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What is Hydrogeology?

Hydrogeology is the study of groundwater — it is sometimes referred
to as geohydrology or groundwater hydrology. Hydrogeology deals
with how water gets into the ground (recharge), how it flows in the
subsurface (through aquifers) and how groundwater interacts with
the surrounding soil and rock (the geology).

What is Groundwater?

Groundwater is water which originates from the infiltration of rain-
water through the soil profiles, weathered zones and accumulates
below the earth's surface in a porous layer and also in fissures,
crevices and cracks of rock system beneath.

The major source of ground water is rain and snow that falls to the
ground, a portion of which percolates down into the ground to be-
come groundwater.

(Fig. 1)
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Porosity and permeability function of

primary openings of soiland secondary
openings in rock systems

(Fig. 2)

How does groundwater origi-
nate?

1. Connate groundwater
Fossilized water trapped in rock
system millions of years before.
2. Meteoric groundwater

Rain water recharging the
Groundwater regime/aquifers

3. Magmatic groundwater

It comes out from volcanoes
and traps in rocks

4. Metamorphic groundwater
The water which is trapped
during rock-forming processes.
Porosity: The porosity of a rock
or soil is a measure of the con-
tained interstices or voids
(small spaces, gaps or holes)
expressed as the ratio of the
volume of interstices to the to-
tal volume. (Fig. 1)

Because interstices serve as
water conduits (channels or
tubes), they are of fundamental
importance to the study of
groundwater. They are charac-
terized by their size, shape, ir-
regularity and distribution.
Permeability: The permeability
of a rock or soil defines its abil-
ity to transmit water. This is a
property of the medium only
and is independent of fluid
properties, often referred to as
“Connected pore space”

The Storage and movement of
Groundwater depends on:
Shape and size of grains and
the spaces between grains. For
granular material and uncon-
solidated material like sand,
gravel, clay etc. The interstitial
mineral material between
grains also matters.

Porosity and Permeability function of Sediments and Rock
System in Groundwater Storage and Movement

A. Well-sorted sedimentary deposit
having high porosity and permea-
bility; Sorted means particles are
of a similar size.

B. Poorly sorted sedimentary de-
posit having low porosity and low
permeability;

C. Well-sorted sedimentary deposit
consisting of pebbles that are
themselves porous, so that the
deposit as a whole has a very high
porosity and also permeability;

D. Well-sorted sedimentary deposit
whose porosity has been dimin-
ished by the deposition of mineral
matter in the interstices;

E. Rock rendered porous and per-
meable by solution,;

F. Rock rendered porous and per-

meable by fracturing. Fia. 3
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In case of the hard rock system,
the prevailing joints, crevices,
fractures, its geometry
(vertical/horizontal/inclined),
direction and trend of the frac-
ture system and its intercon-
nectivity, the spacing or dis-
tance of the joints/ fracture
and relation of different sets of
fracture/ joint system indicates the
groundwater prospectus. (Fig. 2)
Hydraulic conductivity: Hy-
draulic conductivity is a meas-
ure of how easily water can
pass through soil or rock: high
values indicate permeable ma-
terial through which water can
pass easily; low values indicate
that the material is less perme-
able. It is a function of the tex-
ture, grain size and distribution
of soil as well as density, degree
and depth zone of weathering
followed by fracture depth and its
connectivity in rock systems. (Fig. 3)
Groundwater movements: The
groundwater Flow Rate Is de-
pendent on hydraulic conduc-
tivity (K) and hydraulic gradi-
ents

Hydraulic Conductivity (K) is
measured as the rate in dis-
tance over time (M/Sec — me-
tre/second) at which water
moves through a permeable
medium. It can be measured
using aquifer tests or can use
pre-determined literature val-
ues for different geological for-
mations. In simple terms, more
porous the medium, the higher
the conductivity. E.g. Gravel
and sand have high conductivi-
ty, clays and shale will have
lower conductivity. Groundwa-
ter movement is dependent on
the degree of interconnection of
the porous space (permeability)
and the gradient or slope of the
water table.

These factors vary greatly de-
pending on the aquifer type.
Mostly, ground water moves
relatively slowly through rock
underground because it moves
in response to differences in
water pressure and elevation.
Water within the upper part of
the saturated zone tends to
move downward following the
slope of the water table.

The factors affecting the flow of
round water are:




1. The slope of the water table, i.e., steeper the
water table, faster is the ground water move-
ment and

2. The permeability factor - if rock pores are
small and poorly connected, water moves
slowly; when openings are large and well con-
nected, the flow of water is more rapid. The
groundwater movement follows darcy’s law
detailed below

Aquifer: “Aqua” means water; “fer” means “To

bear”.Thus, an aquifer bears water in voids. It is

a saturated permeable geologic unit (rock or soil)

that can hold and transmit significant quantities

of water under ordinary hydraulic gradient- e.g.-

sand stone, sand & gravel and large connecting

fractures beneath ground.

Types of Aquifers:

1. Confined aquifer: It is also called as artesian

or pressure aquifers wherein the permeable ma-

terial is overlain and underlain by relatively im-

permeable material. The water level is said as Pie-

zometric or potentiometric surface. Water level in
the piezometer is a measure of water pressure in
the aquifer.

2. Unconfined aquifer: Groundwater occurring

in this aquifer is basically in which water seeps

from ground surface directly above the aquifer
and thus, upper surface is free to rise or decline
is said as unconfined or water-table aquifer. The
unsaturated zone on the top of this aquifer is also
called as “Vadose zone”. Upper water surface is
at atmospheric pressure. The water table sepa-
rates the saturated and unsaturated zones.

(Fig.4)

3. Leaky or Semi confined Aquifer: In leaky or

semi confined aquifers, aquitards form the semi-

confining layers, through which vertical leakage
of water takes place due to head differences
across it. The permeability of the semi-confining
layer is usually very small as compared to the
permeability of the main aquifer. Thus the water
which seeps vertically through the semi-confining
layer is diverted internally to proceed horizontally

in the main aquifer. (Fig. 5)

4. Perched aquifer: A perched water table

(aquifer) is an aquifer that occurs above the

regional water table. This occurs when there is

an impermeable layer of rock or sediment

(aquiclude) or relatively impermeable layer

(aquitard) above the main water table but below

the land surface. (Fig. 6)

5. Aquiclude: A saturated (full of water) geologic

unit that is incapable of transmitting significant

quantities of water under ordinary hydraulic gra-
dient- eg clay lenses, shale rock formation.

6. Aquitard: This is a less permeable bed in a

stratigraphic sequence- eg — clay lenses inter-

bedded with sandy formation in alluvial terrains.

7. Aquifuge: The formation has very low porosi-

ty/permeability and neither absorbs nor trans-

mits water- eg- dense basalt i ig. 7,89

Schematic representation of Confined

(Fig. 4)
Schemat.ic sketch depictir.lg Semi (Fig. 5)
confined or leaky aquifer
Perched Aquifer
(Fig. 6)

Types of aquifers

(Fig. 7)
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Vertical Distribution of
Groundwater:

Zone of Aeration

* Pores filled with both air
and water

* Water held against gravity
by surface tension

* Soil ~-Water interface.

Zone of Saturation

e Pores filled only with water.

e Water drained through soil
under influence of gravity.

o Completely

(Fig. 8)

(Fig. 10)

Saturated / Unsaturated zone

e The porous media can be fully filled with water, called the satu-
rated zone (Fig. 10)

e The porous media can be partially filled with water, and partially
with air, called the unsaturated zone Ground water management
usually only considers the saturated zone mostly.

Water table:

e The pressure at the top of the water table equals the atmos-
pheric pressure

e In groundwater hydrology, the pressure at the top of the water
table is defined as “0”

e Thus: To lift water above the water table, energy is needed!!

Groundwater Divide, Groundwater Recharge and Discharge are-
as in a watershed: A watershed is the topographic demarcation
that defines a surface water drainage basin, and by doing so, tradi-
tionally, the term “watershed” is used with respect to surface wa-
ter. However, groundwater deals with aquifer systems. Groundwa-
ter systems also have numerous local, intermediate and regional
watersheds, at flow-system divides. Groundwater divides never
matches with the surface water divides. Groundwater divides in
the water shed moves in response to dynamic recharge and dis-
charge conditions.

Recharge is the process by which ground water is replenished. A
recharge area is where water from precipitation is transmitted
downward to an aquifer. (Fig. 11)

Schematic Sketch representing the vertical dis-
tribution of Groundwater Fig. 9,
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(Fig. 11)

Discharge areas are the loca-
tions at which ground water
leaves the aquifer and flows to
the surface. Ground water dis-
charge occurs where the water
table or potentiometric surface
intersects the land surface.
Where this happens, springs or
seeps are found. (Fig. 12)

Groundwater Discharge Area

(Fig. 12)

Groundwater Surface water interaction

(Fig. 13)




Time period for Groundwater
movement from Recharge to
Discharge areas:

The time period required for the

groundwater to move from re-

charge to discharge areas may
take few days (zones adjacent to
discharge) to millennia (central
part of some recharge through
deeper Groundwater systems).

(Fig. 14)

Schematic sketch depicting

time period for Groundwater

movements.

The demarcation of Groundwa-

ter recharge and discharge are-

as can be worked out based on
the water level fluctuations in
wells on field.

e Wells showing more fluctua-
tions in water levels indicate
the recharge area.

e Wells showing less fluctua-
tions in water level indicate a
discharge area.

e Wells in recharge area runs
dry soon after a few months
of rainfall,

e Discharge area wells retain
water up to the end of sum-
mer and the wells would be

(Fig. 14)

perennial.

(Fig. 15)

(Fig. 16)

(Fig. 16)

Groundwater flows

The groundwater flows obey the Darcy’s law which says that the
volumetric flow rate, Q, is proportional to: (1) the difference in hy-
draulic head along a length interval, AL; (2) a coefficient K
(hydraulic conductivity), which accounts for restriction to flow im-
posed by the solid medium and for the density and viscosity of the
fluid flowing through the porous medium (in this case, water
through sand); and (3) the cross-sectional area perpendicular to

the flow direction. (Flng) Q=-K (h2 - hl )/ AL*A Q = —KiA

In hydrogeology, groundwater flow is defined as the part of stream
flow that has infiltrated the ground, entered the phreatic zone, and
has been (or is at a particular time) discharged into a stream chan-
nel or springs; and seepage water. It is governed by the groundwa-
ter flow equation. Groundwater is water that is found underground
in cracks and spaces in the soil, sand and rocks. Where water has
filled these spaces is the phreatic (also called) saturated zone.
Groundwater is stored in and moves slowly (compared to surface
runoff in temperate conditions and watercourses) through layers or
zones of soil, sand and rocks termed as aquifers. The rate of
groundwater flow depends on the permeability (the size of the spac-
es in the soil or rocks and how well the spaces are connected) and
the hydraulic head (water pressure).

Groundwater flows from regions of higher hydraulic head to re-
gions of lower hydraulic head. The change in hydraulic head along
a groundwater flow path is termed the hydraulic gradient. The hy-
draulic gradient has both a magnitude and direction. The velocity
of groundwater flow is proportional to the magnitude of the hy-
draulic gradient and the hydraulic conductivity of the aquifer.
Groundwater flows faster where the hydraulic gradient and/or hy-
draulic conductivity are larger. Groundwater flow velocities are
much slower than surface water flow velocities, except in lime-
stone karst formations, where groundwater flows through caves
and large solution channels. The range of ground-water flow veloci-
ty varies greatly, but does not commonly exceed a few meters per
day. Groundwater flow occurs in larger flow path and velocity in
the “macro pores”. Individually less flow occurs through the
smaller and smallest soil pores, known as the “meso pores” and
the “micro pores” respectively. However, more flow of water can
occur in a larger soil pore, but if there are few large-sized soil pores
relative to the sheer number of small-sized soil pores in a given
soil, then flow will predominate in the small-sized soil pores. Flow
through these smaller soil pores is depicted by the light blue ar-
rows. Groundwater cannot flow along a straight line. This figure
depicts overall groundwater flow from left to right. This is large
groundwater flow on a macro-scale. The above figure clearly indi-
cates that water is lost from the overlying stream. (Fig. 16)
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The water that is lost from the
overlying stream bed drains
vertically-downward through
the soil to recharge the water
table below. Typically, water
flows from a higher elevation to
a lower elevation under gravity.
If the water cannot freely drain
through the soils, mounding of
the water table will occur in the
soil demonstrating an imped-
ance to flow. Since water can-
not typically freely drain or
freely flow through the soil, a
gradient (analogous to relief) is
established at the water table.
Water will flow from a higher
point on the gradient (the up-
gradient point) to a lower point
on the gradient (the down gra-
dient point) due to gravity in
consensus to the Darcy’s law.
(Fig. 17)

A set of flow paths with com-
mon recharge and discharge
areas is termed a groundwater
flow system. The different flow
systems categorically elaborat-
ed are:

1.A local system that has its
recharge area at a topograph-
ic high and its discharge area
at the immediately adjacent
topographic low.

2.An  intermediate  system,
characterized by one or more
topographic highs and lows
located between its recharge
and discharge areas.

3. A regional system has its re-
charge area at the major
topographic high and its dis-
charge area at the bottom of
the basin. Regional flow sys-
tems are at the top of this
hierarchical organization; all
other flow systems are nested
within them.

(Fig. 17)

(Fig. 18)
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The three-dimensional closed system that contains the entire flow
paths followed by all water recharging the groundwater system has
been termed a groundwater basin. The change in hydraulic head
over a certain (arbitrary) distance along the groundwater flow path
is called hydraulic gradient or head gradient and constitutes the
driving force for groundwater movement. According to Darcy’s law,
which describes the flow of groundwater through an aquifer, the
groundwater flow rate is directly proportional to the cross-
sectional area through which flow is occurring, and directly pro-
portional to the hydraulic gradient. Gravity due to elevation differ-
ences is the predominant driving force in the groundwater move-
ment. (Fig. 18)

In the below, local scale ground-water-flow system inflow of water
from areal recharge occurs at the water table. Outflow of water oc-
curs as (1) discharge to the atmosphere as ground-water evapo-
transpiration (transpiration by vegetation rooted at or near the wa-
ter table or direct evaporation from the water table when it is at or
close to the land surface) and (2) discharge of ground water direct-
ly through the streambed. Short, shallow flow paths originate at
the water table near the stream. As distance from the stream in-
creases, flow paths to the stream are longer and deeper. For long-
term average conditions, inflow to this natural ground-water sys-
tem must equal outflow.

The areal extent of ground-water-flow systems varies from a
few square meters or less to tens of thousands of square kilo-
meters. The length of ground-water-flow paths ranges from a few
feet to tens, and sometimes hundreds of kilometers. A deep
ground-water-flow system with long flow paths between areas of
recharge and discharge may be overlain by, and in hydraulic con-
nection with, several shallow, more local, flow systems. Thus, the
definition of a ground-water-flow system is to some extent subjec-
tive and depends in part on the scale of a study. (Fig. 19)

(Fig. 19)




Significant features of the above
depiction of part of a regional
ground-water-flow system in-
clude (1) local ground-water
subsystems in the upper water-
table aquifer that discharge to
the nearest surface-water bod-
ies (lakes or streams) and are
separated by ground-water di-
vides beneath topographically
high areas; (2) a sub-regional
ground-water subsystem in the
water-table aquifer in which
flow paths originating at the
water table do not discharge
into the nearest surface-water
body but into a more distant
one; and (3)a deep, regional
ground-water-flow  subsystem
that lies beneath the water-
table subsystems and is hy-
draulically connected to them.
The hydro-geologic framework
of the flow system exhibits a
complicated spatial arrange-
ment of high  hydraulic-
conductivity aquifer units and
low hydraulic-conductivity con-
fining units. The horizontal
scale of the figure could range
from tens to hundreds of kilo-
meters. (Fig. 20)

(Fig. 20)

A regional groundwater-flow system that comprises subsystems at

different scales and a complex hydro-geologic framework. (Modified
from Sun, 1986.)
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