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Introduction

It Is a known fact that about 65% of the total land area is
covered by hard rocks. Both surface and groundwater are to be
used conjunctively to meet the water requirements of the area,
which often become more acute due to recurring droughts. Due
to the wide distribution of hard rocks in Central and Southern
India the whole behavior of the nature and hydrologic process
varies from other parts of the country due to the unique nature of
hard rocks, I.e., they devoid of primary porosity but have
been rendered porous due to weathering and fracturing.
The weathering zone is extensive within depths of 10 to 20
m but Is localised down below with increase in fracture
porosity. The calcareous members like clay gneisses and
marbles have been subjected at places to solution.
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Definition of Hard Rockd

Among the geologist and hydrogeologist, still there is no
consensus in defining the Hard R o ¢ k s general, Hard Rocks
are those geological formations with very low drillability and
further, the inter-granular porosity is practically absent. Larsson
et al (1987) defined "hard r o c k asb6 igneous and
metamorphic, non-volcanic and non-carbonate rocks.
Recently, Gustafson (1993) proposed that the term “hard
r o cright, from a groundwater exploration point of view,
Include all rocks without sufficient primary porosity and
conductivity for feasible groundwater extraction.
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PROBLEMS

- Groundwater 1 Quantity and Quality

. Surface and Groundwater Interaction

- Impact of Land use/ Land cover changes
on groundwater.



GROUNDWATER AVALABILITY

The rainfall in the peninsular region varies
from 500 mm to about 4000 mm annually.

Inspite of that, the groundwater availability
In the region in dry season Is very low.
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SURFACE-GROUNDWATER INTERACTION

Exhibits spatial as well as temporal
variations throughout the peninsula.

Largely depends on the topographic,
geological and lithological conditions of the
area.
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Management

Sustainable use of ground water
Preservation of its quality

Prevention of: groundwater pollution
groundwater over-use (exploitation)

Groundwater protection plans

(as part of environmental protection planning)
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- How long can an aquifer sustain given rate of GW draft?

- What is the safe yield that the aquifer can sustain?

- What is the capture zone of a water well field?

- What can be the pathways of pollutants from wastewater/
leaches from solid waste ?

- What are the chances that the pollutants from such sources
would arrive at water supply-wells?

- And how long it may take?

- What should be the size of the protection zone to protect
the well fields from pollution?



Groundwater Management: "

Role of Models

To answer such difficult questions: WE NEED
- Good understanding of the GW systems

- Prediction of the system response to stresses

Best tools available today:

GROUNDWATER MODELS



Physically founded mathematical models,
based on certain simplifying assumptions,
derived from and

the

Simplifications involve:

* Direction of flow

* Geometry of the aquifer

* Heterogeneity or anisotropy

* Contaminant transport mechanisms
* Chemical reactions etc.



When modelling GW flow, the aim is to predict the GW |
distribution in the aquifer under different stress condition

Darcyoas | aw gives 3 Egns.
But, there are 4 unknown8 components of GW flux +
The head

So, we need the flow equation based on the law of
conservation of mass



Fractures: Definitions

Fracture: a =ub planar dizcontinuity in a rock or =cil formed by mechanical
stresses.

Fault: a plane of fracture in a rock along which displacement has occumred.

Joint: a surface of fracture in a rock, without displacement parallel to the
fracture, a fracturz in a rock along which thers has been no movement, in
contrast to a fault

Aperture: the distance between the two surfaces of a fracture (the hydraulic
conductivity of a fracture iz roughly a function of aperture, where the increase

of hydraulic conductivity is proportional to the third power of the aperture)
fizsure, crack: small and very amall fractures. .

Yein: A deposit of foreign minerals within a rock fracture or joint.




Processes Affecting Hydraulic Properties of Rocks, Summary (1)

« initial conditions at the time of formation (Sedimentation, Crystallization) =
primary properties
«  Diagenesis consolidation ! lithification = secondary properties:
— caused by
* compaction (sediment load, tectonic stress ...)
*  gdewatering
*  mineral growth {growth of existing grains)
* cementation (growth of new minerals)
— leads to:
* increase of specific weight
* decrease of porosity and hydraulic conductivity (storativity, spec. yield)
* decrease of compressibility
* increased sensitivity to fracturing (brittleness)

Weathering / Decomposition = secondary properties
— caused by:
* mechanical w. (heat, frost wedging, water)
* chemical w. {oxidation, hydrolysis etc.)
— leads to:
* decrease OR increase of porosity and hydraulic conductivity
* decrease of stability
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Processes Affecting Hydraulic Properties Summary (2)

« fracturing, faulting, folding
— caused by:
+ globkal and regional processes: influence of tectonic stress [plate tectonics...)
* regional: exposure (uplift and erosion)
* local processes: e.g. caused by gravitational forces at slopes
— leads to:
* increase of porosity and hydraulic conductivity (storativity, spec. yield)
* Increase of compressibility
*  reyerse processes (= closure of fractures)
— caused by
+ “healing” of fractures: mineral growth in fractures, closure of fractures

+ “gealing” of fractures: fractures that are filled with detritus, weathered material, soil
material from the surface

* closure of fractures by compaction (tectonic, load of the rocks abowve)
— leads to:
* decrease of porosity and hydraulic conductivity (storativity, spec. yield)




Aquifer Characteristics and Well Yields

Barring the volcanic rocks, igneous and metamorphic rocks
usually have porosities less than 1%, the voids being minute,
generally isolated and inconsequential from a practical point of
view. On weathering and fracturing, the rocks acquire higher
porosity, which may reach 30% or more in the case of granite,
gabbro, basalt and schist in some cases highly weathered
granites may attain a porosity as high as 56.6% (Morris and
Johnson, 1967). Estimations by various methods show
comparatively low values of specific yield, a range of 2-4% being
common for granite, gneiss and schist.
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Development of Fissures and Joints

In any discussion of the hydrology of fractured crystalline and
argillaceous rocks, one must first consider the structural nature
of the rock mass. Fractures also called joints, are planes along
which stress has caused partial loss of cohesion in the rock. It is
relatively smooth planar surface representing a plane of
weakness (discontinuity) in the rock. Conventionally, a fracture
or joint Is defined as a plane where there is hardly any visible
movement parallel to the surface of the fracture; otherwise, it is
classified as a fault. A fracture is any break in a rock matrix,
regardless of its size. Faults are most common in the deformed
rock of mountain ranges, suggesting either lengthening or
shortening of the crust.
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Figure 2. Hydrogeological classification of fractured media (after Streltsova,
1975). K¢ and K,, are the hydraulic conductivities of the fractures and the
matrix, respectively. Sy and S, represent the fluid storativities of the fractures
and the matrix. A: purely fractured media. B: fractured formation. C: double
porosity medium. D: heterogeneous formation. In cases B, C, and D, the
fracture coating or “skin” may be hydrogeologically significant.
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Figure 1. Vertical cross section and conceptual model of the US Geological

Survey’s fractured rock research site near Mirror Lake, New Hampshire.

Four clusters of highly permeable fractures labelled A-D occur in the less

permeable fractured rocks. Borehole packers are closed sections
(after Rutqvist and Stephansson, 2003).






