not in equilibrium. 

• In order that the equi-librium is 

Movement of Ground Water

• In order that the equi-librium is 
approached, water moves inside the 
ground from the high points on the water 
table to the points lower down, as shown 
Figure 16.3 



Movement of Ground Water



(i) on the ability of the porous medium to pass 
water though it, i.e. on the permeability; and 

(ii) on the driving force or hydraulic gradient (I) 

I = the ratio between the difference in elevation 

Factors influencing the Movement of Ground 

Water

I = the ratio between the difference in elevation 
(H) of the two points on the water table (in the 
direction of flow), and the distance between 
then (L) >>>>>>> Darcy’s law



• On the basis of experimental evidence, Mr. H. 
Darcy, a French Scientist enunciated in 1865,

- a law governing the rate of flow (i.e. the 
discharge) through soils. 

- this discharge was directly proportional 

Darcy’s law

- this discharge was directly proportional 
to the head loss (∆ H), and the area of 
cross- section (A) of the soil, and 

- inversely proportional to the length of the 
soil sample (L)



Darcy’s law

• In other words

• ∆ H/L is the hydraulic gradient

Then 

K  : permeability or coefficient of per-meability. was found 

to be changing with the type of soil,

and hence represented a property of the soil, called



Darcy’s law

• K  : was found to be changing with the type of soil, 

and hence represented a property of the soil,  and 

has the unit 

• The Darcy's law is valid only for laminar flow 

conditions, because the flow in sands, silts and clays 

is invariably laminar.is invariably laminar.

• Dividing both sides of equation (16.2) by A, we get

v is the discharge velocity, 
and is not the actual flow 
velocity through the soil 
medium 



Darcy’s law

• The flow occurs through the voids of cross-section 

area Av and not in A itself .

• If All is the area of the voids, then 

Av . Va = A . v, 

where Va is the actual velocity of flow of water through the 

soil

• then



Empirical Formulas for Ground Water Velocity 

Determination 

• (1) Slichter's formula. 

Va = velocity of ground water flow in m/day.

K' = a constant.K' = a constant.

I = slope of the hydraulic gradient line.

D10 = effective size of the particles in the aquifer in mm. 

(i.e. the hypothetical size which is larger than 10% of 

the particles in the sample, i.e. only 10% of the 

particles will pass through this size).

µ= viscosity of water depending on temperature.



Empirical Formulas for Ground Water Velocity 

Determination 

• Hazen's formula. 

Va = velocity of ground water flow in m/day.

K’’ = a constant.K’’ = a constant.

I = slope of the hydraulic gradient line.

D10 = effective size of the particles in the aquifer in mm. 

(i.e. the hypothetical size which is larger than 10% of 

the particles in the sample, i.e. only 10% of the 

particles will pass through this size).

T= Temperature in 0C
See Example 16.1



Permeability Values and Relation between K 
and T

• K: may be defined as the rate of flow of water 

through a unit cross sectional area. 



Permeability Values and Relation between K 
and T

• The term transmissibility is measured by the 

coefficient of transmissibility (T), which is defined as 

: as the rate of flow of water through a vertical strip 

of the water bearing material (i.e. aquifer) of unit 

width and full depth (d), under a unit hydraulic 

gradient and at a temperature of 20°C.gradient and at a temperature of 20°C.

• The relation between K and T is simple, and is given 

by T = Kd



Ground Water Yield 

• Groundwater Yield: The volume of ground water 

extracted by gravity-drainage from a saturated water 

bearing material

• Specific Yield: the ratio of the volume of the total 

material drained, then it known as the specific yield.material drained, then it known as the specific yield.



Ground Water Yield 

• Specific Retention or Field Capacity. the quantity of 

water retained by the material against the pull of 

gravity is termed as the specific retention or the field 
capacity

If the effective size of the soil grains decreases, the 
surface area between the interstices will increase, 
thus, causing more specific retention and less 
specific yield (like Clay).



Ground Water Yield 

• a water bearing formation of coarse gravel 
would supply large quantities of water to wells 
(Specific Yield is greater than specific 
retention),

• Whereas the clay formations although • Whereas the clay formations although 
saturated and of high porosity would be of 
little value in this respect. 

• Hence, the location of wells depends 

considerably upon the type of neighboring 

formation.



Aquifers and their Types

• An aquifer : A permeable stratum or a geological 
formation of permeable material, which is capable 
of yielding appreciable quantities of ground water 
under gravity.



Aquifers and their Types 

The amount of water yielded by a well, excavated 
through an aquifer, 

- well diameter are inherent in the well itself. 
- the permeability and the thickness of the aquifer 

are the most important.

Aquifers vary in depth, lateral extent, and thickness; Aquifers vary in depth, lateral extent, and thickness; 
but in general, all aquifers can classified into one 
of the two categories,

1. Unconfined or Non-artesian aquifers, and
2. Confined or Artesian aquifers



Unconfined Aquifers or Non-artesian 

Aquifers.
•The top most water bearing stratum, having no 

confined impermeable over burden (i.e. aquiclude) lying 

over it,

• The water level in wells of unconfined aquifer ( gravity 
wells with a diameter of 2 to 5 m) will be equal to the wells with a diameter of 2 to 5 m) will be equal to the 

level of the water table. Such wells are, therefore, also 

known as wells or



Confined Aquifers or Artesian Aquifers.

•Its upper and under surface by impervious rock 
formation i.e. aquicludes), 

•A sufficient hydraulic head is created, it is 'called a 
confined aquifer or an artesian aquifer.

•A well excavated through such an aquifer, yields •A well excavated through such an aquifer, yields 
water that often flows out automatically, under the 
hydrostatic pressure, and 

•May thus, even rise or gush out of surface for a 
reasonable height.

•The ground profile is high, the water may remain well 
below the ground level.



Confined Aquifers or Artesian Aquifers.

-a flowing artesian well has a pressure surface lies above 
the ground surface
-a non-flowing artesian well has a pressure surface is 

below the ground surface, and will require a pump to bring 
the water to the surface, as



Perched Aquifers

Perched aquifer is a special case which is sometimes 
found to occur within an unconfined aquifer

Perched WT



Certain Other Important Terms 
of a well is the rate of flow from a well Specific capacity-

per unit of drawn down. It should be determined for the 
fall of the first meter, as it is not the same for all the draw 
downs.

-- Coefficient of Storage (A)-- Coefficient of Storage (A)

-is defined as the volume of water that an aquifer 
releases or stores per unit surface area of the 
aquifer per unit change in the component of 
head normal to that surface.



Certain Other Important Terms 

-- Coefficient of Storage (the change in its storage 
volume):

-: this change can be . unconfined aquifer1
determined by knowing  the fall or the rise of the 
water table in a given time (t) and multiply it with the water table in a given time (t) and multiply it with the 
average specific capacity during this time,

-: is equal to the volume of the . confined aquifer2
water released from the aquifer of unit 
cross-sectional area and of the full height of the 
aquifer when the piezometric surface declines by 
unity .


